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Profitable Agro techniques for Onion Cultivation  
Article id: INV40012 

Udit Kumar, K. Prasad & L.M.Yadav 
Department of Horticulture 

 Dr. Rajenrda Prasad Central Agricultural University, Pusa, Bihar 
 

Onion (Allium cepa) is an important vegetable crop and has its importance in our diets beyond doubt. It is the 
also world famous spice commodity, used for flavouring the dishes.  Besides culinary purposes, onion is 
considered as valuable medicinal items. Dehydrated powder & flakes and paste prepared out of onion provide 
rich agro-industrial base for these commodities. India ranks second in area (13.20 lakh ha) and production 
(209.31 lakh tonnes) of onion next to China. Besides meeting domestic requirements, India exported 34.92 lakh 
tonnes of onion worth Rs. 4651.72 crores during 2016-17 (DGCIS, 2017). In past 20 years, production of onion 
in India has increased more than four times. The horizontal growth in area has contributed to total production 
rather than vertical growth per unit area. The productivity of onion (17.32 t/ha) is far low as compared to 
Netherlands, USA and China. Poor yielding short day genotypes, susceptibility of all available genotypes to 
major pests and diseases and improper or inadequate use of production technologies lower down the 
productivity.  

Onion Varieties 
Table: 1 - Onion varieties developed by different organizations 

S. No. Onion Varieties Organization Colour of 
Bulb 

Suitable Season 

1.  N-2-4-1 Agril. Dept., MS Red Rabi & LK 

   2. N-53 -do- Red Kharif 

   3.   N-257-9-1 -do- White Rabi 

4.   Baswant-780 MPKV, Rahuri Red Kharif 

5.   Phule Safed -do- White Rabi 

6.   Phule Suvarna (RHR-87015) -do- Yellow Rabi & LK 

7.   Phule Samarth (S-1) -do- Red LK 

8.   Pusa Red IARI, New Delhi Red Rabi & LK 

9.   Pusa White Flat -do- White Rabi 

10.   Pusa White Round -do- White Rabi 

11.   Pusa Ratnar -do- Red Rabi 

12.   Pusa Madhavi (Line-120) -do- Red Rabi 

13.   Early Grano -do- Yellow Rabi & LK 

14.   Brown Spanish (Long day) -do- Brown In hills 

15.   Arka Niketan IIHR, Bangalore Red Rabi & LK 

16.   Arka Kalyan -do- Red Kharif 

17.   Arka Bindu -do- Red All 3 seasons in Krt. 

18.   Arka Pragati -do- Red Rabi 

19.   Arka Pitambar -do- Yellow Rabi 

20.   Arka Lalima  (F1hybrid) -do- Red Kharif & Rabi 

21.   Arka Kirtiman (F1hybrid) -do- Red Kharif & Rabi 
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22.   Hissar-2 HAU, Hissar Red Rabi 

23.   HOS-1 -do- Red Rabi 

24.   Agrifound Dark Red NHRDF, Nashik Red Kharif 

25.   Agrifound Light Red -do- Red Rabi & LK 

26.   Agrifound White -do- White Rabi 

27.   Agrifound Rose -do- Red Kh in AP/all 3 Krt. 

28.   Agrifound Red (Multiplier) -do- Red Kharif & Rabi 

29.   NHRDF Red (L-28) -do- Red Rabi 

30.   NHRDF Red-2 (Line-355) -do- Red Rabi 

31.   VL Piaz-1 (Long day) VPKAS, Almora Red Rabi 

32.   VLPiaz-3 (Long day) -do- Red Rabi 

33.   Udaipur 101 RAU, Rajesthan Red Rabi 

34.   Udaipur 102 -do- White Rabi 

35.   Udaipur 103 -do- Red Rabi 

36.   Kalyanpur Red Round CSAUAT, Kanpur Red Rabi 

37.   Punjab Selection PAU, Ludhiana Red Rabi 

38.   Punjab Red Round -do- Red Rabi 

39.   Punjab Naroya (PBR-5) -do- Red Rabi 

40.   Punjab-48 (S-48) -do- White Rabi 

41.   Punjab White -do- White Rabi 

42.   CO-1  (Multiplier) TNAU, Coimbatore Red Kharif & Rabi 

43.   CO-2 -do- Red Kharif & Rabi 

44.   CO-3 -do- Red Kharif & Rabi 

45.   CO-4 -do- Red Kharif & Rabi 

46.   CO No-5 (Mutlore type) -do-  Kharif & Rabi 

47.   MDU-1 -do- Red Rabi 

48.   Rajasthan Onion -1(RO-1) RARS, Durgapura Red Rabi 

49.   Aprita (RO-59) -do- Red Rabi 

50.   Akola Safed PDKV, Akola White Rabi 

51.   GWO-1 GAU, Junagarh White Rabi 

52.   Bhima Raj DOGR, 
Rajgurunagar 

Red Rabi / Kh & LK 

53.   Bhima Super -do- Red Kharif & LK 

54.   Bhima Red -do- Red Kharif & LK 

55.   Bhima Kiran -do- Red Rabi 

56.   Bhima Shakti -do- Red Rabi & LK 

57.   Bhima Shubra -do- White Kharif & LK 

58.   Bhima Shweta -do- White Rabi 

59.   Bhima Dark Red -do- Red Kharif 

Climate 
Onion is a temperate crop but can be grown under a wide range of climatic conditions such as temperate, 
tropical and subtropical climate. The best performance can be obtained in a mild weather without the 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 3 - 
 

 

extremes of cold and heat and excessive rainfall. However, onion plant is hardy and in the young stage can 
withstand freezing temperature also. In India, short-day onion is grown in plains and requires 10-12 hours day 
length. The long-day type onion varieties are grown in hills requiring 13-14 hours day length. For vegetative 
growth, lower temperature combined with short photoperiod is required and relatively higher temperature 
along with longer photoperiod is required for bulb development and maturity. The optimum temperature for 
vegetative phase and bulb development is 13-24˚C and 16-25˚C, respectively. It requires about 70% relative 
humidity for good growth. It can grow well in places where the average annual rainfall is 650-750 mm with 
good distribution during monsoon period. Areas with low (< 650 mm) or heavy rainfall (>750 mm) are not 
suitable particularly for rainfed crop. 

Soil 
Onion can be grown in all types of soils such as sandy loam, clay loam, silt loam and heavy soils. However, the 
best soil for successful onion cultivation is deep, friable loam and alluvial soils with good drainage, moisture 
holding capacity and sufficient organic matter. In heavy soils, the bulbs produced may be deformed. Onion crop 
can be grown successfully on heavy soil with application of organic manure prior to planting and preparation of 
the field for onion cultivation should be very good. The optimum pH range, regardless of soil type, is 6.0 - 7.5, 
but onion can also be grown in mild alkaline soils. Onion crop is very sensitive to highly acidic soil and water 
logging condition. Onions do not thrive in soils having pH below 6.0 because of trace element deficiencies, or 
occasionally, Al or Mn toxicity. Low lying (water logged) marshy lands, highly alkaline and saline soils are not 
suitable for onion cultivation. Threshold electrical conductivity of a saturation extract (ECe) for onion crop is 4.0 
dS/m. When the ECe level exceeds this, crop yield starts declining. 

Nursery raising 
Proper nursery management and transplanting are important operations in the 
onion crop. About 0.05 hectare nursery bed area is enough for getting seedlings 
to transplant in one hectare. Field should be ploughed 5-6 times to break clods 
and well pulverized to hold water. The debris of previous crops, weeds and 
stones should be removed before bed preparation. Apply half tone of well 
decomposed farmyard manure (FYM) at the time of last ploughing in 0.05 ha and 
mix well with soil. For raising nursery, raised bed of 10-15 cm height, width of 
1m and length as per our convenience may be prepared. The distance between 
beds should be at least 30 cm, so that water movements are uniform and 
drainage of excess water is possible. Raised beds are recommended for nursery 
because in the case of flat bed, water moves from one end to the other and there is possibility of washing away 
of seeds. Drainage of excess water is also a major problem in flat bed method of raising seedlings. Pre 
emergence herbicide pendimethalin @ 0.2% is recommended to control weeds in nursery.  About 5-7 kg seeds 
arerequired to raise seedlings for one hectare. Before sowing, seeds should be treated with thiram @ 2 g/kg of 
seed to avoid damage from damping off disease. Application of Trichoderma viride @ 1,250 g / ha is also 
recommended to manage damping off and raise healthy seedlings. Seeds should be sown in lines 50 mm to 75 
mm apart to facilitate the removal of seedlings for transplanting, quick weeding, spray of pesticides etc. The 
seeds after sowing should be covered with fine powdered farmyard manure or compost followed by light 
watering. After sowing, water can be applied through drip or micro sprinkler irrigation. Foliar spray of 
Metalaxyl @ 0.2% is recommended to control soil borne diseases in nursery. When the severity of thrips 
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infestation is high, foliar application of Fipronil @ 0.1% is recommended. Seedlings are available for 
transplanting in 35-40 days after sowing for Kharif and 45-50 days after sowing for late Kharif and Rabi seasons. 

Land preparation for main field 
Prior to transplanting, field should be ploughed and disked properly to eliminate debris and soil clods. Organic 
manures (approximately FYM 15 t/ha or poultry manure 7.5 t/ha or vermicompost 7.5 t/ha) equivalent to 75 kg 
N/ha should be incorporated at the time of last ploughing and beds with appropriate size should be prepared 
after leveling. Mostly, flat beds of the size 1.5-2.0 m width and 4-6m length are formed. However, flat bed 
should be avoided to prevent water logging during Kharif or rainy season.Water logging 
favours Anthracnosedisease which is most devastating duringKharif season. Broad bed furrow (BBF) is the best 
method for Kharif onion production because the excess water can be drained out through the furrow.  This 
improves the aeration and helps in reducing the incidence of Anthracnosedisease. BBF of 15 cm height and 120 
cm top width with 45 cm furrow are formed to achieve proper spacing and population density. It is suitable for 
drip and sprinkler irrigation as well.  

Transplanting 
Proper care should be taken while selecting seedlings for transplanting. Over and under 
aged seedlings should be avoided for better establishment. At the time of transplanting, 
one third of the seedling top should be cut to get good establishment. The onion seedling 
should be transplanted after dipping roots in carbendazim solution (0.1%) to reduce the 
incidence of fungal diseases during the establishment. The optimum spacing is 15 cm 
between the rows and 10 cm between plants. 
 
Nutrient Management 
The nutrient removal by onion crop mainly depends upon bulb yield, variety, soil condition, quantity of 
fertilizers applied, season and bulb yield. The results of the experiment carried out at DOGR, Rajgurunagar 
showed that onion crop removes about 90-95 kg of N, 30-35 kg of P2O5, and 50-55 kg of K2O to produce 40 t 
onion bulbs /ha. Therefore, it is necessary to apply plant nutrients in balanced manner externally through 
different sources of plant nutrients for sustainable crop production and soil health. Based on the results of field 
experiments conducted at DOGR recommended doses of organic manures and fertilizers have been 
standardized and presented in Table 2. Fertilizer requirement of long day onion (grown in hills) is higher than 
the short day onion crop due to its larger crop production and higher yield potential. 

Table 2: Fertilizer schedule for onion (per ha) 

Schedule N P2O5 K2O Organic manures 

Kharif onion (Yield potential – 25-30 t/ha) 

Basal 25 kg 40 kg 40 kg organic manures equivalent to 75 kg N 
(FYM – Approx. 15 t/ha or 
Poultry manure- Approx. 7.5 t/ha or 
Vermicompost – Approx. 7.5 t/ha) 

30 DAT 25 kg - - - 

45 DAT 25 kg - - - 

Total 75 kg 40 kg 40 kg - 

Late Kharif and Rabi onion (Yield potential- 40-50 t/ha) 
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Basal 40 kg 40 kg 60 kg Organic manures equivalent to 75 kg N 
(FYM – Approx. 15 t/ha or 
Poultry manure- Approx. 7.5 t/ha or 
Vermicompost – Approx. 7.5 t/ha) 

30 DAT 35 kg - -   

45 DAT 35 kg - -   

Total 110 kg 40 kg 60 kg   

Long day onion (Yield potential-100 t/ha) 

Basal 60 kg 60 kg 70 kg Organic manures equivalent to 75 kg N 
(FYM – Approx. 15 t/ha or 
Poultry manure- Approx. 7.5 t/ha or 
Vermicompost – Approx. 7.5 t/ha) 

30 DAT 60 kg - -   

60 DAT 60 kg - -   

Total 180 kg 60 kg 70 kg   

  
One third of recommended N and full dose of P2O5 and K2O are applied at the time of planting while remaining 
two third N is applied in two equal splits at 30 and 45 days after planting. In addition to NPK, sulphur is also an 
essential plant nutrient important for onion crop for improving yield and pungency of onion bulbs. Application 
of 15 kg S/ha is sufficient for growing onion crops in soils having sulphur level above 25 kg/ha while 30 kg S/ha 
is needed for soils having sulphur level below 25 kg/ha for optimum production of onion. Soil application of 50 
kg S/ha is recommended for long day onion crops. Sulphur is applied as basal dose at the time of transplanting. 
Foliar application of Zn @ 0.5% at 45 and 60 days after transplanting improves nutritional quality of onion 
bulbs. If the soil test shows deficiency of any micronutrients, besides NPKS, the deficient micronutrient should 
also be applied to correct the deficiency. If the plant is diagnosed with micronutrient deficiency during growth 
stages, the deficiency should be corrected by either foliar or soil application of concerned nutrients, 
immediately. 

Biofertilizer 
Biofertilizer is a substance which contains living microorganisms. The biofertilizers can be used either for seed 
treatment or soil application. When applied to seed or soil, the microbe colonizes the rhizosphere or the 
interior of the plant and promotes growth by increasing availability of primary nutrients to the host plant by 
biological nitrogen fixation, phosphorus solubilization and stimulating plant growth through the synthesis of 
growth-promoting substances. Based on the experiment carried out at DOGR, biofertilizers @ 5 kg/ha 
each Azospirillum and phosphorus solubilizing bacteria are recommended for onion crop. Addition of 
Azospirillm improves soil nitrogen through biological nitrogen fixation while application of phosphorus 
solubilizing bacteria solubilizes unavailable phosphorus present in soil and makes them available to plants and 
improves the efficiency of applied P fertilizer. 

Weed management 
Frequent irrigation and fertilizer application to onion crop favour severe crop-weed competition. Weeds 
compete with onion crop for water, soil nutrients, light and space. Onion crop exhibits greater susceptibility to 
weed competition than most other crops, mainly due to its slow growth at initial growth stages and inherent 
characteristics such as short stature, non-branching, sparse foliage and shallow root system. Control of weeds 
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at the initial growth stages is essential for getting high marketable bulb yield. Because of labour scarcity, 
chemical control of weeds along with cultural methods is inevitable. Application of Oxyflurofen @ 23.5% EC 
(1.5 -2.0 ml/L)/ Pendimethalin @ 30% EC (3.5-4ml/L) before transplanting or at the time of transplanting 
followed by one hand weeding at 40-60 days after transplanting is recommended for efficient weed control.    

Irrigation management 
Irrigation requirement of onion depends upon the season, soil type, method of irrigation and age of the crop. In 
general, onion needs irrigation at the time of transplanting, three days after transplanting and subsequently at   
7-10 days interval depending upon the soil moisture. In general, Kharif crop needs 5-8 irrigations, 
late Kharif crop requires 10-12 and Rabi crop needs 12-15 irrigations. Onion being a shallow rooted crop, needs 
frequent light irrigation to maintain optimum soil moisture for proper growth and bulb development. Irrigation 
needs to be stopped when the crop attains maturity (10-15 days before harvest) and top starts falling which 
helps in reducing the rotting during storage.  Excess irrigation is always harmful and dry spell followed by 
irrigation will result in splitting of the outer scales and also formation of bolters. Water loss with flood irrigation 
is too high due to conveyance, seepage and percolation losses. Modern irrigation techniques such as drip and 
micro sprinkler irrigation help in saving irrigation water and improve the marketable bulb yield significantly. In 
case of drip irrigation, seedlings need to be planted at a spacing of 10 x 15 cm in a broad bed furrow (BBF) of 15 
cm height and 120 cm top width with 45 cm furrow. Each BBF should have two drip laterals at (16 mm size) 60 
cm distance with inbuilt emitters. The distance between two inbuilt emitters should be around 30-50 cm and 
the discharge flow rate is 4 l/hr. In case of micro sprinkler, the distance between two laterals (20 mm) of micro 
sprinkler should be 6m and with a discharge rate of 135 l/hr. The research outcome indicated that the drip 
irrigation at 100 % Pan Evaporation (PE) significantly improved the marketable bulb yield (15-25%) with higher 
per cent A grade bulbs, water saving of about 35-40% and labour saving of 25-30% as compared to flood 
irrigation. 

Fertigation 
Fetigation is an effective and efficient method of applying fertilizers through drip irrigation which is used as the 
carrier and distributor of irrigation water and crop nutrients. Application of 40 kg nitrogen as basal dose at the 
time transplanting and remaining nitrogen in seven splits at weekly interval from transplanting to 60 DAT 
through drip irrigation is recommended for achieving higher marketable bulb yield and profit. Drip irrigation 
system not only helps in water saving but also reduces nitrogen losses by leaching into ground water, as in 
fertigation, fertilizer nutrients are applied in root zone only. 

Kharif Onion Production Technology 
Kharif season is characterized by heavy rain fall which leads to poor drainage and diseases like anthracnose, 
purple blotch and Stemphylium blight. The technology includes combination of following practices to reduce 
the drainage and disease problem and raise healthy crop. 
 Raising nursery in summer on broad bed furrow with drip or sprinkler irrigation under shade nets and 

keeping the seedlings ready for transplanting in the first week of June. 
 Transplanting of seedlings on broad bed furrow with drip or sprinkler irrigation.  The raised bed in broad 

bed furrow facilitates quick and efficient drainage of rainwater, which minimizes the incidence of soil borne 
and foliar diseases. 

 Application of 75:40:40:20 kg NPKS/ha + organic manure equivalent to 75kg N/ha is recommended 
for kharif. 

 Application of Azospirillum and phosphorus solublizing bacteria at 5kg each per ha is recommended. 
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 Full of PKS and 1/3 of N need to be applied at the time of transplanting and remaining 2/3 of N in two equal 
splits at 30 and 45 DAT. 

 Application of FYM or Vermicompost pre-mixed with Trichoderma viride before bed preparation; It helps in 
reducing the incidence of soil borne diseases. 

 Fertigation through drip avoids leaching losses of nutrients, which is common in high rainfall conditions: 2/3 
of top dressing N needs to be applied in seven splits at weekly interval from transplanting to 60 DAT.   

 Application of pre-emergence herbicide pendimethalin @0.2%. 
 This technology ensures 25 tons of yields per hectare without compromise in quality of bulbs. 
 
Maturity 
Onions are ready for harvest when the necks are reasonably dry and the tops have fallen over. As onions 
mature, their dry matter content and pungency increase, with a resulting increase in storage potential.  

Harvesting, Handling & Storage  
Harvest onions when the weather is dry; harvesting after a rainfall, or when the humidity is high increases 
susceptibility to post-harvest disease. At harvest, bulbs must be firm, with mature necks and scales, and must 
be a good size. Defective onions (i.e. sprouted, insect damaged, sun scalded, green, bruised) should be 
discarded. For optimum storage quality, onions must be cured soon after harvest by placing them in a drying 
room at 20-30°C and 70% relative humidity for 12 to 24 h. Curing decreases the incidence of neck rot, reduces 
water loss during storage, prevents microbial infection, and is desirable for development of good scale colour. 
The optimum temperature for long-term storage of onions is 0°C with 65-70% relative humidity. To ensure a 
storage life of up to 8 months, onions must be promptly stored after curing. Exposure to light after curing will 
induce greening of the outer scales. Pre-mature sprouting in onions reduces marketing potential. Preharvest 
application of a sprout suppressant, such as maleic hydrazide, retards sprouting and prolongs storage life. 
Different onion types have different storage potentials. The storage potential of onions follows the order: 
yellow>red>white>Spanish and sweet. Within each colour group there are significant differences between 
cultivars in their storage potential. For further information on the storage potential of various cultivars, consult 
the Annual Vegetable Trial results published by Dr. Doug Waterer, Department of Plant Sciences, University of 
Saskatchewan. Onions are susceptible to a number of physiological disorders during storage such as, watery 
scales, translucent scales and freezing injury. Symptoms of watery scales include a thick leathery skin with 
watery glassy scales below; freezing injury resembles watery scales and is characterized by soft watersoaked 
scales.Translucent scales are characterized by a water-soaked translucent appearance. These physiological 
disorders often become entry points for fungal and bacterial rots. For control of these problems, effective 
curing and prompt storage are critical. 

DISEASES 
1. Purple Blotch  (Alternaria  porri) 
Symptoms: On leaves eye shaped, purple colour spots develop which are surrounded by a broad chlorotic 
margin.  These spots are very prominent on the flower stalk. Lesions may girdle leaves and stalks, which drop 
after 2-3 weeks. 
Management:  Follow clean cultivation, good drainage and use drip irrigation. Foliar sprays of Mancozeb   @ 
0.25%, Tricyclazole @ 0.1% and Hexaconazole @ 0.1% at 30, 45 and 60 days resp. after transplanting helps in 
checking disease incidence. 
2. Stemphylium leaf blight (Stemphylium vesicarium) 
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Symptoms :Small yellow to orange flecks or streaks develop in the middle of the leaf which soon develop into 
elongated, spindle shaped to ovate elongate diffused spots surrounded by characteristic pinkish margin.  The 
spots progress from the tip to the base of the leaves.   The spots coalesce into extended patches, blighting the 
leaves and gradually the entire foliage. 
Management:  Follow crop rotation and clean cultivation. Three sprays of Mancozeb   @ 0.25%, Tricyclazole @ 
0.1% and Hexaconazole @ 0.1% at 30, 45 and 60 days resp. after transplanting helps in checking disease 
incidence. 
3. Anthracnose/Twister Disease (Colletotrichum gleosporioides) 
Symptoms: The characteristic symptoms are curling, twisting, chlorosis of the leaves, and abnormal elongation 
of neck (false stem). Initially pale yellow water soaked oval sunken lesions appears on leaf blades. Numerous 
black coloured slightly raised structures (acervuli) are produced in the central portion, which may be arranged 
in concentric rings. The affected leaves shrivel, droop down and finally wither. 
Management:  since this disease is prevalent in Kharif season, growing of onion should be done on raised beds, 
which assures good drainage. Clean cultivation, removal of debris from previous crop with longer crop rotation 
helps to minimize inoculums load in soil. Application of benomyl @ 0.2% as soil treatment is recommended. 
Foliar sprays as mentioned under purple blotch. 
4. Fusarium or Basal Plate Rot (Fusarium oxysporum f. sp. cepae) 
Symptoms: The roots may turn pink and gradually decay until the entire root disappears.  A semi watery decay 
affecting the fleshy scales starts from the base and progresses upward and with early infection and may be 
almost complete by harvest time.  White mycelium appears on the stem plate.  Infected stem plate may show a 
brown discoloration. 
Management:  Good drainage, deep ploughing in hot summer, avoiding injury during cultural practices reduces 
the disease incidence. Crop rotation of 4-5 years with non-host crop has been found effective in eliminating the 
disease. Mixed cropping with tobacco and sorghum is effective. Seed treatment with Trichoderma viride and 
Pseudomonas fluorescence reduced onion basal rot incidence. Dipping onion sets in Carbendazim @ 0.2% 
provide protection to basal rot. Spraying of Carbendazim @ 0.1% before harvest minimizes the storage loss due 
to this disease. 
5. Pink Root (Pyrenochaeta terrestris) 
Symptoms: The affected roots turn yellow, shrivel and die, meanwhile taking on a distinct pink colour. The 
affected plants are commonly not killed but development of bulbs retarded. 
Management: Soil solarization reduce pink root incidence. Long rotations with non-host crop should be 
followed.  
6.  Damping Off 
Symptoms: Seedlings topple over after they emerge from the soil. It usually occurs at or below the ground level 
and infected tissues appears soft and water soaked. 
Management:  Seed treatment with Thiram or Captan @ 0.3%. Drenching the nursery beds by captan or thiram 
@ 0.2% or carbendazim @ 0.1% or copper oxychloride @ 0.3%.  
7. White Rot or Sclerotial rot  (Sclerotium cepivorum) 
Symptoms: Yellowing and dying back of leaf tips. Roots are normally destroyed. Superficial white fluffy 
mycelium may present on decaying scales. Brown or black sclerotia develop on surface or within tissue. 
Management:  Crop rotation should be followed, infected plant may be destroyed and the soil around these 
plant spot should be treated.  Solarization of soil at high temperature reduces the disease 
incidence. Carbendazim @ 0.1% may be applied for controlling the disease. 
8. Black Mould (Aspergillus spp.) 
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Symptoms: Bulbs show black discoloration at the neck and streaks of black mycelium and conidia beneath the 
outer dry scales.  In advanced stages all scales are infected and the onion shrivels. 
Management:  After proper drying onion should be stored at 1-15oC.  Bruising should be avoided when bulbs 
are harvested, stored or transported.  
9. Iris Yellow Spot Virus 
Symptoms: Iris yellow spot symptoms first appear as straw-coloured, dry, tan, spindle or diamond-shaped 
lesions, with or without distinct green centers with yellow or tan borders on leaves. The symptoms are more 
pronounced on flower stalks. Infected leaves and stalks lodge during the latter part of the growing season. 
Management:  Plant high quality transplants free from thrips and Iris yellow spot virus. Practice three year or 
longer rotation between onion crops. Eliminate volunteers, culls, and weeds in and around onion fields. Avoid 
crop stress. Thrips control may provide some reduction in iris yellow spot, but thrips control alone is not 
sufficient to economically control the disease. 
10. Onion Yellow Dwarf Virus 
Symptoms: Onion yellow dwarf virus (OYDV) is the major viral pathogen of garlic crop and is reported to occur 
worldwide. OYDV is a member of family Potyviridae, genus potyvirus, characterized by monopartile, single-
strang positive sense RNA genome encapsulated in flexuous filamentous particle. OYDV transmitted by Myzes 
persicae in a non-persistent manner or mechanically to garlic. It produces symptoms of mold chlorotic stripes 
to bright yellow stripes depending on the virus isolates and cultivars. 
Management:  Use of virus-free planting material is only viable solution available at present.  
 
PESTS: 
1. Thrips (Thrips tabaci) 
Symptoms: If infestation is in the early stages of the growth, plants show curling and twisting of leaves. Small 
white silvery patches are seen all over the leaves which shine in the sun. In severe infestation, whole plant 
looks blemished and turns white 
Management:  Plant barrier of 2 rows of maize or inner row of wheat and outer row of maize atleast 30days 
before onion planting. Spray insecticides like profenofos, carbosulfan, cypermethrin, lamda cyhalothrin, 
dimethoate, monocrotophos and methomyl. 
2. Eriophyid Mites 
Symptoms: Leaves do not open completely. Whole plant shoe curling. Yellow mottling is seen mostly on the 
edges of the leaves. 
Management: Spray dicofol (2 ml/l) as soon as the symptoms appear in the field. Repeat the spray if necessary 
after 15 days. 
3. Red Spider Mites 
Symptoms: In garlic webbing on leaves is seen. Small patches along with faeces, eggs, larvae and adults are 
seen. Webbing encircles onion umbels. 
Management:  Spray dicofol (2 ml/l) as soon as the symptoms are noticed. 
 
Integrated Pest and Disease Management 
 Follow crop rotation by non host crops and clean cultivation by destroying plant debris of previous season. 
 Use of drip irrigation over conventional irrigation to avoid disease outbreaks. 
 Application of high rates of calcium superphosphates and potassium fertilizers increases endurance in 

plants, while lower or higher rates of nitrogen increases disease/pest occurrence. 
 Provide good drainage through raised beds in Kharif to minimize soil borne diseases. 
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 Seed treatment with Thiram + Carbendazim (2:1) @ 3g/kg seed orTrichoderma spp. @ 4-6 g/kg seed 
 Multiply 2 kg of Trichoderma spp. in 1 quintal of FYM and apply in one hectare. 
 Dip the seedlings in 0.025% carbosulfan + 0.1% carbendazim solution for 2h before transplanting in the 

main field. 
 Plant 2 rows of maize or outer row of maize and inner row of wheat surrounding onion crop (250sq.m) at 

least 30 days prior to transplanting to block adult thrips. 
 Initiate foliar sprays of pesticides from 30 days after transplanting or as soon as the pest/disease appears in 

the field. 
 Spray insecticides when thrips population crosses economic threshold level (ETL) i.e. 30/plant. 
 Spray fungicides and pesticide in combination for effective management of pest and diseases. 
 Mancozeb   @ 0.25% with Methomyl @ 0.8 g/l at 30 days after transplanting,  Tricyclazole @ 0.1% with 

Carbosulphan @ 2 ml/l at 45 days after transplanting,  Hexaconazole @ 0.1% with profenofos @ 1 ml/l at 
60 days after transplanting.  

 However if disease/pest incidence is higher, then one additional spray of any of the above combination 
should be taken. 

 Spray at 10-15 days interval depending on insect pest /disease intensity. 
 Always add spreader  @ 0.5-1.0% 
 Avoid repeated application of pesticide belonging to same class.  

 
REFERENCES 

[1]. Government of India, Ministry of Commerce and Industry, Directorate General of Commercial 
Intelligence and Statistics 

[2]. ICAR - Directorate of Onion and Garlic Research, Rajgurunagar, Pune 
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Postharvest management of mango for export 
Article id: INV40013 

K. Prasad*1, Udit Kumar2 and L.M.Yadav2  
Department of Horticulture (UG &PG), TCA Dholi 

Dr. Rajendra Prasad Central Agricultural University (RPCAU), Pusa, Bihar 

INTRODUCTION 
Mango (Mangifera indica L.), one of the most important fruit crops of India with respect to trade and 

export. The trade and export of this most important fruit crop of India, accounting for an export of > 285 crores 
(NHB Database 2018). Export of mango is not an easy affair now, as it’s getting competitive among the 
countries every year (APEDA 2019). For export mango fruits requires special attention and care during all the 
steps of its postharvest handling to its marketing. Harvesting at right stage, method of harvesting and 
postharvest treatments are of immense importance. Desaping, cleaning, sorting and grading are the steps 
decisive for fetching better market price by improving quality of the fruits. Fruits are needed to be graded as 
per prevalent standards for easy marketing and enhanced returns to the farmers. 

 
 
                              

 
 
      
 
                                                                                                                                                                  
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Fig 1: Steps for Postharvest Management of Mango fruit 

 
What care should be taken while harvesting & thereafter? 
Selection of varieties From the recommendations of ICAR Institutes varieties like Alphanso , Banganpalli, 
Dashehari, Langra, Kesar , Chausa, Mallika, Himsagar are recommended for export  along with many other such 
varieties, depending upon the demand of importing country and consumer (NHB 2018; APEDA, 2019). 
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Maturity 
         Tapka stage is the most popular maturity indices in which fruits start dropping when maximum fruits 
reach maturity. Change of fruit shape i.e., appearance of fullness of chicks, white powdery like appearance on 
skin on fruits, change in fruit colour from dark green to lite green to yellow in some fruits, days of fruit set (110-
125 days in Alphonso and pairi), specific gravity of 1.0-1.02 for Alphonso and less than 1.0 in dashehari are 
some of the other important maturity indices in mango harvest.   
Harvesting  
         In western India, mango puts forth three growth flushes, the first are in the early spring (February-March), 
the second during March-April and the third in the beginning of winter (October-November). In Bihar, the first 
growth noticed in early spring, the second in April-May and the third in July-August. In UP, only two flushes are 
produced, in March-April and July-August. In Punjab, as many as five flushes are produced from April-August. 
April and May flushes being found most heavy. In South India, mango usually gives two growth flushes, one in 
February-June and the other in October-November. In mango about 8-10 months old shoots under certain 
conditions cease to grow at least 4 months prior to blossoming. These shoots are capable of producing flower 
buds. Other shoots, which appear in subsequent flushes during late monsoon, do not come to flowering. These 
shoots flower during the next season after accumulating sufficient metabolites necessary for fruit-bud 
differentiation. Thus the fruits will be ready for harvest in April-May from a plant flowered during October-
November. 
 
Table: Month of mango harvesting in various mango growing states 

States Month of Harvest 

Maharashtra 
 

April-May (Ratnagiri) 
May-June (other areas) 

Gujarat May-June 

Tamil Nadu April-May  

Andhra Pradesh April-May (coastal districts) 
May (Rayalaseema) 

Karnataka May-July 

Bihar, Uttar Pradesh and other parts of North 
India 

June-August 

Source:NHB, 2018 

Mangoes are generally harvested at physiologically mature stage and ripened for optimum quality. 
Fruits are handpicked or plucked with a harvester. During harvesting, the latex trickles down the fruit surface 
from the point of detachment imparting a shabby appearance to it upon storage. Therefore the fruits should be 
harvested with a 10-20cm stem attached to it. Mango fruits are taken into the pouch and held between the 
divider and knife and as the device is pulled, the blade cuts the stalk. The fruits are then conveyed through a 
nylon chute to collecting boxes without bringing down the device every time. This saves time and protects 
fruits from mechanical damage due to impact. It also protects operator's hand from the sap, which oozes out 
from the point of detachment. On an average, a man can harvest about 800 to 1000 fruits per hour with the 
help of this device, depending on the skill of the worker, fruiting and height of the tree. It consumes 50 per cent 
less energy as compared to local methods. 
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Fig: Harvesting and boxing in the field 

Harvest only mature fruits of varieties having export features in accordance with the importing country. 
Harvesting should be done in early morning or in late evening. To prevent sap oozing, harvest fruits with 1.0 cm 
stalk & care should be taken so that drop of latex does not fall on fruit.After harvesting keep the fruits under 
shade in crates/ basket etc. from air 100% mature fruits can be selected whereas from sea 75-80% is 
considered to be best (APEDA,2019) 

Desaping of mango 
Desap fruits, especially meant for export by inverting them in desapper for about 2-3 hours. Desaping of mango 
fruits is carried out in processing area by trained workers under the supervision of processing supervisor. 
Desapping is done by holding the mango fruits upside down while cutting the stalk of fruits. The stalks of 
mango fruits are cut very carefully to 0.5 to 1.0 cm by trained workers by using a scissor with sharp long nose to 
avoid causing skin injury.For exports, the pedicel of the fruits is cut approximately at a length of 1 cm from the 
fruit with the help of sharp scissors and fruits are kept upside down in special knitted pallets, for two hours so 
that the latex flows out from the fruit completely. Care should be taken that the latex drop does not fall on the 
fruit. 
Cleaning and postharvest treatments 
Cleaning / washing of mango fruit is carried out to make fruit practically free from dust, dirt, latex or any other 
foreign material. For export fruits are usually dipped in hot water (50-54oC) containing fungicide (benomyl) for 
the control of fungal diseases. Vapour Heat Treatment (VHT) of mangoes depending upon the limits based on 
importing country (e.g.- 50oC for 20 min for japan) helps in reduction of incidence of internal pests, 
anthracnose & stem end rot. Irradiation dose depending upon the recommendation of importing country (e.g.-
USA 400 Gray using Co-60). Use of GRAS (Generally Recognized as Safe) chemicals can also be opted in 
postharvest chain as they do not leave residual effect on the fruits when used in appropriate levels. The fruits 
samples should be sent to the laboratories of mango research like ICAR – Institutions, State agriculture 
universities, State food testing laboratories to check the incidence of rejection of exporting lot due to excess of 
any applied chemical ingredient above the minimal residual limit decided by and trade export authorities. 

Sorting and Grading 
Sorting and grading plays an important role in mango export. Uneven ripened, Immature, overripe, damaged 
and diseased fruits should be discarded and highly discouraged in the process of export. Sorting & grading of 
mango fruit under Indian condition can be done manually or by mechanical sorters. In mechanical sorter fruits 
are conveyed through a conveyor belt and workers standing on both sides of the conveyor pick up the 
undesirable produce. The grades are marked on the basis of specifications laid out by the authorities of 
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importing country, APEDA, AGMARK, CAC, WTO, There are some sophisticated technologies available for 
sorting and grading. It is possible to mechanically sort and grade fruit on the basis of their colour, size, degree 
of sweetness and firmness etc. These are nondestructive methods in which sensors are used to do so without 
any biasness. Standardized grading has become imperative for better economic returns in global market.  

Grade specifications followed by India as per the AGMARK standards are given below 

1. Grading & Size Tolerance (AGMARK) 

Size Code Weight 
(grams) 

Maximum Permissible 
difference within the packet 
(grams) 

Max. permissible difference 
between fruit in each 
package (grams) 

A 100-200 90-220 50 

B 201-350 180-425 112.5 

C 351-550 251-650 150 

D 551-800 426-925 187.5 

 

2. Grade Designation & Quality of Mango (AGMARK) 

Grade 
designation 

Grade Requirements Grade tolerances 

Extra class Mangoes must be of superior quality.  
They must be characteristic of the variety.  They 
must be free of defects, with the exception of 
very slight superficial defects, provided these do 
not affect the general appearances of the 
produce, the quality, the keeping quality and 
presentation in the package.   

5% by number or weight of 
mangoes not satisfying the 
requirements for the grade, but 
meeting those of Class I or 
exceptionally, coming within the 
tolerances of that grade. 

Class I Mangoes must be of good quality.  They must be 
characteristic of the variety.  Mangoes may have 
following slight defects, provided these do not 
affect the general appearance of the produce, the 
quality, the keeping quality and presentation in 
the package. Slight defects in shape. Slight skin 
defects due to   rubbing or sunburn, suberized 
stains due to resin   exudation (elongated trails 
included) and healed bruises not exceeding 
2,3,4,5 sq. cm. for size groups A, B, C, D 
respectively 

10% by number or weight of 
mangoes  not satisfying the 
requirements for the grade, but 
meeting those of Class II grade or 
exceptionally coming within the 
tolerances of that grade. 
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Class II This grade includes mangoes which do not qualify 
for inclusion in the higher grades, but satisfy the 
minimum requirements.  Mangoes may have 
following defects, provided they retain their 
essential characteristics as regards the quality, 
keeping quality and presentation. Defects in 
shape, slight skin defects due to rubbing or    
sunburn, suberized stains due to resin   exudation 
(elongated trails included) and healed bruises not 
exceeding 4,5,6,7 sq. cm. for size groups A, B, C, D 
respectively 

10% by number or weight of 
mangoes not satisfying the 
requirements of the grade, but 
meeting the minimum 
requirements. 
 

 

3. General requirement along with the above mentioned standards-  

The fruits should be whole, firm, sound and fresh in appearance, clean, practically free of any visible 
foreign matter, free of superficial blemishes, bruises of abnormal external moisture, free of any 
foreign smell and/or taste, and shall comply with the residue levels of heavy metals, pesticides and 
other food safety parameters as laid down by the Codex Alimentarius Commission and national 
authorities like APEDA, AGMARK for export. 

 
Pre and post-harvest diseases and their control 

Post-harvest diseases that cause spoilage are widespread. Some of the post-harvest diseases and 
disorders occur due to infestations before harvest and the affected fruits can be culled during grading and 
packing, while others diseases shows symptoms when fruits are ripening and ready for display before buyers. 
Post-harvest diseases in fresh fruits can be both quantitative and qualitative.  

These diseases are mainly caused by fungi and bacteria. Initially, only a few pathogens may invade and 
break down tissue systems, followed by subsequent attack of weak pathogens. High temperature and humidity 
accelerate process of postharvest decaying by microorganisms. Severity of infection and degree of damage, 
however differ, depending upon the region of cultivation, season and even the root-stock used for grafting.  

The fruits dropping on the ground due to physiological disorders are also infected by pathogenic 
organisms and have poor storability. Harvest injury, defective handling, inappropriate temperature and 
humidity affect the storage life of the fruits. Presence of blemished fruits with sound ones also contributes to 
decay and damage. If there is a surface bruise or injury to the fruit, microorganisms such as yeast, bacteria, and 
molds invade through this and cause internal decay. Insect damage is caused by insect holes through Fruit fly.  

Control of post-harvest diseases in Mango can be achieved by a combination of pre-harvest and post-
harvest pesticide application, orchard hygiene and post-harvest temperature management. Control of diseases 
occurring on leaves, stems and flowers (pre-harvest) are important in reducing 92 post-harvest losses.  

Similarly, post-harvest temperature management and proper handling during storage and 
transportation are equally important, since high temperature and injuries or wounds would lead to post-
harvest diseases. Under conditions favoring pathogens, loss caused by post-harvest diseases may be greater 
than the economic gains achieved by improvements in primary production.  
 
Pre-harvest control:  

Postharvest treatments do not provide complete disease control, until proper measures to control pre-
harvest diseases are not taken. Some of measures are as under.  
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i) During flowering stage, weekly spray with mancozeb (800 g/kg at 2 g/L) and then monthly until harvest can 
control the fungal diseases. Spray of mancozeb should be stopped before 14 days of harvest. During dry 
weather, flower sprays may be reduced to fortnightly intervals.  
ii) At the flowering stage, if there is rain, it would be better to apply prochloraz (462 g/kg) (Octave, registered 
trade mark), using 1 g product/L in a tank mix with mancozeb, every 3-4 weeks.  
 
Post-harvest diseases and control:  

Mango fruits are susceptible to many postharvest diseases such as, anthracnose (C. gloeosporioides) 
and stem end rot (L. theobromae) during storage under ambient conditions or even at low temperature. 
Aspergillus rot is another postharvest disease of Mangoes.  Postharvest dip treatment of fruits with fungicides 
can control the diseases during storage with the help of the following treatments.  
(i) Three sprays of carbendazim (0.1%), orthiophante-methyl (0.1%) at 15 days interval should be done in such a 
way that the last spray falls 15 days prior to harvest.  
(ii) Postharvest dip treatment of fruits in carbendazim (0.1%) in hot water at 52+10 oC for 15 minutes.  
The chemical treatments should be in order with the norms of residual level of APEDA, AGMARK specifications, 
as any deviation from it reduces the demand of fruits at international level. 
 
CONCLUSION 

In an overview mango fruits having fleshy and attractive pulp colour, fibreless pulp, optimum firmness, 
sugar acid blend, free from internal and external damage are fit for export when sorted and graded with the 
national and international export guidelines mentioned in this article. To satisfy the export guidelines growers 
and farmers have to be careful and follow all the recommended steps from harvesting to trade. Lack in 
efficiency in any of the above mentioned steps lead to the rejection of mango fruit lot as then the fruits will be 
unable to meet the standards.  
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Sugar industry by products 
Sugarcane is the major cash crop growing in India with an area of 4.93 mha and production of 348.45mt in 
2015. The major sugarcane growing countries are Brazil, India, China, Thailand, Pakistan, and Mexico. About 
50% of sugarcane is produced by Brazil and India only. In India, the sugar industry is the second largest agro 
based industry after textile industry which is located mainly in rural areas. More than 45 million people are 
involved in growing sugarcane and about 7.5% of rural population is mainly dependent on sugarcane industries 
(Dotaniya et al. 2015).The contribution of sugar from sugarcane is 80% and rest is from sugarbeet. India is 
mainly dependant on sugarcane for production of sugar. But growing of sugarbeet for sugar is also emerging 
now a days due commercialization of tropical sugarbeet. 

Scenario of sugarcane industry in India 

Area 4.93 mha 

Yield t/ha 70.7  

Sugarcane (million tons) 348.45 

Sugar (million tons) 25.12 

Recovery% 10.62 

Total consumption of Sugar (million tons) 24.85 

Per capita Sugar (kg/year) 19.6 

Per capita Gur & Khandsari (kg/year) 3.1 

Molasses (million tons) 10.89 

Export (million tons) 2.54 (8639.83 crores) 

Import(million tons) 2.14(6849.63 crores) 

Sugar manufacturing process 
Sugarcane industry is one of the agro-based industry, which produce huge quantity of wastes during the 
manufacturing of sugar. In brief, sugar manufacturing process from sugarcane is divided into three stages. In 
each step, one by-product will be obtained. 

1. Juice extraction/Cane crushing 
The freshly harvested sugarcane is exported to sugar mills within 48 hours of harvesting to reduce the sucrose 
losses. This sugarcane is subjected to crushing using crushing rollers to extract juice. After extraction of this 
juice, the fibrous material is known as bagasse. This bagasse is rich in fibre including water. 

2. Clarification  
The extracted juice has many impurities. To remove these impurities, lime is added which is acting as 
precipitator for impurities. There are two types of processes for clarification of juice. 

a) Carbonation process 
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b) Sulphitation process 
In carbonation process, larger quantity of lime is used, this lime reacts with CO2 of juice to produce CaCO3 
pressmud. Whereas in sulphitation process smaller quantity of lime is used, this lime is reacts SO2 of juice to 
produce CaSO4 pressmud. 

3. Crystallization 
The clarified juice is subjected to crystallization, to produce raw sugar. During this process a dark chocolate 
coloured viscous liquid is obtained which is known as molasses. 

States  Press mud Bagasse Bagasse ash 

Punjab 0.111 0.555 0.094 

Haryana 0.160 0.801 0.136 

Uttar Pradesh 3.516 17.571 2.987 

Karnataka 0.913 4.566 0.773 

Maharashtra 1.925 9.624 1.630 

All India 8.774 43.845 7.454 

 
Sugarcane by-products  
1. Bagasse 

Bagasse is the fibrous residue left after the juice has been extracted from the sugarcane. The cane in the 
northern India has an average fibre content of 15-17%, while in the Southern India the fibre content is 
usually 12-14%. The average is 13-15%. The bagasse produced to the tune of 33-36% of cane in the 
northern India while in the southern India the yield is about 26-30% of cane. Average 32-34% on cane in 
recent years. The bagasse on a dry weight basis is composed of40-50% cellulose, 30-35% hemicellulose, 20-
30% lignin, and a small percentage other materials. The sugarcane bagasse has been used for paper and 
fiber board production, cattle feed, potting media, a source for value added products (i.e. pigments, 
enzymes, amino acids, and drugs), and energy (thermoconversion and ethanol)., the effect of bagasse 
added to clay soil on suppressing desiccation cracks and the influencing factors behind the cracking 
behavior i.e., volumetric shrinkage and water retention property of clay soil. 

Composition of Bagasse   

 Fibre  47% 

Water 50% 

Soluble matter  3% 

Dry weight basis  

Cellulose 36% 

Pentosans 26% 

Lignin 20% 

Ash 4.6% 

 
Uses of bagasse 
• Mulch/soil conditioner 
• As a fuel 
• Mushroom  production 
• As an cattle feed 
• As a poultry litter 
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• Organic  manure 
•  For preparation of biochar 

 
2. Bagasse ash 

Sugarcane bagasse ash(SBA) is obtained after burning of bagasse  which is used as fuel in sugar industry. 
Constitutes about 4.6% of the total bagasse production. India is producing  7.5mt annually. Researchers 
consider bagasse ash as a good source of micronutrients like, Fe, Mn, Zn, and Cu. It can also be used as soil 
additive in agriculture due to its capacity to supply the plants with small amounts of nutrients. SBA 
composition will vary depending on the source of the sugarcane, the harvesting and processing methods, 
and the cogeneration efficiencies. The primary components and percentages of SBA are SiO2(60%-81%), 
Al2O3 (8%-21%), Fe2O3 (5% -6%), CaO (3.1-3.4%), K2O (1.4-1.5%), MgO (0.1-1.9%), and Na2O(0.2-1.1%). 
Sugarcane mill owners, operators, and associated researchers have investigated and employed various uses 
for SBA. Due to the high SiO2 content (60-81%) and the other components, SBA are a potential replacement 
for silica in concrete and mortars, ceramics, and as a stabilizing component in compacted clay blocks and 
bricks. One of the most common practices is the field application of the SBA with or without combining the 
ash with the sugarcane mill’s filter mud. 

Composition  (ug/g) 

P  5400 

K 11860 

Ca 9300 

Mg 3900 

Zn 40 

Cu 40 

Fe 2300 

Mn 110 

pH 9.96 

Uses of bagasse ash 
 As an absorbent 
 Heavy metal removal 
 As a manure 
 Waste water treatment 
3. Pressmud 
Organic waste, such as press mud or filter cake, is generated as a by-product of sugarcane industries and 
characterized as a soft, spongy, amorphous, and dark brown to brownish material. It is generated during 
the purification of sugar by carbonation or sulphitation process. Both the processes separated clear juice on 
top and mud at the bottom. In general, when 100 t of sugarcane is crushed, about 3 t of press mud are 
produced as a by-product. It is considered as rejected waste material of sugarcane industries that cause 
problem of storage and pollution to surrounding of sugar mills on its accumulation. It contains sugar 
enhanced its decomposition in soil. Press mud supplies a good amount of organic manure and can be an 
alternate source of plant nutrient and act as a soil ameliorates. The amount of sugar press mud (SPM) 
production depends upon the carbonation and sulphitation process; it is 7–9 and 3–5 % of the total weight 
of sugar cane from above the process, respectively (Sardar et al. 2013). It contents 50–70 % moisture, 
which is most favourable for soil micro-organisms, especially earthworms. The composition of SPM is also 
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affected by variety, fertility status of soil, and also the recovery process of industries. It contains significant 
amounts of iron, manganese, calcium, magnesium, silicon, and phosphorus, and enhanced the suitability of 
SPM as a source of nutrient. Press mud, an end product of the sugar industry, is used as one of the 
substrates in bio-composting. The SPM is also generated from the alcohol distillation originating from the 
fermentation of sugarcane molasses; it contains a huge volume of water and plant nutrients. Therefore, it is 
a necessity of treating SPM to a valuable bio-fertilizer for agricultural crop production. The solid residue by-
product, obtained during clarification of sugar juice. On an average processing of 100 ton sugarcane 
produces 3-5 tons of pressmud. Pressmud is a by-product of sugar industry. It is used as both a soil 
reclamation agent as well as a soil conditioner. But presence of wax in pressmud stimulates a decrease in 
soil quality and porosity after its repeated applications. The advantages of using sugarcane pressmud for 
soil application is its low cost, slower release of nutrients, presence of trace element, high water holding 
capacity and mulching properties. Pressmud like other organic materials affects the physical, chemical and 
biological properties of soil. However, the disadvantages of pressmud are that due to its bulky nature and 
wax content it causes some problems. If pressmud is directly applied to soil as manure, the wax present 
might deteriorate the physical properties such as permeability, aeration, soil structure and composition etc. 
and with the passage of time the deterioration might get worsen. Also, if it is freshly applied to the soil 
directly from the factory, it has the tendency to burn the plants as a result of the rapid decomposition of 
the new sugarcane pressmud which liberates heat and ammonia in high concentrations. Pressmud is a 
byproduct of sugar industries. These waste products are used as fertilizer in agriculture field, but the 
presence of sugarcane wax in pressmud deteriorates the physical property of soil and therefore the 
extraction of wax is necessary. This extracted wax has several applications in various industries which can 
bring products in national and international market. The results of present study suggest that the extraction 
of wax from pressmud improves the physical structure and quality of pressmud and helps to increase water 
holding capacity of soil. After composting process there was improvement in physic chemical parameter of 
dewaxed pressmud (DPM) which were not significantly lower than that of composted pressmud (CPM). 
 
Two types of pressmud 
1. Carbonation pressmud 

      2.    Sulphitation pressmud 
 
 
 
 
 
 
 
 
 
 
 

In 
carbonation process large quantity of lime is added and this reacts with carbon dioxide gas in the medium of 
juice. Sulphitation pressmud is rich in organic matter and nutrients as compared to carbonation pressmud. 

Composition % (dry weight) 

Nitrogen 1-1.5 

Phosphorus  1.4-4 

Potassium 0.5-2 

Calicum 3.2-12 

Magnesium 1-2 

Sulphur 0.1-0.5 

Organic Carbon 15-36 

Iron  0.08-0.3 

Manganese  0.01-0.3 

C:N 16-36 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 21 - 
 

 

Recycling capacity: 32,464(N); 28,077(P); 14,038(K); 3434(Fe); 393(Zn); 1030(Mn), and 240(Cu) tonnes can be 
recycled.  
 
Difference between carbonation pressmud and sulphitation pressmud 

 Carbonation Sulphitation 

pH 8.3 7.6 

OC% 1.21 1.3 

Recovery 7% 3% 

Available P(mg/kg) 23.8 29.9 

Available K(mg/kg) 181 188 

Form of Ca CaCO3 CaSO4 

Reclaiming  Acid soil Sodic  soil 

Uses of pressmud 
• As an organic manure 
• Carrier for legume inoculants 
• Carp culture 
• As an animal feed 
• As an organic amendment 
• Substrate for bio-composting 

 
4. Molasses 
It is a dark chocolate coloured viscous liquid containing about 15-20 % water, 50-55% of total sugars and 
the rest non sugars. The yield of molasses ~2.7 to 4.0 % of cane. About 22% of the molasses are used by the 
distillery unit of the same campus. Molasses was applied to soil through sprinkler irrigation system or by 
overhead boom sprayer. In a papaya plantation on Maui where high and damaging populations of reniform 
nematodes had caused a reduction in fruit yield and quality, the molasses applications lowered nematode 
soil populations and resulted in marked improvement in the tree growth and harvestable fruit. When 
applied to Chinese cabbage, there was a decrease in the numbers of Heterodera nematode cysts following 
harvest. Preplant applications of molasses to onions improved plant colour and onion yield although no 
difference in soil nematode populations or in cyst number was observed. Molasses soil amendments supply 
carbohydrates and alter the C/N ratio. This affects the soil microbial ecology, usually resulting in lowered 
populations of plant parasitic nematodes as well as having other favourable effects on plant growth. The 
specific mechanisms involved are not well understood and vary with the crop, soil conditions, and 
nematode species present. Under sterile conditions, molasses was not toxic to nematodes so the 
suppressant effect was probably due to antagonism by microorganisms, to changes in oxygen concentration 
due to microbial metabolism of molasses, or to the release of toxic compounds from decomposing 
molasses. Organic amendments such as molasses do not pose a threat to the environment that chemical 
pesticides do since they are readily decomposed in soil to CO2 and harmless organic products. Molasses 
applications significantly increased root yield and quality compared to the control. Soil applications were 
more effective than foliar applications for all parameters studied. Molasses is produced annually in large 
amounts and were used indifferent industries including animal feeding, alcohol and fertilizers. Based on the 
present study, it was concluded that root and polar sugar yield can be increased (more than 20%) with 
molasses applications and 50 kg/ha molasses application to soil gave the best results. Further research is 
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required in diverse planting environments to determine economically feasible application level of molasses 
while comparing it with other manures and organic fertilizer sources. 

Constituents  % 

Sucrose  30–35 

Glucose and fructose 10–25 

Moisture  23–23.5 

Ash  16–16.5 

Calcium and potassium 4.8–5 

Non-sugar compounds 2–3 

Other mineral contents 1–2 

 
Uses of molasses 

• Reclaimation of soil 
• As manure 
• Silage preservative 
• As an animal feed 
• Insect bait 
• Fertigation 

 
Spent-wash/Distillery effluent 
In the distillery industry, about 15 litres of wastewater is produced for every litre of alcohol produced. The raw 
spent-wash generated is acidic in nature, having dark brown colour with unpleasant odour, high COD, and BOD 
(1,00,000 and 45,000 mg/l).Use of  spent-wash for bio-methanation: Around 1100 million cubic feet of 
methane gas per annum can be generated in India. 
 
Uses of spent-wash 
• For fertigation 
• Cattle feed supplement 
• Soil ameliorent 
• Vermicompost 

 
Sugar beet pulp 
It presents itself as fragments of fine slices of sugar beets (cossettes), exhausted by hot water and pressed. The 
exhausting of the cossettes corresponds to the diffusion process achieved in sugar factories to extract the 
accumulated sugar by the sugar beet in its root. After the diffusion, the cossettes exhausted in sugar (pulp), are 
pressed to produce the wet pulp (10 to 13% of DM) or the pressed pulp (22% of DM). At the time of its 
production, pressed pulp is a fresh feed product, non sterilized, hot delivered, in bulk and in a relatively humid 
state. In the absence of particular precautions, it is quickly altered by outside elements (air, water, bacteria, 
moulds) and therefore perishable. The conservation of pressed pulp, on the other hand, is easy at the farm, 
even beyond the period of delivery and even until the next beet campaign, thanks to the technique of ensilage. 

Contents  % in DM 

Raw protein 10 

Raw ash 7.5 

Fat content 1 
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Carbohydrate  81.3 

Ca 1 

P  0.1 

K  0.5 

Mg  0.25 

 
Comparison between sugarcane and sugarbeet 

Particular  Sugarcane  Sugarbeet 

Contribution % 80 20 

Sucrose % 12-14 14-20% 

Fiber 12-14% 5% 

Water  73-76% 75-77% 
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Solar radiation incident on the Earth’s surface is the fundamental source of energy in the climate system due to 
its central role in the surface energy balance and for processes such as the hydrological cycle, plant 
photosynthesis as well as the diurnal and seasonal temperature variations. Changes in the amount of solar 
radiation affect the temperature field, fluxes of sensible and latent heat, atmospheric and oceanic general 
circulation, and the hydrological cycle. India is one of the few regions that showed a continuous and steady 
decline in global solar radiation from the 1960s to 2000. The recent period 2001–2010 shows some indications 
for a continuation of the decrease. But many sites in India show the slight tendency toward a stabilization or 
increase of surface global solar radiation since the early 2000s. The increasing trend in diffuse irradiance 
stabilized around 2001. 

 Observational and modeling studies show that solar radiation incident on ground has undergone 
significant multi-decadal variations. A widespread reduction of surface solar radiation from the 1960 to 1980 
has been reported by many researchers (Russak, 1990; Gilgen et al., 1998; Liepert, 2002; Stanhill and Cohen, 
2001; Abakumova et al., 1996; Wild et al., 2005). This decline in surface solar radiation is popularly described as 
global dimming (Stanhill and Cohen, 2001). Since late 1980s a trend reversal and partial recovery in global 
radiation has been observed at many of the observation sites (Wild et al., 2005; Philipona et al., 2009). Pinker 
et al. (2005) found a significant global linear increasing trend from 1983 to 2001. India is one of few regions 
around the world, which showed decreasing trend in global irradiance (Padmakumari et al., 2007; Soni et al., 
2012) under all sky conditions, where aerosols and clouds together contributed to the annual trend. 

However, both global dimming and brightening still have major uncertainties. The diffuse radiation 
represents the part of shortwave solar radiation scattered downwards by gas molecules, aerosols, water 
vapour and clouds in the atmosphere. Increases in cloud thickness, cloud cover and scattering aerosols 
enhance the diffuse radiation reaching the surface while increasing absorbing aerosols can have the opposite 
effect. As a result, observed trends in diffuse radiation are not as coherent as those in total radiation during the 
dimming period. Atmospheric aerosols affect the Earth’s radiative balance directly by scattering and absorption 
of solar radiation, and indirectly by acting as cloud condensation nuclei, thereby influencing the albedo 
(Twomey or cloud albedo effect), lifetime (Albrecht effect or cloud lifetime effect), and precipitation of clouds. 
Black carbon aerosols absorb the solar energy and then re-radiate it at infrared wavelengths, thereby causing 
positive radiative forcing and contributing to global warming. Sulfate particles and other non-absorbing 
aerosols reflect the solar radiation back to space and thus cause atmospheric and surface cooling. Desikan et al 
(1994) studied the effect of atmospheric pollution on solar radiation and found that almost all stations showed 
a decreasing trend in the net outgoing terrestrial radiant energy.  

The data from Solar Radiation Network of IMD reveals that India receives about 7000 MJm-2 of global 
solar radiant exposure in a year over most parts of the country with annual bright sunshine of 2000 to 3200 
hours depending on the location. The peninsular India receives an average daily 231 Wm-2 over major parts 
while the annual highest dosage is over the Rann of Kutch which receives an average 250 Wm-2 approximately. 
The Kashmir valley receives about 190 Wm-2, whereas it is around 174 Wm-2 over North-East India. Table-1 
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provides the summary statistics of annual averages (1971-2010) of Global and Diffuse Irradiance (Wm-2) for 12 
stations in India. Averaged across all the stations for all years, the long-term mean annual global irradiance is 
216.2±7.5 Wm-2 under all sky conditions and 245.2±6.5 Wm-2 under clear sky conditions. The all-sky global 
radiation is about 90% of clear-sky global radiation. The observed long-term averages of the annual global 
irradiances ranged between 189.3 Wm-2 at Kolkata, 189.6 Wm-2 at Shillong to 228.8 Wm-2 at Jodhpur. Nagpur 
has smallest inter-annual variability with standard deviation of 7.0 Wm-2 followed by Pune, Chennai and 
Mumbai. Trivandrum has the highest inter-annual variability with standard deviation of 14.5 Wm-2.  

The spatial patterns of perennial average of annual diffuse radiation during the period of 1971 to 2010 
under all sky are complex and inhomogeneous across India. The nationwide annual diffuse radiation under all 
sky condition ranges from 85.7 Wm-2 at Jodhpur to 102.3 Wm-2 at Trivandrum with an average value of 92.9 ± 
2.6 Wm-2. Jodhpur received the lowest mean diffuse irradiance but the highest global irradiance under all-sky 
conditions. In general the diffuse radiation is higher in coastal locations as compared to inland locations mainly 
due to more cloudy sky.  The annual average of diffuse irradiation values under cloud free skies are in the range 
of 60-70 Wm-2 at which is mainly due to the air molecules and aerosols in the atmosphere. Thus this is also a 
measure of the extent of pollution over different areas of the country.  

Table 1: Annual averages (1971-2010) of Global Irradiance (Wm-2) and Diffuse Irradiance for 12 stations in 
India. Standard deviation in annual averages is given in parenthesis. 

Station  Global Irradiance (Wm-2)  Diffuse Irradiance (Wm-2)  

Ahmedabad 225.6 (11.2) 88.0 (4.4) 

Delhi 214.0 (11.9) 92.5 (4.8) 

Jodhpur 228.8 (11.5) 85.7 (5.2) 

Nagpur 213.7 (7.0) 88.4 (4.9) 

Pune 228.0 (8.4) 89.3 (4.0) 

Panjim 227.4 (12.3) 96.4 (5.1) 

Mumbai 214.6 (8.5) 93.1 (5.9) 

Visakhapatnam 217.2 (11.0) 94.9 (5.8) 

Chennai 223.8 (8.4) 98.5 (6.5) 

Trivandrum 222.9 (14.5) 102.3 (4.5) 

Kolkata 189.3 (11.9) 94.6 (5.8) 

Shillong 189.6 (10.3) 89.9 (4.6) 

India 216.2 (7.5) 92.9 (2.6) 

Conclusion: 
The causes of solar dimming and brightening are currently not fully understood, although changes in the 
transparency of the atmosphere due to changes in cloud cover and/or anthropogenic aerosols are considered 
as the main factors explaining this phenomenon. An increase in the diffuse fraction can be expected in areas 
with strong dimming owing to increased cloudiness and/or aerosol loads, as these factors tend to enhance 
scattering in the atmosphere.  Indian stations showed a continuous and steady decline in global solar radiation 
from the 1970s to 2000.  
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Food security or Nutritional security is very much required for world sustenance and wholesome 

security of the expanding population. And growing population, urbanization and desertification is making this 
problem more difficult. According to The State of Food security and nutrition in world, 2018 report, 821 million 
people are living under chronic undernourishment and among that 196 million people reside in India. Nutrition 
is important as it leads to human resource development, increased adult productivity and creates a gender 
equality indirectly.  
 
INTRODUCTION 

Mushroom can be an answer to the world's quality food shortage as well as health problems (Boa and 
Champ, 2004) because they have inherent bioactive compounds of medicinal values and also impart immunity 
and strength to the body. Mushroom is popular as vegetable as they are lower in calories, carbohydrates, fats 
and sodium and they are cholesterol free. As per Indian context there is a prevalence of varied agro climatic 
zones and abundance of farm waste has enabled cultivation of different types of mushroom, grown in the 
range of temperate tropical to subtropical climates.  
 
Advantages of Mushroom Cultivation 
1. The nutritional and medicinal value of mushrooms can be ideal for vulnerable groups of the society like 

children, lactating mother, old age people. 
2. Mushroom cultivation requires very less land and resources and it is suitable for farmers of self-help group 

in the urban area. 
3. Mushroom cultivation does not require large scale arrangements and can be started on a small scale. 
4. Mushroom also brings great remuneration to those who are practicing its cultivation especially the landless 

women are getting benefited from it. 
5. It can also be done on a part time basis with little maintenance.  
 
Mushroom Species which are available for cultivation: 
There are basically five major mushroom species that are cultivated, commercially. 

i. Agaricus bisporus 
ii. Lentinus edodes 

iii. Volvariella 
iv. Calocybe  
v. Pleurotus spp. 

 
In comparison to the amount of enormous agrarian waste, moreover leafy food buildup, coir and dried 

leaves, pruning coffee husk, tea waste can possibly be used as substrate for mushroom generation. But the 
status of mushroom cultivation in India is not very attractive to general masses as people in pockets are 
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cultivating it, that too on comparatively smaller scale. As compared to the other countries growth of mushroom 
as an industry is not very satisfactory in India. 
 
Reason for slow progress of mushroom cultivation in India 
Now coming to the reasons for slow progress of the mushroom industry in India is due to the following 
reasons- 

1. Non-availability of funds. 
2. Poor harvest management and marketing. 
3. No serious efforts to popularize edible mushrooms in spite of the abundant availability of raw material, 

cheap labour force and suitability of agro climatic conditions. 
4. No serious efforts for collection and subsequent evaluation of locally available germplasm. 
5. Use of unpasteurized compost widely prevalent with small growers. 
6. No use/ exploration of locally available substrates for compost. 
7. Unrefined pasteurization technique for composed and casing. 
8. Technology for successful cultivation of Oyster and Paddy straw mushroom has not been properly 

standardized 
9. Cheap production technology of edible mushrooms is lacking. 
10. Lack of research with respect to the right stage of picking grading and preservation. 

 
CONCLUSION 

Today we have achieved food security by producing million tons of food grain with a number of 
agricultural crops grown. However, struggles to achieve nutritional security is still under continuation. In 
coming future expanding population, decreasing agrarian land, evolving condition, water shortage, climate 
change and desire for quality sustenance items at focused rate will be a threatening issue for all of us. For this, 
advancement in the field of mushroom cultivation can end up being a stage that not only addresses dietary 
issues to decrease lack of healthy sustenance and a vocation to landless and marginalised people. 
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INTRODUCTION: 
Azolla is an aquatic floating fern, found in temperate climate suitable for paddy cultivation.  The fern 

appears as a green mat over water.  The Blue Green Algae cyanobacteria (Anabaena azollae) present as a 
symbiont with this fern in the lower cavities actually fixes atmospheric nitrogen.  The rate of nitrogen fixed is 
around 25 kg/ha. The nitrogen fixing aquatic pteridophyte Azolla has the ability to fix atmospheric nitrogen at 
cheaper and faster rates due to the presence of a symbiotic cyanobacterium Anabaena azollae. Because of this 
property it has been exploited widely as biofertilizer for rice plants. In addition to this it has several other uses 
such as food, feed, biogas producer and hyper accumulator of heavy metals etc. Because of the multifaceted 
uses the promotion and use of Azolla-Anabaena system would be ideal and environment friendly in sustainable 
agriculture 

Azolla has multifaceted uses and has gained considerable importance in the recent times as biofertilizer, 
green manure and as poultry feed and cattle fodder (Singh and Subudhi, 1978). Increase in body weight of the 
chicks upon feeding with azolla was observed. Azolla is a rich source of protein and essential amino acids and 
contains several vitamins such as vitamin-A, vitamin B-12 and beta carotene. It is also rich in minerals such as 
Calcium, Phosphorous, Potassium, Magnesium, Copper and Zinc etc. The protein composition of Azolla is 25-
35% on dry weight basis and is easily digested by poultry (Parashuramulu et al ., 2013). Azolla has many uses 
such as animal feed, human food, medicine, production of biogas, hydrogen fuel, water purifier, weed control, 
reduction of ammonia volatilization and is aptly referred it as green gold mine (Wagner, 1997). Azolla plants in 
huge numbers sequestered significant quantities of atmospheric CO2 and converted it directly intobiomass of 
Azolla (Speelman et al., 2009). Use of Azolla is very popular in India and the most widely distributed species of 
Azolla include A. pinnata, A. fuiliculoides, A. rubra, A. microphylla, A. mexicana and A. caroliniana, respectively 
(Hills and Gopal, 1967). 

Habit and Habitat, Morphology and Distribution: 
Azolla is found in both temperate and tropical regions. It grows luxuriantly in ditches, fresh water ponds 

and paddy fields. The Azolla plants are delicate, small and triangular or polygonal in shape (Fig. 1). It is free 
floating and aquatic but can grow on moist soils as long as the moisture persists in the soil. The sporophytic 
plant has a horizontal rhizome of 0.5 to 7 cm in diameter with branches having densely arranged and 
overlapping leaves. A leaf consists of a thick dorsal lobe and a thin ventral lobe. The symbiotic Blue Green Alga 
is confined to the dorsal lobe (Peters and Mayne, 1974). An epidermis covers the surface of the dorsal lobe and 
the epidermis has vertical rows of single celled stomata and trichomes of one or more cells. The ventral lobe 
which helps in floating due to its convex surface touching water has a few stomata and trichomes (Eames, 
1936). 

The pH requirement of the soil is 7.2 for an ideal growth coupled with a temperature of 32 oC. Mode of 
reproduction in Azolla is mainly vegetative and because of this reason the biomass has to be maintained round 
the year. The fern is heterosporous and produce both mega and micro sporocarps and their germination is 
influenced by several factors. However, production of sporocarps is under the influence of the environment 
and no uniformity has been observed regarding their time of production by the plants. The propagation of 
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Azolla is generally carried out in soil-based nurseries. However, to maintain the germplasm medium based 
cultures is advisable. 

Azolla production can be carried out in nursery plots, ponds, ditches, canals, concrete tanks and 
polythene lined ditches. The field selected for Azolla cultivation needs to be thoroughly prepared and leveled 
uniformly. Generally 20 m x 2 m size plots are made in the field with suitable bunds and irrigation channels with 
a water depth of at least 10 cm and in each plot water (20 liters) is added and inoculated with Azolla (8-10 Kg). 
Single super phosphate (100 g) in 2-3 split doses is applied at an interval of 4 days to each plot. Furadon or 
carbofuran (3 % active granules) can be applied in the plots (100 g plot–1) with or after a week of inoculation. 
100-150 Kg fresh Azolla can be harvested from each plot after 15 days from each plot. The same method can be 
used to produce Azolla in bigger plots. The quantities of in-puts need to be varied as per requirement. 
Depending on the availability and need of the inocula, Azolla can also be maintained in nursery in trays or 
earthen or cemented pots of any dimension. The cattle slurry and animal dung are effective as phosphorous 
fertilizers and application of Azolla is found to enhance the C, N and available P content of the soil. 

 
Fig 1: Azolla grown in farm under shade net 

 
Use of Azolla as Livestock Feed: 
The importance of Azolla as a sustainable feed for livestock and poultry is reviewed recently (Gouri et al., 
2012).  According to them Azolla can be used as an ideal source of feed for cattle, sheep, goats, pigs, rabbit and 
fish (Fig. 3). Because of the high nutrient content Azolla can be used as fodder for cattle and fish as well as 
poultry feed. It has Proteins, Vitamins, Calcium, Phosphorus, Iron, Copper, Magnesium, Beta carotene and 
Amino acids (Table 1). Azolla can be maintained throughout the year due to proper planning and cultivation 
practices and this in turn will ensure round the year availability of the organism for fodder purposes. Azolla in 
dried form is not preferred by the birds and hence the use of fresh biomass is an excellent poultry feed with no 
side effects (Singh and Subudhi, 1978a). About 20-25% of the commercial feed can be replaced by the 
incorporation of fresh Azolla biomass (Subudhi and Singh, 1978b). Utilization of Azolla as animal feed is 
suggested to be advantageous for the better productivity of livestock which comprise an integral part of the 
agriculture (Banerjee and Matai, 1990). Studies conducted on Azolla pinnata indicate that the level of Amino 
acids in the leaf protein compare favorably with the standards of FAO reference pattern and chick 
requirements (Dewanji, 1993).  Integration of Azolla powder in the fish meal and feeding experiments is found 
to enhance the weight of the carp Osteobrama belangeri resulted in better feed conversion efficiency and 
protein efficiency ratio (Basudha and Vishwanath, 1997). Use of Azolla protein supplement for the fish Tilapia 
mossambica and observed increase in feeding, absorption and growth rate (Sithara and Kamalaveni, 2008). 
They further observed that mixing of the Azolla biomass with other agricultural byproducts such as wheat and 
rice bran will lead to improvement in digestibility and protein quality. Feeding experiments conducted on 
buffalo calves suggest that Azolla meal is a potential and unconventional source of protein (Indira et al., 2012). 
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Although most of these studies advocate the use of fresh biomass, studies show that heat treated Azolla meal 
is partially substituted for fish meal resulted in significant growth of Labeo rohita (Maity and Patra, 2008).  An 
experiment was carried out to investigate the effect of dietary inclusion of sun dried and ground Azolla (Azolla 
pinnata) on production performance of broiler chicken (Balaji et al., 2009). The percent giblet yield of birds fed 
with 4.5% Azolla is found to be significantly higher than control and other treatments. Based on the 
experiments it is concluded that dietary inclusion of dried Azolla up to 4.5% levels did not have any adverse 
effect on production performance of broiler chicken. It is observed that aquatic plant species especially Azolla 
offer a great potential as a source of protein for animals due to ease of cultivation, productivity and nutritive 
value (Prabha and Kumar, 2010). Therefore, keeping in view of the importance of organic aquaculture these 
days use of Azolla is found to be one of the cheapest ways to increase the fish production in organic fish 
farming. Increase in fish production was observed when Azolla is used in organic aquaculture and it is strongly 
suggested that this practice can be an effective tool to increase the farm income and living standards of low 
income farmers from the Meghalaya region (Majhi et al., 2006). Poultry fed on Azolla show significant increase 
in the body weights and consequently have resulted in an increase in the net return (Rai et al., 2012).  These 
studies in general indicate the tremendous possibility of using the Azolla biomass effectively in feed and also to 
bring down the cost involved in feeding. However, there is a need to address the protein quality as well the 
Amino acid and nutrient composition of different species of these plants. This will help in the selection of 
promising species with superior protein quality, amino acid and nutrient composition that can be used as 
efficient dietary supplement. 

Individual dairy farmer can take up this activity to supplement feed requirement of the cattle. 
Alternatively, an entrepreneur can take up azolla cultivation as income generating activity in larger scale to 
supply feed to dairy farmers in a cluster. With such innovative initiatives, the dream of Dr Verghese Kurien, the 
father of white revolution can be fulfilled to a greater extent. In recent years, utilization of aquatic plants and 
weeds having high food value as feed ingredients has taken a new dimension in producing the much required 
animal protein at low cost. Aquatic weeds also have the added advantage of being cultivated in association 
with farmed fish species using the same water resources and/or farm effluent 

Chemical composition of Azolla: 

S. No Constituents Dry matter (%) 

1 Crude protein 24-30 

2 Crude fat 3.3-3.6 

3 Nitrogen 4-5 

4 Phosphorous 0.5-0.9 

5 Calcium 0.4-1.0 

6 Potassium 2-.4.5 

7 Magnesium 0.5-0.65 

8 Manganese 0.11-0.16 

9 Iron 0.06-0.26 

10 Soluble sugars 3.5 

11 Crude fire 9.1 

12 Starch 6.54 

Source: Singh and Subudhi (1978a) 
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Bioremediation Potential of Azolla: 
Another interesting and applied aspect of utilization of Azolla which is gaining popularity in the recent times is 
its application in the process of bioremediation. Increase in population and rapid rates of industrialization has 
resulted in the release of huge quantities of pollutants into water resources. The pollutants released are toxic 
in nature and pose great concern due to their adverse impact on plant and animal health. Therefore 
phytoremediation offer an excellent option toward off the pollutants from aquatic ecosystems. Azolla may be 
used to clean up the polluted and contaminated waters. 

Advantages of Azolla: 
1. It easily grows in wild and can grow under controlled condition also.   
2. It can easily be produced in large quantity required as green manure in both the seasons –       Kharif and 
Rabi.  
3. It can fix atmospheric CO2 and nitrogen to form carbohydrates and ammonia respectively and after 
decomposition it adds available nitrogen for crop uptake and organic carbon content to the soil. 
4. The oxygen released due to oxygenic photosynthesis, helps the respiration of root system of the crops as 
well as other soil microorganisms.  
5. It solubulises Zn, Fe and Mn and make them available to the rice.  
6. Azolla releases plant growth regulators and vitamins which enhance the growth of the rice plant.  
7. Azolla can be a substitute for chemical nitrogenous fertilizers to a certain extent (20 kg/ha) and it increases 
the crop yield and quality.  
8. It increases the utilization efficiency of chemical fertilizers.  
9. It reduces evaporation rate from the irrigated rice field. 

Precaution to be adopted: 
1. Maintenance of pure culture free from contamination is essential for good yield.  
2. Azolla should be harvested regularly to avoid overcrowding.  
3. Temperature is an important factor for good growth. It should be around 35 degrees Celsius. The fodder plot 
is to be covered with a plastic sheet in cold regions so as to reduce the impact of cold weather.   
4. Places with direct and adequate sunlight should be preferred. A shady place yields less.  
5. pH of the medium should be between 5.5 to 7.  
6. Suitable nutrients such as cow dung slurry, micronutrients should be supplemented as and when required. 

Environmental factors for the growth:  
• Temperature 20°C - 28°C  
• Light 50% full sunlight  
• Relative Humidity 65 - 80% 
• Water (standing in the tank) 5 - 12 cm  
• pH 4-7. 

Conclusion and research perspectives for future: 
The mode of reproduction in Azolla is mainly vegetative and because of this reason the biomass has to be 
maintained round the year. The farmers have to carry large quantity of the fresh biomass to the field for 
application every time. At times it also involves transportation to long distances leading to perishing of the 
cultures. This is also one of the reasons responsible for the poor adoption of Azolla by farmers. Hence to make 
Azolla biofertilizer technology more effective, attempts must be made to successfully propagate the organism 
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through sporocarps. Hence an important pre-requisite in the sporocarp technology is to have an understanding 
regarding the time of sporulation in different species of Azolla in relation to the factors controlling it in an 
ecological niche. Once we understand the pattern of sporulation and conditions specific to it, then strategies 
could be developed for induction of sporulation and its storage. 
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 With the global development agenda, sustainable livelihoods and nutrition are two concepts that have been 
explored largely. In order to be committed towards the world development, Indian government’s National 
flagship project, The National Rural Livelihood Mission (Aaajeevika) provides a very good example and has 
strengthened its impact on nutritional aspect. A rural poverty reduction program based on the development 
of mostly women self-help groups (SHGs). Main aim of NRLM is to break the cycle of poverty by improving 
household access in to entitlemnents such as bank loans, health services and food subsidies, improving 
agriculture production and household economic livelihoods activities, and strengthening capacities. 
 
INTRODUCTION 

In Bihar, NRLM comes under The Bihar Rural Livelihoods Project (BRLP), popularly known as JEEViKA. It 
has had a transformative impact on women’s lives. Due to the higher rate of migration of labourer from the 
state, the women of such households has taken up farming in their own hands, but they lack technicality and 
knowhow of agrarian situation prevailing. Jeevika has taken this as an opportunity and started supporting the 
voice and agency of the poorest women from the state. The main objective was to ‘enhance social and 
economic empowerment of the rural poor in Bihar’. It has been evident that the social and gender impacts 
complement and can even outweigh the targeted economic impacts that are intended. It is also evident that by 
giving economically and socially disadvantaged women access to a well-defined network of people and new 
systems of ‘knowledge’, it helped in breaking down long-standing normative restrictions and significantly 
shifted gender boundaries in such villages. 

Different initiatives under JEEViKA to strengthen Women’s Empowerment- Targeting poorer women, 
building their institutions, financial systems and assets; strengthening livelihoods important to women; and 
enhancing their social capacities and engagement with the wider society and institutions. 
 
It has formulated five Participatory Tools for Gender Related Discussions and Strategising- 
■ Kamal (a common name for a boy) and Kamli (name for a girl) to explain social construction of gender;  
■ Mahila Kisan ki Pehchaan (A woman farmer’s identity) to make women accept themselves as farmers and not 
only the male members of their families; 
■ Mera Haq Mere Pechaan Patra (My rights, my various entitlement/identity cards) to help women become 
aware of the government’s entitlements for rural poor women;  
■ Kiska Pala Bhari (Who is doing more work) to look at gender division of labour and finally; 
■ Dana Kothi Khali Kyun (Why is my grain box empty) to look at poverty and restrictions on how women’s roles 
in economic activity outside the house and therefore their control over money and resources, deepens poverty 

Gender and Empowerment Outcomes through JEEViKA  
Empowerment has multidimensional features that are—social, economic and political. This may be a somewhat 
simplified approach, but it captures the key changes observed through JEEViKA’s work on women’s 
empowerment and creates a strong link between each of these dimensions reinforcing each other. 
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Jeevika attempts to highlight changes that are seen in the social and gender norms that have an important 
bearing on women’s lives. These include changes in self-esteem and wider social capacity of women, changes in 
social norms such as mobility, decision making at the household level and also collective action at the 
community level. Such changes are evident at the personal, household and community levels that helps in the 
process of developing a sense of autonomy and self-confidence, and acting individually and collectively to 
change social relationships and the institutions that exclude poor people and keep them in poverty. Socially 
empowered women have- 
 

 Improved identity and influence. 

 Improved mobility. 

 Greater participation in household decision making 

 Emergence of strong social networks and support systems for women. 

 Greater courage and ability to deal with domestic violence. 

 Collective action on alcoholism and other social issues 
 
Economically empowered women are able to negotiate better social and economic outcomes for themselves, 
their families, and local and national economies. Under economic empowerment, the project’s efforts to 
increase women’s access to credit, create livelihood opportunities to increase their incomes and to promote 
employment in the formal sector are included. There is some evidence of women’s control over their incomes 
and access to and control of family resources. There is emerging data to show that women invest extra income 
in their children’s education and on health issues. Economically empowered women are able to  

 Increase their household incomes and reduced debts by making contributions.  

 Have ownership over assets and property 

 Make entry into farmer producer companies. 
 

Women’s empowerment in the political sphere is critical. It upholds women’s rights to self-representation 
and self-determination and therefore changing the nature of politics which has been male dominated. In India, 
and particularly in Bihar women’s presence has been very poor in national, regional and state politics. 
However, the local governance structure, called the Panchayati Raj, provides tremendous potential for 
women’s participation and representation. There is 50 per cent reservation of women at all levels of the local 
governance institutions in Bihar. But the truth of women’s numbers hides the actual practice of women being 
proxy candidates with real power and decisions being taken by men. However, mere participation of women 
under JEEViKA, has there is a gradual but steady shift from influencing the agenda of the local governance 
institutions as well as holding them accountable. SHG women, holding accountable institutions provides key 
services and entitlements, as a strong proof of the women’s growing political presence and voice. They can also 
have influence over State Policy. 

 
Even after considerable work done by Jeevika, there are challenges on a number of fronts and levels like 

difficulty to establish women’s use of and control over loans, incomes and assets, Backlash to women’s voice 
and agency, certain gender norms and traditional practices are extremely difficult to change. 
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CONCLUSION 
 With the empowerement of women we can easily achieve the goal of poverty reduction and help them 

in leading a quality life. JEEViKA has responded with great attention and commitment to the need for women’s 
empowerment and uplifting the lives of such. There is every possibility for deepening this impact and need of 
innovative thinking, pooling of expertise and resources, both technical and financial, to create responsive 
models for women from 5 million households. As women are learning to raise their voice to seek their rights 
and entitlements, they are also shifting the unequal power relations in their households and communities. This 
has not happened without its fair share of backlash and struggles. Today, women have new aspirations for 
themselves and their daughters. They dream of the day when they don’t have to worry about their daughter’s 
safety and when they can see their daughters in well paying jobs, traveling around the country bringing about a 
change in other poor women’s lives. JEEViKA needs to stand with its women members; without them there is 
no JEEViKA. 
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What is Climate Change? 
 The long term alteration of temperature and normal weather patterns in a place. This could refer to 
particular location or the planet as a whole as result of global warming. In the 20th century, significant increase 
in agricultural productivity were achieved under the banner of Green Revolution. Through mono cropping and 
intensive use of toxic chemicals and pesticides, crop yields around the world steadily rose. These progress, 
however, was made at significant cost. Soil qualities were degraded, biodiversity reduced and pest resistance 
diminished. At the same time, increased pesticide and fertilizer pollution in soil and ground water put both 
environment and health at risk and degraded the food quality. Increasing consciousness about conservation of 
environment and health hazard caused by agro chemicals has brought a major shift in consumer preference 
towards quality food.  

Effect of climate change on Agriculture: 
The indiscriminative use of agro-chemicals interferes with maintenance of sustainable ecosystem. The 

specific conditions that produce rainfall will not change, climate change impacts the amount of water in the 
atmosphere and will increase producing violent downpours instead of steady showers when it does not rain. 
Hot dry places will get hotter and drier and the places that were once temperate and had regular rainfall will 
become hotter and drier.  As the world warms, the entire ecosystem will move. Rising the temperatures at 
equator has pushed staple food crops as rice north into once cooler areas.  Increase in temperature also 
increase the reproduction rates of microbes and insects speeding up the rate at which they develop resistance. 

Climate change in relation to Organic farming: 
Why Organic Farming? 
 Organic agriculture not only enables ecosystems to better adjust to the effects of climate change but 
also offers a major potential to reduce the emissions of agricultural greenhouse gases. CO2 emissions per 
hectare of organic agriculture systems are 48 to 66 percent lower than in conventional systems. Drought 
tolerance is mitigation strategy for climate smart agriculture. Organically grown field has more resilience than 
field than that of conventional agriculture. 

Reducing Energy use 
 Conventional agriculture uses vast quantities of synthetic fertilizers and pesticides. It takes significant 
amounts of energy to manufacture these chemicals. Organic agriculture minimizes energy consumption by 30-
70% per unit of land by eliminating the energy required to manufacture synthetic fertilizers, and by using 
internal farm inputs, thus reducing fuel used for transportation. 

Helping farmers to adapt to climate change 
 Organic agriculture can also help combat global warming by storing carbon in the soil. Many 
management practices used by organic agriculture (e.g. minimum tillage, returning crop residues to the soil, 
the use of cover crops and rotations, and the greater integration of nitrogen fixing legumes), increase the 
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return of carbon to the soil. This raises productivity and favour carbon storage. Put simply, this means more 
carbon is stored in the soil, which means less carbon in the atmosphere. 

Storing carbon in the soil 
 As the climate changes, farmers are facing many challenges like, more unpredictable rains, soil 
degradation, and new or different pests and diseases. Organic agriculture helps farmers adapt to climate 
change because high soil organic matter content and soil cover help to prevent nutrient and water loss. This 
makes soils more resilient to floods, droughts, and land degradation processes. The people working in organic 
food systems also work hard to preserve seed and crop diversity. This increases crop resistance to pests and 
disease. Maintaining this diversity also helps farmers evolve new cropping systems to adapt to climatic 
changes. Overall, organic enables farmers to minimize risk, as a result of stable agro-ecosystems and yields, and 
lower production costs. 
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Participatory Irrigation Management (PIM) has assumed great importance in India in the last few decades due 
to the growing difficulties faced in water resource management and the realization that stakeholder 
involvement and participatory management leads to substantial improvement. The concept of Participatory 
Irrigation Management has been recognized all over the world as a tool for improving irrigation management 
along with sustainability of the system. It also refers to management by irrigation users at all levels of the 
system and in all aspects of management. This is the simplicity and flexibility of PIM. 
 Irrigation systems need to be restructured to make water management efficient. Increasing demand of 
water in all sectors including irrigation made it imperative that the efficiency of the Irrigation Water 
Management must be increased. The term participatory irrigation management (PIM) refers to the 
participation of irrigation users, i.e., farmers, in the management of irrigation systems not merely at the 
tertiary level of management but spanning the entire system. Participation should not be construed as 
consultation alone. Participation in irrigation management by water users can take a wide variety of forms. 
Farmers can be involved in various system management functions, including, planning, design, operations, 
maintenance, rehabilitation, resource mobilization, and conflict resolution. They can be involved in these 
functions at various system levels; from the field channel to the entire system. 
 Physical improvement is only a part of the solution. Maximum gains in water use efficiency can only be 
made when these are combined with better management practices. Keeping this concept in view, the State 
Government has decided to cover maximum possible command area under Participatory Irrigation 
Management to ensure that irrigation water is distributed efficiently and equitably in the command area and 
that it be used efficiently through Participatory Irrigation Management.  
 
Objectives of PIM  

 To create a sense of ownership of water resources and the irrigation system among the users, so as to 
promote economy in water use and preservation of the system.  

 To increase production per unit of water, where water is scarce and to increase production per unit of land 
where water is adequate. 

 To make best use of natural precipitation and ground water in conjunction with flow irrigation for 
increasing irrigation and cropping intensity.  

 To improve service deliveries through better operation and maintenance.  

 To achieve optimum utilization of available resources through sophisticated deliveries, precisely as per crop 
needs.  

 To achieve equity in water distribution.  

 To facilitate the users to have a choice of crops, cropping sequence, timing of water supply, period of 
supply and also frequency of supply, depending on soils, climate and other infrastructure facilities available 
in the commands such as roads, markets cold storages, etc. so as to maximize the incomes and returns.  
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 To encourage collective and community responsibility on the farmers to collect water charges and payment 
to Irrigation Agency.  

 To create healthy atmosphere between the Irrigation Agency personnel and the users. 

Need of PIM:  
a) Need of increase in agricultural production: The human as well as bovine population has been increasing all 
over the world and more so in India. As such the need of food, fibre, fuel, fodder etc. has also been increasing 
with fast rate. It is, hence, imperative to increase the agricultural production to keep pace with the 
requirement. Irrigation being lifeline of agriculture, its development and meticulous management is the 
necessity of the day. Increasing the existing reservoirs capacity and taking up of new projects is causing serious 
financial and social problems. So far as ground water development is concerned, it has its own limitations and 
the most important being over exploitation of this resource at many places particularly in many parts of India.  
b) Problem of fiscal availability: There is severe budgetary competition at the government level under different 
sectors. The ratio of financial outlay for the irrigation sector to the total outlay is coming down year after year. 
Moreover there are many uncompleted irrigation projects, where work is going on and there is demand of 
meeting the regional balance to provide irrigation facility almost all over.  
c) Other compulsions: Besides above aspects, there are other compulsions like non availability of water when it 
is needed, taking immediate problems like leakages, adopting flexibility in water distribution and taking many 
more initiatives by farmers group to make their farm economy a sustainable proposition, PIM appears 
extremely necessary and worthwhile. 
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 The weeds growing in water bodies is called as aquatic weed. Aquatic weeds are growing in or near 
water. The presence of weeds in water possess serious threats to an efficient and effective use of water. 
Aquatic weeds causes tremendous water loss through evaporation and seepage. Aquatic plants that cause 
weed problems may be placed broadly in different groups: algae, floating weeds, emersed weeds (foliage 
above water) and submersed weeds (majority of foliage below water). Algae are the most common group of 
weeds in aquaculture ponds. Shape and size vary from microscopic single- or multiple-celled plants to branched 
plants that resemble submersed aquatic weeds. Unlike other aquatic plants, algae do not produce flowers or 
seeds. Algae are divided into three groups: plankton algae, filamentous algae (pond moss) and the stoneworts 
(Chara spp. And Nitella spp.). 

Classification of Aquatic Weeds 
 Out of this Surface weed, submerged weeds, Emerged weeds, Dispersed weeds are called as true 
aquatic weeds or water weeds because these weeds grow only in free water and if the water is drained their 
aerial growth dries away. But the rhizomes or spores survive in the bottom mud. The true aquatic weeds are 
usually succulent and capable of absorbing nutrients from their all parts which come in contact with water. Ex: 
water hyacinth, Hydrilla.      1. Surface weeds: 

• It is commonly called free floating weeds. 
• Weeds have their leaves above water surface. 
• Most of the free floating type have either true or modified roots hanging in water. 
• Examples : Water hyacinth, Salvinia spp., Water lily  
• Water hyacinth produces 5000 seeds per plant which can sink to bottom and remain viable up to 15 

years.  
• This category includes the plants which have their leaves above water surface. It is also called as free 

floating weeds.  
• Most of the free floating types have their true or modified roots hanging in water. Ex: Lemna minor, 

Eichhornia crassipes, Azolla spp, Salvinia spp.  
2. Submerged weeds: 

• The submerged weeds grow largely under water some of these may throw their inflorescence above the 
water surface but their foliage remain under it. 

• These weeds cause the most serious aquatic weed problem in the world. 
• Examples: Coon tails, Bladder wart, Hydrilla, Eelgrass. 
• Hydilla verticillata can grow in water up to 5-15 m and form a mat like structure which can cover 5-10 

ha spread in 6 weeks. 
3. Emersed weeds: 

• Weeds have their roots beneath the water and their stems and leaves above the surface. 
• Troublesome in irrigation and drainage system. 
• They choke canal and reduce water flow. 
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• Examples: Cat tails (Typha latifolia), Water lily (Nymphea spp.) Arrowheads (Sagittaria spp.)  
4. Dispersed weeds: 

• Weeds are grow and spread throughout the volume of water. 
• Algal growth both unicellular (phytoplankton) and multicellular (scum algae) are classified as dispersed 

weeds. 
5. Shoreline weeds: 

• Weeds that inhibits only in shoreline waters of a water body are called shoreline weeds. 
• These weeds grow in shallow waters existing near the periphery of water bodies. 
• Examples: Sciphs spp., Cyperus iria, Pond weed. 

6. Ditch weeds: 
• These weeds invade ditches both drainage and irrigation channels. 
• The weeds are found in canals, roadside ditches. 
• Example : water hyacinth , Typha 

7. Phreatophytes: 
• These weeds are found along water streams, irrigation and drainage channel, around reservoirs on dry 

beds of rivers and in flood plains 
• These weeds are woody in nature, tall growing and difficult to control. 
• Examples: Lantana, Wild rose. 

8. Algae: 
• Shallow water submersed weed. 
• Reproduce vegetatively and also through pores. 
• Types of algae like, Unicellular: anabaena (BGA), Filamentous algae like, Phithophora, Higher algae like, 

Chara (musk grass). 
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1 INTRODUCTION 
India, as a developing country, is growing economy where agriculture and allied sectors contribute 14.92 per 
cent of the total GDP (Gross Domestic Product) since 2010 with the involvement of 58 per cent of total 
workforce. Agricultural production system is the outcome of a complex interaction effect of seed, soil, water 
and agro-chemicals including fertilizers. Therefore, judicious management of all the inputs is essential for the 
suitability of such a complex system. Formerly agriculture was more dependent on the nature and all the 
operations were carried out manually, however new technologies have been developed to increase the 
production and productivity of crops. 

But to increase the production, more crops need to be cultivated per unit area. Farmers are taking as 
much as three crops per year with available technology wherever resources are available. Use of inputs and 
water are some resources constraints now-a-days. For increasing the production the land is cultivated several 
times results in poor fertility of soil. So to conserve the moisture and reduce the soil erosion some technologies 
are developed and mulching is one of them. 

Figure 1 shows the view of mulch farming as an integral practice to conserve soil moisture, check weed 
control, moderate soil temperature and provide a micro climate to the plant is age old. With the advancement 
of technology, use of plastic mulch films for mulching application, this practice has got further impetus. Some 
important benefits of mulches are as follows – 
1. conserves soil moisture, 
2. control the weed growth, 
3. reduces the soil erosion, 
4. moderates soil temperature by insulating the soil temperature, and 
5. early maturity. 
 

  
Figure 1: Typically mulched fields 

2 Types of mulches 
a) Organic Mulches 

The organic materials such as crop residues & by-products, farm yard manure & by-products of timber 
industry, when used for mulching, are known as organic mulches. Organic mulches create no post utilization 
disposal problem but their availability is an issue. 
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b) In-Organic Mulches (Plastic Mulches) 
The in-organic materials such as plastic films, when used for mulching, are known as in-organic mulches. 

While natural mulches may not be available at all times & places, plastic mulches can be made available in 
different colors & thickness to obtain the desired results. Types of Plastic Mulches are as follows – 
 Black mulches 
 Clear or transparent mulches 
 Two-side color mulches 

a. Yellow/black 
b. White/black 
c. Silver/black 
d. Red/black 

 Degradable mulches 
a. Photo-degradable 
b. Bio-degradable 
By proper selection of plastic mulch composition – color and thickness, it is possible to precisely control 

the soil environment. 
 Black plastic mulches 

The black plastic film does not allow sunlight to pass through into the soil. Thus, photosynthesis does not 
take place in soil in absence of sunlight below the black film. Hence, it arrests weed growth completely. The 
black plastic mulch is also helpful in conserving soil moisture. However, it may increase the soil temperature. It 
has been reported that during hot climatic conditions, using plastic  nets and non-woven fabrics (layer of 
polyester or polyvinyl alcohol) in place of black mulch film is also helpful in increasing yield marginally of 
vegetables, especially that of leafy vegetables. 
 Clear or transparent mulches 

The transparent film will allow sunlight to pass through and the weeds will grow. However, by using 
herbicide coating on the inner side of film weed growth can be checked. The transparent film is quite successful 
as soil solarization film for disinfecting the soil in order to reduce soil born diseases and some weeds. This 
application is quite successful in nursery raising by solarising the beds before sowing seeds for nursery raising, 
which gives near 100 per cent seed germination & disease free nursery. 
 Two-side Colour Mulches 
Two side colour mulches are a wavelength selective or  photo-selective films are designed to absorb specific 
wavelength of the radiation of the Sun, which changes the spectrum of the sunlight passing through the film or 
being reflected back into the plant canopy. These light changes can have a marked effect on plant growth and 
development. These films enable growers to control different plant properties such as leaf and fruit size, 
colure, root development, yield, branching, plant height, growth, inter node length, time of flowering, bloom 
size, strengthen plant stems, encourage fruit to grow lower down on plants, and aid in disease control by 
keeping insects away. The effects are warming of soil temperature, blocking weed growth, increasing colour 
saturation of developing fruit and increasing carbohydrate transport to developing fruit. 

Table 1 has shown studies on mulching at various PFDC (Precision Farming Development Centers) in 
India Case studies have proven an overall increase in the yield of different crops and additional income 
generated. Moreover, plastic mulching increases the yield, water use efficiency, moisture conservation and 

reduces weed growth and soil erosion. By using such machine the mulching becomes more cost effective and 

the cost of cultivation of the crop can be reduced to certain extent. Thus, the advantages of mulching can be 
increased by using the mulch laying machine. 
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Table 1: Precision farming and development centers using mulch farming 

S.No. Crop Location of PFDC Mulch material Increase in 
yield 
(per cent ) 

Additional 
income 
(Rs/ha) 

1. Tomato Solan (HP) Plastic film (50 
micron) 

85.6 18250/- 

2. Cauliflower Pantnagar (UP) Black plastic (50 
micron) 

71.0 16120/- 

3. Bhendi Rajendranagar (AP) Plastic film (25 
micron) 

67.0 18300/- 

4. Pea Solan (HP) Plastic film (50 
micron) 

66.6 25960/- 

5. Chilli Navasari (Gujarat) Black plastic (50 
micron) 

60.1 10140/- 

 
CONCLUSION 

The mechanization was very limited in the field of mulching. Mulches are laid on the soil after 
preparation of field with primary and secondary tillage operations. To reduce the labor requirement and for 
timely operations the mechanization is introduced for laying of mulches in the field. It requires series of 
operations one after the other. It increases the cost of cultivation and time for cultivation. Some machines 
were introduced with different designs and working in field out of which some are tractor operated and some 
are power tiller operated. Mulch laying is multi-tasking i.e. formation of bund, laying of drip line, metering of 
fertilizer, laying of mulch over the land, shaping of land, side covering of mulch, punching of holes and planting 
of seed/ seedlings which have to done separately. Combining of all operations in single pass can increase its 
efficiency with the reduced cost of operation. 
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Rice is the most prominent crop of India as staple food for most of the people of the country. This crop is the 
“backbone” of live hood for millions of rural households and plays a vital role in the country’s food security. 
Paddy bran, paddy husk and paddy straw are by product of  paddy which is generally used as livestock dry 
fodder and fuel. This by product have scope of raw material in black soldier fly farming which good 
entrepreneur regarding rich animal protein source as supplementary feed stuff for aquaculture, poultry birds, 
dogs and livestock. After use of paddy by products reaming ash is used as component for commercial cement 
production. Paddy straw are utilize for biodegradable paper and ornamental purpose which is recent trend in 
new construction. Utilization of paddy straw for biomethane production through anaerobic digestion route is 
the best way in term of energy (544.25 kwh/tones) and environmental economics.    
 
INTRODUCTION  

 Rice is the most prominent crop of India as staple food for most of the people of the country and ratio 
of straw to paddy ranges from 0.7-1.4 depending on the variety and growth. 

Paddy Straw used for Black Soldier fly farming   
 

 Short development time 
 Low mortality rate 
 High of consumption rate efficiency 
 Considerable prepupal weight 
 Good fraction of organic matter degradation 
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Black soldier fly (BSF), Hermetia illucens (L.) belongs to family Stratiomyidae and order diptera. BSF is 
native to the tropical, sub-tropical and warm temperate zones of America, but during World War II they spread 
into Europe, Asia, including India, and even to Australia.  Larvae of BSF are also known as “latrine larvae” as 
they found in abundance around the manure piles of poultry, pigs and cattles.  In today’s scenario waste 
management is global level issue and BSF is novel approach/weapon against it. BSF larvae are very efficient to 
convert organic waste. Larvae consume manure and convert the nutrients into larval insect mass, which 
contains >40% protein and >30% fat; thus a potential high protein, high energy animal feed can be prepared 
and in the process, manure mass is reduced about 50% (Newton et al., 2005). BSF can produce 80 times much 
protein as compared to broiler chickens from one acre of land (Anonymous, 2019a). It is also a source of 
biodiesel. BSF can be used as industrial insect for animal feed, decomposing agent and biofuel production. 
 
As component for commercial cement production  

Chemical composition (%) Ordinary Portland 
cement I 

Ordinary Portland 
cement II 

Rice husk ash 
(RHA) 

SiO2  20.4–22.0 21.9 80.7–95.9 

Al2O3  3.7–5.3 4.9 0.4–0.4 

Fe2O3  2.3–4.2 3.3 0.2–2.9 

CaO  61.5–65.4 62.3 1.1–1.5 

MgO  1.2–4.8 2.3 0.3–0.9 

SO3  2.2–3.0 2.1 0.7–1.2 

Na2O  0.1–0.2 1.2 0.9–1.2 

K2O  0.3–1.1 0.3 0.8–2.1 

LOI  0.4–2.3 1.1 2.8–6.6 

Physical properties     

Median particle size (lm)  – – 5.0–10.0 

Specific gravity  3.0–3.3 2.90–3.2 2.0–2.2 

Blaine fineness (m2/kg)  336.5–399.0 305.0 350.0–376.8 
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Rice husk ash as SCM in concrete. Supplementary cementitious materials (SCMs), often referred to as 
mineral admixtures, should satisfy the requirements of the established standards for use in concrete. The 
utilization of any SCMs will increase its output, such as the hydraulic factors, permeability, strength, unit 
weight, durability and volumetric constancy over a long period. The RHA is the product of a supplementary 
cementitious material (SCM) from the agro-industry. Most studies have indicated that the standard 
compressive strength of concrete combined with or without cementitious materials (SCMs), is within the range 
forconventional concrete (15–45 Mpa) and has a density of about 2400 kg/m3. However, recent studies have 
shown the possibility of producing high strength concrete up to 55 MPa and 72 MPa for 7 and 28 days curing, 
respectively. Promoting the compressive strength of concrete and the ability to produce high strength concrete 
with SCMs, such as RHA, is very important because the compressive strength of concrete plays a fundamental 
role in the design and construction of concrete structures. 

Utilize for biodegradable paper 
  
 
 
 
 
 
 
 

Each year, the paddy harvest season is followed by fires raging across northern India, as farmers burn 
off their unwanted stubble in the open. In fact, nearly 20 million tonnes of rice straw is burned every year in 
India. The impact of this practice is enormous and can be felt in the lungs of the residents of the surrounding 
areas, including the national capital. The winter months are replete with reports of massive clouds of smoke 
being blown across Punjab and neighbouring states in the direction of Delhi. Contributing immensely to 
NCR’s air pollution woes, this smoke has severe and scary consequences for public health. So, how do we douse 
these pollution-causing fires? Perhaps by transforming paddy straw from useless waste into useful resource.  

Electronic energy source  

Sr. No. Energy route Yield/tonne 
paddy straw 

(kg/t) 

Total energy 
yield (GJ/t) 

Electricity 
equivalent 

(kWh/t) 

Petrol 
equival

ent 
(L/t) 

1.  Biomethane 144.32 8.000 777.00 166.60  

2.  Bioethanol  188.57  5.600  544.25  116.60  

It is evident from above Table that the total obtainable energy yield from biomethanation route is 30 
per cent more than bioethanol route. If all the surplus paddy straw biomass, which accounts for 11.70 million 
tonnes in Punjab, is brought to biomethane production, it will produce energy equivalent to 2.238 Mtoe and 
upon converting it to bioethanol, it will produce energy equivalent to 1.564 Mtoe. 
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CONCLUSION  
Paddy byproduct have very good scope for earning money or industrial application need a proper guidance and 
awareness about efficient use of  by product which colour is golden but it have potential make a gold for us.    
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INTRODUCTION  
In 21st Century with the human population explosion, agriculture is strainedto fulfill the food requirement of 
human civilization affecting and degrading the soil and ecosystem. To cope up with the rising food demand, 
extensive use of fertilizers, pesticides, fungicides and other chemicals have negatively affected agriculture and 
in addition, pathogens, weeds and herbivore are yet responsible for decreasing the yield between 20 to 40% or 
even 50% of global agricultural productivity. To satisfy the rising human hunger, more effective and efficient 
agricultural technologies are required that can convert most of the land to attain sustainable productivity and 
thus, orienting the era towards nanotechnology. Nanotechnology is the innovation of science and establishes 
the foundation of technological advances in various fields. It is being utilized for the welfare of mankind and in 
particular, the hike in use of nanomaterials in agriculture has revolutionized traditional agriculture practices.   
The use of nanotechnology in agriculture make it strikingly more sustainable and precise eventually leading to 
maximization of the output but minimized input (i.e. pesticides, fertilizers and weedicides) through target 
specific action. 
 
Nanotechnology and research trends in agriculture 
Significance of nanotechnology in biomass conversion technologies andmaterials science applied in agriculture 
are the basis of providing food, feed, fiber, fire and fuels. Through encroachment in nanotechnology, a number 
of techniques are available for the improvement in preciseness of farming practices that will provide precise 
control at nanometre scale. Nanotechnology can also be an alternative source of fertilizer. In an experiment, 
SiO2NPs enhanced germination in Lycopersicumesculentum seeds. 
 
 

 
As carriers 
Nano carriers areusedfordelivery of fertilizers,pesticides, herbicides,plant growth regulators, etc. effectively 
and at more accurate nanoscale, advantageous in reducing the waste generated anddecreasing amount of 
inputs along with increased bioavailability of active constituents. Nitrogen holding potential of the conventional 
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fertilizers is enhanced by addition of nano clay, lowering its loss thus, sufficient N2 is provided to crops. Nano 
emulsions further intensify bioavailability of pesticide and herbicide.  (Lim et al. 2012; Jiang et al. 2013; Pant et 
al. 2014). 

Nano-fertilizers 
In the context of sustainable agriculture, a novel approach to resolve the rising demand of human hunger 
requirement by increasing agricultural yield and plant growth, associating nanotechnologyto latest fertilizers 
serves as a promising advancement to efficiently enhance plant growth and agricultural production to cope up 
with the upcoming challenges of food deprivation and environmental degradation. Nanoparticles ensheathing 
nutrients, safeguarded by thin nanoscale polymeric layer can enhance plant growth and improve the potential 
of traditional fertilizers as one or more nutrients can be delivered to the target precisely in the form of nano-
emulsions or nanoparticle. Also, plants can adhere to the material more efficiently due to enhanced surface 
tensionby nanocoating on fertilizers. The advantageous impact of nano-fertilizers is increase in plant uptake 
efficiency and decrease in the negative consequences of traditional fertilizers. (Iavicoli et al., 2017). 
 
Nanopesticides 
Nano-pesticides are a revolutionary,significantly efficient and target specific, new generation pesticideresulted 
from the recent developments in the field of nanotechnology. The chemical pesticides have deteriorating effect 
of on biodiversity and on human beings by killing the non-targeted organisms. Nano-pesiticides are delivered to 
their targets in form of Nanocapsules, Nanopolymer, Nanospheres etc. Despite of the benefits of nano-
pesticide, biosafety issues in field of agriculture and their long-term effect on the surrounding environment and 
humans, in particular on the chronically exposed worker is a matter of concern. The approved pesticides 
formulations should also be carefully analyzed in regard to their nanometric size before exposing it to the 
environment. Europe has recently approved amorphous silicon dioxide in the stable aggregate 1μm 
nanoparticle form as an insecticide. (ECHA, 2014). 

Clay nanotubes 
Clay nanotubes (Halloysite) is an innovative and efficient pesticide carrier. They reduce the amount of pesticide 
thereby deducting its price and reducing impact on water streams. In addition, better association with plants 
and extended release is facilitated.  (Murphy 2008). It was found that polyactide nanocomposites have 
raised(up to six or even nine orders of magnitude)conductivity and significantly enhanced absorptionthan the 
pristine polymer (conductivity = 1 9 10-10 S/m) during a study on absorptive and electrical behaviour of 
nanocomposites. (Santangelo et al. 2011). 

Nano-bioremediation 
The main objective of bioremediation involving nanotechnology (nano-bioremediation) can be employed as 
uranium remediation,groundwater or wastewater remediation, hydrocarbon remediation, heavy metal 
remediation and solid waste remediation. Nanosized dendrimers, Nano-iron and its derivatives, single enzyme 
nanoparticles, carbon nanotubes, engineered nanoparticles, etc. are main nanomaterials involved in nano-
bioremediation (Rizwan et al. 2014). Soil remediation and hydrophobic contaminants can be bioremediated by 
using   engineered polymeric nanoparticles. (Tungittiplakorn et al. 2004). 

Wireless Nano sensors 
Advancement in nanotechnology can be employed in regulating field conditions like soil fertility, crop nutrient 
status, plant diseases, moisture level, temperature, insects and weed thus, enhancing crop growth. Wireless 
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nano-sensor is an innovative prospect that can be recruited on field for providing and analyzing significant 
agricultural data like harvesting of crops and ideal time of planting. In addition, pesticides, herbicides, fertilizers 
and other treatments can also be monitored through wireless nano-sensor.Various physiological, pathological 
and environmental processes can also be administered using these nano-sensors, ultimately enhancing yield 
and decreasing the resource involvement. (Scott and Chen 2013). In this era of water supply deficiency, it is 
crucial to control water usage particularly in field of agriculture. Engineers and scientists are oriented towards 
developing strategies such as drip irrigation which can enhance water use efficiency. Accuracy of agricultural 
practices can be optimized towards an increased level of water usage and conservation of water. Future 
prospects targets on attaining more precise water delivery system by focusing on factors such as water 
absorption efficiency, water storage, water distribution near roots, encapsulated water released on demand 
and installation of nano-sensors to deal with other aspects of the field condition. (Cross et al. 2014). 
 
Nanoscale agricultural products  
Nano scale products can also be acquired from agriculture and agroforestry. Nano crystals (from trees) and 
nano-fibres (from brown cotton and curaua) are major plant based cellulose nanomaterial resource. Wirth the 
rising concern over environment degradation, nanocellulose serves as a novel strategy to decrease the carbon 
footprint due to the biodegradable nature of the ultimate product along with the sustainability of the parent 
resource. The advantageous impact inclusive of environment friendly aspect of nanocellulose will contribute 
towards its reduced cost of production and use overtime. 

Nanocellulose in the agricultural domain can be utilized as protective coating for plants, seeds and 
foodstuffs. Biodegradability, crop safety application and mechanical and barrier properties are various 
beneficial characteristics of nanocellulose composite coating worth wide scale utilization. These coatings serve 
as protective film to safeguard the perishable plant parts and also, can be employed as edible coating or layer 
for storage and crop harvesting. Fresh and processed agricultural produce is generated by effectively using 
nanocellulose coatings. (US Patent Application Publication, 2016). Jung et al. (2016) have innovated and 
confirmed a hydrophobic coating based on a cellulose nanofiber (Innofresh™) for reduction in cherry cracking 
induced by rain in preliminary field validation trials. A potential alternative to water remediation adsorbent is 
cellulose nanomaterial possessing high surface area to volume ratio, biocompatibility, remarkable mechanical 
properties, sustainable source along with inherent environmental inertness (Carpenter et al., 2015).  
The efficiency of cellulose nanomaterial in amalgamating various chemical entities facilitated by its active 
surface improves adsorption capacity of pollutants involving organic contaminants and metal ions. (Hokkanen 
et al., 2016; Korhonen et al., 2011; Yu et al., 2013). Cellulose nanomaterials can also serve as particle stabilizers 
or scaffolds for reactive nanoparticles. (Snyder et al., 2013).  

CONCLUSION 
Nanotechnology has not only improved the quality of modern agricultural practices by making them technical, 
susceptible, safer and improved quality in agricultural products nutritious, but has also helped a lot in 
generating new agricultural products, better packaging and storage techniques and improved the quality of the 
its allied field such as water quality management. Conversion of materials to its nano form helps in 
enhancement of their physiochemical properties and applications, e.g. silver nanoparticles shows antibacterial 
property, and they are being incorporated into bandages for their beneficiary effect in ailing wound; however, 
the bulk particles are less effective. Titanium dioxide used as an intense white pigment is opaque in nature. 
However, nanoparticles of titanium dioxide are transparent, and due to its physical nature, they are being used 
in transparent sunscreens, food packaging or plastic food containers. 
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In India 70% of arable land depends entirely on rainfall for crop production and practice of agriculture over 
here is called as dryland agriculture. Water is limiting factor in dryland agriculture so conservation of moisture 
is needed. It conserve natural resources like land, water without harming their status. Dryland constitutes of 
both lands on steep slopes and falt valley plains where water resources are not sufficient and hence agriculture 
depends on rainfall. As per encyclopaedia Britanica “Dryland farming consists of making the best use of limited 
supply by storing in the soil as much as rainfall possible and by growing suitable crop plants by methods that 
make use of these moistures”.  Total cultivated area of India is 143 M ha out of this 108 M ha area is under 
dryland. There is 58 % of area is under dryland region in India. About 42 % of total yield is comes from dryland 
regions.  
 
 
The major problems of dryland farming can be classified as below:  

I. Water Problems/Climatic Problems: 
a) Inadequate and uneven distribution of rainfall:- 
 In general the rainfall is low and highly variable which result in uncertain in crop yield. Besides its 
uncertainty, the distribution of rainfall during the crop period is uneven, receiving uneven amount of rainfall 
when it is not needed and lack of it when crop needs it. 
b) Late onset and early cessation of rains:- 
 When monsoon sets it late, the sowing of crops are delayed resulting in poor yields of crop. At times 
rain may cease very early in the season exposing the crop to drought during flowering and maturity stages 
which reduces the crop yield considerably.  
c) Prolong dry spell during crop period:- 
 Long breaks in the monsoon is the typical feature of Indian monsoon these intervening dry spells when 
prolonged during crop period reduces the crop growth and yield and when unduely prolonged crop fails. 

II. Soil problems: 
a) Low moisture retention capacity:- 
 The crops raised on red soils and coarse textured soils suffers due to lack of moisture whenever 
prolonged dry spell suffers occurs due to their low moisture holding capacity. Loss of rain water occurs as 
runoff due to undulating and slopy soils.   
b) Low fertility soils:- 
 Drylands are not only thirsty but hungry too. Soils fertility has to be increased. But there are extensive 
uses of chemical fertilizers due to adequate soil moisture. 
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III. Socio economic problems: 
 Most of the dryland farmers are poor and have very little cash reserve available. The total operation is 
of subsistence type and the farmers concern is to grow staple food crops for home consumption dryland 
farmers are not able to utilize the credit facilities given by cooperatives and banks in areas where they exist to 
their ignorance and low literacy rates. 
IV. Technological problems: 
 Lack of suitable genotype capable of giving high and stable yield under rainfed conditions is major 
constraints. Many farmers are unable to use inputs like fertilizers, herbicides and pesticides due to lack of 
adequate moisture. 
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Biological control of weeds includes the use of insects or pathogen that affect the health of the weed. Usually 
these bio-control agents are from the same country of origin as the weed species. 
 
There have been successful examples of biological weed control are, 
1) The weed Lantana camera controlled by introduction of Telonemia scrupulosa in India    (1944).  
2) Prickely pear, Opuntia spp. controlled by introduction of cochineal scale insects, Dactylopius spp.  
3) Water hyacinth controlled by weevils, Neochetina bruchi, Neochetina eichhorniae and hydrophilic mite, 
Orthogalumna lerobrantis. 
  
Insects and pathogens infests the weeds and their action either reduce the weeds or kill them. Biological 
control of weeds is broadly defined as the use of an agent, a complex agent. Or biological processes to ring 
about weed suppression. All forms of microbes and microbial organisms are considered as biological control 
agents. Examples of biological control agents includes, but are not limited to arthropods (insects and mites), 
plant pathogen (fungi, bacteria, viruses and nematodes), fish, birds and other animals. Biologically based weed 
management is a broader category of approaches that may include gene modification gene processes and gene 
product. 
 Biological weed management has been successfully is a practice and economically affordable method 
for weed control in many situations while these have been considerable increase in biological weed control in 
last 20 years, earlier instances of its use date back to 200 years back. Classic biological control, which is 
biological control of non-native invasive weeds. It has been proved to be a viable strategy for managing weeds 
in areas subjected to areas of low intensity management. In future pathogens may also be used to introduce or 
alter specific genes to control growth, flowering, seed set and competitiveness of weed. 
 In order to search for efficient beneficial organisms used for biological weed suppression. It requires 
some characteristics for control of the weed as followed,  
1. Ecological compatibility: 
 It is usually important to seek the species whose ecological requirements are similar to those of the 
intended target weed. Disparity in ecological responses may be an important uniting factor in the effectiveness 
of nature beneficial organisms and an encouragement manipulation of some sort may make them successful 
regulative agent. 
2. Temporal synchronization: 
 The weeds and its natural enemies should be in the same place at the same time and also their life cycle 
must be synchronize for adequate regulation to be possible. The efficiency of poorly synchronized organisms 
may be sometimes be improved. 
3. Density responsiveness: 
 The most desirable biological agents should exhibit positive density responsiveness. 
4. Reproductive potential: 
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 One important factor in the display of responsiveness is high reproductive capacity through their short 
duration time, high or both. 
5. Searching capacity: 
 The ability to find host/prey at low density has significant hearing on the long term success of organism 
in the more stable conditions. A beneficial organism is one which can utilize low density population and reduce 
its number through efficient searching behaviour is desirable key regulative agent to be sought. 
6. Host specificity and host compatibility: 
 A bio-agent which is monophagous or slightly oligophagous indicate a high degree of biological 
adaptation. 
7. Food requirement and habits: 
 This attribute an additional consideration in choosing a potentially useful beneficial organism for 
subsistence of natural enemy some sort of food should be available to the natural enemy like, pollen, honey 
etc. and also shattering placing. 
8. Hyperparasitism: 
 This is a negative attribute to be avoidable in selection. Biocontrol agent to eliminate secondary 
parasitoids under certain situations hyperparasitism is most important one.  
Besides this it also must have, narrow host range, synchrony with host/prey life cycle and short handling time.  
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1. INTRODUCTION 
The population growth and the rising income in populated countries as China and India demand the 

augmentation of food and biomass production all around the world. It stimulates the research and 
development of technologies in agricultural productivity. The major portion of the water resource is used in 
agriculture sector for irrigation purpose to enhance the crop production. Due to growing demand for domestic 
and industrial purpose the share of the irrigation water is diverted for industries, recreation and drinking 
purpose. Therefore, it is need of the time to utilize the available water resources optimally and judiciously.  

Growers are being encouraged to either increase the efficiency of their current irrigation systems or 
decrease the size of their farmland. In many situations, simple change in water management or irrigation 
scheduling practice can decrease water losses and significantly increase a system’s water use efficiency. 

A irrigation planning includes a large storage reservoir created by a huge dam (or a long weir or 
barrage), hundreds of kilometers of canals, branches and distributaries, control structures and other works. 
Irrigation planning are generally built as multipurpose planning which also serve to generate hydropower, 
control floods, and meet water supply and other demands. Need for an efficient integrated management tool 
for an irrigation system is felt due to growing demand for agricultural products,  increasing cost of supplying 
water for the fields and stochastic nature of water resources. Due to dwindling supply of water for irrigation, 
the profit conscious irrigators like to allocate the available water among the competing crops to maximize the 
benefits. 

 
2. Prediction of rainfall  

Water contributes to the life existence and rainfall is vital for domestic and irrigation purpose. Rainfall is 
one of the most important phenomena of climate system. It is well known that the variability and intensity of 
rainfall act on natural, agricultural, human and even total biological system. So it is essential to be able to predict 
rainfall by finding out the appropriate predictors. An Artificial Neural Network (ANN) is a representation of the 
human brain that tries to stimulate its learning process. ANN is inspired by the structure of the human brain 
that is well suited for a complicated task such as rainfall prediction, rainfall-runoff modelling, river flow 
modelling etc. in hydrologic system. McCulloch and Pitts (1943) presented the first computational model for 
neural networks based on mathematics and algorithm called threshold logic. Artificial neural networks are a 
computational model based on interconnected neurons, which send messages to each other. The connections 
have numeric weights that can be adjusted based on experience, making neural nets adaptive to inputs and 
capable of learning. The artificial neural network contains some form of 'learning rule' which modifies the 
weights of the connections according to the input patterns that it is presented with. ANN has been proven to 
provide better results for the prediction of rainfall. 
 
3. Optimization 
 

While designing systems and products requires a deep understanding of influences that achieve 
desirable performance, the need for an efficient and systematic decision-making approach drives the need for 
optimization strategies. This introductory chapter provides the motivation for this topic as well as a description 
of applications in chemical engineering. Optimization applications can be found in almost all areas of 
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engineering. Typical problems in chemical engineering arise in process design, process control, model 
development, process identification, and real-time optimization. The chapter provides an overall description of 
optimization problem classes with a focus on problems with continuous variables 
 

From a practical standpoint, we define the Optimization task as follows: given a system or process, find 
the best solution to this process within constraints. This task requires the elements like objective function, is 
needed that provides a scalar quantitative performance measure that needs to be minimized or maximized. 
This can be the system’s cost, yield, profit, etc. A predictive model is required that describes the behavior of the 
system. For the optimization problem this translates into a set of equations and inequalities that we term 
constraints. These constraints comprise a feasible region that defines limits of performance for the system. 
Variables that appear in the predictive model must be adjusted to satisfy the constraints. This can usually be 
accomplished with multiple instances of variable values, leading to a feasible region that is determined by a 
subspace of these variables. In many engineering problems, this subspace can be characterized by a set of 
decision variables that can be interpreted as degrees of freedom in the process. 

4. Application of Genetic Algorithms (G.A)  
The genetic algorithm is a method for solving both constrained and unconstrained optimization problems 

that is based on natural selection, the process that drives biological evolution. The genetic algorithm repeatedly 
modifies a population of individual solutions. At each step, the genetic algorithm selects individuals at random 
from the current population to be parents and uses them to produce the children for the next generation. Over 
successive generations, the population "evolves" toward an optimal solution. You can apply the genetic 
algorithm to solve a variety of optimization problems that are not well suited for standard optimization 
algorithms, including problems in which the objective function is discontinuous, non differentiable, stochastic, 
or highly nonlinear. The genetic algorithm can address problems of mixed integer programming, where some 
components are restricted to be integer-valued. 

A Genetic Algorithm (GA) is a nondeterministic search technique based on the principles of natural 
evolution and selection. Gas find solutions to optimization problems by generating a large number of possible 
solutions and then evaluating each solution to determine its level of “fitness” (i.e., value of the objective 
function). Better solutions are evolved by applying GA operators to previous solutions and this process 
continues until a termination criterion is met. The evolution usually starts from a population of randomly 
generated individuals, and is an iterative process, with the population in each iteration called a generation. In 
each generation, the fitness of every individual in the population is evaluated, the fitness is usually the value of 
the objective function in the optimization problem being solved. The more fit individuals are stochastically 
selected from the current population, and each individual's genome is modified (recombined and possibly 
randomly mutated) to form a new generation. The new generation of candidate solutions is then used in the 
next iteration of the algorithm. Commonly, the algorithm terminates when either a maximum number of 
generations has been produced, or a satisfactory fitness level has been reached for the population. Individual is 
a potential feasible solution to an optimization problem. In the well optimization application, it refers to a set 
of parameters defining the configuration of well(s). For example, in a case involving placement of N wells, an 
individual will refer to the set of parameters that fully describe all N wells. Chromosome is a representation of 
the unknowns (parameters) of an individual which are encoded as binary or real numbers. Population is a 
collection of individuals. Generation refers to the population of individuals at a given iteration during the 
optimization. Fitness of an individual is the outcome of the fitness (or objective) function with the individual as 
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input. Prior fitness refers to fitness computed using some proxy/surrogate model while posterior fitness 
generally refers to fitness computed using the actual objective function.  
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The art of growing fruit plants, vegetables and spices at the roof top region is known as “roof gardening”. The 
population explosion occurs everyday resulted in the migration of peoples from rural areas to urban areas for 
income generation. Due to migration of peoples most of the agriculture lands are converted into residential 
areas, resulted with decreased production of fruits and vegetables. This can be circumvented by kitchen 
gardening and roof gardening.  

 Due to escalating population more land area is being brought under construction of houses, therefore 
there is hardly any space for growing vegetables. Especially in multistoried buildings the only way to grow 
vegetables is in pots and containers. This practice is known as container gardening.  

Benefits of roof gardening  
 Year round supply of fresh fruits and vegetables 
 Reduces expenditure on purchase of fruits and vegetables 
 To utilize the available space 
 To utilize the available time in constructive hobby 
 To grow organic vegetables free from (pesticides and insecticides) residue chemicals. 
 To grow our own favourite vegetables 
 Rare and unavailable vegetables can be grown 
 Apart from the above, working in a roof garden will relieve stress and strains 

Location: Roof top/ verandah / window sills and preferably open areas with plenty of sunlight and water 
supply. Roof gardening can be established in a best manner with the availability of sun light and water. In 
multistoried buildings, not all the apartments have a roof.  Thus the pots can be placed in the verandah and 
window sills. The available area is properly coated with water-proofing materials to avoid the seepage of water 
into the roof area.  
 
Method of cultivation   
 1. Pots / Containers – existing concrete floors   

2. Trough / Benches – existing concrete floors   
3. Trough – Newly build houses   

Types of containers: Grow bags, cement pots, earthen pots, plastic barrels, wooden barrels, boxes, crates, 
plastic jars, buckets, drums and different sizes. 
Tools required: Hand hoe, spade / showel, rose can, hand sprayer, gardening hose with sprinkler, bamboo 
stakes and jute strings. 
 
Other inputs  

1. Quality seeds from reliable sources like Agrl. University and Research Stations and National Seed 
Corporation.  

2. Good soil free from stones, weeds and other undecomposable materials  
3. Well decomposed organic manure (compost of FYM)  
4. River sand  
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5. Chemical  fertilizers 
6. Bio pesticides and Biocontrol agents 

 
Fruits crops suited for roof garden: Banana, Guava, Acid lime and Papaya 
Vegetable crops suited for roof garden: Transplanted vegetables (Tomato, Brinjal, Chilli) and Direct sown 
vegetables (Bhendi, Amaranthus, Cucurbitaceous vegetables like – Bitter gourd, Snake gourd, Ridge gourd and 
Bottle gourd) 
Spice crops suited for roof garden: Turmeric, Coriander and Fenugreek 
Medicinal crops suited for roof garden: Agathi, Adathoda, Aloe vera, Oomathai, Lemon grass, Oomavalli, 
Karisalanganni, Perandai, Keelanelli, Thuthuvelai, Ponnanganni and Manathakali  
 
How to start? 
i. Wash the container thoroughly and make drainage holes at the bottom.  
ii. Mix soil, compost and sand in equal proportions with the help of hand hoe and shovel.   
iii. Fill the containers loosely with gent tap and the soil should settle, bearing one inch head space at the top 

for irrigation.  
iv. For the transplanted vegetables, where nursery has to be raised in protrays, shallow pans and troughs can 

be filled with the fine mixture of soil, sand and compost (1:1:1) and the seeds should be sown in. The 
container should be irrigated immediately after sowing. A layer of dry grass or straw is spread on top of the 
soil till the seedlings emerge, and thereafter it is removed.  Most of the seedlings are ready for 
transplanting with one month of sowing.  

v. The seeds of certain vegetable crops which can be sown directly, should be sown in the selected pots. The 
depth of the seed sowing should be about two and a half times of the seed size.  

 
Important cultural practices 
 Watering: It is essential to water the plants judiciously depending upon the season, kind of crop, size of the 

plant and size of the container. Plants need extra water in during summer season. Too much watering will 
also lead to problems; hence we should strike an intelligent balance.   

 Staking: Support can be provided depending on the growth to avoid lodging of plants in heavy wind and 
rain. 

 Nutrients: Application of vermicompost, farm yard manure and decomposed coir pith compost is sufficient 
for the growth of vegetables. Inorganic fertilizers can be substituted depending on the growth of the plants. 
Top dressing with Complex fertilizers @ 5-10 g improves plant growth and yield of vegetables. Heavy doses 
of fertilizer are very harmful. Immediately after fertilizer application, the plant should be watered.  

 Weed Control: Hand hoeing and weeding helps in aeration in the root zone and help the plant grow 
healthy.  

 Pest and disease management: Pick and destroy the larvae found on fruits and vegetables and then spray 
Neem oil @ 2 ml/liter of water or Neem Seed Kernel Extract @ 3 %. Avoid spraying of toxic chemicals. 

 Harvesting: Leafy vegetables should be picked up frequently when tender. Root vegetables should be 
pulled out while tender otherwise they become pithy. Tomato is picked at ripe stage, brinjal and okra are 
picked after they attains full size but still tender.  
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Do’s  
1. Place the pots in available space, accordingly to sunshine requirement.  
2. Always check the drainage in the pots. 
3. Leave 1” space in the pot at the rim, to facilitate irrigation. 
4. Always sow the nursery in separate pots/protrays. 
5. Use deep pots for plants with deeper root system and shallow pots  for shallow rooted plants. 
6. Keep large and heavy pots in strong part of the building. 
7. Irrigate only when required, after checking the moisture regime of the pot. 
8. Always keep the pots and plants weed free, disease and pest free. 
9. Place pots away from each other to facilitate air circulation.  

 
Don’ts  

10. Don’t overwater the pots. 
11. Don’t let the drainage hole clog. 
12. Don’t place too many pots together. 
13. Don’t place heavy pots in apartments if the building is not constructed to bear the weight since damp 

soil is much heavier than dry soil.  
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The number and three-dimensional arrangement of spikelet and flowers that form on an inflorescence, 

known as inflorescence architecture. This determines the maximum number of sites available for seed 
production. Inflorescences are broadly classified into two classes: Determinate and Indeterminate. 
Inflorescences that form terminal flowers are called determinate e.g. Silene latifolia or Tobacco (Nicotiana 
tabacum). When they do not terminate, the inflorescences are classified as indeterminate e.g. Arabidopsis 
thaliana or Antirrhinum majus. The apical meristem is competent to grow for an indefinite period in this kind of 
inflorescence, producing a continuous main axis that laterally produces floral meristems. All the aerial 
structures of the plant descend from the shoot apical meristem (SAM). SAM produces leaves and shoots during 
the vegetative phase, and in the reproductive phase – after the floral transition – it becomes an inflorescence 
meristem and flowers are produced. The architecture of the inflorescence depends on its branching pattern 
and the position of the flowers. 

Variation among inflorescences can be ascribed to the extent of growth in each of three dimensions of 
stem and stem-like structures; determinacy or indeterminacy of meristems within the shoot system; 
specification of meristem identity; and relative positions of lateral shoots and/or flowers (phyllotaxy). 
Internode length is a simple but also a influential factor to several inflorescence   typologies. 

The genetic control of floral meristems has been studied in model species, mainly in Arabidopsis, 
Arabidopsis thaliana have a simple indeterminate kind of inflorescence. In Arabidopsis thaliana, during the 
vegetative (non-reproductive) phase the SAM produces vegetative primordia that will form leaves with shoot 
meristems in their axils. After transition to the reproductive phase, the SAM develops into an inflorescence 
meristem (IM) and these IM later produces floral meristems (FM). Three genes namely LEAFY (LFY), APETALA1 
(AP1) and TERMINAL FLOWER1 (TFL1) are involved in the development of the Arabidopsis inflorescence. These 
3 genes expressed at inflorescence apex in an opposing manner to maintain the balance between inflorescence 
and floral meristem identity. LFY and AP1 genes specify the floral meristem identity in Arabidopsis. LFY codes 
for a plant specific transcription factor expressed at early stages in the inflorescence meristem, at the floral 
“anlagen” directing incipient primordia to a floral meristem fate.Loss-of-function lfy mutants do not acquire 
floral identity and retained as inflorescence meristems and results in replacement of the first flowers on the 
inflorescence stem by shoots. The AP1 gene required for floral meristem identity specification. AP1 
transcription is directly activated by LFY at stage 1 floral meristems. The very first flowers on the inflorescence 
stem are substituted by shoots in ap1 mutants and their flowers undergo rigorous morphological and homeotic 
changes. The sepals of the ap1 mutant flowers are replaced by bract-like organs and ramified flowers (indicates 
a partial reversion). This incomplete reversion suggests that other genes may act redundantly with AP1 in the 
specification of floral meristem fate. In Arabidopsis, this redundant function is played by the CAULIFLOWER 
(CAL-1) gene, a paralogue of AP1, also expressed in early floral meristems as a result of LFY direct activation. 
The combination of ap1 and cal-1 mutations results in a complete absence of floral meristem identity 
acquisition. The TFL1 gene is expressed in a subset of cells of the SAM at low level during vegetative stageTFL1 
expression increases after floral transition and TFL1 protein acts as a signal controlling inflorescence meristem 
identity. Mutations in the TFL1 gene trigger the inflorescence meristems to be converted into floral meristems, 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 65 - 
 

 

leading in the abrupt termination of the main inflorescence stem in the TFL1 mutant and thus the tfl1 mutation 
changes the inflorescence of Arabidopsis from an indeterminate to a determinate type. 

Wheat and rice are the main dietry element of our daily life. The inflorescence in both wheat (Triticum 
aestivum) and rice (Oryza sativa) comprises of single spikelets. The main stem of the grass inflorescence is 
called the rachis, with a series of nodes (rachis nodes) that produce additional rachis branches or spikelets. The 
rachis of the rice inflorescence (i.e., panicle) can produce primary and secondary branches, and the main rachis 
of rice eventually degenerates. These primary and secondary branches are produced in spiral phyllotaxy and 
bear several single spikelets whereas, In case of wheat, the rachis of the inflorescence (i.e., spike) does not 
produce long branches but produces a series of short branches, spikelets, in an alternating pattern, and the 
main rachis terminates at a single spikelet. The spikelet of rice is determinate and each spikelet contains a 
single floret, while the spikelet of wheat forms a number of florets. 

Legumes are characterized by a compound indeterminate inflorescence. Among legumes, pea is the 
species where genetics of inflorescence development is best understood In Pea also three genes PIM/PEAM4, 
UNI, and DET/LF governs the inflorescence development and they  
are homologous in function with Arabidopsis genes AP1, LFY, and TFL1 respectively.  

Floral 
meristem 
identity 
genes 

Pea Arabidopsis 

PROLIFERATING INFLORESCENCE MERISTEM 
(PIM/PEAM4) 

APETALA 1(AP1) 

UNIFOLIATA (UNI) LEAFY (LFY) 

PsTFL1a/ DETERMINATE (DET); PsTFL1c/LATE 
FLOWERING (LF) 

TERMINAL FLOWER1   
(TFL1) 

 
In conclusion, we can say that floral architecture has played a tremendous role in development of 

diverse range of crops and it can be further manipulated by Modification of inflorescence architecture that  will 
enhance fruit and seed yield or quality, Determinate growth habit leads to a reduction in the flowering period, 
which can be beneficial rainfed condition and also facilitates mechanical harvesting, In the case of forage 
legume crops, such as alfalfa and clovers an increase of the vegetative portion of the plant can be obtained 
through a delay in flowering or by inhibition of formation of secondary inflorescence, Increasing the number of 
pods is an attractive option to increase yield in grain legumes to get higher yields so that the growing 
requirement of ever growing population can be fulfilled. 

 
 
 
 
 
 
 
 

Table 1: Showing Floral meristem identity genes of Pea (PIM/PEAM4, UNI, and DET/LF) having homology with 

Arabidospsis ( AP1, LFY, and TFL1 ) Floral meristem identity genes 

 

Floral meristem 

identity genes 

Pea Arabidopsis 

PROLIFERATING INFLORESCENCE MERISTEM 

(PIM/PEAM4)  

APETALA 1(AP1) 

UNIFOLIATA (UNI)  LEAFY (LFY) 

PsTFL1a/ DETERMINATE (DET); PsTFL1c/LATE FLOWERING (LF) TERMINAL FLOWER1   (TFL1) 
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panicle 

Wheat 
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In current time, wheat productivity seems to have touched a plateau, leading to worries for upcoming food 
security with a growing world population. Since its development, synthetic hexaploid wheat (SHW) has been 
shown to be an effective genetic resource for transferring agronomically important genes from wild relatives 
to common wheat. It delivers novel sources for yield potential, drought tolerance, disease resistance, and 
nutrient-use efficiency when bred conventionally with modern wheat varieties. SHW is becoming more and 
more important for modern wheat breeding. 

INTRODUCTION 
Natural hexaploid wheat is estimated to have lost 10,000 to 16,000 genes following polyploidization, compared 
with the three diploid progenitors. The first neotetraploidization event resulted in subgenome dominance 
where in the A subgenome was dominant over the B subgenome. The second neohexaploidization event led to 
a supradominance, with the D subgenome dominant over the tetraploid (subgenomes A and B). Till now most 
of the existed variability present in cultivated wheat has been utilized in crop improvement. So to create new 
genetic diversity there is a need of recreation of wheat by crossing their progenitor.Synthetic hexaploid wheat 
is an artificial hybridization between tetraploid wheat and an accession of Aegilops tauschii. First primary 
synthetic between a tetraploid wheat and Aegilops tauschii developed in 1946 by Mc Fadden and Sears. 
Thereafter, Numerous SHWs have been produced globally by various institutions including CIMMYT-Mexico, 
ICARDA-Syria, Department of Primary Industries (DPI), Victoria-Australia, IPK-Germany, Kyoto University-Japan, 
and USDA-ARS.  

Evolution of Wheat 
About 8000 years prior, common hybridization emerged flanked by two irrelevant wild grasses, that is Aegilops 
speltoides (SS or BB) and Triticum urartu (AA) offering ascend to a wild emmer with AABB arrangement. Around 
6000 BC, the developed wild emmer actually hybridized with Aegilops tauschii (giver of D genome) coming 
about into present day hexaploid bread wheat, that is, Triticum aestivum (AABBDD) with 2n = 6x = 42. 

Production of Synthetic Hexaploid Wheat 
There are mainly to methods to develop synthetic hexaploid wheat. 

1. Crossing between Ae. tauschii and T. turgidium 

2. Crossing between Ae. tauschii And Hexaploid Wheat or T. aestivum 

1. Crossing between Ae. tauschii  and T. turgidium 

Creation of synthetic hexaploid wheat happens by a cross between wild accessions of Aegilops tauschii with 

Triticum turgidum. Interspecific crosses between T. turgidum and Aegilops tauschii is likewise referred as the 

"Bridge Cross", which is followed by the doubling of chromosomes of hybrid with colchicine treatment making 

an amphiploid (AABBDD). 
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2. Crossing between Ae. tauschii And Hexaploid Wheat or T. aestivum 

A direct cross between Ae. tauschii (DD) and common wheat (AABBDD) is used as another way to generate a 

hybrid with an ABDD genome constitution. The hybrid seed embryo (F1) must be removed within 12–18 days 

after pollination, to provide an artificial culture medium to protect the embryo from abortion. The hybrid is 

backcrossed to the common wheat parent and selection of plants with 42 chromosomes is done. This removes 

the mystifying possessions of segregation in the A and B genomes. This technique does not require colchicine 

treatment. On the other hand, a drawback exists from backcrossing, owing to aneuploidy, resultant lines 

exhibit unsteadiness and this makes genetic analyses difficult. 

Gene(s) taken from Synthetic Hexaploid Wheat for Crop Improvement 

A table has been presented to show the different gene(s) which are taken from SHW and its parents. 

 

CONCLUSION 
Hexaploid wheat can be reconstituted by natural intercrossing, induced chromosome doubling, and embryo 
rescue to produce primary “synthetic” wheat. Combining variability from both modern durum wheat and 
ancestral tetraploids with Aegilops tauschii has produced new genetic variation for a range of biotic, abiotic, 
and quality-related traits. Direct and indirect evidence indicates that much of the newly observed genetic 
diversity in synthetic wheat is novel. Synthetic derivatives, developed by crossing primary synthetics with 
adapted cultivars, have been developed with enhanced resistance to biotic and abiotic stresses. The 
exploitation of synthetic wheat is still in its infancy. In the future, combining novel genetic diversity in synthetic 
wheat with that existing in the wheat gene pool can be expected to significantly enhance the adaptation and 
marketability of wheat. 
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Biotic Stress Disease or Pest Source of Resistance Reference 

Rust Leaf Rust 
Stem Rust 
Stripe Rust 
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Other Fungal 
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The domestication of wheat around 10,000 years ago marked a dramatic turn in the development and 
evolution of human civilization, as it enabled the transition from a hunter gatherer and nomadic pastoral 
society to a more sedentary agrarian one. Two of the most important traits in the evolution of bread wheat 
and other cultivated grasses were an increase in grain size and the development of non-shattering seed. The 
former has been associated with successful germination and growth of seedlings in cultivated fields, whereas 
the latter trait (a hallmark of domestication) prevents natural seed dispersal and allows humans to harvest 
and collect the seed with optimal timing. 
 
INTRODUCTION 
Tetraploid and hexaploid wheat were originated via allopolyploidization, i.e., by inter-generic hybridization 
followed by chromosome doubling. Allopolyploidy, being a revolutionary rather than an evolutionary mode of 
speciation, is a major way through which a new species is formed in one step. Since an allopolyploid species is a 
hybrid containing two or more different genomes, enveloped within one nucleus, allopolyploidization exerts a 
considerable stress on the newly formed species. Consequently, the nascent allopolyploid faces several 
challenges such as the immediate need to secure an exclusive intra-genomic pairing at meiosis, to orchestrate 
inter-genomic gene expression and DNA replication, and to reduce the cost of large genomes. To meet these 
challenges and ensure increased fitness and consequently, successful establishment in nature, the newly 
formed allopolyploid genome must undergo immediate changes. For example, differentiation of the 
homoeologous chromosomes (cytological diploidization) should be established rapidly so that they will not be 
able to pair and recombine at meiosis. There is also a need to orchestrate gene expression (genetic 
diploidization) to enable harmonic inter-genomic coexistence. The above changes can be achieved through 
alterations in the DNA or in chromatin structure. In wheat, cytological diploidization involves elimination of 
DNA sequences. These elimination events may generate random polymorphisms causing further physical 
divergence between homoeologues. 
 
Evolutionary History of Wheat (Triticum) and Related Aegilops Species: 
The evolutionary history of wheat shows the how this fantastic crop has been originated. The evolution of 
wheat into hexaploidy and tetraploid species was possible due to presence a locus known as Ph1 which is 
present on B genome. The schematic representation of wheat evolution showed in Figure 1 (MYa-Million Years, 
KYa-Thousand Years). 
 
Domestication of Brittle Rachis Genes and Role of Ph1 Locus: 
The phenotypes of wheat species involved in the evolution of modern cultivated wheat and major transitions at 
the primary domestication genes (Br13A, 3B, q5A, and Tg12D).  
The spike, result of moderate hand threshing, and seed are shown for each in panels A, B, and C, respectively. 
Domestication of the gene (s) shown in figure 2. 
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Figure 1: Schematic representation of Wheat Evolution 

 
Figure 2: Domestication of Brittle Rachis in Wheat 

The Ph1 locus is the major regulator of chromosome pairing and recombination in wheat. Ph1 ensures that 
during meiosis recombination only occurs between pairs of homologous chromosomes and does not occur 
between chromosomes from the related (homoeologous) sub-genomes. This keeps the genome stable and 
ensures the high fertility of wheat. 
 
CONCLUSION 
Genome Donors of cultivated Hexaploid wheat are 1. A genome donor: T. Urartu 2. B genome donor: unknown 
(but similar to Ae. Speltiodes) 3. D genome donor: T. tauschii. Domestication has genetically not only 
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transformed the brittle rachis, tenacious glume and non-free threshability, but also modified yield and yield 
components in wheat. It is essential to follow domestication processes and unravel many functional and 
regulatory genes that were eliminated from the cultivars during domestication, primarily by modern breeding. 
5B locus which contain Ph1 locus was the major regulator of pairing and recombination in wheat. 
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Poaceae is a family of monocotyledonous flowering plants, usually acknowledged as grasses. Poaceae family 
comprises around 10,000 species. It is an economically important plant family, providing the fundamental 
food source for human beings. In recent years the genomes of several grasses have been sequenced: namely, 
of maize (Zea mays), rice (Oryza sativa), Hexaploid wheat and two diploid wheat species (wheat D genome 
of Aegilops tauschii, wheat A genome of Triticum urartu). These crops account for about half of total world 
food production.   
 
INTRODUCTION 
Recurrent polyploidizations have aided to the evolution of grasses. Common wheat (Triticum aestivum) 
originated by hybridization of the wheat genome A (Triticum monococum) with the genome B (unknown 
species), which subsequently hybridized with genome D (A. tauschii). Rice genome sequencing project 
uncovered that a whole-genome duplication (WGD) event took place 100 million years ago and that WGD 
promoted the speciation of new grasses to form the large monocot family that exists today. The variability of 
the maize genome is largely driven by polyploidization and impulsive multiplication of LTR retrotransposons, 
with the stabilizing effect of unequal and illegitimate crossover. 

Comparisons of Various Grass Genomes 
The genomes of grasses vary in terms of size, ploidy level and chromosome number. Irrespective of these 
significant dissimilarities, it was discovered by comparative mapping that the linear order (colinearity) of 
genetic markers and genes is exceptionally conserved between genomes of different grasses. Moreover, 
quantitative trait loci (QTL) underlying vital agronomic characters such as shattering and dwarfing were also 
found to be colinear between grass species.  Comparative studies have shown that the genome of grasses have 
gone through several events of genome expansion, contraction and rearrangements, but have sustained a 
significant overall conservation between the genomes. All comparative studies have proved a high level of 
conservation of the exons between homologous grass genes. Additionally, Intron positions are also conserved 
but their size can sometimes fluctuate. In comparison, intergenic regions are mostly not conserved among 
homologous regions in different grass species. In addition, Retroelements also acts as a key component in 
molding and transforming the genomes in the course of evolution. 

CONCLUSION 
The gene collinearity dataset for grass genomes is useful in numerous aspects. Firstly, these datasets can be 
used by researchers of different disciplines to gain understanding about the chromosome segments of interest 
to find out how their genes were transformed by genomic variations. Secondly, the collinear genes can be used 
to construct phylogenetic trees for use in evolutionary analyses. Gene collinearity undoubtedly displays the 
concrete relationships among genes to construct a correct phylogenetic tree, that forms the sound basis of any 
evolutionary, and functional analysis. The use of molecular markers derived from orthologous regions in 
various grass species has assisted to increase the map density at specific genetic loci and simplifies map‐based 
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cloning. There is a massive possibility to use this genomic collinearity for gene isolation, for pathway dissection, 
and for revealing the basis and directions of the variation engineered by nature in plants. 
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Spices are fascinating condiments. They wrap within them a sea of flavour that adds magic to almost every 
culinary preparation and lifts it from the ordinary to extraordinary. Right from the kitchen and medicinal uses 
in homes spices have an important role to play in different places. As India is blessed with a varied climate 
each of its state produces some spice or the other. No wonder why spices are used so extensively for cooking 
in India. Not only in India but also in some other countries spices are considered to be of great use. Apart 
from adding colour, flavour and taste, consumption of spices provide infinite health benefits. You can be 
more creative in use of spices if you know its uses better.  

INTRODUCTION   
A spice is a seed, fruit, root, bark, or other plant substance primarily used for flavouring, colouring or 
preserving food. Spices are distinguished from herbs, which are the leaves, flowers, or stems from plants used 
for flavouring or as a garnish. Sometimes, spices may be ground into a powder for convenience.  

 The history of spices is the history of humankind itself, with realm rising and falling based on the hinge 
of exotic spices. Christopher Columbus set sail for the Indies, he was searching for pepper. Not gold or jewels, 
but pepper and other spices. He never found the passage to the Indies he was aiming for, and he never found 
the pepper he was searching for, but the world was changed forever because of our passion for strange new 
flavours from faraway places.  

 The spice trade developed throughout South Asia and Middle East by at least 2000 BCE with cinnamon 
and black pepper, and in East Asia with herbs and pepper. The word ‘spice’ comes from the Old French word ‘e 
spice’, which became “spice”, and which came from the Latin root ‘species’, the noun referring to “appearance, 
sort, kind”. By 1000 BCE, medical systems based upon herbs could be found in China, Korea, and India. Early 
uses were connected with magic, medicine, religion, tradition, and preservation (Dubey, 2017). 

 

 
 

"Even just a few spices or ethnic condiments that you can keep in your pantry can turn your mundane dishes 
into culinary masterpiece." - Marcus Samuelsson, world renowned chef 
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Hidden spices: Their use and healthy benefits 
 In this piece, we'll talk about a handful of ingredients that are celebrated by the locals in India about 
their uses and medicinal values. While these form an essential part of their indigenous cuisines, unfortunately, 
the rest of the country remains quite estranged to these culinary gems. 
1. Bhut Jalokia: Just a nibble of it will make tears run down your face! Yes, that's how hot this chilli is. Not much 
to your surprise, in the year 2007, it was certified by the Guinness World Records as the 'hottest chilli pepper in 
the world'. Deep red in colour, this is a star ingredient in some of the most sensational preparations of north-
east India. Originally grown in Assam, the chilli is a hot favorite in Nagaland, Manipur as well as Mizoram. It has 
a distinct aroma and a fiery flavour that renders the dish a blazing heat. These are dried, pickled or used as is by 
the locals. It is believed that consuming it makes the heart beat faster and raises body temperature. 
2. Kalpasi: The mystery flower - alternatively known as daagar ka phool, patthar ka phool or 'black stone 
flower', kalpasi is a kind of lichen. It is used in cooking traditional Chettinad food but for most in Tamil Nadu, 
the spice is elusive and not regularly utilized. However, the blackish purple flower is often blended with other 
spices to make some indigenous masalas. In Maharashtra, it forms a part of the famous goda masala. 
3. Guntur: It can be spotted easily in a typical Andhra kitchen. Andhra cuisine, which is popular for its fiery hot 
delicacies, owes much of its heat to these locally produced chillies. The variety has quite a global demand and is 
exported to countries like Japan, China, Germany, Thailand, Canada and Malaysia. It is used extensively in some 
of the most piquant accompaniments, pachadis and pickles, typical to Andhra cuisine. 
4. Kewra: Also known as Pandarus or screw pine, Kewra plants are widely cultivated in tropical regions, 
southern Orissa being the primary area in India. Flowers and leaves from the plant are highly fragrant, and they 
go into the making of Kewra water, essence and oil (ruh) for culinary and other purposes. Kewra essence and 
oil are used in many Indian as well as southeast Asian specialties for its exquisite aroma and magnificent 
flavour. The flowers are used to manufacture special perfumes. 
5. Lakadong Turmeric (Dried Curcuma Longa Root): A high curcumin turmeric exclusive to Meghalaya, Lakadong 
turmeric is counted among the finest turmerics in the world. The root and rhizome (underground stem) of the 
Curcuma longa L. plant is crushed and powdered before being sold in the local markets of Jaintia hills. The 
curcumin content (known for its many health benefits) in Lakadong turmeric is between 6 to 7%, which is one 
of the highest, as against a mere 2 to 3% in most varieties of turmeric. It is also known as Chirmit lachein 
(yellow), Chirmit ladaw (yellow orange) and Chirmit lakadong (yellow red). 
6. Kanthari Mulagu (White Bird’s Eye Chilli): Grown in Kerala and some parts of Tamil Nadu, the super hot, ivory 
coloured Kanthari mulagu chilli is mainly cultivated as a homestead crop. A rare variety of Bird’s Eye Chilli, 
Kanthari mulagu has traditionally been used to stimulate appetite, control cholesterol levels and ease arthritis 
pain. In Kerala, this chilli is used in relishes, pickles and curries. 
7. Jaiur (winged prickly ash seeds): A uniquely flavoured spice of Meghalaya, you probably know jaiur by its 
more common name, Szechuan pepper. Not very hot or pungent on its own, it has slight lemony overtones and 
creates a tingly numbness in the mouth that sets the stage for hot spices. The tiny seed pods are toasted before 
being crushed and used in chutneys. Only the husks are used and the gritty black seeds are discarded. In 
Meghalaya, it is added to a traditional side dish of fermented fish called tungtap. 
8. Ratanjot (Alkanet Root): Alkanet root, better known as ratanjot, is a dried herb grown in Himachal Pradesh 
and Jammu and Kashmir. Traditionally used to add colour to Indian food, ratanjot is the natural food colouring 
that gives the famous Kashmiri dish, Rogan Josh, its signature crimson colour. It is also used as a tint in the 
tandoori chicken marinade. Over the years, the use of ratanjot has been replaced by synthetic colours. 
9. Anardana: Quite simply, anardana is dried pomegranate seeds. Retaining many of the qualities of fresh 
pomegranate seeds (and the juice surrounding them), anardana lends a mildly sweet and tangy 
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flavour that adds to the richness and depth of a dish. A variety of wild pomegranate called daru, which grows in 
the southern Himalayas, is reputed to yield the best anardana. Interestingly, this spice also has preservative 
qualities (similar to the properties of lemon juice) and can also be used as a thickening agent. 
10. Kokum and the close cousin: Popular with the culinary practices of those living in the Konkan region, 
Kokum also makes it to the food preparations typical to Maharashtra, Gujarat, Goa, parts of Kerala as well as 
Karnataka. It is believed to be a rich source of calcium, thiamine, folic acid, magnesium, manganese, potassium, 
and bearing properties that facilitate weight loss. According to Ayurveda, kokum juice consumption has great 
benefits for people with high cholesterol and bad bowel function. 

 Quite similar to kokum is another ingredient that belongs to the same family but with its usage limited 
to the state of Kerala. Also known as the 'Malabar tamarind', 'Kerala tamarind' or 'fish tamarind', Kodumpuli is 
specifically used in some of the star fish delicacies as well as seafood preparations in central Kerala. The fruit is 
deseeded, sundried and smoked after which it is used in flavouring fish curries like meen pattichathu, 
karimeen curry and so on. 

 
CONCLUSION 

 When you talk of Indian food, there are some flavors, some spices and seasonings that belong to our 
plate, our culture, our history. They are what define the identity of Indian food. Each region in every country 
adds a sprinkling of their secret spice mix to their cooking pots to wow the diners. For example, sambhar in 
Tamil Nadu is so very different than how it is made in Kerala, Bangalore or north India. Similarly, fish curry 
made in West Bengal is nothing like the one made in Goa. It's all about the little nuances that go into creating a 
dish - a little more vinegar, a dash of coconut cream or a few pods of peppercorn or star anise. A fine tuning of 
all the ingredients is what brings a world of a difference to a dish. And if these dishes are prepared with local, 
indigenous produce, then better the flavour! 
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Plants like animals are continually exposed to microbes. The spectrum of phytopathogenic organisms 
encompasses viruses, mycoplasma, bacteria, fungi, nematodes, protozoa, and parasites. Given the broad 
variety of plant pathogens, resistance is the rule (lack of susceptibility), and susceptibility is the exception. 

INTRODUCTION 
Plants utilize multiple tactics to defend against pathogen attack. Plants possess two evolutionarily interrelated 
mechanism of disease resistance, basal defense and R-gene mediated defense. Basal resistance ensures the 
first-line of defense to the infection over a wide range of pathogens which can be a constituent of both non-
host and host resistance. Basal defense elicitors may be components derived from plant cell walls released by 
hydrolytic activity of enzymes synthesized by invasive pathogens, this system utilizes integral plasma 
membrane proteins with extracellular receptor domains to recognize conserved pathogen-associated 
molecular patterns such as lipopolysaccharides, chitins, glucans and flagellins that are produced by pathogens 
during the course of infection. This kind of response is known as Pattern-Triggered immunity(PTI). PTI usually 
uses receptor-like kinases or receptor-like proteins that recognize PAMPs outside plant cells and convey signals 
within the cell via phosphorylation cascades involving mitogen-activated kinase signaling cascades and other 
protein kinases. PTI induction is coupled with MAP kinase signaling, pathogen-responsive gene transcription 
induction, reactive oxygen species formation, and callose deposition to strengthen the cell wall at infection 
sites, all contributing to the prevention of microbial growth. Another component of the immune surveillance 
system, normally uses intracellular resistance (R) proteins to detect the presence of specific pathogen effector 
proteins in host cells. Identification of R-protein effectors in resistant plant genotypes leads to activation of 
effector-triggered immunity (ETI) and is often associated with cell death at infection sites, called the 
hypersensitive response (HR).  

Most of the R genes that have been cloned to date encode nucleotide-binding leucine-rich repeat (NB-
LRR) proteins that facilitate recognition of diverse effectors from all classes of plant pathogens. The LRRs 
(Leucine rich repeats) have an important role for recognition specificity. Based on their amino acid motif 
organization and their membrane spanning domains, plant resistance genes can be widely categorized into 
eight classes.  NBS-LRR can have any of these functional domains TIR- Toll/Interleukin-1-receptors; CC- Coiled 
coil; TrD- Transmembrane domain; PEST- Protein degradation domain (proline-glycine-serine-threonine); ECS- 
Endocytosis cell signaling domain; NLS- Nuclear localization signal; WRKY- Amino acid domain; HM1- 
Helminthosporium carbonum toxin reductase enzyme. 

Plant R-genes have a common central NB-ARC domain containing Nucleotide Binding site and ARC 
(present in Apaf-1, R proteins, and CED-4) subdomains followed by multiple Leucine Rich Repeats (LRR). The NB 
domain is mostly associated with carboxy-terminal leucine-rich repeats (LRRs) and amino-terminal coiled coil 
(CC) or Toll/ interleukin-1 receptor/resistance protein (TIR) domains. 

Effector proteins belong to two categories targeting different locations in the host plant: apoplastic 
effectors are secreted into the extracellular space of the plant, while cytoplasmic effectors are translocated 
inside the plant cell, targeting various subcellular compartments. ETI is mediated by plant receptors called 
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nucleotide-binding leucine-rich repeat (NLR) proteins that detect the presence of pathogenic effectors in plant 
cells and trigger defense through mechanisms that are still not properly understood. Plant receptors are rapidly 
evolving through different mechanisms, particularly point mutations, gene duplications, and gene 
rearrangements. Effectors can be detected either by direct interaction with the NLR receptor (direct 
recognition) or by monitoring the presence of an effector on host proteins (indirect recognition). Examples of 
direct recognition include NLR proteins encoded by the rice Pi-ta, RGA5 and PiK genes. In case indirect 
recognition the receptor protein monitors host proteins, known as “guardees” when they actively contribute to 
immunity or “decoys” if they mimic the authentic host target. Binding and/or modification of such a 
guardee/decoy by an effector leads to activation of the NLR receptor. For example, the status of RIN4 protein 
(RPM1 interacting protein 4) is monitored by at least two independent Arabidopsis NLRs, RPS2 and RPM1, 
which detect cleavage or phosphorylation of RIN4 by bacterial effectors AvrRpt2 and AvrRpm1 (or AvrB), 
respectively 

CONCLUSION:   
Beyond isolating bacterial PAMP receptors, the research is moving quickly towards discovering fungal PAMPS 
and their cognate receptors. Till now a dozen PAMPs have already been described, each apparently with its 
own receptor. Several laboratories throughout the world are determining the enzymatic functions of effectors 
and their host targets. If PTI suppression is the main function of bacterial effectors, so determining effector 
targets may very well enlighten PTI's molecular basis. New technologies, including accelerated genome 
sequencing and the creation of computational methods to evaluate the abundance of genomic data, would 
greatly influence the elucidation of pathways regulating the evolution of plant-microbial interactions. Finally, a 
comprehensive understanding of the molecular basis of plant disease resistance would enable the 
implementation of these findings to create plants that produce new combinations of long-lasting disease 
resistance mechanisms and identify a wide range of pathogens. 
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INTRODUCTION:- 
 Cruciferous vegetables in the Brassicaceae (Crucifereae) family are valuable exports and important staples 
of the human diet in many countries, providing essential vitamins, minerals, and fiber. The plant name derives 
from the Latin crucifer (“cross-bearing”), a reference to the symmetrical arrangement of four petals in the flowers 
of several species in this family. Brassicaceous plants contain important organic compounds, glucosinolates, 
comprised of glucose and amino acids containing sulfur and nitrogen. Glucosinolates convert to isothiocyanates via 
the plant enzyme myrosinase during digestion. Importance of this family of plants, and pest control is thus 
important for growers who propagate crucifers for food production, biofuels, and human medical treatments, as 
well as the suppression of some soil borne plant pathogens. White rust is economically important disease of 
crucifers worldwide (Patnude and Nelson, 2013) 

Major cruciferous crops viz., Mustard,Cabbage,Cauliflower and Radish are known to suffer from white rust 
which is a major threat causing yield losses to the tune of 60%. Disease have been reported in India(Meena,  et al., 
2011) 

Albugo candida (Pers.) Kuntze is also known as (Syn: Cystopus candidus).  
Symptoms:- 

The symptoms of white rust are local infection appears as white or creamy yellow pustules or “blisters” on 
leaves and stems. Systemic infection results in abnormal growth and distortion of inflorescence and sterility of 
flowers, commonly called staghead, which formed as a result of hypertrophy and hyperplasia (Patnude and Nelson, 
2013) 

 
 
 
 
 
 
 
 

A. Candida on cauliflower 

 

 

Localised symptoms of  A. candida on radish 
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Epidemiology:- 
 
 
 
 
 

 
 

Infected plants debries may serve as primary sources of inoculum to establish a disease epidemic. 
Secondary spread is by means of sporangia, which are readily carried short distances by rain splashed or to a 
certain degree, by air currents(Kaur,2013).Sexual spore(oospore) of the organism is known to survive for long   
periods under   dry conditions (Meena and Sharma 2012). The maximum temperature of 26-290C, minimum 
temperature of 14-150C and average relative humidity of more than 65% favoured the development of white rust 
(Singh et al., 2014) 

Management:- 
The disease can be managed by seed treatment with metalaxyl in combination with three successive sprays 

of metalaxyl+mancozeb (ridomilMZ  72WP) was highly effective in reducing the diseases from cotyledon stage to 
maturity of the plants and increasing the yield .A. sativum (garlic) and Eucalyptus were found more effective 
(Yadav 2009) and fungicides , Ridomil Gold Mz @ 0.25% was found to be most effective against white rust (Singh 
et al .,2014)  

CONCLUSION:- 
A. candida is one of the most devasting species, causing white rust disease of cruciferous crops and thereby 

causing accountable quantitative as well as qualitative losses. The most favorable epidemiological conditions for 
the development and spread of A. candidais maximum temperature of 26-290C, minimum temperature of 14-150C 
and average relative humidity of more than 65%. The disease incidence and severity could be minimized by 
following various management practices viz. cultural, biological and chemical. The disease could be effectively 
controlled by using chemicals such as Ridomil Gold MZ and  Mancozeb  as spraying.The spraying of the plant 
extracts viz., Eucalyptus and Garlic at optimum concentration could effectively control the disease. The fungal 
antagonist viz., T.harzianum and Pseudomonas flouresens also significantly minimize the disease incidence and 
severity. 

 

 

 
 White circular pustules on 

lower surface of Indian mustard 

 

White rust pustules on both 

upper and lower surface on the 

same plant 

Hypertrophies (staghead) 

on inflorescense. 
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INTRODUCTION 
Foliar nutrition is defined as the processes by which a nutrient solution applied to the foliage is ultimately 
utilized by the plant through foliar adsorption, cuticular penetration, uptake and absorption into the 
metabolically active cellular compartments in the leaf, then translocation within the plant (Fernández et al. 
2013). Nutrient solution is fed to crop by applying liquid fertilizer directly to their leaves. Plants are able to 
absorb essential elements through their leaves. The absorption takes place through their cuticle, stomata and 
other epidermal tissue. It is the application of fertilizers to foliage of the crop as spray solution is known as 
foliar spray. This method is suitable for application of small quantities of fertilizers, especially micronutrients. 
Major nutrients can also be applied by this method. However this foliar spray has both merits as well as demits 
in comparision to soil application of fertilisers. 

Advantages of foliar nutrition 

 It helps in rapid correction of nutrient deficiency 

 Foliar spraying can be combined with other sprayings like insecticides 

 When the soil is deficient in nutrients foliar application is beneficial 

 When a quick growth response is desired foliar application can be sprayed 

 It will help during high fixation of P and K 

 Foliar spray can be applied when adverse condition like root rot disease, drought condition etc. were 
noticed in field 

 Foliar spray can also be given when there is not adequate moisture in top soil to absorb the nutrients by 
plant roots 

 Only use small amounts of fertilizer 

 Improved yield and yield quality parameters 
Limitations 

 It will cause scorching or burning effect if concentration of the spray is high 

 It requires sticking agent to get more efficiency 

 To obtain good efficiency of spray leaf area should be large 

 Only small quantities of fertilizers can be applied through foliar application 

 Foliar application efficiency is depends on climatic conditions like temperature, humidity, wind velocity 
etc. 

 Cost of multiple applications can be prohibitive. 

 Possibility of foliar burn (with high concentrations) 
Mechanisms of uptake of foliar nutrient 
In order to be utilized by the plant for growth, the foliar fertilizer nutrient has to gain entry into the leaf prior to 
entering the cytoplasm of a cell in the leaf. While earlier researchers assumed that leaf uptake is more or less 
restricted to the cuticular pathway, the uptake via plant stomata as well as trichomes has also been discussed 
more recently. Following figure shows a schematic overview of different pathways of foliar uptake. The 
cuticular layers which are lipophilic and hydrophobic in nature is effective barrier against the diffusion of 
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hydrophilic, polar compounds. The penetration of lipophilic, apolar substances through the plant cuticle follow 
a dissolution-diffusion process. The diffusion/penetration rate of a lipophilic molecule will be proportional to 
the solubility and mobility of the compound in the cuticle. But hydrophilic compounds penetrate the cuticle at 
a lower rate due to lower solublity and mobility. Stomatal uptake suggested that it may occur via infiltration i.e. 
the mass flow of foliar-applied solutions into the leaf interior through the open stomata. Further study reveals 
that the higher penetration rates in the presence of stomata have been attributed to the increased 
permeability of the peristomatal cuticle and the guard cells. 

 
(Figure based on the model of Fernandez et al., 2016) 

Timing of foliar fertilization 
Day timing of foliar fertilization is an important aspect for efficient absorption and also to avoid leaf injury of 
applied fertilizer materials. For efficient absorption of foliar fertilization, leaf stomata’s should be open and 
temperature should not be too high to cause burning of plant foliage. In the afternoon when air temperature is 
low (after 2–3 P. M.) is the best time for foliar fertilization (Fageria et al. 2009). Another factor that may affect 
foliar fertilization is a windy day, which can drift the spray solution. Hence, windy days should be avoided for 
foliar spray. There should be at least 3 to 4 hours for the applied nutrient to be absorbed by plant foliage. 
Hence, there should not be rain for at least 3 to 4 hours after application of the nutrient solution. When 
applying a nutrient solution as a spray, some sticking material should be added to the solution to stick the spray 
drops to plant foliage. 
Foliar application should be made when the plant is not in water stress, either too wet or too dry. Nutrients are 
best applied when the plant is cool and filled with water (turgid). Applications that are misapplied or too late in 
the season may not be effective. The most critical times to apply are when the crop is under a given nutrient 
stress. Stress periods occur during periods of active growth activity. This is likely when the plant is changing 
from a vegetative to a reproductive stage (Cantisano, 2000). 

Mineral compounds applied as foliar sprays 
Not all fertilizers are suitable for use as a foliar spray. The primary objective of a foliar application is to allow for 
maximum absorption of nutrients into the plant tissue; therefore, foliar fertilizer formulations should meet 
certain standards in order to minimize foliage damage. Qualifications for fertilizer materials follow: 
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 Low salt index: Damage to plant cells from high salt concentrations can be considerable, especially from 
nitrates (NO3 -) and chlorides (Cl-).  

 High solubility: Needed to reduce the volume of solution needed for application.  
 High purity: Needed to eliminate interference with spraying, solution compatibility, or unexpected adverse 

effects on foliage. 
An account of the most common mineral element carriers according to recent articles is shown in Tables 1 and 
2.  

Table 1: Macro-nutrient carriers normally used in foliar spray formulations. 

 
Foliar application of secondary nutrients (calcium, magnesium and sulfur) and (micronutrients: zinc, 
manganese, iron, copper, boron and molybdenum) can be highly effective, but because of difficulties 
associated with leaf tissue absorption and translocation of some of these nutrients (notably calcium 
magnesium, iron, boron and molybdenum), choosing the correct fertilizer sources for these nutrients becomes 
very critical. Chelate sources, while valuable for soil application, have been shown to be generally unfavorable 
for foliar application, because most chelating agents have a molecular size too large to be effectively absorbed 
by leaf tissue. However, organic chelating agents (including citric and malic acids, amino acids, phenolic acids, 
glucoheptonate and glucosylgycine) have been shown to enhance secondary and micronutrient foliar 
absorption (Patil and Chetan, 2016). 
Table 2: Micro-nutrient carriers normally used in foliar spray formulations 
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(Fernandez et al., 2013) 
The recommended rates at which foliar fertilizers are used are highly variable and are usually based on the 
specific plant species being treated. As previously described the physico-chemical properties of the active 
ingredients, e.g. molecular size, solubility etc will influence the rate of uptake by foliage. Optimal concentration 
rates for the many and varied foliar fertilizers available for different crops are currently lacking and future 
research efforts should focus on trials to establish clear concentration thresholds for foliar-applied nutrient 
solutions. Foliar-applied nutrient solutions could be phytotoxic due to their high osmotic potential and pH by 
affecting important physiological processes such as photosynthesis and/or stomatal opening. These effects can 
be a critical factor for consideration when spraying macro-nutrient fertilizers to the foliage. 
 
REFERENCE: 
[1]. Patil, B. and Chetan, H. T. 2016. Foliar fertilization of nutrients Marumegh 
[2]. Cantisano, A. 2000. What to use for foliar feeding. In: Growing for the Market, ed. L. Byczynski, pp. 4–6. 

Lawrence, KS: Fairplain Publications. 
[3]. Fageria N, K., Barbosa Filho M. P., Moreira, A. and Guimares, C. M. (2009). Foliar fertilization of crop plants. 

Journal of Plant Nutrition. 32: 1044-1064. 
 
[4]. Fernandez, V., Sotiropoulos, T., Brown, P.H., 2013. Foliar Fertilization: Scientific Principles and Field 

Practices. International Fertilizer Industry Association, Paris, France. 
[5]. Fernandez, V., Guzman-Delgado, P., Graça, J., Santos, S., Gil, L., 2016. Cuticle structure in relation to 

chemical composition: re-assessing the prevailing model. Front. Plant Sci. 7, 427. 
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INTRODUCTION   
 Turf grasses are considered an integral part of landscape ecological systems worldwide which provide 

aesthetic value. 
 Turfs are an important component in human activities and have functional and recreational values 

which ultimately enhances the quality of living.  
 Many outdoor sports and recreational activities utilize turf including cricket, base ball, hockey, foot ball, 

golf, lawn tennis and polo. 
 The artificial turfs - Astroturf’s, which are now popular, could not match some of the valuable properties 

of natural turfs.  
 Rapid urbanization, expanding buildings, growing interest on the need to beautify rural and urban 

areas, emphasis on outdoor living and recreation have lead to evaluation of different types of turf 
grasses for various uses.  

 
Turf 
      It is the piece of the upper soil layer with the matted vegetation growing on it.  
 
Turf grass 
     The plant that form more or less contiguous grass (ground) cover persist regular mowing & traffic.  
 
Global Scenario 

 The “turf” is derived from the Sanskrit word “darbhus”, meaning a   turf of grass. 
 They are part of a larger “green industry” that improves the physical and mental health of people, 

particularly in urban and peri-urban areas. 
 Turf grass beautifies millions of home lawns, provides safe playing surfaces on over 7,00,000 athletic 

fields, outdoor recreation for nearly 26 million golfers on over 17000 golf courses and economic 
opportunities for thousands of seed and sod producers, lawn care operators and landscapers. 

 In addition, turf grasses provide safety and dust control along highways and airport runways.  
 Finally, turf grasses provide environmental protection by purifying and protecting water, soil and air 

wherever they are grown. 
 Lawns serve as natural cushioning carpet around our homes and provide safest place for playing. 

 
Status of Indian turf grass Industry 

 According to the scarce data gathered by golf associations, sports experts and Association of Indian 
Nurserymen, turf grass industry covers more than 30,000 acres, in which around 6000 acres is under 
turf grass cultivation and sod production. 

 Ganu Farm Group, the largest sod producer and supplier of India, have an area of 400 acres under high 
quality turf grass production.  
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  The state’s leading in turf grass cultivation and marketing are Karnataka, Andhra Pradesh, Telangana, 
Uttar Pradesh, Haryana, Maharashtra, etc.  

 The total number of international cricket grounds in India is 50 and around 8 under construction, more 
than 520 domestic cricket grounds and athletic fields are also in operation.  

 Indian turf grass industry is growing around 10 per cent annually. Landscape business contributes 2-3 
per cent of total construction and turf has 50 per cent of landscape business.  

 Golf courses are the heartbeat of turf grass industry worldwide and comprises of 40% of total turf grass, 
chemicals and services use. In India, there are more than 255 golf courses and 25% of them come under 
defence.  

 
Prospects of turf grass industry in Indian Context 

 Turf production for sports  
  Turf production for landscaping industry  
 Increasing demand of trained professionals for the budding industry  
 Career opportunities in allied turf grass industry 
 Development opportunity for allied industry like  Agro-chemical, equipments and machineries, 

landscaping and gardening, seed industry, plant protection services. 
 
Importance 

 Turf grasses serve as an inexpensive, durable ground cover and protect our valuable, non-renewable 
soil resources.  

 A healthy lawn absorbs rainfall six times more effectively than a wheat field and four times more that a 
hay field.  

 The extensive fibrous root system of turf grasses contributes considerably to soil upgradation by organic 
matter derived from atmospheric carbon dioxide through photosynthesis. 

 Walking on lawn improves mental health through a positive therapeutic impact; reduce illness 
specifically by reducing risk of heart disease and diabetes.  

Air-cleansing

Cooling

Soil & Water Protection

Reduces heat

Improves mental health
Safe playing surface

 
Fig: 1.0 positive effects of healthy lawn 
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Table 1.0 Benefits of Turf 

Sn. Functional Recreational Ornamental 

1 Dust and mud control  Heat abatement Safe playing 
surface 

Beauty  

2 Entrapment of pollutants Noise abatement Low cost surface Increased property value 

3 Environmental protection Security - visibility Mental health  Community pride 

4 Slope stabilization Soil less erosion 
control 

Physical health Complements the 
landscape 

 
Turf grass type 

 It grows well in temperatures - between 27° to 35 °C is optimal.  
 These grasses make maximum growth during hot weather and are dormant during late fall, winter 

and early spring.  
 It grows well in cool temperatures - between 15° to 24° C is optimal.  
 A typical growing season starts with a flush of growth in the spring, then slowed (sometimes to 

dormancy) in the summer, followed by another flush of growth in the fall.  
 
Table 2.0 Warm season turf grasses  

Sn. Common name Scientific name Characteristics 

1 Bermuda grass Cynodon dactylon Hardy, easy maintenance 

2 Japanese lawn 
grass 

Zoysia japonica Fine textured zoysia grass 
Forms clusters and it is 

3 St. Augustine grass Stenotaphrum 
secundatum 

Tough, vigorous, thick and weed-blocking Tolerates 
shade, but requires frequent  watering 

4 Seashore 
paspalum 

Paspalum 
vaginatum 

Highly salt tolerant 

5 Bahia grass Paspalum notatum Less prone to diseases and 

 
Table 3.0 Cool season turf grasses  

Sn. Common name Botonical name Characteristics 

1 Kentucky 
bluegrass 

Poa pratensis Recuperative and reproductive ability. The common 
cultivars are susceptible for “leaf spot”. First 
improved cv. “Merion 

2 Creeping red 
fescue 

Fescuta rubra Strong spreading type, widely used in humid 
regions and highly tolerant to cold. 

3 Bent grass Agrotis palustriss Fine texture and adaptation to  
low mowing heights 

4 Perennial 
ryegrass 

Lolium perenne Quick re-establishment of damaged areas on lawns, 
athletic fields and golf courses. 

5 Annual bluegrass Poa annua Boat shape leaf tip. Cv DW-184 was the 
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Chewing fescue Fine fescueTall fescue 

Annual Bluegrass Creeping bent grass     Kentucky Bluegrass 

 
Fig: 2.0 cool seasons turf grasses 

 Turfing /Sodding 
  Sodding is another effective but expensive method. 
 It involves transplanting of established turf from one area to another. 

 
 

 
Turf rolling 

 Rolling is the process in which roller is used to make soil compact and removes the air gaps.  
 To press down the small stones or pebbles which otherwise will interfere with the mover blades. 
 It is commonly practiced in sports fields. 
Ex: Soccer fields, Cricket fields and Golf course 

 
 
 
 
 

Fig: 3.0 Turfing  
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Mowing 
     “The 1/3 rule”:  avoid cutting off more than 1/3 of the turf’s height at any single mowing.  
Establishing a mowing pattern is important because grass blades tend to lean in the direction of mowing.  
     Mowing Pattern is a good idea to alternate mowing direction from one mowing to the next so that soil 
compaction and wear from the mower wheels will be more uniformly distributed over the lawn.  
Patterns should move at different angles each time the turf grass is mowed.  

 

CONCLUSION 
      From the discussion, it can be concluded that the better management of turf grass leads to good quality 
turf. Among all types of grasses, Bermuda grass found better and used more frequently in gardens, cricket field, 
golf courses, tennis, polo, football court, etc. 
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INTRODUCTION: 
 The genus Spodoptera belongs to the class Insecta, family Noctuidae of the order Lepidoptera. There 
are as many as 30 different species of Spodoptera reported worldwide from six continents (Nagoshi et al., 
2011).  Members of the family Noctuidae are commonly known as cutworms or armyworms and is the most 
controversial family in the super family Noctuoidea as many of its clades are constantly changing along with 
other families of Noctuoidea. Currently, Noctuidae is the second largest family in Noctuoidea with about 1,089 
genera and 11,772 species (Lauri et al., 1758). The caterpillars of Spodoptera are most important insect pests of 
agricultural crops in the Asian tropics and are widely distributed throughout tropical and temperate Asia, 
Australia and Pacific islands. Species of Spodoptera are totally polyphagous and have huge potential to invade 
new areas and to adapt to new climatic and ecological situations. Out of all species, fall armyworm is a major 
invasive insect pests causing severe damage to maize and many crops. The symptoms of damage of fall 
armyworm is all most similar to that of false armyworm, so proper identification needed and proper 
management practices are needed to keep these insect pests below ETL.  

FALL ARMYWORM  
Spodoptera fugiperda, Noctuidae: Lepidoptera 
 This species is native to the tropical regions of the western hemisphere from the United States to 
Argentina. In May 2018, the First reporting of this pest was noted in maize (Zea mays) fields in the campus of 
the University of Agricultural and Horticultural Sciences in Shivamogga, Karnataka.   
Alternate host: It is polyphagous pest- prefers grasses, field corn, sweet corn, Sorghum, Grass weed, Digitaria 
spp, Alfalfa, Barley, Buck wheat, Cotton, millet, Peanut, Rice, Sugarcane, Soyabean, Tobacco, Wheat, 
Amaranthus spp and vegetables etc.,  
Identification: 
Adult: The adult moths are 32 to 40 mm wing tip to wing tip, with a brown or gray forewing, and a white hind 
wing. There is slight sexual dimorphism, with males having more patterns and a distinct white spot on each of 
their forewings.  
Caterpillar: The first larval instar is light colored with a larger dark head. As they develop through instars, they 
become browner with white lengthwise lines. They also develop dark spots with spines and four dark pimple 
like spots with hair arranged in perfect square shape, on 2nd last segment, the arrangement of which is 
different from spots of other segments. The larvae have a distinctive inverted ‘Y’ shaped suture in the front 
side of the head. The suture colour is different from head colour.  
 
Biology: 
 The fall armyworm's life cycle is completed within 30 days during summer, and 60 days during the 
spring and autumn seasons; during the winter, these caterpillars' life cycle lasts about 80 to 90 days.  The 
number of generations a moth will have in a year varies based on climate, but in her life span a female will 
typically lay about 1,500 eggs. Because larva cannot enter into diapause they cannot survive cold temperature. 

https://en.wikipedia.org/wiki/Diapause
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 The armyworm's egg is dome shaped, and measures around 0.4 mm in diameter and 0.3 mm in height. 
Females prefer to lay eggs on the underside of leaves, but in high populations they will lay them just about 
anywhere. In warm weather, the eggs will hatch into larvae within a few days. 

Symptoms of damage: 
 Larvae feed on corn leaves and may attack the tassels and/or ears of corn. Their damage appears as 

ragged-edged holes on leaves, tassels and/or ears. Severe feeding may give the appearance of corn that 
has been damaged by hail. 

 Small holes and "window pane" feeding in the leaves emerging from the whorl are common. 
 Larger larvae are usually found deep in the whorl often below a "plug" of yellowish brown frass. 

Beneath this plug, larvae are protected somewhat from insecticide applications. 
 The larvae go through six different instars, each varying slightly in physical appearance and pattern. The 
larva process lasts from 14 to 30 days, again depending on temperatures. The larvae then pupate underground 
for 7 to 37 days in a cocoon they form of soil and silk. Duration and survival of the pupal stage depend on the 
temperature of the environment.  
 Once emerged, the adults live for about 10 days, and sometimes up to 21 days, with the female laying 
most of her eggs early in life.  

MANAGEMENET: 
Pre planning management of FAW Spodoptera fugiperda  
 Educating the farmers 
 Alerts through radio, TV and various other media 
 Pheromone traps for monitoring of FAW 
 Identification of fall army worm 
  Studies on bio-ecology of fall armyworm. 
  Collection of natural enemies of FAW in the region 
 Avoiding highly hazardous insecticide spray (HHI) to protect natural enemies 
  Farmers should not be panic; crop like maize has ability to compensate the damage caused by FAW 
  Small farmers are advised to monitor regularly and collect egg masses and destroy them 
 
Integrated management Spodoptera frugiperda  
 Avoid staggered sowing of maize particularly sweet corn  
 Installation of pheromone traps @8-10 per acre  
 Clean cultivation to avoid alternate hosts  
 Balanced application of fertilizers helps to reduce the incidence of fall army worm, because of vigor of the 

plant (enhances immunity)  
 Intercropped maize with suitable crops. FAW avoids egg laying on intercropped maize and it also helps to 

build natural enemies  
 Erection of bird perches @10/acre in early stage of the crop helps to reduce the population  
 Use of trap crops like Napier grass which attracts egg laying  
 Desmodium act as a repellant in case of FAW  
 Release of egg parasitoids such as Telenomus remus, Chelonus insularis, Trichogramma sp, and larval 

parasitoids Cotesia margiventris [it control almost all cut worms, armyworms] 
 Application of biopesticides  

https://en.wikipedia.org/wiki/Instar
https://en.wikipedia.org/wiki/Pupa
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 Neem seed kernel extract (Neem formulation 1500 ppm)  
 When incidence is low, spray chlorpyriphos 20 EC @ 2 ml or quinalphos 25 EC @ 2 ml per liter of water in 

plant whorls.  
 Application of bio-insecticides such as spinosad 45 SC @ 0.3 ml per liter of water, Emamectin benzoate 5 SG 

@ 0.4 g/l in plant whorls for the management of later instars.  
 When the pest incidence is very high (if necessary) apply Chlorantraniliprole @ 0.3 ml or indoxacarb 1 ml/l 

or Lambda-cyhalothrin @ 1 ml/l in plant whorls.   
 Application of poison bait in whorls for the control of grownup larvae.  

 
FALSE ARMYWORM  
Leucania loreyi, Noctuidae: Lepidoptera 
 It is an cosmopolitan, false army worm or night feeding rice armyworm,  
Alternate host: It is polyphagous pest- all gramineae species including weeds viz., rice,  wheat, barley, corn, 
sorghum, sugar cane, Phragmites australis, Sacharum ravennae . Occasionally they are found on ornamental 
bamboo. 
Identification: 
Adult: Forewing greyish ochreous; the veins pale lined with brown, the intervals with brown lines; a short black 
streak from base below cell; median nervure thickly outlined with fuscous to beyond cell; reniform stigma 
indicated by a white dot at lower angle of cell; outer line by a row of black dots on veins; a triangular brown 
subapical patch edged above by an oblique pale streak from apex; hindwing white, the veins towards termen 
fuscous; abdominal tufts beneath formed of coarse scale like brown black hairs 
Caterpillar: The larva is reddish grey, and yellowish between the segments and the dorsal line is fine, grey, and 
double. The sub dorsal lines are divided, interrupted, and all clearer towards the anal segments. Spiracles are 
black-ringed.  
Symptoms of damage and IPM practices similar to Fall armyworm. 

CONCLUSION:  
 The fall armyworm (Spodoptera frugiperda) has recently been introduced into the African continent and 
has already moved to many countries, including India. In India, the pest caused huge damage to maize crop in 
2018/19 cropping season. Because in India, planting of maize during the warmer and moister summer season 
provides a favorable environment for the insect to quickly multiply and spread to more areas. Therefore, 
effective control should focus since it is impossible to avoid this pest unless developing sustainable 
management. Furthermore, there is an urgent need to increase awareness among the farming communities 
about the life stages of the pest, scouting for the pest (as well as its natural enemies), understanding the right 
stages of the crop on which high economical damage may occur by FAW, and the time for management 
application and implementing low-cost agronomic practices and other landscape management practices for 
sustainable management of the pest. At the same time, it is important to introduce, validate, and deploy low-
cost, environmentally safer, and effective technological interventions (like single and pyramided-gene Bt maize) 
over the short, medium and long-term for sustainable management of FAW in India, especially keeping in view 
that a huge majority of India farmers are low-resource smallholders. As the FAW is a new invasive pest in India, 
there are many information gaps about its biology, ecology, dispersal mechanisms and effective preventive 
actions that need to be investigated before science-based, effective management strategies can be 
recommended for small farmers.  
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INTRODUCTION 
In context of present climate change scenario, various abiotic stresses are posing seriouschallenges to 
sustainability and productivity of crop plants. With regard to global climate models, the mean ambient 
temperature is predicted to increase by 1–6°C by the end of twenty-first century (De Costa, 2011). Such 
increase of global temperature may aggravate the problems of the high temperature, drought, salinity, 
waterlogging, and mineral toxicity stresses which will have significant influence on agricultural productivity. 
High temperature-induced heat stress is expressed as the rise in air temperature beyond a threshold level for a 
period sufficient to cause injury or irremediable damage of crop plants in general (Teixeira et al. 2013). 
       Wheat, the most important cultivated winter cereal globally, is the staple food for over 27 percent of global 
population in more than 40 countries. Increasing temperature and consequent changes in climate adversely 
affect plant growth and development, resulting in catastrophic loss of wheat productivity. For each degree rise 
in temperature, wheat production is estimated to reduce by 6% (Akter and Islam, 2017). Wheat experiences 
heat stress to varying degrees at different phonological stages, but heat stress during the reproductive phase is 
more harmful than vegetative phase due to the direct effect on grain number and dry weight (Wollenweber et 
al., 2003). Hence, high temperature during grain filling is a major limitation to wheat production in many 
environments worldwide. It is estimated that for every 1◦C above the optimal growing temperature of 15–20◦C, 
the duration of grain-filling is reduced by 2.8 days.  

Effect of high temperature on wheat crop 
                High temperature particularly during November sowing accelerates its growth by making the crop to 
enter into jointing stage too early, thus reducing tillering period. This results in reduced number of tillers, in 
turn reducing total crop yield. Likewise, high temperature at flowering and grain filling stage shortens the 
duration of grain filling resulting in early maturity, thus reducing the crop yield. Ideally the best temperature 
regime for optimum growth and yield of wheat crop is: 20–22 °C at sowing, 16–22°C at tillering to grain filling 
and slow rise of temperature to 40°C at harvesting. Hence, higher temperature above this range negatively 
affects the various growth stages and changes the different devlopmental stage and plant organ in following 
ways.  

i. Effect on different developmental stages: 
Flower initiation:  

 The main effect of heat stress during/after floral initiation is observed on kernel number.  
 The number of kernels per unit area decreases at a rate of 4% for each degree increase in mean 

temperature 
Pollen formation:  

 Mitosis 1 and 2 are highly sensitive to elevated temperature in wheat 
 Impairment of pollen and anther development 
  Abnormal pollen development due to immature  cytoplasm and degradation of microspores  

Flowering and fertilization: 
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 Damaging effect on the viability of pollen grains in wheat, Failure of fertilization, Reduction in seed set 
,Increased temperature over the mid - anthesis period decreased the grain number/ear at maturity in 
spring wheat   

Grain development: 
  Heat stress causes male sterility in wheat. 
 In wheat plant water deficit during grain filling causes lower endosperm cell number. 
 High temperature from anthesis to maturity causes a significant reduction in starch accumulation 

period. 
ii. Effect on different plant organs:  

 
Agronomic management of heat stress in wheat 
1. Sowing time:  Time of sowing is one of the non-monetary inputs for getting optimum yield in wheat crop. 
Selecting optimum planting time, avoids high temperature stress during anthesis and grain filling. High 
temperature at that time shortens the season and reduces yield. Adjust sowing time so that crop escapes to 
hot and desiccating wind during grain filling period. The growth and development in wheat crop varies with 
date of sowing. The optimum time of sowing for wheat crop in India is first fortnight of November. The delay in 
sowing of crop is mainly because of late harvest of paddy crop, delay in field operations, climate changes etc 
which results in sowing of crop up to first fortnight of January.  
2. Selection of varieties:  
             Selection of appropriate variety with respect to date of sowing and expected temperature rise during 
the crop growth period is necessary to get an optimum yield under high temperature stress conditions in wheat 
crop.  
Varieties for heat stress tolerance: 

 For early sowing  under CA: HDCSW18 
 For  timely sowing: HDCSW16  
 For late sowing: HD 3117 
 Initial and terminal heat tolerance: JW-3020, JW-3173, JW-3211 
 Terminal heat tolerance: JW-3336, JW-1202, JW-1203,Chirya-3, Golden halna  
 Heat tolerant wheat varieties: DBW 14, DBW16, Raj 3765, Lok 1, GW 322, Parbhani-51, PBW-373, 

WH730 , WH147, NI5439, NIAW 34, RAJ 4037, CBW 12, NIAW 845, HD 2808, HUI 510 
3. Crop residue management : 
               Organic mulches provide better soil water status and improved plant canopy in terms of biomass, root 
growth, leaf area index and grain yield, which subsequently resulted in higher water and nitrogen uptake and 
their use efficiencies. The main advantages of mulching are organic matter and nutrient supply. Jat et al. (2012) 
reported that management practice with residue retention will escape from terminal heat stress by moderating 
canopy temperature. 
 
 

Plant organ  Effect of heat stress  

Spike  Kernel abortion at super-optimal temperature  

Canopy  Photo-inhibition due to excess light Impaired metabolism  

Stem  Hydraulic resistance to high transpiration rate  

Root  Limited capacity for water uptake 
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Fig.1 Wheat adapting to terminal heat with residue management Jat et al. (2012) 

4. Irrigation management: 
                   High temperature damage is commonly associated with water stress so water management is 
critical. Field crops provided with sufficient water can withstand air temperatures to 40°C. So, irrigation 
methods based on soil type and availability of irrigation water and scheduling irrigation according to growth 
stages of crop are taken in account for good water management. Seedlings grown in very hot dry soils can 
readily reach the critical temperature. The use of sprinkler irrigation under such conditions helps in reducing 
high soil temperature by irrigating at that time and irrigating the crop during evening time helps the crop to 
recover from day heat stress, thus reducing heat losses and increases the yield of the crop. 
               Hence, scheduling irrigation according to growth stages of crop, use of efficient irrigation methods, 
providing extra irrigation if available and irrigation based on moisture status of soil results in higher grain yield 
by alleviating the effect of high temperature in wheat crop. 
 
5. Balanced plant nutrition:  
               One of the reasons for reduction of crop yield is insufficient supply of micronutrients. Zinc is one of 
those micronutrients which have an important role in metabolic activities of the most plants. On the other 
hand, its mobility is low under drought stress conditions, so this element can be sprayed to increase its intake 
in the plant. On the other hand, application of zinc spraying in drought conditions causes the increase in 
number of grains per spike, grain weight and harvest index, comparing with the lack of spraying. The spraying 
the zinc in normal irrigation conditions, especially in drought stress conditions have significant positive effects 
on yield and yield components of wheat.  
 
6. Use of osmoprotectants: 
                Terminal heat stress in wheat can be managed by applying bio regulators which may be organic or 
inorganic in nature. These osmoprotectants are nontoxic, highly soluble, compactable solutes occulting in all 
organisms from archaebacteria to higher plants. Exogenous application of these osmoprotectants such as 
arginine, putrescine, α-tocopherol etc. thus plays important roles in the adaption of calls to adverse effects of 
heat stress.  
7. Tillage and planting methods:  
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                    Type of tillage options and planting methods exhibits an important role in better emergence and 
subsequent crop growth. The selection of suitable method of planting plays an important role in the placement 
of seed at proper depth, which ensures better emergence and subsequent crop growth. Wheat is planted using 
different planting methods depending upon the available soil water, time of planting, amount of residue in the 
field and availability of planting machine. Planting of wheat with zero tillage, bed planting and conventional 
tillage with mulching produced higher grain yield by proving these alternative methods of planting proved to 
mitigate the effect of high temperature during the reproductive stage of wheat. 
 
CONCLUSION 
                  Adoption of agronomic management practices such as timely sowing, zero-tillage, residue retention, 
organic manuring, foliar spray of osmoregulators and irrigation application during heat stress can mitigate the 
adverse effects of heat stress in wheat. Similarly, there is need to develop heat stress tolerant varieties of 
wheat. A combination of molecular and agronomic approaches would result in better mitigation of the heat 
stress effects in wheat. 
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Efficacy of seaweeds in grape production 
Article id: 22626 

S. Vignesh 
 Ph.D. Research scholar (Plant Pathology) TNAU, Coimbatore 

INTRODUCTION 
Seaweed extract being organic and biodegradable in nature is considered as an important source of 

nutrition for sustainable agriculture. Seaweed and seaweed-derived products have been widely used as 
amendments in crop production systems due to the presence of a number of plant growth-stimulating 
compounds. It contain various trace elements (Fe, Cu, Zn, Co, Mo, Mn and Ni), vitamins, amino acids and plant 
growth hormones (IAA, IBA & Cytokinins) which cause many beneficial effects on plant growth and 
development. The significance of seaweed extracts in organic cultivation, regarding environmental aspects of 
production and use. 

Effect of seaweed extracts on growth and yield 
Seaweed extracts provide an alternative, as they not only contain nitrogen, phosphorus and potassium, 

but also present molecules with a very wide range of structures and can be composed by phytohormones or 
metabolically active plant extracts such as amino acids and organic acids. Extracts contain a wide variety of 
plant growth-promoting substances such as auxins, cytokinins, betaines, gibberellins, and organic substances, 
including amino acids, macronutrients, and trace elements that improve crop yield and quality such as increase 
bunch weight, maximum number of berries per bunch and also increase individual Berry weight. Application of 
a lower concentration (10%) of seaweed liquid extract on 20, 50 and 70 days after pruning it has enhanced 
the percentage of growth and yield. 

Physiological loss and Phytotoxicity. 
Moreover, seaweed extract reduced physiological loss in weight, reduce loose berries and also 

minimum spoilage of berries at storage. Spraying of seaweed extract produced no phytotoxicity symptoms viz., 
leaf injury on tops, leaf injury on surface, vein clearing, necrosis, epinasty and hyponasty.  

DISEASE MANAGEMENT 
1. Powdery mildew of grapes 

Disease symptoms 
Powdery mildew, caused by the fungus Uncinula necator, can infect all green tissues of the grapevine. 

Powdery growth mostly on the upper surface of the leaves. Malformation and discolouration of affected 
leaves. Diseased leaves appear whitish gray, dusty, or have a powdery white appearance. Petioles, cluster 
stems, and green shoots often look distorted or stunted. If infected when young, the epidermis of the berry can 
split and the berries dry up or rot. Discolouration of stem to dark brown. Floral infection results in shedding of 
flowers and poor fruit set. Powdery growth is visible on older berries also. It spread through air-borne. 
Favourable conditions 

High humidity and moist weather favours the development of disease. 
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            Leaf Infection                              Fruit Cracking                         Inflorescence 

    
 
Management 

 Powdery mildew incidence on leaves - spraying of seaweed @ 20% after 30 and 50 days after pruning.  

 Inflorescence - crude seaweeds extracts @ 20% after 50 and 60 days after pruning.  

 Fruit incidence – seaweed extracts 20% after 70 and 80 days after pruning 
 
2. Downy mildew of grapes 

Disease symptoms  
All vegetative parts of the grapevine are susceptible, the first symptoms of downy mildew of grapes, 

caused by Plasmopara viticola, are usually seen on the leaves as soon as 5 to 7 days after infection. Foliar 
symptoms appear as yellow circular spots with an oily appearance. Young oilspots on young leaves are 
surrounded by a brownish-yellow halo. Under favorable weather conditions, large numbers of oilspots may 
develop and coalesce to cover most of the leaf surface. Under favourable condition a white downy fungal 
growth (sporangia) will appear on the underside of the leaves and other infected plant parts. 
Favourable conditions 
Optimum temperature : 20-22°C, Relative humidity : 80-100 % 
                            Upper surface of leaf                               lower surface of leaf 

 
Fruit damage  
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Management 

 Downy mildew incidence on leaves - spraying of seaweed @ 20% after 30 and 50 days after pruning.  

 Inflorescence - crude seaweeds extracts @ 20% after 50 and 60 days after pruning.  

 Fruit incidence – seaweed extracts 20% after 70 and 80 days after pruning. 
 

CONCLUSION 
The production of grapevine is threatened by biotic (viruses, bacteria, fungi and insects) and abiotic 

stresses (i.e. drought, winter cold). A large number of fungicide applications are needed in order to produce 
high quality grapes. This situation leads to serious problems for human health. In organic way seaweed extracts 
are effective in increasing the growth parameters, yield attributes and product mildew disease of grapes, 
because lot of micro-elements presence in seaweeds. 
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Physiological disorders of apple and its control 
Article id: 22627 
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Ph.D. Scholar2 Dept. Of FLA, CoA, IGKV Raipur (C.G.) - 492012 

Apple (Malus pumila) fruit can be susceptible to many different physiological disorders that can affect 
the skin, cortex and core areas alone or in combination. These disorders result in significant commercial losses 
to growers and storage operators. The type of disorder that is expressed is often a function of the variety, as 
most, if not all, disorders appear to be affected by the genetic makeup of the fruit. In the case of apples, we 
then impose a range of storage environments-air and controlled atmosphere (CA) storage at different 
temperatures. The appropriate storage periods for fruit, in either air or CA, can vary with variety and also by 
postharvest treatment such as diphenylamine (DPA). More recently, 1-methylcyclopropene (1-MCP), known 
commercially as smart fresh, has also had a large impact on storage management.  
 
Bitter Pit 
     This is a physiological disorder, which reduces the fresh market quality of fruit. Young trees that are just 
coming into bearing are the most susceptible. Immature fruit are more susceptible to bitter pit than fruits 
harvested at the proper maturity stage. Small brown lesions of 2-10 mm in diameter (depending on the 
cultivar) develop in the flesh of the fruit. The tissue below the skin becomes dark and corky. These spots appear 
as water soaked spots on the skin near the calyx. Bitter pit reduces the fresh market quality of fruit.  

 
 

Control: Calcium sprays prior to harvest and calcium dips before storage control the incidence of bitter pit. The 
plants should be sprayed 45 days prior to harvest followed by a repeat spray after 15 days. The post-harvest dip 
for 1-2 minutes should be given before storage. 
 
Brown Heart 
This physiological disorder is associated with large and over mature fruits. It can also occur when the CO 
concentration in storage increases above 1%. Brown areas have well defined margins and may include dry 
cavities developed due to desiccation. Symptoms develop early in storage and may increase in severity with 
extended storage time.  
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Control: Harvesting of over mature fruits should be avoided. The CO2 concentrations in CA storage should be 
below 1% to reduce the development of brown heart incidence. 
 
Cork Spot 
The initial symptoms of this physiological disorder appear as small blushed area on the skin of the fruit above 
the affected brown spot. The affected tissue is usually much harder than the healthy tissue.  

 
 

Control: Proper nutrient management especially boron and calcium helps in preventing this disorder. 
 
Scald 
This physiological disorder is a serious concern for apple growers. Incidence and severity of scald is favored by 
hot, dry weather before harvest, immature fruit at harvest, high nitrogen and low calcium concentrations in the 
fruit. Irregular brown patches of dead skin develop within 3 to 7 days due to warming of the fruit after removal 
from the cold storage. Symptoms may be visible in cold storage when injury is severe. 

 
 

Control: Today, the most common method used to control scald is application of an antioxidant immediately 
after harvest. Diphenylamine (DPA) is commonly used. Antioxidants should be applied within one week of 
harvest for maximum control. Wait 16 hours after DPA application before cooling of fruit.  
 
Water Core 
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     This physiological disorder is promoted by high leaf to fruit ratio, high levels of nitrogen and boron in the 
fruits, low levels of fruit calcium, excessive thinning, and exposure of fruits to high temperatures. Water soaked 
areas are found near the core or on the entire apple.  

 
 

Control: The most effective way to reduce the fruit should be harvested before water core develops 
extensively. A subsample of fruit at harvest should be cut prior to storage.  
 
Sun Burn 
This physiological disorder occurs due to intense heat of the sun. Fruit on the southwest side of the tree are 
generally affected. With severe skin damage, injured areas of the fruit can turn dark brown before harvest. 
Fruit exposed to the sun after harvest can develop severe sunburn.  

 

Control:  The best method of control is to avoid sudden exposure of fruit to intense heat and solar radiation. 
Summer pruning must be carefully accomplished to avoid excessive sunburn.  
 
Russeting 
     Russeting of apples occurs shortly after petal fall. It is commonly noticed on exposed fruits than on fruits 
remaining in shade Russeting leads to rupture of the fruit skin and development of cracks. 

 
 

Control: Selection of less susceptible clones and adequate irrigation, manuring and effective pest management 
can reduce russeting. 
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Internal Browning 
     Brown discoloration in the flesh, firm but moist, usually originating in or near the core. Symptoms can range 
from a small spot of brown flesh to nearly the entire flesh being affected in severe cases. Symptoms develop 
early in storage and may increase in severity with extended storage time. 

 

Control: Avoid harvesting over mature fruit. Maintain CO2 concentrations below 1% in controlled atmosphere 
storage and air storage. Proper temperature management and good ventilation will prevent buildup of CO2. 
Avoid heavy wax coatings and thoroughly and rapidly cool fruit after waxing and packaging. 
 
Fruit Drop 
     Most of the commercial varieties of apple exhibit 3 cycles of fruit drop viz., early drop, June drop and pre-
harvest drop. The early drop is considered natural and is due to lack of pollination and fruit competition. 
Moisture stress and environmental conditions cause the June drop. These two drops neither cause substantial 
economical losses nor are controlled effectively by artificial means. The pre-harvest drop causes serious 
economic loss as the full grown marketable fruits abscise before the harvest due to the reduction in the levels 
of auxins.  
Control: The pre-harvest drop can be controlled by application with NAA (15 ppm) sprayed 20 days before the 
expected fruit drop or 20-25 days before the harvest. 
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Phalsa: A Potential New Small Fruit growing in India 
Article id: 22628 
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Ph.D. Scholar2 Dept. Of FLA, CoA, IGKV Raipur (C.G.) 492012 

Phalsa (Grewia subinaequalis), a subtropical fruit, is native to India. In Punjab, Haryana, Uttar Pradesh 
and Andhra Pradesh, it is grown commercially. Its cultivation is favoured around big cities where fruits find a 
ready and quick sale. It has a poor keeping quality. It is also grown as an intercrop with mango, aonla, bael and 
ber. Phalsa is bushy plant which can grow into a tree if left unpruned. It is very hardy, and tolerant to drought. 
The fruit is berry-like, globular; smooth, deep reddish brown and comes in the market in May and June. Ripe 
fruits are sub-acidic in taste and a rich source of vitamins (A and C) and minerals (phosphorus and iron). Its 
medicinal qualities are known since vedic times. The fruits are somewhat astringent and have a cooling effect. 
They help cure inflammation, heart and blood disorders, fever and constipation. 

Climate: 
     Phalsa being a hardy plant can withstand drought and can be grown under adverse climatic conditions. It 
requires distinct winter and summer for better yield and fruit quality. The plants can tolerate temperature as 
high as 44°C. High temperature during fruit development favours ripening of fruits. The phalsa is one of the 
hardiest fruit plants and can be grown successfully throughout Punjab and Haryana. Being deciduous in habit, it 
can withstand frost quite well. Rains at the time of flowering affect fruit set and crop yield.  
 
Soil: 
     Phalsa can be grown on a wide variety of soils even on moderately sodic soils. Though the ideal soil for 
growing phalsa is the rich loamy type. It grows well in well-drained, loamy soils. The plant is sensitive to water-
logging which makes it chlorotic. However, soils where water stagnates for many days during the rainy seasons 
those which have a poor sub-surface drainage and are water-logged should not be selected for commercial 
cultivation of phalsa.  
 
Choice of Varieties: 
     In phalsa, no distinct cultivar is identified. Some growers have, however, given names as Local and Sharbati. 
Two distinct types i.e. Tall and Dwarf were recognised at Hissar. Dwarf type was found to be more productive. 
1. Tall type: Plant height is 4.5 m, leaf size 20 x 18 cm. Leaves are light green in colour. Average fruit size is 2.07 
cm and weighing 0.48 g. Average yield per bush is 5.2 kg. Pulp is 81.5 percent, juice 5.4 percent.  
2. Dwarf type: Plant height is 3.4 m, leaf size 18 x 15 cm. Leaves greenish white in colour. Fruit size is 2.26 cm, 
weight 0.54 g. Average yield is 3.5 kg per bush. Pulp 60.3 percent, juice recovery is 34.6 percent.  
 
Propagation: 
Raising of seedlings: 
     Freshly extracted seeds can be stored up to 3 months at ordinary storage and up to 6 months under cold 
storage. Seeds can be better stored in polythene bags than glass jars. The seeds are sown in well-prepared 
nursery beds, 6cm apart and in rows 30cm apart. July–August is ideal time for sowing. Seeds germinate in two 
weeks. The seedlings are ready for transplanting in January–February. 
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Propagation through cuttings: The phalsa plants can also be multiplied through hardwood cuttings. 
Propagation by cuttings (hard wood) and layers is also possible with the help of growth-regulators (IBA 2,500–
3,000ppm.). The cuttings should be prepared during December-January and kept for callusing. 
Planting Operation: 
     The phalsa plants are spaced at various distances in different regions of India. Eight to twelve months old 
seedlings are better for planting in the field. The plants are spaced at 1.5 metres apart by which 4400 plants are 
accommodated in one hectare by the square system of planting. The phalsa plants should preferably be 
transplanted in the field during January-February before they start new growth. The plants being dormant at 
that time, they can be lifted from nursery with bare roots. However, for transplanting during August-
September, the seedlings have to be lifted from the nursery along with earth balls. Transplanting in the rainy 
season, is, therefore, a little more cumbersome and riskier than that done in the spring, when the plants are 
dormant. 
Flowering and Fruiting: 
     Flowering in phalsa starts from February-March and continues till May. The first flower to open is at the 
base. Flowers are borne in the axil of leaves. The flowers are mostly cross pollinated and honey-bee seems to 
play major role in pollination. The flower buds become plumpy before anthesis. The first sign of anthesis is the 
appearance of a slit in sepals at the base of the bud. The slit widens and at first only one sepal falls apart. The 
other sepals fall one by one and the whole process of flower opening is complete within half an hour. The 
dehiscence of anthesis in phalsa takes place' before the flowers are completely open. 
Cultural Practices: 
Irrigation: 
     Phalsa is regarded a drought resistant fruit plant. However, it can be observed that in Punjab, Haryana and 
other neighboring Northern Indian regions, irrigation is essential for securing high yield of better quality fruits. 
Its plants do not need any irrigations till January. Adequate supply of irrigation water at regular intervals 
especially during flowering and fruiting periods is very essential for ensuring better health of plants and more 
profitable yields. The demand for water increases a great deal after the middle of April and consequently the 
irrigation interval may be reduced to 7-10 days.  
Interplanting: 
     Many fruit plants grown in the plains of North India such as mango, litchi and pear come into bearing on 
commercial scale very late. These fruit plants have a slow rate of growth and the space between the tree rows 
remains unoccupied for several years. The growers can, therefore, utilise the empty space between the 
permanent fruit trees for raising some quick-growing fruit plants like phalsa.  
Manuring and fertilization: 
     Generally, phalsa is planted on comparatively poor soils. The fruits are borne on new growth hence 
application of fertilizer definitely encourages vegetative growth. In Punjab, application of 1kg N/ plant is ideal, 
whereas for Haryana, 15kg farmyard manure if applied after pruning followed by 25kg N/ plant after sprouting 
is optimum for high yield. In Rajasthan, application of N, P, K, at 100, 40 and 25kg/ha respectively give higher 
yield. In Uttar Pradesh, 50:25:25g N, P and K/plant is better for yield and fruit quality. Zinc and iron were found 
to influence berry size and juiciness in phalsa. ZnS04 @ 0.4 per cent at pre-bloom stage and after berry set 
improved the juice content. Ferrous sulphate at 0.4 percent alone or in combination with zinc improved the 
berry size. 
Training and pruning: 
     The general practice of cutting back the phalsa plants to the ground level every year during the dormant 
period is not in order. Pruning is an essential annual operation for obtaining better quality fruits. Both severe 
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(cutting closure to ground level) and very light pruning affect the crop yield. The desirable height of pruning 
varies from 50–100cm from the ground level. In north India, plants shed their leaves slowly after the middle of 
winter (December–January) and they should be pruned at this stage. In south India, plants are allowed to grow 
taller and light pruning is done. Pruned phalsa canes can be utilized for making of baskets to transport fruits 
and vegetables and as stakes for support of vegetables or fruit plants. The best time for their pruning is when 
the plants have shed their leaves and in all cases the operation should finished well before the start of new 
growth. 
Use of Growth Regulators: 
     Growth regulators have proved effective in increasing the fruit set and yield in phalsa. GA3 at 10 ppm 
increased the setting of fruit and yield appreciably. CCC at 250 ppm sprayed twice at an interval of seven days 
after 50 per cent fruit set increased the fruit size. Ethephon at 1000 ppm resulted in maximum ripening in five 
days after application. SADH 1000 ppm at early stage of plant growth reduced the plant height and brought 
improvement in yield and fruit quality.  
Harvesting of Fruit: 
     Phalsa fruits begin to ripe in hot summer during March–April in south and May-end in north India. Fruits are 
small-sized and ripen over a period of about a month. The fruits should be picked when the colour has changed 
to deep reddish brown and the pulp tastes sweet. The fruit picking is usually done on alternate days. Under 
optimum conditions, a phalsa bush yields on an average about 4-5 kg of fruit. Pre-harvest application of 
Ethephon or Etherel (500ppm) when few fruits start to change their colour reduces the number of pickings 
from 7 to 3 and improves fruit quality in terms of total soluble solids, vitamin “C” content and colour 
development due to an increase in anthocyanin pigment. 
Insect Pests: 
Psylla: A tiny insect causes severe damage to the phalsa foliage and young shoots. Its infestation over a long 
period of time results in the deformation of floral and vegetative parts. The plant growth is greatly arrested and 
gives a sickly appearance. Fruit set is severally reduced resulting in great financial loss to the growers. The pest 
can be controlled by spraying one kg of carbaryl (Sevin 50% WP) in 500 litres of water or 300 ml of Rogor 30 EC 
in 300 litre of water per acre as soon as new growth starts in March. 
Diseases: 
1. Brown spot: The disease is caused by fungus Cercospora grewiae. The brown spot of phalsa is quite wide 
spread in the Punjab and is very severe from June to August. It results in premature leaf-fall when the attack is 
severe. The disease first appears as tiny lesions on the upper and lower surface of the leaf. In the beginning, 
these lesions are covered with a white mass of fungus. Gradually, the lesions enlarge and become reddish 
brown to dark brown. Many times, several lesions coalesce to form big spots which are very conspicuous and 
may cover a large part of the leaf. To control this disease, the leaves and prunings should be collected soon 
after removal and destroyed to check the fresh infection of the new leaves. 
2. Pinspot of phalsa: The disease is caused by phyllosticta grewiae. The disease can appear any time during the 
growing season of phalsa and may cause considerable damage to the foliage. Small brown to dark brown 
circular to irregular pin spot like lesions appear on the leaves. 
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Seed priming- efficient tool for crop production 
Article id: 22629 
Hamane G. M. 

Ph.D. scholar, Department of Agril. Botany, Mahatma Phule Krishi Vidyapeeth, Rahuri, Ahmednagar (MS). 

Seed priming 
Definition: Seed priming is the process of controlled hydration of seeds to a level that permits pre-germinative 
metabolic activity to proceed, but prevents actual emergence of the radicle. 

Bio-priming or Biological Seed Treatment: 
Bio-priming is a process of biological seed treatment that refers combination of seed hydration (physiological 
aspect of disease control) and inoculation (biological aspect of disease control) of seed with beneficial organism 
to protect seed. It is an ecological approach using selected fungal antagonists against the soil and seed-borne 
pathogens. Biological seed treatments may provide an alternative to chemical control. 

Procedure of seed Bio-priming 
1. Pre-soak the seeds in water for 12 hours. 
2. Mix the formulated product of bio-agent with the pre-soaked seeds at the rate of 10 g per kg seed. 
3. Put the treated seeds as a heap. 
4. Cover the heap with a moist jute sack to maintain high humidity. 
5. Incubate the seeds under high humidity for about 48 hrs at approx. 25 to 32°C. 
6. Bio-agent adhered to the seed grows on the seed surface under moist condition to form a protective 

layer all around the seed coat. 
7. Sow the seeds in nursery bed. 

The seeds thus bio-primed with the bio-agent provide protection against seed and soil borne plant pathogens, 
improved and seedling growth. Bio-priming is a new technique of seed treatment that integrates biological 
(inoculation of seed wit beneficial organism to protect seed) and physiological aspects (seed hydration) of disease 
control. I recently used as an alternative method for controlling many seed- and soil-borne pathogens. It is an 
ecological approach using selected fungal antagonists against the soil- and seed-borne pathogens. Biological seed 
treatments may provide an alternative to chemical control. Seed priming, osmo-priming and solid matrix priming 
were used commercially in many horticultural crops, as a tool to increase speed and uniformity of germination and 
improve final stand. However, if seeds are infected or contaminated with pathogens, fungal growth can be 
enhanced during priming, thus resulting in undesirable effects on plants. Therefore, seed priming alone or in 
combination with low dosage of fungicides and/or biocontrol agents has been used to improve the rate and 
uniformity emergence of seed and reduce damping-off disease. 

Advantages of the bio-priming 
1. Enhances the germination percentage  
2. Provide protection against seed and soil borne plant pathogens 
3. Improved and seedling growth. 
4. Enhances the speed and uniformity of germination 
5. Improves the resistance towards water and temperature stress  
6. Increases the shelf life of seed 
7. Highly suitable for small seeds  
8. Enhances the yield 
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Potential solutions for paddy straw burning problem in north-western india 
Article id: 22630 

Somanath Nayak1, Satyabrata Pradhan2, Amaresh Pradhan1 and Ipsita Panigrahi3  
1Division of Agronomy,2 Division of Fruit science and Horticultural technology,3Division of Vegetable science, 

ICAR-Indian Agricultural Research Institute, New Delhi 

INTRODUCTION 
The states of Punjab, Haryana and western Uttar Pradesh are known collectively as the “grain bowl” of India 
after the agricultural sector underwent a green revolution in the 1960s, leading to a dramatic increase in rice 
and wheat productivity. Much of the kharif area in the region is under rice — about 3.1 million hectares in 
Punjab and 1.4 million hectares in Haryana. This has caused havoc with the groundwater table that has been 
depleting at about 33 cms each year. Groundwater in more than three-fourths of blocks in Punjab is over-
exploited. Paddy cultivation in this belt is against the region’s natural water endowment. In order to save water 
during the peak summer season, the Punjab government passed Punjab Preservation of Subsoil Water Act in 
2009 which outlaw paddy sowing before June 15. This pushes the rice harvesting to the late October-mid-
November period, leaving very little time for sowing the Rabi crop, mainly wheat. Farmers rely on paddy 
harvesters that leave stubbles, which are then burnt to make the field ready for sowing wheat. Smoke arising 
out of burning of rice straw creates health problems not only in areas where straw is burnt, but also even in far 
way places. Delhi faces a lot of smog (smoke + fog) in November and December each year due to rice straw 
burning in Punjab and Haryana, which affects the traffic movement and increases the cases of asthma and 
other pulmonary diseases (Prasad and Shivay, 2018). The question one needs to ask is why have Punjab and 
Haryana gone in a big way for paddy cultivation when their water resource endowment does not align with the 
crop’s requirement. One kilogram of rice requires about 5,000 litres of irrigation water in this belt. And, the 
natural rainfall is too less for the purpose. Farmers cultivate paddy as it gives them higher profits, compared to 
competing crops like corn. The key reasons for that are the massive subsidies on power provided by the state 
government and fertiliser subsidy given to them by the Centre. Moreover, they are assured procurement of 
paddy by state government agencies on behalf of the Food Corporation of India. However, rice residue 
management options are need of hour to check this straw burning menace. 
 

Management options for surplus rice straw 
1. Zero-till seeding  
Super SMS (Super Stubble Management Systems) and Happy Seeders are considered most effective machines 
for stubble management through zero-tillage seeeding. While Super SMS attachment with combine harvester 
helps in chopping the stubble and spreading that evenly in the filed at the time of paddy harvesting itself, the 
Happy Seeder helps in direct showing of wheat without clearing the stubble, which can sow wheat in around 16 
inches standing stubble. Happy Seeder cuts the rice stubbles (left after combine harvest of rice crop) and picks 
them up in front of the sowing tynes, which engage the bare soil, and deposit the cut stubbles behind the seed 
drill as mulch. These machines have been distributed in Punjab through approved manufacturers, with 50% 
subsidy being given on individual farmer purchases and 80% if bought by producer groups, cooperative 
societies or custom hiring centres. CIMMYT studies show that agricultural productivity can be improved with 
the use of happy seeders and super sms machines by between 10 and 15%, by reducing labor costs and time 
and allowing nutrients from the crop residue to be recycled back into the soil. 

2. Compost making 
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Rice straw is fairly suitable for composting and compost can be prepared by collecting the entire residue at one 
place. Farmers cannot do this alone. The state needs to step in and engage already-existing mechanisms like 
the MGNREGA for this purpose. To do this, the Centre needs to allow states to include activities like harvesting 
and composting in MGNREGA. Rice straw can be mixed with cow dung and few decomposers to generate high-
grade compost, and also reduce air pollution in North India. 

3. Mushroom cultivation 
Rice straw is a suitable substrate for culturing paddy straw mushroom (Volvariella volvacea) and Oyster 
mushrooms (Pleurotus sajor-caju). This straw can be used for growing mushroom which will generate extra 
income for the farmers. 

3. Biochar production 
Biochar is a high-carbon fine grained residue produced by pyrolysis (thermal decomposition) of biomass in the 
absence of oxygen (preventing combustion). The products of pyrolysis are: biochar (at temperatures 400–
500◦C) and bio-oil or bio-fuel and syngas at temperature 700◦C and above. While bio-fuel and syngas can be 
used for driving vehicles under certain conditions, biochar is recommended as a soil amendment for carbon 
sequestration and mitigating climate change. 

4. Industrial use 
Rice straw can potentially produce bioethanol. Rice straw contains 51–74% carbohydrates (32–47% cellulose, 
19–27% hemicelluloses), 5–24% lignin and about 18.8% ashes. Though the lignin acts as a physical barrier it can 
be removed through some pre-treatment to produce bioethanol. Similarly other industries like paper industry, 
rice straw-jute mattresses industry (Prasad and Shivay, 2018) can be set up to utilize the excessive rice straw. 
However, to get this plan materialized, heavy investment in efficient industrial structure is required alongwith 
proper policy support. 

5. Incentives for crop diversification 
The rice-wheat cropping system of north-western plains can be diverisified with other renumerative crop like 
maize, soybean, cotton etc. But to encourage these shift incentives should be given to farmers through proper 
policy set up. The amount of money which that are expended as subsidies for irrigation and fertiliser in paddy 
cultivation can be utilised for giving incentives to farmer for cultivation of alternative crops. 

CONCLUSION 
Happy Seeder or Turbo Seeder is being accepted by the farmers and gives higher yield of wheat as compared to 
traditional land preparation practices. But availability of machine has been a big issue. Then the plan of 
compost making, incentives and bonus, if implemented properly, may solve the problem of residue burning in 
north-easten states. 
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Use and approaches of CAD for landscape gardening 
Article id: 22631 
Khiromani Nag 
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What is CAD? 
     Computer-aided design (CAD), also known as computer- aided drafting and design (CAD), is the use of 
computer technology for the process of design and design- documentation. 
     CAD software, or environments, provides the user with input-tools for the purpose of streamlining design 
processes; drafting, documentation, and manufacturing processes. CAD output is often in the form of 
electronic files for print or machining operations. The development of CAD- based software is indirect 
correlation with the process it seeks to economize; industry- based software typically uses vector-based (linear) 
environments whereas graphic- based software utilizes raster- based (pixelated) environments.  
     For landscape designs, it represents a practical solution for the imperative needs of helping to visualise the 
future. Now-a-days, CAD is used to create 2D or 3D computer models. CAD assists the designer by 

1. Providing accurately generated and easily modifiable graphical representations (rectangle, polygon, 
polyline, etc.) 

2. Performs complex designs in short time. 
3. Implementing finite elements. 
4. Record and recall information with consistency and speed. 
5. Whole design can be stored along with processing history of certain model for future reuse and 

upgrade. 
Objectives of the Technique 

1. Covering most of the activities of the design cycle; they are helping in recording all product data. 
2. It shortens the design time significantly. 
3. It influences the final cost, functionality and quality of the model. 
4. Many people from various departments can share the design and express their opinion for the design at 

early stage in order to complete the design in less time and with less mistake. 
5. It provides digital protype of the mode at early stages of the design. 

Components of CAD 
 Hardware components that includes mouse, keyboard, digitizers, light pens, touch sensitive screen, 

plotters, printers etc. 
 Software components 

CAD softwares 
     The CAD software is an interpreter or translator which allows the user to perform specific type of application 
or job related to CAD. Following are the various type of software used for drafting- 

1. AutoCAD 
2. Archi CAD  
3. Advance Concrete 
4. Advance Design 
5. Advanced Steel 
6. BRL-CAD 
7. Brics CAD 
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8. Tekla 
9. Revit 
10.  LANDCADD, etc 

Advantage of CAD in Designing Outdoor Landscapes 
 Drawing errors can be corrected easily. 
 Drawing can be sent and received elsewhere quickly via e-tools. 
 Drawing can be zoomed, copied and pasted for more detailed sections. 
 Designs can be reused. 
 Can be stored in personal computer 
 Work can be done throughout the night so as to produce product within a day. 
 Design can be analysed and optimized virtually using element analysis. 
 Timescales and mistakes can be reduced significantly. 
 It provides a 3D sketch of the layout before its final implementation. 
 It provides rotation of images to view them from different perspectives. 
 Switch between 2D and 3D views is possible. 
 It can create and update the drawings quickly and accurately. 
 It is a cost effective alternatively when compared to manual drafting on paper. 
 Other programmes can be linked with CAD 
 It reduces storage space. 
Disadvantages of CAD in Designing Outdoor Landscapes 
 It can be very expensive. 
 It can be hard to do and handling needs training. 
 Sharing of drawings via computer hacking is possible. 
Steps in CAD Design process 
 Conduct a Site Inventory and analysis 
 Determining needs 
 Client Evaluation 
 Develop a Bubble Diagram or functional diagram 
 Design final Landscape Plan 
 Plant selection and placement 
Important Features of CAD 
 Application bar - It shows the name of the file we are working on. 
 Menu bar - It shows different icons like home, insert, etc. meant for different operation. 
 Ribbon bar - It has all the tools used in creating a design or model. 
 Workspace - It is also known as drawing space or model space is the area where the designs are made. 
 Command bar - It is the box at the bottom of the workspace where we type command for any options like 

area, length, dimensions, etc. 
 Status bar - It shows the condition of the working space and of the modelling tools. 
 Blocks - Blocks are the individual objects or groups of objects selected as one entity. Eg - trees, plants, 

bench, fountain icons, etc. 
 Layout - It gives the preview of final end product or model. 
 Hair cross - The cursor in CAD is called hair cross. 
 Ortho - It is used to draw lines at 90 degree. 
 Default unit of CAD is in inches. 
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 Files will be stored in dwg format in AutoCAD 
Use of Important Tools in CAD 

(i) Draw Ribbon 
 Line - Draw a line from one point to another. 
 Polyline - Draw a line/ curve with multiple control points. 
 Rectangle - Draw a rectangle by defining two corners. 
 Polygon - Draws a polygon by number of edges. It can be chosen to inscribe in circle or to circumscribe 

about circle of specified radius. 
 Circle - Draws a circle. Define the radius by typing it in or clicking. 
 Polyline - Draw a line/ curve with multiple control points. 
 Rectangle - Draw a rectangle by defining two corners. 
 Polygon - Draws a polygon by number of edges. It can be chosen to inscribe in circle or to circumscribe 

about circle of specified radius. 
 Circle - Draws a circle. Define the radius by typing it in or clicking. 
 Arc - Used to draw arc of different radius. 
 Eclipse - Used to draw eclipse. 
 Hatch - Fill an enclosed area or selected objects with a predefined hatch pattern or fills. 
 Spline - Draws a spline connecting multiple points. Used to draw paths. 
 Divide - Divide an object into certain length or perimeter segment. Eg. To pace 5 tress equally on a line. 

(ii)  Modify Ribbon 
 Measure - Places, point objects or blocks at measured intervals on an object. Eg. To place trees at every 

50feet. 
 Erase - Erases the selected objects. It can get same effect by selecting objects and hitting Del key. 
 Copy - Copies the selected objects from one place to another. 
 Mirror - Mirrors objects along the line that is define. After defining the mirror line, type ‘y’ for yes or ‘n’ for 

no to keep the original object or not. 
 Move - Used to move objects to selected area. To the distance 
 Offset - Offsets objects to the distance that is specified. It will ask distance to offset objects first.   
 Erase - Erases the selected objects. It can get same effect by selecting objects and hitting Del key. 
 Copy - Copies the selected objects from one place to another. 
 Mirror - Mirrors objects along the line that is define. After defining the mirror line, type ‘y’ for yes or ‘n’ for 

no to keep the original object or not.  
 Move - Used to move objects to selected area. 
 Offset - Offsets objects to the distance that is specified. It will ask distance to offset objects first.  
 Array - It is used to replicate any object in straight manner (rectangular array) or circular manner (polar 

array) or along the path (path array). 
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  Fig: (1) Planting (2) Complete designing 
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CAD Approaches for Landscape Designing 
Next, various approaches and technologies used were evaluated by categorizing these into 2D and 3D CAD 
tools. “Garden planner”, “Garden CAD”, “Floor planner” and “Home styler” 2D based CAD tools were evaluated 
and in summary, it was found that various 2D CAD tools were lacking a 3D visualization of the garden design as 
well as the use of 3D models and costing mechanisms. Furthermore, “Google Sketchup”, “Unity3D”, “VRCAD 
system”, “ASPECT Studios 3D Viewer”, ‘Sweet Home 3D” and “AutoCAD were evaluated in order to explore 
advantages and limitations over 2D based solutions. In order to further evaluate the use of technologies that 
support virtual reality, eight different technologies were evaluated including popular 3D engines such as 
Sandy3D, Papervision3D and Away3D.   
 
CONCLUSION 
Computer-aided design is rapidly becoming an indispensable tool for landscape architects designers. It has 
created the need for a simple to use inexpensive and readily available configuration for introducing CAD on 
limited budget to landscape students. There are varieties of CAD based tools available in the market with 
customized features like AutoCAD, ArchiCAD, Soilid Works, Tekla, Revit etc. It has helped increasing 
productivity, less error using 3D modelling, quick turn- around time and lower overhead costs. 
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Underutilized food crops 
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 Food production must be increased to respond to the demands of a growing world population and the 
challenges posed by climate change. Higher temperatures, unpredictable rainfall and weather patterns, 
changes in growing seasons, increased occurrences of drought and extreme weather events will exert a greater 
strain on agriculture. Emerging evidence suggests that climate change will cause shifts in food production and 
yield loss due to more unpredictable and hostile weather patterns. A key strategy to adapt to a changing 
climate is the development and promotion of underutilised crop species. The world today relies on a small 
number of crop species for food, mainly major cereals (wheat, rice and maize), leaving an abundance of genetic 
resources and potentially beneficial traits neglected. Exploiting the large reservoir of minor and underutilised 
crop plants would provide a more diversified agricultural system and food sources necessary to address food 
and nutrition security concerns in the face of climate change. Under Utilised crops (UUC) (also known as 
understudied, neglected, orphan, lost or disadvantaged crops) play an important role in food security, 
nutrition, and income generation of many resource-poor farmers and consumers especially in the developing 
world (Shava et.al., 2009).  
  

Underutilized crops are lesser-known plant species in terms of marketing and research, but well 
adapted to marginal and stress conditions. Underutilized or neglected crops species are often indigenous 
ancient crop species which are still used at some level within the local, national or even international 
communities, but have the potential to contribute further to the mix of food sources than they currently do.  

 Basically, these UUC’s are multifold food crops as the treasures for the future India have greater 
potential for food and security, income generation and environmental services. Underutilized or neglected 
crops species are often indigenous ancient crop species which are still used at some level within the local, 
national or even international communities, but have the potential to contribute further to the mix of food 
sources than they currently do (Bala Ravi et al., 2004). Neglected and underutilized plants are those that could 
be - and, in many cases, historically have been - used for food and other uses on a larger scale. Global 
Facilitation Unit (GFU) for Underutilized species also define UUC’s as, “those plant species with under-exploited 
potential for contributing to food security, health (nutritional/medicinal), income generation andenvironmental 
services”. These underutilized crop species have also been described as “minor”, “orphan”, “promising” and 
“little-used”. UUC’s have poor shelf-life, un-recognized nutritional value, poor consumer awareness and 
reputational problems, therefore, also called as, “poor people’s food”. As the demand for food changes (re-
discovery of nutritional and culinary value, therapeutic value–complete ethnobiology), UUC’s can movercome 
the constraints to the wider production and use by the poor people. As a matter of fact, many formerly 
neglected crops are now globally significant crops (oilpalm, soybean, kiwi fruit) and have shown the potential 
to contribute to food security, nutrition, dietary and culinary diversification, health and income generation. 
Underutilized plant species have a distinctive past, current, or potential use value, but their use is currently 
limited relative to their economic potential (Pilgrim et.al., 2008).  

 As the demand for plant and crop attributes changes (reappraisal or discovery of nutritional traits, 
culinary value, adaptation to climate change etc.), neglected crops can overcome the constraints to the wider 
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production and use. As a matter of fact, many formerly neglected crops are now globally significant crops 
(oilpalm, soybean, kiwi fruit). It is possible that the key to future food and nutrition security may very well lie in 
the untapped potential of  UUCS. Therefore, it is imperative that we study locally available neglected and 
underutilised crops and evaluate them for drought tolerance using agronomic techniques as well as modern 
techniques such as crop modelling, which allow for rapid evaluation of production scenarios. 
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RYTHU BAZAAR: A way ahead in strengthening farmers livelihood 
Article id: 22633 

Sowjanya Pedada 
Dr. Rajendra Prasad Central Agricultural University 

 
Rythu bazaars, popularly known as farmers market was started in 1999 by Shri.  Chandra Babu Naidu, 

the then chief minister of united Andhra Pradesh. “Rythu” in Telegu, the local language of Andhra Pradesh 
means “farmer” and “Bazar” in Persian language means “ the place of prices” i.e., market, thus known as 
“farmers market”. There are total of about 107 Rythu Bazaars spread over Telangana and Andhra Pradesh 
state. 

Over years, farmers are being exploited by the middlemen. They procure the produce from farmers at 
lower price and hike the prices in the market, leading the farmers into distress sale. According to a survey, the 
farmers share in consumer rupee is only 40 paise. Middleman made the lives of farmers miserable. 

The government of Andhra Pradesh, considering the issue has initiated an excellent step for farmers by 
introducing Rythu Bazaars. The major objective of setting up Rythu Bazaar is to eliminate middlemen and 
connect the farmers directly with the consumers and provide them with remunerative prices. Since the 
operating of Rythu Bazaars, the farmers get fixed income and their income has gradually increased. Many 
surveys show that consumers across the two states prefer Rythu Bazaars over other forms of street markets, 
supermarkets or retail stores as they get fresh produce at lower price from Rythu Bazaars. 

Here, the trade is carried out in huge quantities and the farmers gather to sell vegetables, fruits, spices, 
flowers, eggs and other farm products. Compared to the weekdays, the sale will be more in weekends. In 
weekdays, an average of 1000-2500 quintals produce is brought to the markets and 10-20 lakh worth 
transactions are carried out. Though in weekends, the amount of produce brought is increased by 500 quintals 
and the transactions go up to 35-40 lakhs. 

A typical Rythu Bazaar covers 10 to 15 villages and about 250 farmers, including 10 self-help groups. 
These markets are located in government plots of about 1 acre land. The government also provides the basic 
infrastructure like sheds, stalls, weighing machines for each farmer, storage facilities for the unsold produce 
and maintenance facilities like clean drinking water, parking lots for vehicles, toilets and cleaning facilities in 
the market on regular basis. There will be no service charge/ market fee imposed either on farmers or 
customers in Rythu bazaars. 

For setting these market yards, the funds are drawn from National Bank for Agriculture and Rural 
Development (NABARD) through Rural Infrastructure Development Fund (RIDF) and National Cooperative 
Development Corporation (NCDC). TSRTC and APSRTC buses are provided for free transportation of the 
produce into the market. Furthermore, subsidies are provided on seeds and some horticultural services. 

Prices are determined by a group of farmers committee and estate officers. These prices are shown on 
the display boards. The prices will be generally 25% higher than the wholesale prices and 25% less than the 
local prices. When the farmers enter the market, their produce is measured and is recorded in the Rythu Bazaar 
website, thereafter minimising the risks of deceiving. Even the consumers get the produce with accurate 
weighing and in 15% less price then from the supermarkets. 

The supervisors keep the records of the amount of produce that comes to the market on daily basis. 
This helps to shift the excess produce to other markets through mobile vans known as Mobile Rythu Bazaars 
(MRBs). People can even go for bulk purchases from these markets for events like marriage or other functions. 

Rythu Bazaars, nevertheless are spread and functioning in an exceptional mode, have many gaps to 
overcome. Though the hub of Rythu Bazaar initiative is to eliminate middleman, this was not completely 
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achieved. In most of the Rythu Bazaars, the middleman show their presence and exploit the farmers. This roots 
annoyance among farmers on the government for their negligence. These traders or middleman enter the 
market without any original identity card and tend to raise the prices of vegetables, making customers less 
reliable on Rythu Bazaars and shift towards the supermarkets. 

Improper storage facilities in these markets are of greater hinderance as the farmers face a major price 
drop in selling the produce in the later hours of the day or for the succeeding day. Unavailability of cold 
storages adds to this problem. The transport arrangements provided by the state government for bringing the 
produce to the markets and the number of stalls in each Rythu Bazar are inadequate. Even the farmers face a 
severe competition from the wholesale markets as the price is 25% lower than the Rythu Bazaar. 

While the Rythu Bazaars are laden with several bottlenecks, working on bettering it through innovative 
ideas like Mobile Rythu Bazaars will help these markets to flourish. Advanced farming practices must be 
disseminated to the farmers through extension workers which will help to increase the productivity. Farmer 
should also be trained in dealing with customers in the market and transportation facilities must be 
strengthened. 

The government should also take an initiative in increasing the number of Rythu Bazaars in the states 
with improvised infrastructural facilities. Advanced policies to enhance the distribution and eliminate the  
middlemen should be brought up. By considering the dominance of middlemen even in Rythu Bazaars, the 
Telangana government has revamped Rythu Bazar to upgraded stalls, known as “Mana Kuragayalu Pathakam” 
scheme. Through this scheme the government is trying to open vegetable stalls where fresh vegetables are 
brought from the farmers through a centralised distribution system. They would be stored and packed before 
being sold to Mana Kuragayalu stalls and Rythu Bazaars. More such policies should be framed and 
implemented through the government. 
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INTRODUCTION  

The most common application of the remote sensing techniques in the rainfall-runoff studies is the 
estimation of the spatially distributed hydro-meteorological state variables that are required for the modelling, 
e.g., rainfall, temperature, ET, soil moisture, surface characteristics and land use land cover classes. Ability to 
achieve high spatial resolution and aerial coverage is the major advantage of the remote sensing techniques 
over the conventional methods. Hydrologic models that incorporate the remote sensing information include 
regression models, conceptual models, and distributed models. While selecting the hydrologic model for 
integration with the remote sensing data, spatial resolution of the hydrologic model structure and the input 
data must be comparable. Fine resolution data is relevant only if the hydrologic model uses spatially distributed 
information of all the relevant input parameters sufficient to capture the spatial heterogeneity, and also when 
the highly dynamic processes are monitored. This lecture gives the details of the remote sensing-aided rainfall-
runoff modelling using the ArcGIS integrated Soil and Water Assessment Tool (Arc SWAT). Most of the figures 
and the results shown in this lecture are from Reshmidevi and Nagesh Kumar (2013). 

SWAT and Arc SWAT 
(Reshmidevi and Nagesh Kumar, 2013) used the Soil and Water Assessment Toll (SWAT) for rainfall-

runoff simulation. SWAT is a river basin scale hydrological model developed for the United States Department 
of Agriculture (USDA), Agricultural Research Service (Neitsch et al. 2005). Being a semi-distributed, continuous 
time model, it requires numerous spatial and attribute inputs that represent weather, hydrology, soil 
properties, plant growth, nutrients, pesticides, bacteria and pathogens, and land management. Integration of 
SWAT with a user interface in a Geographic Information System (GIS) environment provides the facility to input 
spatially referenced data and thereby enhances its capability to represent spatial heterogeneity (e.g., AVSWAT, 
Arc SWAT). The schematic flow of the SWAT integrated with a GIS framework (ArcView).  

In the study by (Reshmidevi and Nagesh Kumar, 2013), Arc SWAT (Winchell et al., 2007), a recent 
version of the GIS integrated SWAT was selected. Arc SWAT is the Arc GIS interface of SWAT. Arc SWAT uses 
various spatial and attribute data as input to the model and produces the output of hydrologic simulations in 
the form of tables showing various water budget components. 

 Inputs file to the Arc SWAT 
Spatial data inputs Spatially referenced data used in the Arc SWAT include DEM, land use / land cover map and 
soil map. DEM used in the study was the Advanced Space-borne Thermal Emission and Reflection Radiometer 
(ASTER) Global DEM (GDEM) released by the Japan’s Ministry of Economy, Trade and Industry (METI) and 
NASA, at a spatial resolution of 30m, generated using the satellite remote sensing techniques. In Arc SWAT, 
DEM was used to delineate the catchment boundary and to extract the topographic characteristics related to 
hydrology. Land use / land cover (LU/LC) map at 30m spatial resolution was generated from multisession 
Landsat-7 ETM + imageries. Seven main LU/LC classes viz., water, agricultural land, barren / fallow land, rocky 
area, forest, settlement and grass land were extracted in the first step. 
 Based on the field information and the district statistical information about the crop production, the 
agricultural area was further classified into various crop classes. Each of the LU/LC classes was assigned to a 
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Fig: Methodology of SWAT Model 

corresponding SWAT class. Soil map of the area was procured from the National Bureau of Soil Survey and Land 
Use Planning (NBSS & LUP). 

Attribute data used as input to the model includes observed hydro-meteorological variables namely 
stream flow, precipitation, maximum and minimum temperatures, wind speed and relative humidity.  

 The modified SCS curve number method (USDA-NRCS, 2004) included in the Arc SWAT interface 
was used for the runoff simulation. Delineating the sub-watershed boundaries, defining the Hydrologic 
response units (HRUs), generating SWAT input files, creating agricultural management scenarios, executing 
SWAT simulations, and reading and charting of results were all carried out by various tools available in the 
interface. Data contained within HRU can include topographic characteristic, information about water flow, 
land cover, erosion, depressional storage areas etc. In Arc SWAT, hydrologic processes are simulated in two 
phases: land phase and the channel phase. The land phase was divided into various sub-basins, which were 
further disaggregated into spatially homogeneous HRUs. Each HRU was vertically divided into the surface layer, 
root zone, shallow aquifer and the deep aquifer layers. 
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OVERVIEW  
Models are abstract of real world phenomenon.  It can also be defined as a representation of system, 

entity, phenomenon or process. Models can be broadly classified as Physical and Mathematical models. 
Physical models (Material models) are the replica or prototype of the real world behavior representing the 
visual mode of the model with a different scale, which one can perceive or touch.  These models are sometimes 
misunderstood with Physics based models, in which the established concept of physics in form of formulated 
equations representing the physical processes are used to develop the models and are included in 
mathematical model categories. On the other hand, Mathematical Models are based on mathematical 
representations of the dynamics of a real-life system. In other words, once the initial condition and boundary 
condition of the problem domain has been determined, the state of the system at any future point in time is 
given by the analytical solution of a set of differential equations, when the solution becomes too difficult, one 
should turn to numerical method of solution which is through simulation modeling. Simulation modeling uses 
mathematics for sure and computer algorithms to mirror the processes and interrelationships in a model.  
Simulation is one complete execution of modelling programme, including input and output. This is sometimes 
also used broadly to refer to the process of modelling in general. Henceforth, the model mentioned in this note 
will be considered as mathematical model only as we will be concentrating on mathematical models. 
Moreover, the models are further classified to Empirical, conceptual, physics based and Hybrid models. 
Empirical models are statistical relation between the input and output of a system in form of regression 
equations developed using the available data set of a system for a certain period of time and do not contain the details 
of the transformations taking place within the system (Black box concept).  

The limitations of empirical models are the applicability to a given system under limiting conditions. 
These models also fail to predict well when the ground features changes and there is change in Land Use 
pattern of the region for which it was developed. Moreover, conceptual models consider the fundamental 
concepts of transformation of hydrological processes (Rainfall, Snow melt etc) to the response of watershed 
system as output( viz. runoff, sediment yield etc..) through different causative factors ( surface features, 
infiltration, ET, surface detention, seepage etc.).  

The concepts of transformation of the hydrologic processes to runoff should be through established 
process based equations or flow logics, which defines the hydrologic behavior in a realistic manner. For 
example, one can incorporate a concept, such as after time of concentration has reached, there will be 
contribution of flow from the entire watershed to the outlet. This concept is hydrologically significant as the 
time of concentration is the time required for the water to move from the most remote point of the watershed 
to the outlet. Finally, the hybrid models takes care of not a single model type in representing the entire 
transformation process, but a combination of different types of modeling approaches to arrive at the output 
prediction. It was also observed that the prediction accuracy is better with hybrid models than with a single 
type modeling approach.  
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Purpose of Models: 

The developed models should be technically feasible, economically viable, environmentally sustainable 
and socially replicable. Besides these the basic purpose of the model should fulfill the following criterions. 

Investigation: To carry out fundamental research e.g. for checking and verifying new formulae and 
fundamentals laws 

Evaluation and monitoring: To carry out the impact analysis studies. 

Design & development:  To design a device/system and development of product or management strategies. 

Prediction: Models are used to predict the consequences of a proposed action. 

Interpretation:  Models are used to study and interpret existing site-specific settings and system dynamics and 
organize field data. 

Model Development Steps 
 Before initiation of the model development processes, the specific objective of model development 
should be outlined and the data requirement for development and/or operation of the model should be 
decided. Collection of the primary data and/or use of secondary data for development of the model should be 
decided during the development of the model and the model types. However, in conceptual and physics based 
models the governing concepts and equations need to be coded using the specific software algorithms and the 
solution of equations should be tried using either analytical or numerical techniques. The initial and boundary 
conditions of the control volume within which the model to be simulated should be earmarked and the 
solution domain of the governing equation need to be finalized. Further, the developed algorithms should be 
tested for its smooth running and the software bugs, if exits, should be corrected. The execution file of the 
model thus developed should be tested with a real data set to compare the model-simulated results with the 
observed data of the real system. If there exists a significant difference between the model simulated and the 
observed values, then the model parameters  

Model development is complete with proper validation of model. Model validation is achieved by 
statistical test of significance and for model acceptance, the null hypothesis should be accepted, means there 
should not be any significant difference between the observed and simulated values (predicted by model) at 
0.02,0.05 or 0.1 probability levels. Moreover, use of established model for prediction of hydrological responses 
involves model parametrization and model calibration in order to apply the model for the selected data set for 
long term prediction. Moreover, to select a model out of several models, it is suggested to use four criteria viz.  

1. Accuracy of Prediction  

2. Simplicity of the Model  

3. Consistency of Parameter estimates and  

4. Sensitivity of parameters to change in parameter values (Haan et.al., 1982).  
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List of available established models in Hydrology: 

Flood Hydraulics Models 

HEC-2 HEC-2 Water Surface Profile HEC 1976 1-D steady varied flow 

DAMBRK 
A Dam-break Flood Forecasting 

Model 
Fread, US NWS 1977 

Computation and 
routing dam breach 
outflow hydrograph 

DWOPER Dynamic Wave Operetional Model Fread, US NWS 1978 Unsteady flow 

WSPRO 
A Model for Water Surface Profile 

Computation 
USGS - 

1-D steady varied flow, 
Analysis of multiple 

bridge crossing 

DHM Diffusion Hydrodynamic Model 
Hromadka and 

Yen, USGS 
1987 

Diffusion model for 2-D 
unsteady variable flow 

FLDWAV 
NWS National Weather Flood 

Wave Model 
Fread, US NWS 1988 

1-D unsteady varied 
flow, variable *** 

FESWMS 
Finite Element Surface Water 

Modeling System 
USGS - 

2-D unsteady varied 
flow 

TABS 
2-D Hydrodynamic Finite Element 

Model 
US Army corps 

of Engineers 
- 

2-D Hydrodynamic 
model FEM, Flow and 

pollutants 

 

Model Development: 

 Models are developed using the basic concept of different physical, biological and chemical activities 
taking place over the watershed and distribution of these spatial and temporal variations with a set of defined 
mathematical equations. Moreover, the entire watershed is discretized to square grids, generally called as cells 
and water balance/budgeting is  performed on each cell considering the law of conservation of mass ( Input 
minus Output is equal to change in storage). The output is then routed over the entire grid array using the 
concept of kinematic wave principle and the flow is routed to the outlet. The concentration of pollutants in the 
surface water load is also simulated and the contribution of ground water pollutant is also considered by linking 
a ground water flow model.   
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1. INTRODUCTION 
Global food security as determined by the balance of global food production and demand has become an 
important international issue in recent years. The projections also indicate that an additional 70% of food 
production is required by 2050 to meet the needs (Godfray et al., 2010). The situation can be attributed to the 
continuous decline in agricultural land area that causes a decrease in productivity. Although decrease in 
agricultural productivity can be attributed to a variety of reasons, damage caused by pests and pathogens plays 
a significant role in crop losses throughout the world. The losses in crop yield due to pathogen infections range 
between 20% and 40% (Savary et al., 2012). On average, pathogen-induced losses of maize, barley, rice and 
soybean are estimated to be around 12%, groundnuts and potatoes are estimated to be around 24% and wheat 
and cotton are estimated to be around 50% and 80%, respectively (Oerke, 2006). In order to minimize the 
disease induced damage in crops during growth, harvest and postharvest processing, as well as to maximize 
productivity and ensure agricultural sustainability, advanced disease detection and prevention in crops are 
highly important.  

2. Plant stress 
Plant stress is expressed as any change in environmental conditions that might reduce or adversely change a 
plant’s growth or development. In other words, it can be said that stress due to the external conditions affects 
plant growth, development, or productivity. The two types of stresses are biotic and abiotic, both of which 
affects productivity. For a stressed plant, stress is expressed for the plant canopy by many types of symptoms. 
Eg. Water stress lead to partial closure of the stomata, impeded photosynthesis, which resulted change in leaf 
colour and temperature (Nilsson, 1995) and the morphological changes were leaf curling or wilting. Early 
detection of such plant stress provides an opportunity to take timely management decisions to improve crop 
quality and yield (Kim et al., 2010). It can reduce average plant productivity by 65-85% depending on the crop 
(Wang et al., 2003). The plant stress categorized in two ways, 

2.1  Biotic and abiotic stresses 

Biotic stress is stress that occurs as a result of damage done to plants by other living organisms, such as 
bacteria, viruses, fungi, parasites, beneficial and harmful insects, weeds, and cultivated or native plants. Fungi 
cause more diseases in plants as compare to other biotic factors.Abiotic stress is defined as the negative impact 
of non-living factors on the living organisms in a specific environment. The non-living variable must influence 
the environment beyond its normal range of variation to adversely affect the population performance or 
individual physiology of the organism in a plant. Generally a temperature rises, above usually 10 to 15 °C above 
ambient, can be considered heat shock or heat stress. 

3. Imaging techniques for stress detection 
Every material will have specific reflectance characteristics within the electromagnetic spectrum, which can 
lead to distinct spectral signatures between different materials. Plants will also have certain reflectance 
characteristics at different wavelengths of the spectrum. Healthy plants will have a small peak at the green 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 131 - 
 

 

band, a small drop at the red band and a rising peak at the near infrared (NIR) band (Kim, et al., 2010). 
Generally for a healthy plant, leaf reflectance at visible spectrum (about 400-700 nm) was found to be low due 
to absorption of light by various plant pigments such as chlorophyll, etc. (Penuelas and Filella, 1998; Nilsson, 
1995). Plant reflectance pattern depends on various factors such as plant variety, growth stage and diseases. 
Similarly, plants at different nutrient and water stresses may present different spectral signatures when they 
are exposed to an electromagnetic spectrum. A plant under water stress showed increased reflectance in green 
and red bands and the reflectance in NIR band decreased compared to the healthy plants (Kim, et al., 2010). 
The severity of damage depended on the duration between the onset and the time of detection. Stress 
detection is often difficult and challenging to identify causes, because plant stress can be a compound effect of 
water, nutrient, disease, and/or insects. Accurate control of healthy and stressed plants isolates irrelevant 
factors and helps detection, focus on a particular stress factor. 

Human vision is unique and comprehensive, but subject to individual differences in light perception, which 
drives inconsistency in estimating the colour and pattern of plant stress symptoms. The net photosynthetic rate 
decreased up to 14% before visible symptoms of ozone injury could be seen (Fredericksen and Skelly, 1994). 

At present, imaging techniques (non-destructive) for plant physical properties primarily include fluorescence 
imaging, thermal infrared imaging, visible imaging, imaging spectroscopy and other techniques (MRI, PET and 
CT). 

a. Visible imaging 
It is the simplest method, but these images can only provide plant physiological information. Imaging canopy 
cover and canopy color; color information can be used for green indices. The most common application of the 
visible image is based on silicon sensors (CCD or CMOS arrays) that are sensitive to visible bands of light (400–
750 nm) and allow imaging in two dimensions, and it is the simplest imaging technology for plant sensing. 
Typically, the raw data of an image is presented in spatial matrices of intensity values corresponding to photon 
fluxes in the red (~600 nm), green (~550 nm), and blue (~450 nm) spectral bands of visible light. Visible imaging 
is primarily used to measure aspects of plant architecture such as image-based projected biomass, leaf area, 
color, growth dynamics, seedling vigor, seed morphology, root architecture, leaf disease severity assessments, 
yield, and fruit number and distribution. 

In the field, visible images provide information on the canopy cover and canopy color. A canopy cover can be 
estimated by an image processing program of the color threshold. Other more sophisticated information can 
also be extracted by image analysis such as water stress or salinity stress from the shape, compactness, and 
solidity.  

b. Fluorescence imaging 
Fluorescence is light that is emitted during the absorption of radiation in some shorter wavelengths. The 
primary technique used for disease detection in leaves is fluorescence imaging. It does not seem suitable for 
the early detection of water stress. Fluorescence imaging was used for disease detection in genetic disease 
resistance. In this technique, the chlorophyll fluorescence is measured on the leaves as a function of the 
incident light and the change in fluorescence parameters can be used to analyze pathogen infections, based on 
changes in the photosynthetic apparatus and photosynthetic electron transport reactions. Using this technique, 
temporal and spatial variations of chlorophyll fluorescence were analyzed for precise detection of leaf rust and 
powdery mildew infections in wheat leaves at 470 nm (Kuckenberg et al., 2009). Although fluorescence 
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measurement provides sensitive detection of abnormalities in photosynthesis, the practical application of this 
technique in a field setting is limited. The set up for measuring chlorophyll florescence are shown in figure 1.  

c. Thermal imaging 
Thermal imaging allows for the visualization of infrared radiation, indicating an object as the temperature 
across the object’s surface. The sensitive spectral range of thermal cameras is 3–14 µm, and the most 
commonly used wavelengths for thermal imaging are 3–5 µm or 7–14 µm. Within wavelengths of these two 
ranges, infrared radiation atmospheric transmission is close to its maximum value. The thermal sensitivity of 
smaller wavelengths is 3–5 µm, which makes it higher than that of wavelengths at 7–14 µm because small 
wavelengths correspond to higher energy levels. However, the use of longer wavelengths may be 
advantageous for certain applications. In recent years, given the development of infrared thermal technology, 
thermal cameras with very high thermal sensitivity were made available (Gaussorgues, 1999) and readily 
revealed temperature distributions at the plant canopy to leaf level, which tends to further lower their price, 
and they have a more user friendly interface and increased availability of higher resolution detectors. 

For measuring canopy temperature has used thermal imager instrument which is capture images of canopy. 
Abiotic or biotic stresses often result in decreased rates of photosynthesis and transpiration (Nilsson, 1995). 
The thermal imaging offers canopy temperatures to detect differences in stomatal conductance as a measure 
of the plant response to the water status and transpiration rate both in the field and in the greenhouse. 

d. Spectroscopy Imaging 
The use of spectroscopy imaging is very promising for plant stresses. It measures the interaction of solar 
radiation with plants. Spectral measurements of the electromagnetic spectra can be obtained through 
multispectral or hyperspectral cameras that are capable of scanning wavebands of interest at high regulation. 
Multispectral and hyperspectral measurements of the absorption band in the infrared range are used to 
describe various water statuses that estimate the canopy water content. The best usable examples of spectral 
measurements is the derivation of a number of reflectance vegetation indices from simple differences between 
two wavelength reflectance values to normalized reflectance values. The reflected spectra carry the 
information about plant architecture and health condition, which can be used to evaluate growth 
characteristics. Beyond visible and infrared imaging methods, hyperspectral imaging method can divide images 
into bands, thus providing a huge portion of the electromagnetic spectrum of the images. The application of 
spectroscopy imaging is well-suited for field stresses when combined with aerial platforms, but the cost of the 
spectral cameras and its related infrastructures are relatively expensive. 

 Spectroradiometer: 
Canopy reflectance was measured using a handheld Spectroradiometer over 350 to 2500 nm at 1 nm spectral 
resolution. The field of view was 80 and the distance between the sensor head of the spectroradiometer and 
the top of plant canopy was kept at 0.5 m for all observations. A spectral on white reference panel (Labsphere, 
Inc., Sutton, NH, USA) was used for measuring the total reflected solar energy before measuring canopy 
reflectance for each treatment plot.  

 

 

 Hyperspectral imaging: 
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                                                             Fig.2. Hyperspectral imaging system 

Hyperspectral imaging system (HIS) can not only detect the spectrum, but also obtain the information of 
the image spatial space. The imagery of HSI provides more representative and spatial measurements over 
the whole area of interests, so that HSI can be used to estimate the agricultural products quality.  

 

    

               

 

 
 

 

 

 

Fig.1. Fluorescence imaging system             
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Parthenocarpy, otherwise known as stenospermocarpy is the of development of ovary in seedless fruit 
without prior pollination and fertilization process. It either occurs by its own or can also be artificially induced 
by exogenous application of hormones or by enhanced endogenous level. It contributes by improving the 
quality, yield and processing attributes of many seed producing vegetable crops (eggplant, cucumber, 
watermelon etc.) which is a limiting factor during consumption. Broadly, plant hormones and environmental 
factors (temperature, humidity, rainfall, light etc.) are the key factors in development of parthenocarpic 
fruits. The development of seed and fruit are closely associated and controlled by plant hormones which 
plays a significant role in setting fruits and seedlessness with their genetic manipulation. Parthenocarpy has 
also been proved to be important in cross-pollinated crops, especially under greenhouse cultivation and 
unfavourable environmental conditions for better fruit setting and development. Nowadays, various 
biotechnological tools are also available for the setting of seedless fruits, but its exploitation is too less. So, 
the present article is focused on the factors responsible for parthenocarpy, its importance and acievements in 
vegetable crops. 
 
INTRODUCTION 

Seeds are the basis of agriculture that offers several functions for the plants such as means of 
reproduction, embryo sustenance during dormancy and dispersion to new location.  However, seeds of some 
vegetables have toxic compounds, allergens, bitter in taste, hard or leathery which affects the quality of the 
fruit (Dalal et. al., 2006). So, development of seedless fruits is desirable and helps in improving the quality. 
 
Parthenocarpy 

Parthenocarpy is genetically controlled and defined as the development of ovary in seedless fruit 
without pollination and fertilization (Goetz et. al., 2006). It is also helpful in development of fruits under 
unfavourable environmental conditions for successful pollination and fertilization, especially in green house 
cultivation and cross-pollinated crops. It has been observed in many vegetables such as cucumber, brinjal, 
pointed gourd, capsicum, watermelon and tomato that improves the yield and quality attributes. 

If the fruits develop naturally without pollination and fertilization called as natural parthenocarpy. 
Elevated level of endogenous hormones in the ovary may leads to natural parthenocarpy (Talon et. al., 1992). It 
has been reported in many vegetable crops such as tomato, cucumber, etc. Parthenocarpy can be induced 
artificially by the application of hormones or growth regulators (exogenous or endogenous level) and by 
creating adverse conditions for pollination and fertilization.  
Genetics 

It is controlled by several single-gene recessives (tomato), single recessive gene (Capsicum), single 
dominant gene (pepino, brinjal), two major additive-dominant-epistatic or polygenes in cucumber (Gorguet et. 
al., 2005; Yan et. al., 2010 and Tiwari et al., 2011). 
Induction of parthenocarpy in vegetable crops 

There are two main factors i.e., environmental conditions and phytohormonal level, both plays an 
important role in development of parthenocarpic fruits. 
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Environmental factors 
Factors such as temperature (high or low), humidity, low light intensity, heavy rain and strong wind are 

responsible for inducing parthenocarpy as these factors put negative effects on pollen germination, seed 
maturation of formation, dispersal rate and fertilization. In tomato, high temperature (˃24-250C) favours 
severe flower abortion and remaining flowers produces parthenocarpic fruit due to inability to produce or 
release of viable pollens (Hazra et. al., 2010). In addition to this, photosynthetic rate also declined at high 
temperature and reduces the carbohydrate availability may leads to development of seedless fruit. Induction of 
parthenocarpic fruit in Capsicum spp. was also reported under environmental stress condition such as low 
irradiance (low or high), severe water stress and high temperatures. 

Seedless watermelon may also be produced in diploid plants using soft X-irradiated pollen of 
intergeneric pollen. In intergeneric pollen study, bottle gourd pollen was successfully induced parthenocarpy in 
watermelon followed by bitter gourd pollen. 
Phytohormonal factors: 

Natural and synthetic plant growth promoters (gibberellins, auxins and cytokinins), both stimulates the 
growth and development of fruits. An exogenous application of auxins and gibberellins augmented the 
endogenous phytohormones level that helps in development of parthenocarpic fruit in absence of fertilization 
(Gillaspy et. al., 1993). It was also reported that if the concentration of growth regulators surpasses the 
threshold during anthesis period, then the plant is parthenocarpic. For induction of parthenocarpy, an 
exogenous application of auxin to flowers was studied on watermelon, cucumber, sweet pepper, kakrol and 
teasle gourd. 

In pointed gourd, natural parthenocarpy has been reported and the percentage of parthenocarpic fruit 
set was observed upto 58% following natural pollination. Parthenocarpy can be induced artificially by applying 
growth regulators such as 100–1,000 mg/l of AgNO3 or 100–500 ppm naphthalacetic acid (NAA). 

In cucumber, parthenocarpy can be induced by the use of gibberellic acid, indoleacetic acid, 
morphactin, 2,3,5-triodobenzoic acid, naphthalene-acetic acid and 2,4-dichlorophenoxyacetic acid. 
Biotechnological tools 

An exogenous application of auxin activates the auxin-biosynthetic genes (DefH9-iaaM, rolB, CHS, 
AUCSIA, DELLA) in ovaries to develop seedless tomato fruit. DefH9-iaaM gene have more potential for 
development of seedless fruit under adverse environmental conditions for pollination. Auxin regulates the 
gibberellins biosynthesis and degrades of DELLA proteins that helps in inducing facultative parthenocarpy in 
tomato fruits (Marti et. al., 2007). A report concluded that the fruit size of parthenocarpic pat fruits are about 
two-thirds of seeded fruits at maturity as a result of decreased cell enlargement. 

Incomplete dominant gene "P" is responsible for the inheritance of parthenocarpy in cucumber. Under 
homozygous situation i.e., PP which produces early parthenocarpic fruits just from the fifth node. However, 
heterozygous plants (Pp) produce a smaller number of parthenocarpic fruits and later than homozygous plants. 
A study confirms that parthenocarpy in gynoecious and parthenocarpic cucumber line, PPC-2 is under the 
control of incomplete dominant gene.  
Exploitation in vegetable crops 

Seeds are the main cause of fruit deterioration and also reduces the value of fruits in markets. It has 
been reported that many parthenocarpic fruits are more attractive, and have aesthetic and processing values. 
Parthenocarpic fruits have long shelf life (brinjal and watermelon) and tastier than seeded one (tomato). High 
dry matter, more sugars, less acidity, less cellulose and more soluble solids were observed in parthenocarpic 
tomato. Seeded brinjal have saponin and solasodine contents, source of bitter taste and gave faster browning 
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on cutting. In addition to this, parthenocarpic plants does not require pollination that provides an advantage of 
high yield if combined with gynoecism e.g., cucumber.  
 
Achievements 

Pant Parthenocarpic Cucumber-2 (PPC2) and IIVRPG-105 gynoecious and parthenocarpic inbred line 
were developed in cucumber. A parthenocarpic cultivar "MPK-1" developed in tomato that contains 
parthenocarpic gene i.e., Pat-k. Oregon Pride and the facultative parthenocarpic lines ‘Oregon Star’ and ‘Siletz’ 
were developed through introgression of the pat-2 gene (Baggett et. al., 1997). 
 
CONCLUSION 

Hence, it can be concluded that yield and quality of the fruits may enhanced through parthenocarpy in 
vegetable crops and it is more helpful in protected cultivation especially for cross-pollinated crops. So, there is 
need to exploit the phytohormonal and biotechnological tools for enhancing the potentiality of crop and 
detection of parthenocarpic genes in the vegetable crops. 
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INTRODUCTION 
Rice-wheat cropping system is one of the major cropping systems of the India occupying 26 M ha of cultivated 
land in the Indo-Gangetic Plains and in China. It accounts for about one-third of the area of both rice and wheat 
grown in South Asia and its production provides staple grains for more than one billion people, or about 20% of 
the world’s population. In the Indo-Gangetic plain spread over India, Pakistan, Nepal and Bangladesh, It 
occupies an area of 10.5 mha in India and contributes around more than 25% of total food grain basket. Both 
rice and wheat are exhaustive feeders, and the double cropping system is heavily depleting the soil of its 
nutrient content. A rice-wheat sequence that yields 7 t/ha of rice and 4 t/ha of wheat removes more than 300 
kg nitrogen, 30 kg phosphorus, and  300 kg ha–1 of potassium from the soil. Even with the recommended rate 
of fertilization in this system, a negative balance of the primary nutrients still exists, particularly for nitrogen 
and potassium. The system in fact, is now showing signs of fatigue and is no longer exhibiting increased 
production with increases in input use.  
As we see the sustainability of this cropping system the yield from this cropping system is stagnating over the 
years due to poor management practices especially imbalanced application of fertilizer. Farmers applying 
sufficient amount of N and P fertilizers with less or no application of K fertilizers. The soils in Indo-Gangetic 
plain regions of India are rich in K, even though the native soil K is declining due to intensive cultivation. 
Because K plays a major roles in plant system like involves in opening and closing of stomata, helps in disease 
tolerance, increases the drought tolerance, gives stiffness to stem results in preventing of lodging and the 
quality of produce is mainly influenced by K in plants. Importance of potassium nutrition of rice-wheat system 
stems from two facts: (1) the removal of potassium by above ground plant parts and losses through leaching far 
exceeds the small additions through fertilizers and manures which should not be sustainable on a long-term 
basis, and (2) lack of balanced availability of nitrogen, phosphorus, and potassium to rice and wheat that may 
hinder in achieving the potential yields. Balanced application of nitrogen, phosphorus and potassium also 
means replenishing the soil potassium reserves which are being continuously mined by following high intensity 
rice-wheat cropping sequence and should also ensure transferring better soil to future generations of mankind. 
So judicious use K fertilizers in this cropping system is very important to get higher productivity, profitability, 
sustainability of the cropping system. 
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Area under rice-wheat system in the Indo-Gangetic plain 

 
 
Issues of Rice-wheat cropping system  
Indigenous conventional system of rice–wheat cropping system leads to the following issues. Considering these 
issues as a threat to sustainable and profitable Agriculture attempt is being made to discuss of them under the 
following headings so that scientists might discover, test and recommend some alternative wheat and rice 
establishing techniques/RCTs in the region. 
1. Ecological issues 
a. Declining underground water table 
The gravity mapping satellite of NAAS “GRACE” showed a sharp decline of underground water (1ft/year) in 
northern India. 
b. Ground water pollution 
Excessive use of the fertilizers/ insecticides in RWCs pollutes the Underground water quality. 
c. Diverse weed flora: 
Both rice and wheat belong to grass family. Because of this grassy weeds are menace in this cropping system. 
d. Outbreak of diseases and insect-pest:   
Blast and stem borer, sheath blight disease, false smut are major. 
2. Agricultural issues 
a. Degrading soil structure 
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The compactness of the soil at15–20 cm depth due to repeated puddling restricts the root growth of wheat in 
addition to creating germination stress. 
b. Declining soil health 
Due to injudicious use of fertilizers. 
c. Residue management 
The higher silica content in rice straw makes it inappropriate to be used in the dairy sector. Also, incorporation 
of rice straw, being wider in C: N ratio causes the immobilization of nitrogen which further decreases the grain 
yields. 
d. Least attended Intervening period 
“Lesser attention toward intervening period” is considered as a sustainability issue which has a tremendous 
capacity to improve the declining land and water productivity of the region. 
e. Multiple nutrient deficiencies 
Like P, K, S, Mn, Fe, B, etc. 
f. Declining crop response 
injudicious use of fertilizers as per rat race, in- appropriate use and timing of fertilizer application, inadequate 
use of organic manures, excessive use of N-fertilizers, antagonistic reaction between some plant nutrients, soil 
degradation, lack of adequate and quality soil testing facilities, environment degradation. 

3. Livelihood issues 
a. High energy requirement 
As a result submersible pumps replacing the centrifugal pumps which lift up water from the deeper depths but 
they required more energy. 
b. Decreased land productivity 
c. Decreased water productivity 
Water productivity (g/kg) is the quantity of irrigation water used to produce per unit of the grains. 
d. Decreased efficiency of water use 
As we know to produce one kg rice grains we require 5000 liters of water.  
4. Climatic issues 
a. Environment pollution 
The burning of left out residues is a major contributor to reduced air quality, human respiratory ailments, and 
the death of beneficial soil fauna and microorganisms. 
b. Global warming 
Due to release of GHG like methane from flooded rice field is results in global warming.  
 
Nutrient consumption in IGP regions  
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Farmers in IGP regions apply sufficient amount of N and P with low or no amount of K to both rice and wheat 
crop in RWCS. Out of four IGP regions, the upper, middle and trans gangetic plains are medium to high in 
available K content as compared to lower gangetic plain. Because of this reason, farmers in lower gangetic plain 
apply low amount of K fertilizers as compared to farmers of the other regions who are applying nil amount of K 
fertilizer. 
 
NPK removal in IGP regions 

 
 
The amount of potassium removed by rice-wheat cropping system can be as high as 325 kg/ha. Field crops 
generally absorb potassium faster than they absorb nitrogen or phosphorus or build up dry matter. The 
removal of potassium depends on the production level, soil type and whether crop residues are removed or 
recycled in the soil. When crop residues are retained in the field, large amounts of potassium are recycled. 
Average potassium uptake per ton of grain is about 27.3 kg/ha for wheat and 25.0 kg/ ha for rice (Tandon and 
Sekhon, 1988). Removal of potassium by rice-wheat system far exceeds its additions through fertilizers and 
recycling. Optimum application of nitrogen increased potassium uptake by 57% over control plots and nitrogen 
and phosphorus application increased potassium uptake by 145% (Tandon and Sekhon, 1988). 
 
Potassium functions in plant 
Potassium has many functions in plant growth.  
1) It is essential for photosynthesis, 
2) Activates enzymes to metabolize carbohydrates for the manufacture of amino acids and proteins, 
3) Facilitates cell division and growth by helping to move starches and sugars between plant parts, 
4) Adds stalk and stem stiffness, 
5) Increases disease resistance, 
6) Increases drought tolerance, 
7) Regulates opening and closing of stomata, 
8) Gives plumpness to grain and seed, 
9) Improves firmness, texture, size and color of fruit crops, and 
10) Increases the oil content of oil crops. 
 
Potassium Deficiency 
1. Chlorosis 
2. Falling of lower leaves 
3. Stunted plants with small branches  
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4. Less vigorous plant 
5. Rusty brown spots 
6. Poor grain formation 
7. Stem lodging 
 
Potassium content in soils of Indo-Gangetic plain region 
The soils from Punjab, Uttar Pradesh and Bihar with illite as the dominant clay mineral contained 1 to 1.80 
me/kg. But the two soils from West Bengal with smectite (Hanrgram) and kaolinite (Kharbona) as the dominant 
clay minerals contained 2.23 and 0.70 me/kg exchangeable potassium, respectively. Effect of clay mineralogy 
was also very striking in influencing the non-exchangeable potassium content of the soils in the Indo- Gangetic 
plain. The two soils from West Bengal contained only 15.4 and 2.5 me/kg non exchangeable potassium, 
whereas all the remaining six soil series with illite as the dominant clay mineral showed very high content of 
non exchangeable potassium varying from 34.1 to 56.4 me/kg. Trends in total potassium content were also 
similar to that for non-exchangeable potassium; minimum potassium contents were observed in soils from 
West Bengal. The typical illitic soils with highest intensity of rice-wheat cropping system in the Indo-Gangetic 
plain contained from 464 to more than 700 me/kg total potassium. 
Potassium ores in soil and their K content

  
There are many K containing ores in soil. Out of those Sylvite is mineral containing more of K i.e. 63% K2O. 
Other important K containing ores are K feldspar, muscovite, biotite. 
 
Integrated K management 

 Green manures-6.25 t/ha 

 Manures/compost-12.5 t/ha 

 Foliar nutrition of K -1 to 2 % 

 Crop residue incorporation 

 Chemical fertilizer 

 Industrial wastes 

 ZnSO4 25 kg/ha Biofertilizer 
Potassium solubilizing bacteria 

• K solubilizing bacteria solublize the K rock through production of organic acids. 
• There are many micro organisms in solubilizing K of soil. Some of those are       Acido      Thiobacillus 

ferrooxidans, Bacillus edaphicus, Pseudomonas Burkholderia. 
• Application of KSB incfeases the Yield by 20-25%. 
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• It reduces chemical fertilizer 20% 
• Its application rate is -2 kg/ha 
 

Nutrient Expert as decision support tool 
 Computer based, interactive decision support  tool 
 Formulate fertilizer guidelines based on SSNM principles 
 Location specific nutrient recommendations 
 Tailor advices based on resource availability to farmers 

 
 

 
 

Constraints 
• Dependency on high analysis fertilizers  
• Cost and availability 
• Cost and availability 
• Low awareness 

Conclusion 
A better understanding of soil K in relation to productivity is immensely important to enhance sustainability in 
RWCS. Farmer applies very small amount of K to RWCS, which leads to K mining.  Most of the soils in the IGP 
contain illite as dominant clay mineral and medium to high in extractable K. Therefore, responses in RWCS to 
applied K are generally small. A sustainable fertilizer management strategy can ensure high and stable 
productivity. This can be achieved if exogenous K supply is matched with the nutrient supplies from soil 
according to crop demand. 
 
Future line of work 

 Attention on the effects of moisture changes on K availability and crop response. 
 Understanding of the processes affecting long-term fate of fertilizer K in irrigated RWCS. 
 Developing dynamic soil test methods assaying the K supplying power of soils under RWCS. 
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 Interaction of K with other nutrients including micronutrients also needs to be studied. 
 Clear understanding of  how crop residue management affects K cycling and different pools of 

potassium in the soil. 
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INTRODUCTION 
Pulses are important crop as well as highly nutritious and health beneficial. In organic production they can be 
an excellent addition to crop rotation if they are applied correctly, and can be used to improve soil quality. 
They can be a crop harvested early due to their tendency to germinate first, but their completion ability 
means that attention has to be paid to where they fall in rotation with other crop. Proper management can 
take care of any issues with diseases or insect, and they have wide variety of adaptation allowing their 
production to take place across a range of conditions. Among them lentil can make an excellent addition to 
any organic producers crop rotation. 
It is important legumes crop and plays an important role in human, animal feeding and soil improvement 
several diseases affect lentil causing yield losses. Increasing lentil production should be considered. Agricultural 
and breeding research should be done to manage, so management of fungal and viral diseases should be done 
to protect crop from heavy loss and increase yield. With an integrated approach to disease management every 
year, growers can minimise risk and maximise lentil profits. Seasonal conditions and poor crop management 
play a significant role in disease outbreaks. 
 
Various viral diseases of lentil crop : 
Lentil plant can also be infected by a range of viruses but generally the affect on yield is not as great as that 
caused by fungal pathogens. Lentil yellows disease caused by bean leafroll virus (Bl,RV), beet western yellows 
virus (BWYV), or subterranean clover red leafvirus (SCRLV) is widespread throughout the world. Other 
important virus diseases of lentil include bean yellow mosaic (BYMV), pea seed borne mosaic (PSbMV), 
cucumber mosaic (CMV), alfalfa mosaic (AMV) and broad bean stain (BBSV). Integrated disease management 
practices including use of resistant cultivars. modified cultural practices can reduce the impact of these 
diseases on lentil production 
Management options for viruses.  
There are no proven methods for controlling viruses. 
Virus management in pulses aims at prevention through integrated pest management, that involves controlling 
the virus source, aphid populations and minimising virus transmission into and within the pulse crop. While a 
large population of aphids is required to inflict feeding damage, virus transmission can occur before aphids are 
seen to be present. Pre-emptive management is required. 
 
Management options at the planting stage: 

 Suppress the virus source within the crop by purchasing virus-tested seed. Only retain seed from crops with 
no visible symptoms. Grade out smaller grain, which is more likely to be infected. PSbMV, CMV, BYMV and 
AMV survive through seed transmission. A threshold of 0.1% seed infection is recommended for sowing in 
high-risk areas, and <0.5% for risk areas. 

 Distance crops from lucerne, weeds or other species that act as a reservoir for viruses, diseases and aphids. 

 Control volunteer weeds and self-sown pulses that are a green-bridge host for viruses and a refuge for 
aphids and their multiplication during summer and autumn. 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 145 - 
 

 

 Rotate pulse crops with cereals to reduce virus and vector sources (aphids or other insects) and where 
possible avoid close proximity to perennial pastures (e.g. lucerne) or other crops that host viruses and aphid 
vectors. 

Management options at sowing and in-crop:  

 Use a seed treatment of Gaucho 600 Red® (imidacloprid), which is registered for early aphid protection to 
control persistently transmitted viruses.  

 Retain cereal stubble, as aphids are less likely to land in stubble. 

 Sow at recommended times to avoid autumn aphid flights.  

 Sow at recommended plant densities to achieve early closure of the crop canopy. Closed canopies deter 
aphids. 

 Note that high seeding rates and narrow row spacing to provide early canopy closure assists in aphid 
control, but conflicts with management of fungal diseases.  

 Manage crops to minimise seedling stress through disease, herbicide damage and poor nutrition. Stressed 
crops are more attractive to aphids. 

 Insecticides after emergence may be effective for persistently transmitted viruses. However, they may not 
be effective for non-persistently transmitted viruses as the insecticide can agitate aphids and increase virus 
spread.  

 Monitor lentil and nearby crops and pastures for aphids. Be prepared to use insecticide when there may be 
localised flights. 

 Insecticide resistance is becoming more common in aphids. Growers should only consider applying 
insecticide for virus control if they consider their crops to be at high risk. Insecticides aimed at controlling 
damage from aphid feeding are normally too late to control virus spread and damage. 
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Mulching- An Important Tool for Mitigating Climate Change  
Article id: 22640 

Vikash Kumar* and Thejangulie Angami  
College of Horticulture and Forestry, Central Agricultural University, Pasighat (East Siang), Arunachal Pradesh-

7911102 
 
INTRODUCTION 

For decades, farmers have been trying to use various natural mulch materials such as dry leaves, paddy 
straw, paddy husk, sawdust, dry grasses etc. for moisture conservation (reducing water evaporation loss) 
checking weed growth and moderation of soil temperature. When compared to other mulches, plastic mulch is 
completely impermeable to water, prevents direct evaporation of moisture from the soil and thus limits the 
water losses and soil erosion over the surface. Mulching in general creates a kind of micro climate for the plant, 
which is best suited for best performance by regulating soil water, soil temperature, humidity, carbon dioxide 
enrichment and increased microbial activity in the soil. Thus mulching is the process of covering the soil around 
the plant root area with a view to insulate the plant and its root from the effects of extreme temperature 
fluctuation. In other words, mulching is the process or practice of covering the soil/ground to make more 
favourable conditions for plant growth, development and efficient crop production.   
 
Why to use mulch? 

Mulch can be any material which cover and protects the soil. Plants in the forests get natural mulch 
with the help of fallen leaves, fruits, branches, flowers etc. There are many problems if the land is left bare. Soil 
can be washed away by the rain, it may get dry in the hot sun and wind can blow the soil off. By all these 
causes’ beneficial microorganisms in the soil can be endangered. Altogether leads to the soil loss and 
decreased fertility. The added advantages of mulching are mentioned below: 

 Conserves soil moisture 

 Moderates soil temperature by insulating the soil surface 

 Control weed growth under mulch film 

 Reduces soil erosion caused by water 

 Prevents leaching of fertilizers 

 Improves quality of produce, reduces fruit rot by eliminating direct contact between fruit and soil 

 Enhance early maturity 

 Improves seed germination and productivity 

 Mulches can also provide a barrier to soil pathogens 

 Synthetic mulches play a major role in soil solarisation process 
 
Types of mulch 

There are two categories of mulches namely: Organic and Inorganic mulches.  
The organic materials such as crop residues & by products, grasses, straws, animal manure and by 

products of timber industry like saw dust when uses for mulching are known as organic mulches. Organic 
mulches create no post utilization disposal problem but their availability is an issue.  

The inorganic materials such as plastic films when used for mulching are known as inorganic mulches. 
While natural mulches may not be easily available at all times and places. Plastic mulches can be made 
available in different colours and thickness to obtain the desired results. 
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Types of plastic mulch 
1. Black mulches: The black plastic film does not allow sunlight to pass through the soil. Thus, photosynthesis 

does not take place in absence of sunlight below the black film. Hence, it arrests weed growth completely. 
It may increase the soil temperature.  

2. Clear or transparent mulches: The clear or transparent film will allow sunlight to pass through and weeds 
will grow. However, by using herbicide coating on the inner side of film weed growth can be checked. The 
transparent film is quite successful as soil solarization film for disinfecting the soil in order to reduce soil 
borne diseases. This application is quite successful in nursery raising by solarising the beds before sowing 
seeds for nursery raising, which gives good seed germination and disease free nursery. The transparent film 
is effective in hilly areas for raising soil temperature in cold climatic conditions during winter. 

3. Two sided colour mulches: Wavelength selective or photo-selective films (also called two sided coloured) 
are designed to absorb specific wavelengths of the sun’s radiation, which changes the spectrum of the 
sunlight passing through the film or being reflected back into the plant canopy. These light changes can 
have a marked effect on plant growth and development. Wavelength selective mulches re-emit less heat, 
thus maintaining lower leaf temperatures altering red-far-red light balance leading to phytochrome 
mediated changes in the plant morphology and reflect more ultraviolet rays which repel s insects and pests 
such as aphids, thrips and whiteflies which transmit virus. The white/black. Silver/black, aluminium/black 
mulches generally maintain cooler root zone temperatures.  

 
Selection of plastic mulch 
The selection of mulches depends upon the ecological situations and primary and secondary aspects of 
mulching.  

Conditions  Plastic mulch material 

For rainy season Perforated mulch 

Orchard and plantation Thicker mulch 

Soil solarization Thin transparent film 

Weed control though solarization Transparent film   

Weed control in cropped land Black film 

Sandy soil Black film 

Saline water use Black film 

Insect repellent Silver colour mulch 

Early germination Thinner film 

 
Thickness of film 
In plastic mulching, the thickness of mulch film should be in accordance with type and age of crops. The 
thickness of mulch film for different categories of crop is as under. 

Thickness (microns) Crops recommended 

20-25 Annual (short duration crop) 

40-50 Biennial (medium duration crop) 

50-100 Perennial (long duration crop) 

Mulching, which consists of covering the soil surface with organic material and inorganic materials is a 
practice used to control soil moisture, soil temperature, nutrient loss, salinity, erosion soil structure etc. With 
the advancement of modern agriculture, this practice is now gaining importance in the wake of climate change 
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to ensure sustainable agriculture. The need for increasing food security, while at the same time improving the 
quality of the environment, has prompted the search for materials that can protect and maintain the soil 
structure and health. The adoption of appropriate soil management practices is essential to conserve water, 
nutrients and soil, particularly the structure and drainage characteristics. Under climate change, additional crop 
water availability may be obtained by increasing the soil water storage capacity, reducing soil evaporation and 
increasing soil water extraction. The use of organic and inorganic mulches is one means of reducing soil 
evaporation through a reduction of the amount of energy reaching the soil surface.Similarly mulch cover has 
been positively correlated with plant cover and plant species richness.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 149 - 
 

 

Molecular techniques for detection and identification of plant pathogens 
Article id: 22641 

Rajesh Kumari*1 and Vaibhav Pratap Singh 
1Department of Plant Protection, Faculty of Agricultural Sciences, Aligarh Muslim University, Aligarh, Uttar 

Pradesh, India-202002 
 
General Considerations 
Suitable methodologies to isolate nucleic acids from the enormous range of habitats that pathogens can 
occupy are crucial to all molecular detection methods. Critical to the successful isolation of nucleic acids are the 
methods used for extraction and sample preparation, as well as the sampling strategy employed. 
 
DNA Extraction Methods 
An enormous variety of nucleic acid extraction methods is available. For many applications, commercial kits are 
available, but these are not always suitable. For example, in the case of soil, none of the kits presently available 
are able to extract efficiently using sample sizes typically required. Therefore, with unusual and difficult sample 
types, customized methods are typically employed. Key to this is the cell disruption/homogenisation step in the 
presence of an appropriate buffer (typically a CTAB or guanidinium thiocyanate based buffer).  

A wide variety of methods can be used, including specialist equipments such as a planetary ball mill 
(Brierley et al. 2009), appropriate bead beaters, pressure cycling technology (Okubara et al. 2007), and novel 
approaches using equipment such as a paint shaker for soil samples (Reeleder et al. 2003), or even a 
conventional food blender for plant and food samples.  
The method of analysing the nucleic acid will determine what purification method is used. For example, DNA 
profiling and metagenomic studies using next generation sequencing approaches will require pure, high quality 
nucleic acid extracts.   
 
Sample preparation 
Innovative sample preparation can enhance chances of detection. For example, organic matter can be removed 
from soil and processed separately for fungal targets which survive solely in that component of the soil. 
Sclerotium-forming pathogens may be separated from the rest of the soil by sieving or floating prior to nucleic 
acid extraction. These approaches effectively concentrate the fungal target, thereby increasing the chance of 
successful detection. Where appropriate, a baiting approach could be used in conjunction with nucleic acid 
extraction and PCR. This has the added benefit of confirming the target is viable. 
 
Sampling strategy 
In addition, an appropriate and statistically robust sampling strategy should be utilised. This will vary between 
fungal targets, depending upon the biology (and possibly epidemiology) of the organism to be detected. A wide 
variety of methods exist, and no one approach is likely to be suitable for all targets. Knowledge of the biology 
of the target species is essential for designing and determining the optimum sampling and extraction 
methodology in any particular case. 
 
Molecular methods for detection of plant pathogens 
Fluorescent in situ hybridisation (FISH) 
FISH is a powerful method for the in situ detection of active growing organisms in environmental samples 
(Amann et al. 1995). The technique can visualize the precise location of particular DNA or RNA sequences in the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R51
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R60
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R4
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cytoplasm, organelles, or nuclei of biological materials. As a result, the technique can detect metabolically 
active fungi directly in the environment without cultivation when RNA is present. The spatial distribution of 
growing mycelia on or within colonized substrata can also be investigated (Li et al. 1996, Baschien et al. 
2001, McArthur et al. 2001, Robin et al. 1986). 
The major step of FISH involves the preparation of biological materials or environmental samples, and the 
labelling (incorporation of a fluorescent label/marker) of a nucleic acid sequence to form a probe. Then, under 
controlled experimental conditions, the probe is hybridized to the DNA or RNA in biological materials to form a 
double-stranded molecule. Finally, the sites of hybridization are detected and visualized. 
Limitation of fish 
Low or no permeability of fungal cell walls can lead to weak or no signals because of the failure of FISH probes 
to penetrate rigid cell walls (Brul et al. 1997). One possible way to overcome this problem is to use cell wall 
lysing enzymes, such as chitinases and glucanases. A more elegant method is the use of peptide nucleic acid 
(PNA) probes 
 

DNA array hybridization 
DNA array hybridization, also known as Reverse Dot Blot Hybridization (RDBH) or macroarray, is a technique 
based on hybridization of amplified and labelled genome regions of interest to immobilized oligonucleotides 
spotted on a solid support platform. It was originally developed to detect mutations of human genes, and is still 
an important diagnostic tool in clinical research. 

It is now considered a powerful and practical technique for the detection and identification of fungi and 
other microbes, such as bacteria, from complex environmental samples without the need for isolation in 
culture. 

DNA array hybridization is highly sensitive as are most PCR-based approaches. With the unlimited 
capacity for the accommodation of oligonucleotides on one membrane and the reusability of the membranes, 
it shows superior multiplexing detection capability at a lower cost over other PCR-based methods. 
 
Isothermal Systems 
Isothermal systems do not require a thermal cycler to produce rapid temperature changes, but require only a 
simple platform such as heating blocks or water bath. Isothermal systems include rolling circle amplification 
(RCA) and loop-mediated isothermal amplification (LAMP). 
 

Loop-mediated isothermal amplification (LAMP) 
Loop-mediated isothermal amplification (LAMP) is a powerful and novel nucleic acid amplification method that 
amplifies a few copies of target DNA with high specificity, efficiency, and rapidity under isothermal conditions, 
using a set of four specially designed primers and a DNA polymerase with strand displacement activity. The 
cycling reactions can result in the accumulation of 109 to 1010-fold copies of target in less than an hour.  

Considering the advantages of rapid amplification, simple operation and easy detection, LAMP has 
potential applications for clinical diagnosis as well as surveillance of infectious diseases in developing countries 
without requiring sophisticated equipment or skilled personnel (Mori & Notomi 2009, Parida et al. 2008). 
 

Padlock probe technology and rolling circle amplification 
Detection and characterization of single nucleotide polymorphisms (SNPs) is becoming increasing popular for 
pathogen identification, but was considered a major challenge for conventional real-time PCR using regular 
oligonucleotides detected by fluorescent dyes (e.g. SYBR green or TaqMan probes).  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R44
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R62
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R45
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3359816/#R53
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In order to recognize SNPs among different genotypes, padlock probe techniques are required. Padlock 
probes (PLPs) are long oligonucleotides (about 100 bp) carrying a non-target-complementary segment flanked 
by the target complementary regions at their 5’ and 3’ ends, which recognize adjacent sequences on the target 
DNA (Nilsson et al. 1994). Thus, on hybridization, the ends of the probes occupy adjacent positions, and can be 
joined by enzymatic ligation. Ligation occurs and the probes are circularized only when both end segments 
correctly recognize the target sequences (Landegren et al. 1988). The helical nature of double-stranded DNA 
(dsDNA) enables the probe to topologically bind to the target strand and the probe can’t be displaced 
(Nilsson et al. 1994). 
 

Multiplex tandem PCR 
Multiplexed-tandem PCR (MT-PCR) is a technology platform developed for highly multiplexed gene expression 
profiling and the rapid identification of clinically important pathogens. The platform consists of two rounds of 
amplification. 

 In the first step, a multiplex PCR is performed at 10 to 15 cycles to allow enrichment of target DNA 
without creating competition between amplicons. This product is diluted and used as template for the second 
amplification that consists of multiple individual quantitative PCR reactions with primers nested within those 
used in the multiplex PCR. Up to 72 different PCR reactions can be multiplexed and performed simultaneously. 
Fluorescence is measured by SYBR green technology at the end of each extension cycle, and melt-curve analysis 
provides species-specific or gene-specific identification.  

The incorporation of two sets of species-specific primers for each target ensures correct amplification 
and detection, thus avoiding the expense of DNA probes. SYBR green detection also increases the multiplexing 
and quantitative capacity of real-time PCR systems, which are usually limited by the availability of fluorescent 
channels and the need to optimize each individual multiplex PCR. 
  
Gel electrophoresis 
It is a method for separation and analysis of macromolecules (DNA, RNA and proteins) and their fragments, 
based on their size and charge. It is used in clinical chemistry to separate proteins by charge and/or size (IEF 
agarose, essentially size independent) and in biochemistry and molecular biology to separate a mixed 
population of DNA and RNA fragments by length, to estimate the size of DNA and RNA fragments or to 
separate proteins by charge. 

 Nucleic acid molecules are separated by applying an electric field to move the negatively charged 
molecules through a matrix of agarose or other substances. Shorter molecules move faster and migrate farther 
than longer ones because shorter molecules migrate more easily through the pores of the gel. This 
phenomenon is called sieving. Proteins are separated by charge in agarose because the pores of the gel are too 
large to sieve proteins. Gel electrophoresis can also be used for separation of nanoparticles. 

Gel electrophoresis uses a gel as an anticonvective medium and/or sieving medium during 
electrophoresis, the movement of a charged particle in an electrical field. Gels suppress the thermal convection 
caused by application of the electric field, and can also act as a sieving medium.  

DNA Gel electrophoresis is usually performed for analytical purposes, often after amplification of DNA 
via PCR, but may be used as a preparative technique prior to use of other methods such as mass 
spectrometry, RFLP, PCR, cloning, DNA sequencing, or Southern blotting for further characterization. 
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Amplified fragment length polymorphism (AFLP)  
AFLP-PCR or just AFLP is a PCR-based tool used in genetics research, DNA fingerprinting, and in the practice of 
genetic engineering. Developed in the early 1990s by Keygene, AFLP uses restriction enzymes to digest genomic 
DNA, followed by ligation of adaptors to the sticky ends of the restriction fragments.  A subset of the restriction 
fragments is then selected to be amplified. This selection is achieved by using primers complementary to the 
adaptor sequence, the restriction site sequence and a few nucleotides inside the restriction site fragments (as 
described in detail below). The amplified fragments are separated and visualized on 
denaturing polyacrylamide gels, either through autoradiography or fluorescence methodologies, or via 
automated capillary sequencing instruments. 
Its applications  
The AFLP technology has the capability to detect various polymorphisms in different genomic regions 
simultaneously. It is also highly sensitive and reproducible. As a result, AFLP has become widely used for the 
identification of genetic variation in strains or closely related species of plants, fungi, animals, and bacteria. The 
AFLP technology has been used in criminal and paternity tests, also to determine slight differences within 
populations, and in linkage studies to generate maps for quantitative trait locus(QTL) analysis. 
 
Restriction fragment length polymorphism (RFLP)  
Restriction Fragment Length Polymorphism (RFLP) is a difference in homologous DNA sequences that can be 
detected by the presence of fragments of different lengths after digestion of the DNA samples in question with 
specific restriction endonucleases. 

It is a technique that exploits variations in homologous DNA sequences. It refers to 
a difference between samples of homologous DNA molecules from differing locations of restriction enzyme 
sites, and to a related laboratory technique by which these segments can be illustrated. In RFLP analysis, the 
DNA sample is broken into pieces (and digested) by restriction enzymes and the resulting restriction 
fragments are separated according to their lengths by gel electrophoresis.  

Although now largely obsolete due to the rise of inexpensive DNA sequencing technologies, RFLP 
analysis was the first DNA profiling technique inexpensive enough to see widespread application. RFLP analysis 
was an important tool in genome mapping, localization of genes for genetic disorders, determination of risk for 
disease, and paternity testing. 
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INTRODUCTION  
A  GIS is a computer system designed to capture, store, manipulate, analyze, manage and present all types of 
spatial or geographical data. GIS provide important tools that can be applied in predicting, monitoring and 
controlling diseases. GIS can be used to determine the spatial extent of a disease, to identify spatial patterns of 
the disease and to link the disease to auxiliary spatial data. Use of GIS tools on data collected to identify critical 
intervention areas to combat the spread of Banana Xanthomonas wilt (BXW).  

Wheat rust surveillance & monitoring Methods 
Following three approaches are generally used and being developed for wheat rust monitoring and crop 
protection. 
1. Phenotypic rust assessments 
2. Biochemical and molecular detection 
3. Remote sensing technology 
Development and implementation of remote sensing technologies have facilitated the direct detection of foliar 
diseases quickly, conveniently, economically and accurately under field conditions.     

 Table - Wheat rust surveillance & monitoring.  

Parameters  
 

Phenotypic rust 
assessments  
 

Biochemical and 
molecular detection  
 

Remote sensing 
technology  
 

1.Monitering  
 

Physical observation  
 

Detector observation  
 

Satellitic sensor 
observation  

2.Pathogen  
   detection  

Late stage Early stage  Very early stage 

3.Economically 
    suitable  

No  Yes Yes 

4. Accuracy  Low Medium High 

5.Done by  Human power  Detector Satellite system  

6.Limits  Time consuming 
Energy consuming 
Error prone  
 

Time consuming 
Economically 
Accurately  
 

Quickly, 
Conveniently 
Economically 
Accurately  

 
Levels of wheat rust monitoring using  remote sensing technologies  
In recent years, significant progress is made in remote sensing technologies for monitoring wheat rust at 
following four levels  

 Single Leaf scale (ground based) 
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 Canopy scale (ground based) 

 Field crop scale (aerial) 

 Countries/regional scale (satellite based) 
Remote sensing data at single leaf, canopy and field crop scale levels provide local and limited experimental 
information. While satellite based remote sensing can provide a sufficient and inexpensive data base for rust 
over large wheat regions or at spatial scale. It also offers the advantage of continuously collected data and 
availability of immediate or archived data sets.  
 
Epipre  
The start of EPIPRE in 1978 was promoted by the heavy epidemics of yellow rust in 1975 and 1977 (Puccinia 
striiformis Westend. EPIPRE (EPidemics PREdiction and PREvention) is a system of supervised control of 
diseases and pests in winter wheat. 
The participating farmers do their own disease and pest monitoring, simple and reliable observation and 
sampling techniques. 
Farmers send their field observations to the central team, which enters them in the data bank. Field data are 
updated daily by means of simplified simulation models. Expected damage and loss are calculated and used in a 
decision system, that leads to one of three major decisions: treat, don't treat, make another field observation. 

 
CONCLUSION 
GIS aids in faster and better health mapping and analysis than the conventional methods. It gives health 
professionals quick and easy access to large volumes of data. It provides a variety of dynamic analysis tools and 
display techniques for monitoring and management of epidemics. GIS has a vital role to play in the future. The 
possibilities that can be explored are limitless, depending on the skill and imaginative use of the researchers 
and the willingness of health sector management to resource its implementation. Health administrators, 
professionals and researchers need training and user support in GIS technology, data and epidemiological 
methods in order to use GIS properly and effectively. 
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INTRODUCTION: 
The Global Hunger Index (GHI) is a tool designed to measure and track hunger at global, regional and 

national levels. The GHI is designed to raise awareness and understanding of the struggle against hunger, 
provide a way to compare levels of hunger between countries and regions. GHI calls attention to those areas of 
the world where the hunger levels are highest and where the need for additional efforts to eliminate hunger is 
greatest. 

Components of GHI: 
 GHI scores are calculated through the study of three dimensions and for each country, values are 
composed with four indicators which are explained as follows. (Fig-1.1) 
1. UNDERNOURISHMENT: The share of the population that is, whose caloric intake is in sufficient.  
2. CHILD WASTING: The share of children under the age of five who have low weight for their height, 

reflecting acute under nutrition.  
3. CHILD STUNTING: The share of children under the age of five who have low height for their weight, 

reflecting chronic under nutrition. 
4. CHILD MORTALITY: The mortality rate of children under the age of five in a part of reflection of the fatal mix 

of inadequate nutrition and unhealthy environments. 
 

    
  Fig-1.1: Composition of the Global Hunger Index 

Each of four component indicators is given a standardized score on a 100-point scale based on the highest 
observed level for indicator on a global scale. GHI score for each country, with each of the three dimensions 
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given equal weight these are viz; inadequate food supply; child mortality; and child under nutrition which is 
composed equally of child stunting and child wasting.  
GHI Severity scale: 

This three-step process results in GHI scores on a 100-point GHI Severity Scale, where Zero is the best score 
that means no hunger and 100 is the worst. A value of zero would indicates that country had no 
undernourished people in the population, no children younger than five years who were wasted or stunted, 
and no children who died before their fifth birthday. A value of 100 would signify that a country’s 
undernourishment, child wasting, child stunting, and mortality levels were each at approximately the highest 
levels observed worldwide in recent decades. 

 
Fig-1.2: GHI Severity scale 

The Global Hunger Index goes beyond dietary energy availability to reflect the multidimensional causes and 
manifestations of hunger. Sufficient food availability at the household level does not guarantee that all 
members benefit from it in equal measure. The GHI varies between the best possible score zero and worst 
possible score of 100. Higher scores indicate greater hunger and the lower the score, better the country 
situation. GHI scores above 20are considered serious; scores greater than 35 are alarming; and scores 
exceeding 50 are extremely alarming (Fig-1.2). 

 The undernourishment indicator captures the hunger situation of the population as a whole. The inclusion 
of both child wasting and child stunting allows GHI to document both acute and chronic under nutrition and 
the combination of multiple indicators, the index reduces the effects of random measurement errors. 

Source of data for the four indicators: 
 Data for the indicators come from data collected by various UN and various international agencies. 
Undernourishment data are provided by the Food and Agriculture Organization of the UN (FAO). Child mortality 
data are sourced from the United Nations Interagency Group for Child Mortality Estimation (UN-IGME). Child 
Wasting and Child stunting data are sourced from the joint database of UNICEF, the World Health Organization 
(WHO) and World Bank. 

India’s position in GHI: 
GHI scores are comparable within each year’s report, but not comparable between different years.  

According to the 2019 GHI 43 countries out of 117 countries that were ranked have serious levels of hunger. 
India ranks 102 out of 117 qualifying countries. With a score of 30.3, India suffers from a level of hunger that is 
serious (Fig-1.3). Climate change is also affecting the global food system in ways that increase the threats to 
those who currently already suffer from hunger and under nutrition. 

 
Fig-1.3: India score in GHI 

Policy Recommendations: 
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 Governments must invest in vulnerable communities in the Global South, such as small-scale farmers to 
develop and carry out-specific adaptation strategies that will strengthen food and nutrition security and 
food sovereignty.  

 Governments must facilitate public participation in climate decision making. Adaptation strategies should 
be developed together with affected communities based on local needs. 

 Government must increase investments in disaster prevention and disaster risk reduction. 

 Government must promote sustainable production systems, consumption of nutritious foods, and 
reduction of food loss and waste. 

 As climate change increases competition for natural resources also increases, government must secure the 
natural resources and their property rights. 

 Countries must harmonize climate policy with food and trade policies to prevent mitigation and CO2 

removal measures such as the use of scarce agricultural land for bio-energy production from harming 
people’s food and nutrition security. 

 Governments must increase their financial support to the most vulnerable people and regions through 
existing mechanisms and funds.  

 
REFERENCE: 
[1].Complete report 2019 Global Hunger Index from website: https://www.globalhungerindex.org/ 
[2].Wiesmann et al.(2006) The GHI concept   
[3].Wiesmann et al.(2015) The GHI concept 
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INTRODUCTION 
At Present, continuous nutrition and feed demands, scarcity of capital, climate change and energy consumption 
are among the major issues that we are facing in our crop production. By 2050, it is estimated that agricultural 
production would have to doubled to fulfill the global population's demands. Current rate of crop yield increase 
is 1.3% but to fulfill the growing demand predicted growth rate must be 2.4% annually. Genetic enhancement 
in crop yield is the most feasible and reliable option to achieve this targeted growth rate and can help 
sustaining the food security. Molecular breeding approaches give more emphasis on the selection based on 
genotypic information, but phenotypic data are still needed. Phenotyping is required to enhance the 
effectiveness of selection and reliability of findings in transgenic studies. 

What is Phenomics? 
“Phenomics” means - Large scale phenotyping- It is a new branch of science which generates big data based on 
information gathered from plants at various stages of the its life cycle. Houle et al., (2010) defined Phenomics 
as “the gathering of multi-dimensional phenotypic data at multiple levels from cell level, organ level, plant level 
to population level”. Phenotype of the crop are very complex as they are the result of Genotype and 
Environment interactions. Crop phenomics is not a single branch it is the amalgam of multiple branches of 
science that includes agronomy, life sciences, mathematics and associates high-performance computing and 
artificial intelligence to understand heterogeneous phenotypic information of crop growth in a multifaceted 
environment, with a main goal to phenotype crops in a high-throughput, multi-dimensional and automatically 
measuring manner. Crop phenomics also aims on designing of tools by integration of big data generated from a 
multi-scale, phenotypic + environmental + genotypic condition, to develop new approaches of gene mining 
related with vital agronomic traits, and propose new intelligent solutions for precision breeding. 

Why Phenomics now? 
Phenomic-level data are required to identify the genomic modifications that influences phenotypes, to 
recognize pleiotropy and to utilize the raw data that are needed to decode the reasons of complex phenomena, 
comprising health, crop yields, disease and evolutionary fitness. We are presently focusing more upon 
phenome-data as now we have technologies for high-efficiency phenotyping, bioinformatics tools that allows 
us to use the high-dimensional data, and phenotypic data is the best predictor of major biological outcomes, 
such as fitness, disease and mortality. 

Phenomic tools 
Most plant phenotyping platforms focused on the high efficiency phenotyping of individual plants. 
Computerization and robotics, advanced sensors, and imaging equipment have offered an option for high-
throughput plant phenotyping platforms (HTPPs) development. HTPPs in a growth chamber or greenhouse 
which can be largely categorized as sensor-to-plant or plant-to-sensor based on whether the plant resides at a 
static position during a measurement routine and an imaging setup moves to each of those positions or the 
plants are transported to an imaging station, respectively. Many kinds of high resolution cameras record 
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images from various parts of the plant at various angles and at different stages of the plant during its life cycle. 
These includes namely: 
(1) RGB imaging, this camera acquires the phenotypes of plant morphology, color, and texture. 
(2) Chlorophyll fluorescence imaging, it helps in acquiring the photosynthetic phenotypes. 
(3) Hyperspectral imaging, gives information about the phenotypes such as components of pigment, 
biochemical constituents, and moisture content. 
(4) Thermal imaging, give a knowledge about the surface temperature of plant, stomatal conductance and 
transpiration phenotype. 
(5) LiDAR, (Light Detection And Ranging), obtains the three-dimensional structure phenotype of plants 
But most HTPPs still have very high construction, operating, and maintenance costs, and most academic and 
research institutions do not have access to these techniques. 
Field-based phenotyping (FBP) is a reliable constituent of crop enhancement via genetics, as phenotype is the 
final result of the relative effects of genetic background, environmental factors, and their interaction on yield 
potential and tolerance to abiotic/biotic stresses. 

Conclusion and Future Goals 
Development of climate resilient crop varieties and precision agriculture management techniques are 
necessary for sustaining the food safety in the climate change circumstances. For the rapid enhancement of 
yield and achieving other objectives of crop breeding programmes phenomics can play a significant role by 
providing high throughput phenotypic data acquired at different stages of the crop life cycle. In order to deal 
with the emerging challenges, new methods and techniques based on artificial intelligence shall be introduced 
to advance image-based phenotyping. Modeling is a powerful tool to understand G × E × M interactions, 
identify key traits of interest for target environments. 
 
REFERENCES: 
[1]. Zhao, C., Zhang, Y., Du, J., Guo, X., Wen, W., Gu, S., ... & Fan, J. (2019). Crop phenomics: current status and 

perspectives. Frontiers in Plant Science, 10. 
[2]. Houle, D., Govindaraju, D. R., & Omholt, S. (2010). Phenomics: the next challenge. Nature reviews 

genetics, 11(12), 855. 
[3]. Lin, Y. (2015). LiDAR: An important tool for next-generation phenotyping technology of high potential for 

plant phenomics?. Computers and electronics in Agriculture, 119, 61-73. 
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Genetic Engineering 
Genetic engineering, also called genetic modification, is the direct manipulation of an organism's genome using 
biotechnology. It is a set of technologies used to change the genetic makeup of cells, including the transfer of 
genes within and across species boundaries to produce improved or novel organisms. New DNA may be 
inserted in the host genome by first isolating and copying the genetic material of interest using molecular 
cloning methods to generate a DNA sequence, or by synthesizing the DNA, and then inserting this construct 
into the host organism. Genes may be removed, or "knocked out", using a nuclease. Gene targeting is a 
different technique that uses homologous recombination to change an endogenous gene, and can be used to 
delete a gene, remove exons, add a gene, or introduce point mutations. An organism that is generated through 
genetic engineering is considered to be a genetically modified organism (GMO). The first GMOs were bacteria 
generated in 1973 and GM mice in 1974. Insulin producing bacteria were commercialized in 1982 and 
genetically modified food has been sold since 1994. GloFish, the first GMO designed as a pet, was first sold in 
the United States in December 2003. 

Genetic engineering techniques have been applied in numerous fields including research, agriculture, 
industrial biotechnology, and medicine. Enzymes used in laundry detergent and medicines such as insulin and 
human growth hormone are now manufactured in GM cells, experimental GM cell lines and GM animals such 
as mice or zebrafish are being used for research purposes, and genetically modified crops have been 
commercialized. 
 
Definition 
Genetic engineering alters the genetic makeup of an organism using techniques that remove heritable material 
or that introduce DNA prepared outside the organism either directly into the host or into a cell that is then 
fused or hybridized with the host. This involves using recombinant nucleic acid (DNA or RNA) techniques to 
form new combinations of heritable 
genetic material followed by the incorporation of that material either indirectly through a vector system or 
directly through microinjection, macroinjection and microencapsulation techniques. Genetic engineering does 
not normally include traditional animal and plant breeding, in vitro fertilisation, induction of polyploidy, 
mutagenesis and cell fusion techniques that do not use recombinant nucleic acids or a genetically modified 
organism in the process. However the European Commission has also defined genetic engineering broadly as 
including selective breeding and other means of artificial selection. 
Cloning and stem cell research, although not considered genetic engineering, are closely related and genetic 
engineering can be used within them. Synthetic biology is an emerging discipline that takes genetic engineering 
a step further by introducing artificially synthesized material from raw materials into an organism. If genetic 
material from another species is added to the host, the resulting organism is called transgenic. If genetic 
material from the same species or a species that can naturally breed with the host is used the resulting 
organism is called cisgenic. Genetic engineering can also be used to remove genetic material from the target 
organism, creating a gene knockout organism. In Europe genetic modification is synonymous with genetic 
engineering while within the United States of America it can also refer to conventional breeding methods. The 
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Canadian regulatory system is based on whether a product has novel features regardless of method of origin. In 
other words, a product is regulated as genetically modified if it carries some trait not previously found in the 
species whether it generated using traditional breeding methods (e.g., selective breeding, cell fusion, mutation 
breeding) or genetic engineering. Within the scientific community, the term genetic engineering is not 
commonly used; more specific terms such as transgenic are preferred. 
 
Genetically modified organisms 
Plants, animals or micro organisms that have changed through genetic engineering are termed genetically 
modified organisms or GMOs. Bacteria were the first organisms to be genetically modified. Plasmid DNA 
containing new genes can be inserted into the bacterial cell and the bacteria will then express those genes. 
These genes can code for medicines or enzymes that process food and other substrates. Plants have been 
modified for insect 
protection, herbicide resistance, virus resistance, enhanced nutrition, tolerance to environmental pressures 
and the plants. Genetically modified animals have been used for research, model animals and the production of 
agricultural or pharmaceutical products. 
The genetically modified animals include animals with genes knocked out, increased susceptibility to disease, 
hormones for extra growth and the ability to express proteins in their milk. 
 
Process 
The first step is to choose and isolate the gene that will be inserted into the genetically modified organism. The 
gene can be isolated using restriction enzymes to cut DNA into fragments and gel electrophoresis to separate 
them out according to length. Polymerase chain reaction (PCR) can also be used to amplify up a gene segment, 
which can then be isolated through gel electrophoresis. If the chosen gene or the donor organism's genome 
has been well studied it may be present in a genetic library. If the DNA sequence is known, but no copies of the 
gene area available, it can be artificially synthesized. 
The gene to be inserted into the genetically modified organism must be combined with other genetic elements 
in order for it to work properly. The gene can also be modified at this stage for better expression or 
effectiveness. As well as the gene to be inserted most constructs contain a promoter and terminator region as 
well as a selectable marker gene. The promoter region initiates transcription of the gene and can be used to 
control the location and level of gene expression, while the terminator region ends transcription. The 
selectable marker, which in most cases confers antibiotic resistance to the organism it is expressed in, is 
needed to determine which cells are transformed with the new gene. The constructs are made using 
recombinant DNA techniques, such as restriction digests, ligations and molecular cloning.[54] The manipulation 
of the DNA generally occurs within a plasmid. 

The most common form of genetic engineering involves inserting new genetic material  randomly within 
the host genome. Other techniques allow new genetic material to be inserted at a specific location in the host 
genome or generate mutations at desired genomic loci capable of knocking out endogenous genes. The 
technique of gene targeting uses homologous recombination to target desired changes to a specific 
endogenous gene. This tends to occur at a relatively low frequency in plants and animals and generally requires 
the use of selectable markers. The frequency of gene targeting can be greatly enhanced with the use of 
engineered nucleases such as zinc finger nucleases, engineered homing endonucleases, or nucleases created 
from TAL effectors. In addition to enhancing gene targeting, engineered nucleases can also be used to 
introduce mutations at 
endogenous genes that generate a gene knockout. 
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Applications 
Genetic engineering has applications in medicine, research, industry and agriculture and can be used on a wide 
range of plants, animals and micro organisms. 
 
Medicine 
In medicine, genetic engineering has been used in manufacturing drugs, to create model animals and do 
laboratory research, and in gene therapy. 
 
Manufacturing 
Genetic engineering is used to massproduce insulin, human growth hormones, follistim (for treating infertility), 
human albumin, monoclonal antibodies, antihemophilic factors, vaccines and many other drugs. Mouse 
hybridomas, cells fused together to create monoclonal antibodies, have been humanised through genetic 
engineering to create human monoclonal antibodies. Genetically engineered viruses are being developed that 
can still confer immunity, but lack the infectious sequences. 
 
Research 
Genetic engineering is used to create animal models of human diseases. Genetically modified mice are the 
most common genetically engineered animal model. They have been used to study and model cancer (the 
oncomouse), obesity, heart disease, diabetes, arthritis, substance abuse, anxiety, aging and Parkinson disease. 
Potential cures can be tested against these mouse models. Also genetically modified pigs have been bred with 
the aim of increasing the success of pig to human organ transplantation. 
 
Gene therapy 
Gene therapy is the genetic engineering of humans, generally by replacing defective genes with effective ones. 
This can occur in somatic tissue or germline tissue. Somatic gene therapy has been studied in clinical research 
in several diseases, including X-linked SCID chronic lymphocytic leukemia (CLL) and Parkinson's disease. In 2012, 
Glybera became the first gene therapy treatment to be approved for clinical use in either Europe or the United 
States after its endorsement by the. European Commission. With regard to germline gene therapy, the 
scientific community has been opposed to attempts to alter genes in humans in inheritable ways using 
biotechnology since the technology was first introduced and the caution has continued as the technology has 
progressed. With the advent of new techniques like CRISPR, in March 2015 scientists urged a worldwide ban on 
clinical use of gene editing technologies to edit the human genome in a way. 
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Quality seeds play a vital role in increasing the crop production as well as productivity of a crop. Seed 
comprises of various quality parameters like genetic purity, physical purity, high germination and vigour and 
free from disease and pest. Unfavorable weather conditions during growth and development, improper and 
prolonged storage of seeds are important factors for reducing the germination and vigour of seed, which 
proceed for losses in seed germination and indirectly affecting the yield of the crop. Thus, seed quality can be 
improved by various seed enhancement techniques such as seed priming, seed pelleting, seed coating etc. 
These pre-sowing seed enhancement improves the germination and seedling establishment of different crop by 
enhancing the mitochondrial activity and rapid growth of the embryo.  

Seed priming is a broad term in seed enhancement. It is based on the principle of controlled imbibitions. 
It permits re-germination to proceed without actual emergence of radicle. It describes the methods of 
physiological enhancement of seed performance through pre sowing controlled hydration methodologies. Seed 
priming is a technique in which seeds are partially hydrated until the germination process begins but radicle 
emergence does not occur (Bradford, 1986). In priming, the seeds are soaked in water or osmotic solution. The 
seeds imbibe water but the radicle extrusion is prevented and seeds are dried to their original moisture 
content. The concept of seed priming was given by Theophrastus (372-287 BC) in pre-soaked cucumber seeds 
in milk while it was named by Malnassy (1971).  Seed priming is necessary as the aged or low vigour seeds are 
not able to give good germination and the mortality rate of the seeds are more. Also under stress condition the 
seeds are not able to give good germination percent due to unfavourable germination conditions. Thus, 
priming is required to overcome such stresses. Hydration process causes marked biochemical changes in seed 
such as breakdown and transport of reserve material especially transport from endosperm to the growing parts 
of the embryo and synthesis of new material (Ashraf and Foolad, 2005). Priming also expands the temperature 
range at which germination may occur (Welbaum and Bradford, 1991). 

The three phases of germination are: 
 Phase I. Imbibition- rapid uptake of water occurs.  
 Phase II. Lag- Metabolic activation of seeds occurs: variable duration dependent  upon temperature, 

water potential and dormancy state 
 Phase III. Rapid growth phase- germination and 

seedling growth occurs. 
Seed Priming Extends Phase 2 of Imbibition: The primed 
seeds extends phase 2 and then maintained until it is 
interrupted by dehydration and stage, as the growth is 
blocked during priming. So, the primed seeds can be stored 
for later germination as after imbibitions they are dried again 
to their original moisture content and then phase 3, water 
uptake is achieved upon subsequent sowing and hydration.  



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 164 - 
 

 

 
Seed priming also describes the biological processes that occur during hydration as shown in the above 
diagram. 

Methods of priming 
 Hydro-Priming 
 Osmo-Priming 
 Matrix-Priming 
 Hormonal-Priming 
 Bio-Priming 
 Magneto-Priming 

Hydro-priming: Specific amount of water is added to the seeds to bring the moisture content to the desired 
level. No osmoticum is needed and there are no waste solutions. Aeration is provided by rotating the drum.  

Osmo-priming: Also known as osmo-conditioning. It uses an osmotic solution to set the water potential and 
therefore the moisture content of the seeds. Polyethylene glycol or salts (e.g., KNO3) are used as osmotica. 
Aeration must be provided to support seed respiration during priming. For small amount of seeds, they are 
placed on the surface of paper moistened with solutions or immersed in the columns of solutions. Later, they 
are washed and dried to original moisture content for storage. 

Matrix-priming: It is incubation of layers or mixes seeds in a mixture of water and solid, insoluble matrix 
particles (vermiculte, diatomaceous earth, clay pellets, etc.) in predetermined proportions. Seeds slowly 
imbibe, reaching an equilibrium hydration level. After incubation/priming, the moist matrix material is removed 
by sieving or screening, or may be partially incorporated into a coating.  

Hormonal-priming: The pre-sowing of seeds with different hormones regulates the changes in hormonal 
balance. Helpful under abiotic stress condition where hormones are either not able to be expressed or they are 
suppressed.  Also there is change in concentration and ratios of exogenous hormones and imbalance occurs. 
Like, under salinity, ABA content is increased while auxin, GA and cytokinin content are decreased. Thus 
soaking seeds with optimal concentration of hormones is required to alleviate the inhibitory effect of stress on 
germination and growth. 

Bio-priming: In this beneficial microbes are included like Trichoderma harzianum, Aspergillus spp., 
Pseudomonas striata etc. for colonizing seeds and/ or to control pathogen proliferation during priming. It is a 
process of biological seed treatment that refers to combination of seed hydration (physiological aspect of 
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disease control) and inoculation (biological aspect of disease control) of seed with beneficial organism to 
protect seed with the help of beneficial fungi and bacteria. 

Magneto-priming: In this seeds are exposed to the desired level of magnetic field in different time intervals. 
The field strength produced between the poles is monitored by digital gauss meter. It is a physical treatment of 
seed to increase seed germination and emergence. 

Factors affecting seed priming 
• Osmotic potential of solution  
• Priming temperature and light 
• oxygen  
• Duration of priming 
• Drying method 

Advantages of priming 
• Controlled water Imbibition. 
• Imbibition injury prevented. 
• Salt priming supply seeds with nitrogen and other nutrients for protein synthesis. 

Disadvantages of priming 
• Toxicity of chemicals. 
• Limited O2 supply to seed. 
• Disadvantage in handling large quantity of seed. 

REFERENCES: 
[1]. Ashraf, M. and Foolad, M.R. 2005. Pre-sowing seed treatment – A shotgun approach to improve 

germination, plant growth and crop yield under saline and non-saline conditions. Adv. Agron. 8: 223-271. 
[2]. Welbaum, G.E. and Bradford, K.J. 1991. Water relations of seed development and germination in 

muskmelon. VI. Influence of priming on germination responses to temperature and water potential during 
seed development. J. Exp. Bot. 42: 393-399. 
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Planting- 
 Planting is the operation of transferring young plant from nursery to their permanent place in forest 
area and planting site. Transplanting is the process of bodily lifting of mature and large plants from their 
position to a new position. 

Steps Involved in Planting  
Site Condition-  

 The conditions of the planting site are as important as the plant. Soil type and drainage, available water 
and sunlight, exposure to dying winds, and other factors must be considered. „  

 Attempting to match the requirements of the plant to the site increase the survivability, performance, 
and longevity of the plant selected.  

Soil Texture „  

 The first step in assessing the condition of the planting site is to examine the soil. Whether the soil is 
sandy and well drained, or is it moist with some organic material, or is it heavy clay and therefore, wet 
and perhaps compacted. „  

 Construction practices such as cutting and filling, installation of underground utilities, and backfilling 
against foundations can create great diversity in soil structure. This variability can change drastically 
with depth and between planting locations on the same property investigate each planting site. „  

 Soil texture and drainage are closely related. Sandy soils usually are very well drained, have large pore 
spaces, and poor water- holding capabilities. They are usually associated with dry conditions. 

 Conversely, clayed soils have much smaller pore spaces, are poorly drained, and can suffocate plant 
roots. The pore spaces in soil are very important to plant growth because the oxygen that occupies 
them is essential to healthy roots. A tree planted in poorly drained soil will be slow to establish, lack 
vigor, and often will slowly die.  

Drainage „  

 Because plant roots require both moisture and oxygen for growth, soil drainage should be checked 
before planting. A poorly drained soil, high in moisture but low in oxygen, prevents both proper root 
development and growth of beneficial soil micro-organisms that are responsible for decomposing 
organic matter and releasing plant nutrients. 

 To test for soil drainage, dig a hole 18 inches deep, fill it with water, and let it stand overnight. If the 
water has not drained by morning, there is a draining problem. (Do not leave the drainage in this matter 
after heavy rainfall or before the ground has thawed in the spring).  

 If soil drainage is inadequate, species that are tolerant of poorly drained soils may be planted, or soil 
drainage may be improved. This can be done in two ways. If a hard pan is present (a compacted, 
impermeable layer of soil) with an underlying layer of well – drained soil, a hole can be dug down to the 
permeable layer to provide drainage for the planting hole. 

 Compaction of the soil by vehicles or people can reduce pore space and restrict water infiltration, as 
well as cause physical damage to roots of existing trees. In compacted soil, oxygen is depleted, carbon 
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dioxide accumulates, and root penetration is reduced. This is detrimental to root growth. Aerating the 
soil will help correct the problem. „„  

 Before a plant is planted on a particular site, a soil test should be conducted to determine possible pH 
problems or nutrient deficiencies. 

 Water „ 

 The correct amount of water for plants is essential. Selected plants that are tolerant of excess water for 
low areas where water may be standing or very close to the surface, or where a heavy clay soil exists. 
Standing water or a high water table means low oxygen content in the soil. Therefore, trees and shrubs 
that can tolerate excessive moisture are often better suited to these poor sites.  

Sunlight „  

 Although some plants can tolerate low light conditions, most require full sun to maintain their vigor and 
attain their full potential. Some plants may require some protective shade to prevent leaf scorch and 
desiccation.  

Location „  
 The location of the planting site in relation to other trees and objects such as buildings, fences, etc. will 
have a considerable influence on temperature and moisture conditions around the tree. Prevailing westerly 
winds have a drying effect on non-protected sites. The south side of a building will be much warmer and drier 
than the north side. The warming effect of the sun on a cold winter day can cause injury to the bark and may 
cause the tree trunk to split. For evergreens, this warming can cause water loss and growth activity resulting in 
needle damage when the temperature is again lowered Plant hardiness can be greatly affected by the amount 
of protection provided by individual microclimates. 

Planting Season  
The season for planting will depend upon the following factors:  
1. Adequate amount of rainfall.  
2. Presence of moisture in the air. „  

 Mass planting should never be done in summer. A local level planting can be done in summer, provided 
proper irrigation is available. „ 

 Plants growing in areas having composite climate should be shifted to the new site prior to the 
monsoon, preferably in the month of July in northern parts of India.  

 When there is doubt of water logging, planting should be carried out at the end of rainy season.  

 Salix babylonica, Salix monosperma, Dalbergia sissoo, Calestamon lanceolatus, Terminalia arjuna etc. 
can be planted in waterlogged area. „  

 Roses must be planted in the beginning of winter i.e. September. „  

 General planting should be carried out between February and April. March is comfortable for plants as 
temperature is neither of the two extremes and the soil temperature during this period is steady with 
adequate moisture content.  

Planting Procedure  
Preparation of Pit „  

 Pit should be prepared two months prior to planting to help the soil expose to the scorching sun. „ 

 Tree pit should be 1.2mX1.2mX1.2m. The pit should be properly dug as per specification. Poor digging 
with improper base dimension would lead to the undernourished growth of the plant. „  

 While excavating, remove the top soil to a depth of 6" to 9" and keep it aside. Topsoil undergoes change 
in fertility status in the span of two months (between December and February) „ 
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 If the subsoil is poor in terms of water holding capacity etc., it must be treated with 3 parts of manure + 
2 parts of sweet earth + 1 part of sand(3:2:1). This will improve the drainage conditions and also 
enhance the acquired fertility of the soil. „ 

 Manure might generate heat after water is added. Hence, precaution must be taken to protect the 
plants. Also one third of compost manure is added at the time of refilling. „  

 After refilling, soil is consolidated by watering. Soil should be allowed to get dried up by exposing it to 
the sun. 

Planting the sapling „ 

 Prior to planting of the sapling, there is a need for the introduced sapling to get acclimatized to the new 
environment. If possible such saplings should first be procured in nursery beds. 

 Preparation of hole: Hole is prepared in the soil large enough to take the roots of the sapling with a 
layer of sand underneath. „  

 Wrapping of roots: The roots of the sapling when lifted from nursery are wrapped with good earth, such 
that the evapo-transpiration is checked and the moisture content is maintained. „ 

 Damaged roots and shoots are to be cut off to prevent evapo-transpiration from shoots and roots.  
Staking „  

 Staking is done to protect the tree from bending and toppling due to the wind pressure. The staking 
thus helps in helping the tree sapling to hold vertically and achieve the desired form. „ 

 The hole is then filled up with fine soil and firmly pressed down so that the roots are exposed. The soil is 
then consolidated property to avoid unnecessary settling or exposing of the roots.  

Watering „ 

 Watering must be done every third day for a young plant sapling to survive. The site can be divided into 
three zones and each zone can be watered one day. Watering done should be copious. „  

 Surface soil should be cultivated regularly to open up the soil so that proper aeration of the soil takes 
place. „  

 When subsoil drainage is poor, due to presence of clay or clay pan, it will result in damage of the roots. 
Hence brickbats with stone cover and dry leaves are laid in the pit to a depth of 4" to 8". 

 White ants may occur if manure quantity is high. Hence, it is necessary to keep the manure quantity to 
the minimum.  

Planting of Shrubs „ 

 There are two ways of shrubs plantation, either individual or group planting. „ 

 For individual plantation, the distance from centre to centre is usually 0.6m X 0.6m X 0.6m, but can very 
as per the requirement of the type of shrub. 

  6" of topsoil is removed and kept aside before trenching is carried out. „  

 Trenching is to be carried out in the entire area taken by the shrub bed. The depth of trench is between 
25cm to 40cm. „ 

 All weeds and roots, stones etc. are removed. „  

 10cm of well rotted sable manure should be supplied to the bed and spread and mixed with 30cm of 
soil. „ 

 The surface is to be roughly dressed and irrigated thoroughly. The soil is then firmly consolidated. „  

 When subsoil drainage is poor, the soil in the pit is to be replaced with good soil with 10cm manure. 
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According to a report published by the country’s food processing sector is expected to grow up to US$482 
billion by 2020. The application of sensor based technologies for real time quality evaluation and monitoring 
has been a major promoter to the cause. One of the emerging domains in food processing is the application of 
low cost, light weight and flexible piezoelectric sensors in food quality monitoring and evaluation. 
A piezoelectric sensor works on the principle that when a stress is applied it generates a relative displacement 
in the charges accumulated in the object. The literal meaning of “Piezo” is to press or squeeze. This 
phenomenon of piezoelectricity was discovered by Pierre and Jacques Curie in the year 1880.  Its first practical 
application of this phenomenon was in SONAR in 1920. After this the piezoelectric ceramics were developed 
before the World War II.  A mass based transducer works on the principle of change in the resonating 
frequency when a change of mass takes place on surface if the material. Mass sensitive piezoelectric sensors 
are suitable for very sensitive detection, in which the transduction is based on detecting small changes in mass. 
Mass based transducers are further classified as  
 
Quartz Crystals microbalance: They are simple, cost effective and high resolution mass sensing methodology.  
It is used to measure Nano gram to microgram level changes in the mass. Generally, quartz is used as the 
material for it. The frequency of oscillation is generally affected by change in mass. This change in frequency is 
recorded and hence change in mass is quantified.  
 
Acoustic wave sensor (AWS): monitors the change in oscillation frequency when the device responds to the 
input stimulus. When the frequency is observed of waves only on the surface it is called surface acoustic wave 
resonator. When the frequency is observed of waves in bulk it is bulk acoustic wave resonator.  

The High-Frequency Quartz Crystal Microbalance detection method is also based on the piezoelectric 
theory where molecules adsorbed on the surface of selective chemical or biological coatings create changes in 
the mass weight of the HF-QCM-based sensors.  
In food processing they find wider application in areas of detection of pesticides residues and detection of 
adulteration in bovine milk. Thus piezoelectric sensors are effective quality evaluation tool. They also find wider 
acceptance in areas of texture analysis of food products and food habit monitoring. These applications enhance 
its acceptability in food domains worldwide. A methodology was developed by Junior et al., 2015 that identifies 
milk adulteration using the mechanical wave propagation method. The methodology developed was able to 
successfully differentiate between raw and contaminated milk (up to 1% of sodium hydroxide). Thus low-cost 
piezoelectric diaphragms are promising for liquids quality control. Taniwaki et al., 2006 developed a device that 
enables direct measurement of food texture. The device inserts a probe into a food sample and detects the 
vibration through a piezoelectric sensor caused by the sample’s fracture. The sensor covered the full audio 
frequency range up to 20 kHz. Wang et al., 2014 developed a portable electro-acoustic biosensor based on a 
film bulk acoustic resonator for the detection of pesticide residues in agricultural products. The presence of 
pesticides was detected through the diminution of the frequency shift compared with the level without 
pesticides. A regioregular poly (3-hexyl thiophene) (rr-P3HT) based piezoelectric sensor to detect alcoholic 
volatile organic compounds (VOCs) associated with spoiled and Salmonella typhimurium contaminated 
packaged beef headspace. The QCM polymer sensors were found to provide repeatable and reproducible 
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sensor response to alcohol VOCs with a fast recovery (< 2 min) at room temperature (25°C) (Khot et al., 2011). 
Kalantarian et al., 2015 developed a necklace for monitoring the food habits of an individual. Motion in the 
lower trachea of throat is captured and transmitted to a mobile application for processing and user guidance. 
Results from data collected from 30 subjects indicate that it is possible to detect solid and liquid foods, with an 
F-measure of 0.837 and 0.864, respectively, using a naive Bayes classifier. There are mainly two major 
limitations occurring with the piezoelectric sensors. This type of transducer cannot measure static pressure and 
hence their application is restricted only when dynamic forces are involved. The output of the transducer is 
affected by changes in surrounding temperature. Therefore temperature compensating devices has to be used. 
Need of the hour is to develop more robust sensors which remains unaffected by the environmental conditions 
and tested on wide range of products. 
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INTRODUCTION- A major challenge of our time is that one sixth of the world’s population suffers from hunger, 

a situation which is totally unacceptable. In addition, many more people, over half of the global population, are 

afflicted by a different form of food deficiency (FAO, 2004). This “hidden hunger” is due to the quality, rather 

than the quantity, of the food available, and it is closely related to the fact that in many poor developing 

countries people rely only or mostly on low-protein staple crops for food. Due to increasing population day by 

day availability of cereals and pulses decreases and also these foods are not fulfilling the deficiency of some 

essential nutrients. Because of deficiency of nutrients agriculture must now not only produce more calories to 

reduce hunger, but also more nutrient-rich food to reduce hidden hunger. One in three people in the world 

suffer from hidden hunger, caused by a lack of minerals and vitamins in their diets, which leads to negative 

health consequences (Kennedy et al. 2003). Biofortification is the process by which the nutritional quality of 

food crops is improved through agronomic practices, conventional plant breeding, or modern biotechnology.  

Biofortification differs from ordinary fortification because it focuses on making plant foods more 

nutritious as the plants are growing, rather than having nutrients added to the foods when they are being 

processed. This is an important improvement on ordinary fortification when it comes to providing nutrients for 

the rural poor, who rarely have access to commercially fortified foods. Biofortification is seen as an upcoming 

strategy for dealing with deficiencies of micronutrients in low and middle-income countries. In the case of iron, 

WHO estimated that biofortification could help curing the 2 billion people suffering from iron deficiency-

induced anemia. Iron-biofortification of beans, cowpea and pearl millet, zinc-biofortification of maize, rice, and 

wheat, and pro-vitamin A, carotenoid-biofortification of cassava, maize, rice, and sweet potato are currently 

underway and at different stages of development. Biofortification provides a feasible means of reaching 

malnourished rural populations who may have limited access to diverse diets, supplements and commercially 

fortified foods. The biofortification strategy seeks to put the micronutrient-dense trait in those varieties that 

already have preferred agronomic and consumption traits, such as high yield. Marketed surpluses of these 

crops may make their way into retail outlets, reaching consumers in first rural and then urban areas, in contrast 

to complementary interventions, such as fortification and supplementation, that begin in urban centers.  

Selective breeding 

Now scientists searched the crops which are high in nutritive value. They then crossbreed these high-nutrient 
varieties with high-yielding varieties of crops, to provide a seed with high yields and increased nutritional value. 

Crops must be bred with sufficient amounts of nutrients to have a measurable positive impact on human 
health. As such, they must be developed with the involvement of nutritionists who study whether the 
consumers of the improved crop can absorb the extra nutrients, and the extent to which storage, processing, 
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and cooking of the crops affect their available nutrient levels. Bread wheat with high grain iron and zinc has 
been developed through radiation breeding. 

Genetic modification 

Golden Rice is an example of a GM crop developed for its nutritional value. The latest version of Golden Rice 
contains genes from a common soil bacterium Erwinia and maize, and contains increased levels of beta-
carotene which can be converted by the body into vitamin A. Golden Rice is being developed as a potential new 
way to address vitamin A deficiency.  

Seed Priming 

Seed priming before sowing is considered to be one of the promising ways to provide value-added solutions to 
maximize the natural potential of seed to set the plant for maximum yield potential with respect to both 
quality and quantity. Positive effect on the shoot and root growth of seedlings of wheat (Triticum aestivum L.) 
when treated with iron-oxide nanoparticles. This innovative cost-effective and user-friendly method of 
biofortification has proven to increase grain iron deposition upon harvesting. Hence, the intervention of 
nanotechnology in terms of seed priming could be an economical and user-friendly smart farming approach to 
increase the nutritive value of the grains in an eco-friendly manner.  

Advantages of biofortification 
 It can be introduced quickly and can produce nutritional benefits for populations in a short period of time. 
 Fortification supplies micronutrients in amounts that are appropriate. Hence, safer than supplements. 

When properly regulated, fortification carries a minimal risk of chronic toxicity. 
 Fortification of widely distributed and widely consumed foods has potential to improve the nutritional 

status of a large population, covering both poor and wealthy. 
 Fortification does not require changes in existing food patterns, nor individual compliance – which are 

very difficult to achieve. 
 It is feasible to fortify crops with several micronutrients simultaneously, to treat multiple micronutrient 

deficiencies that often coexist in a population that has a poor diet. 
 Fortification is often more cost-effective than other strategies, especially in case the technology already 

exists and an appropriate food distribution system is already in place (like in India). 

Limitations of biofortification 
 A specific fortified foodstuff might not be consumed by all members of a target population. While, 

everyone in the population is exposed to the increased levels of micronutrients in food, whether they need 
it or not. 

 Infants and young children, who consume relatively small amounts of food, are less likely to fulfill their 
recommended micronutrients from universally fortified staples alone. 

 Fortified foods often fail to reach the poorest segments of the general population due to their low 
purchasing power and an underdeveloped distribution channel. Availability, access and consumption of 
adequate quantities and a variety of micro nutrient-rich foods, such as animal foods and fruits and 
vegetables, is limited. 

 Very low-income population groups are known to have co-existing multiple micronutrient deficiencies. 
Although multiple micronutrient fortification is technically possible, the poor will be unable to obtain 
recommended intakes of all micronutrients from fortified foods alone. 
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 Nature of the food vehicle or the fortificant, sometimes limit the amount of fortificantion. For example, 
some iron fortificants change the colour and flavour of many foods, and can cause the destruction of 
fortificant vitamin A and iodine. 

 Although more cost-effective than other strategies, there are nevertheless significant costs associated with 
the food fortification process, which might limit the implementation and effectiveness of food fortification 
programmes in developing country like India. 

CONCLUSION- Biofortification is the only way to reach the poorest of the poor rural masses, who will never have 

money to buy mineral supplements nor can afford to improve the components of their diet by incorporating 

animal products. From the biofortification viewpoint, foliar application is better and requires lesser amount of 

Fe and Zn fertilizers than their soil application. When cultivars or GM crops with grains denser in Fe and Zn are 

developed, adequate Fe and Zn fertilization will be necessary. 
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Background: Climate change no doubt the most concerned and discussed topic now as the effect of it we are 
starting to visualize and apprehend maybe (?). It is not just affecting the environment but in a broader aspect 
the economy of a country by hampering its development. And it is very much true for country like India where 
the economy is mainly agriculture based. As Indian agriculture is monsoon dependent  and even there is 
rainfed farming the groundwater used in that indirectly dependent on rain water. But recent changing rainfall 
pattern, fluctuation of temperature is posing threat to India’s food security due to  production loss, thus 
affecting the country’s economy. So sustainable adaptive measures are being advocated by the scientists.  
 
Climate change and agriculture: Weather pattern of an area do affect the cropping system of an area so when 
we shift it from a particular area to a vast area, say, a country and then consider it globally, climate change 
extremely affect the agriculture. The parameters that changes due to climate change is temperature, rainfall, 
atmospheric CO2 concentration, solar radiation. Due to variable temperature crop growth, develpoment, yield 
gets affected. The optimum range for C3 crops is 15–20°C and for C4 crops it is 25–30°C. Change in rainfall 
pattern affects the availability of water. It has been found that aggravation of water stress condition is 
proportional to the enrichment of CO2 concentration in this case inducing the partial closure of stomata, water 
is conserved. One of the major factors in cropping ecosystem insect population, disease infestation that hugely 
gets affected by change in temperature, humidity, rainfall that results in varied yields.  

  
 
 
According to a report by Rebecca Lindsey the global average atmospheric carbon dioxide in 2018 was 407.4 parts 
per million (ppm for short), with a range of uncertainty of plus or minus 0.1 ppm. Carbon dioxide levels today are 
higher than at any point in at least the past 800,000 years. According to the State of the Climate in 2018 report from 
NOAA and the American Meteorological Society, global atmospheric carbon dioxide was 407.4 ± 0.1 ppm in 2018, a 
new record high. That is an increase of 2.5 ± 0.1 ppm from 2017, similar to the increase of 2.2 ± 0.1 ppm 
between 2016 and 2017.  

Source:FAO,2014 
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Adoption of C4 plant over climate change: According to the agriculturists to sustain food security C4 plants like 
maize , sorghum, millets can play an important role. Right now rice is our main staple food which is nutrient 
exhaustive, produces CH4 which is one of the largest anthropogenic source of climate forcing and has high water 
requirement and it is no new fact that the quantity of monsoon rainfall decreasing every year with sudden 
introduction of drought in every sensitive nook and corner of the country.  Our irrigation system is dependent on 
ground water system and due to low maintenance of canal system and other surface water retention system people 
leaned towards the ground water use. And this rate of use increased in tremendous level where the use of ground 
water is going beyond its recharge capacity which is very alarming in present context of changing monsoon. 

According to some study reports it is found that with changing climate scenario the yield of C4 plants 
seemed more promising than C3 plants . C4 plants responded more positively than C3 plants in higher temperature , 
the reason of which can be traced by its origin in warmer climates whereas, C3 plants perform better in cooler 
condition. It is reported that the plastic ability of photosynthesis is more than that of the C3 plants, along with that, 
C4 plants show better nitrogen and water efficiency than C3 plants at high temperatures (Yamori et al., 2014). 
Although C4 plants are significantly more efficient in using CO2, we observed similar responses in both C4 and C3 

plants under CO2 enrichment, which may be attributable to the fact that CO2 enrichment enhances the growth of C4 
plants specifically under water stress conditions (Xu et al., 2014). If we consider the nutritional value of millets they 
contain protein, essential fatty acids, dietary fibre, B-Vitamins, minerals such as calcium, iron, zinc, potassium and 
magnesium. According to a publication by ICAR – Indian Institute of  Millets  Research  (IIMR) dated June,17, millets 
are not only comparable to major cereals with respect to their nutritional features but are very good sources of 
carbohydrates, micronutrients and phytochemicals with nutraceutical properties. The millets contain 7-12% protein, 
2-5% fat, 65-75% carbohydrates and 15-20% dietary fibre. Among them, pearl millet contains considerably high 
proportion of proteins (12-16%) as well as lipids (4-6%) whereas; finger millet contains lower levels of protein (6-8%) 
and fat (1.5-2%). The essential amino acid profiles of the millet protein is better than maize. The niacin content in 
pearl millet is higher than all other cereals whereas, finger millet proteins are unique because of the sulphur rich 
amino acid contents. Similar to cereal proteins, the millet proteins are poor sources of lysine, but they complement 
well with lysine-rich vegetable (leguminous) and animal proteins form nutritionally balanced composites of high 
biological value. Small millets are more nutritious compared to fine cereals. Finger millet is the richest source of 
calcium (300-350 mg/100 g) and other small millets are good source of phosphorous and iron. Though regardless of 
all the above mentioned facts switching of millets with rice is has to be a collaborative effort overall from the 
producers , consumers , and the government. Several points can be addressed for this; for example producers , the 
farmers they have to be willing to grow these crops but it is found that subsistence farmers are more inclined to go 
for alternative farming than rice grower having big lands. Consumers need to be aware of the nutritive values of the 
millets and here government have to play a significant role. For government it should work as effective policy 
makers so that farmers feel secured to go for alternatives. 

 
CONCLUSION: The effect of all climate change parameters is different for both C4 and C3 plants. Though the 
investigation on the response of the both type of plants are gaining some pace , it is undeniable that enough 
literature on C4 plants regarding this  till date is sparse. According to Intergovernmental Panel on Climate 
Change, (IPCC) 2001 report an understanding of C4 plants responses to ambient variables such as temperature, 
CO2, nutrients and water is essential for predictions of how agricultural and wild C4 populations will respond to 
climate variations such as those predicted to occur with global climate change. So detailed study on C4 plants 
and their response towards global climate change parameters is needed. 
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When you think of waste, think of wealth. Yes, waste can be productively used to generate wealth in form of 
energy while addressing the issues of Agriculture. Various components of waste have an economic value and 
can be recovered, reused or recycled cost effectively. Biodegradable waste has a good potential for generating 
biogas, which can serve as fuel, can also be converted to energy as well as to compost which can improve soil 
health and lead to increased agriculture production. This wet waste must therefore be processed either 
through bio-methanation or composting technology for generating biogas, electricity or compost for use as 
nutrient and prevent such wastes reaching the landfill.  

Agricultural wastes are defined as the residues from the growing and processing of raw agricultural 
products such as fruits, vegetables, meat, poultry, dairy products, and crops. They are the non-product outputs 
of production and processing of agricultural products that may contain material that can benefit man but 
whose economic values are less than the cost of collection, transportation, and processing for beneficial use. 
Their composition will depend on the system and type of agricultural activities and they can be in the form of 
liquids, slurries, or solids. Agricultural waste otherwise called agro-waste is comprised of animal waste 
(manure, animal carcasses), food processing waste (only 20% of maize is canned and 80% is waste), crop waste 
(corn stalks, sugarcane bagasse, drops and culls from fruits and vegetables, prunings) and hazardous and toxic 
agricultural waste (pesticides, insecticides and herbicides, etc). Estimates of agricultural waste arising are rare, 
but they are generally thought of as contributing a significant proportion of the total waste matter in the 
developed world. Expanding agricultural production has naturally resulted in increased quantities of livestock 
waste, agricultural crop residues and agro-industrial by-products. There is likely to be a significant increase in 
agricultural wastes globally if developing countries continue to intensify farming systems. It is estimated that 
about 998 million tons of agricultural waste is produced yearly. Organic wastes can amount up to 80 percent of 
the total solid wastes generated in any farm of which manure production can amount up to 5.27 kg/day/1000 
kg live weight, on a wet weight basis. 

Agricultural waste comes in diverse forms. They can be liquid, slurry or solid, they can be soluble or 
insoluble, combustible or incombustible, toxic or nontoxic. With this understanding of the nature of waste will 
you know where to dispose or probably make use of them. Below is a list of where agricultural waste can be 
used on the farm: 
1. Convert waste to animal feed: Many or most agricultural waster have economic importance to the farmers. 
Waste generated from threshing, dehiscing and the milling process can be used directly on the farm for the 
feeding of various animals. Rice and wheat bran can be served directly to some animals such as goat, cattle, 
grass cutter even pigs. While corn bran, groundnut cake, sesame cake can be blended with other ingredients 
and served to poultry birds as feeds. Dead birds can be served to catfish as a good source of food. The amount 
of commercially produced food waste, on both the large and small scale, needs to be reduced. With nearly fifty 
percent of this waste being derived from fruit and vegetable origins recycling this waste into animal feed would 
drastically reduce the overall amount of waste produced These are just little among the numerous waste you 
can use as feed for your animals instead of disposing them off indiscriminately which could lead to 
environmental pollution and hazard. This method of food residual recycling will be economically beneficial for 
the food animal industry. t due to skyrocketing prices of fertilizer and animal feed, there is an “increasing 
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demand for recycled food. Recycled feed in India tends to be about fifty percent cheaper than standard animal 
feed, so this demand is extremely understandable.  
2. Convert waste to fuel: In recent years the development of biotechnology has led to the discovery of bio fuel 
and bio gas. The generation of bio-gas from your food and animal waste will help you reduce or cut down the 
cost of purchasing cooking gas for the farm. Also the bio-gas generated can be used as fuel for your power 
generation plants. The good news here is that the technology behind the generation of bio gas for household 
use is very cheap and readily available online. To learn more about how to build a mini bio gas plant for 
household use, you can go to YouTube and watch videos on how it’s done. 
3. Use waste for the production of other products: Products such as briquette, soap etc. can be made from 
agricultural waste. With little research you will discover that there are many things that can be made of the 
waste you’ve been disposing. 
4. Convert waste to organic manure: There have been arguments over the years that organic manure is a 
better option than the inorganic manure for optimum crop production. Whether the argument is right or 
wrong the fact is that the use of organic manure will boost crop production and as well as lower the cost 
involvement. The use of organic manure is good but the application of raw animal waste on farm land could 
lead land pollution. Secondly, some animal wastes are acidic in nature and can lead to the death of your crops. 
So the best advice is to let waste decompose first. By decomposing, I mean to allow bacterial act on the 
manure in order to break it down before application on the farm. Decomposition helps to breakdown the acidic 
content of the waste and makes it less harmful to the soil and the plants which it is meant to nourish. 
5. Convert waste to cash: Most agricultural waste can be sold out to people for other purposes. There are 
vegetable farms who will gladly buy your poultry waste so as to use it as manure on their farms. Agricultural 
waste such as rice bran, corn husk can be used for as feed or as fuel in factories. All you need to do is to search 
for buyers and strike a deal with them so that every time you have this waste they can come and get them from 
your farm at a cost. 
6 Wastes from post-harvest food grain: While tropical climate is favorable for growing crops, it also supports 
the generation and development of insects and weeds. This situation creates a high demand for pesticides in 
order to kill insects and protect against the spread of epidemic diseases; this need often lead to the abuse of 
pesticides by farmers. After using pesticides, most of the bottles and packages holding these pesticides are 
thrown into fields or ponds. According to an estimate made by the Plant Protection Department (PPD), about 
1.8% of the chemicals remain in their packaging. These wastes have the potential to cause unpredictable 
environmental consequences such as food poisoning, unsafe food hygiene and contaminated farmland due to 
their potentially lasting and toxic chemicals. In addition to this, existing stagnant or unused pesticides and 
pesticide packages with residue from the original contents poses serious environmental consequence in that 
they could be stored or buried in the wrong way which may leak or enter the environment through osmosis 
and thereby affecting the environment. In agricultural production for example, fertilizers play an important role 
in maintaining the productivity and quality of plants. Inorganic fertilizer is inexpensive and characterized by 
high productivity. However, many farmers apply more fertilizer to their crops than the amount needed by the 
plants. The serious consequence of such an excessive application of fertilizer is that it is used to the point of 
abuse in order to increase the annual agricultural output. The rate of absorption of such fertilizer compounds 
(nitrogen, phosphorus, and potassium) varies depending on the land characteristics, plant types, and method 
of fertilization .Among the fertilizer excess, a portion is retained in the soil, a portion enters ponds, lakes and/or 
rivers as a result of either surface runoff or the irrigation system adopted, which results in the pollution of 
surface water; a portion enters the ground water, and a portion evaporates or becomes de-nitrated, causing air 
pollution. 
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7. Post-Harvest waste of Fruits and Vegetables reduce can convert into wealth: India is the second largest 
producer of vegetables and fruits in the world. Though we are producing adequate quantities of fruits and 
vegetables, yet on account of losses in the field as well as in storage, they become inadequate. Generally, 
about 30 % fruits and vegetables are rendered unfit for consumption due to spoilage after harvesting. India 
annually produces fruits and vegetables of the value of about Rs. 7000 crores and wastage may be of the order 
of Rs. 2100 crores. This is a huge loss of valuable food even when the mini- mum food requirement of the 
population is not met. Therefore, it is important not only to grow more, but also to save what is grown at high 
cost. The magnitude of post-harvest loss in fruits and vegetables can be minimized by proper cultural 
operations, harvesting, transportation, storage and pre and post- harvest treatments. 
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HOME GARDENING 
Article id: 22652 

M.Velmurugan1, M.Anand2, P.R.Kamalkumaran3, K.Rajamani4 and L.Pugalendhi5 
1, 4, 5 – HC&RI, Coimbatore; 2 & 4 – HRS, Yercaud 

 

Landscaping combines elements of art and science to create a functional, aesthetically pleasing 
extension of indoor living to the outdoors. Landscape integrates the various living and non living components 
of garden. Generally gardens are the stretch of land with greenery comprising of flowering and foliage plants. 
These are intently designed for recreation purpose besides the mitigation of pollutants and education to school 
and college students.   

 
Steps in developing a landscape design 

1. Develop a plot plan 
2. Conduct a site analysis 
3. Assess family needs and desires 
4. Locate activity areas 
5. Design activity areas 
6. Plant selection and placement  

Develop a plot plan: It is difficult to visualize certain aspects of design without putting it to scale on paper. The 
designer should think with drawings or sketches and make the mistakes on paper not on the landscape site. 
The plot plan should consist of 1) accurate house placement on the plot, 2) accurate plot and house dimensions 
with window and door placement and 3) existing driveways and walks. Once the house position on the lot has 
been determined, this should be drawn to a predetermined scale on tracing paper placed over grid paper.  

Conduct a site analysis: A complete survey of the customer's property is essential. The plot plan will assist you 
in organizing the information from the site analysis. A thorough site analysis can save you time and money. 
Existing vegetation, natural factors and features, views, noise levels, utility placement, easements/setback lines 
and primary architectural features of the house should be noted.  
 

Existing plants should be examined. Tree condition and placement should be recorded. Trees on adjoining 
property that would affect shade patterns on the customer's plot should also be surveyed. This information is 
essential to designers, especially since it is their responsibility to blend this home into the natural or existing 
setting, or to create a setting to be functional and to complement the structure. Shrubs, groundcovers and 
grasses should also be examined as to their condition and potential use. The landscape horticulturalist may also 
be involved in protecting existing vegetation during construction. It may be desirable to block vehicular traffic 
from areas close to valuable trees.  

Natural factors and features of a landscape include house orientation, land form, soil conditions, rainfall 
distribution, seasonal wind pattern and micro-climatic conditions. House orientation affects the exposure of 
various portions of the house to the sun . 

Land form refers to slope or land elevation changes. It determines surface water drainage patterns and is 
essential knowledge for the landscape horticulturalist in developing functional and aesthetically pleasing 
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landscapes. Soil characteristics will determine selection and placement of plants. Soil pH, nutrient and water 
holding capacity and drainage should be considered.  

Assess family needs: A landscape should be an outdoor extension of indoor living areas. It should be functional 
and provide space for family activities. Before the designer can create such an environment, knowledge of 
certain family characteristics is essential.  
Local activity areas: Once the family needs have been determined, areas for these activities must be located on 
the property. Their placement should be considered in terms of the house plan and in relation to other 
activities in and adjacent to the property. These activity areas could include a public area, entrance, living area, 
quiet zone, service and work area, or vegetable or cut-flower garden plot.  
Design activity areas: A systematic approach should be taken in designing activity areas. First, determine the 
objectives of the design and establish the general type of plan i.e formal or natural. Plan for structural needs, 
consider land form modifications, determine traffic flow, develop bed form and then specify plant materials. 
Structural needs should be considered first. If a storage building is needed, a level spot and access must be 
planned. Required access may mean a path or limited vehicular access to haul in firewood, etc. Existing land 
form may have slopes which will erode. Existing slope or steepness will determine what actions should be 
taken. Ground covers may be the answer for long, gentle slopes while terraces with blocks may solve the 
problem of a short, steep bank. Grass should not be put on slopes greater than 1:6 (1 foot of rise per 6 feet of 
run) because of maintenance safety. Other ground cover materials will probably hold a 1:2 or 1:3 slope. Bark 
mulch should not be placed on a slope greater than 1:10.  
Plant selection and placement: Plant selection is the last step in the design process. Until this point, plant form, 
texture, color and size have been visualized, but now a name must be assigned to each plant. Plants are 
selected on the basis of climatic adaptability to the microclimate of the location, plant architecture and 
availability. These microclimate conditions include sun intensity and duration, soil conditions, rainfall, air 
circulation and temperature. Some plants perform better in partial or full shade than in full sun. The length of 
daily exposure to a particular light level also influences plant responses. Soil pH, soluble salts level and drainage 
properties influence plant adaptability greatly. Plants can be selected to tolerate varied soil conditions, but the 
designer must have a working knowledge of available plant materials.  
 Plant architecture consists of form, size, texture and color. Plant form is classified as columnar, upright, 
spreading, broad spreading and prostrate. Plants should be selected on the basis of their mature size or a size 
at which they can be maintained easily. Texture is referred to as fine, medium or coarse. It is determined by 
branching habit, leaf size and shape, leaf arrangement, leaf color and leaf surface texture (dull or glossy). Plant 
color is determined by the foliage, flowers and/or fruits. Knowledge of a plant's seasonal color variations is 
essential.  

 Landscape designers must also be aware of insect and disease problems for plants they expect to 
include in a plan. Desirable plants are those resistant to or tolerant of pests like mites, scale, nematodes, 
borers, root rots, powdery mildew, wilts, galls, blights, and leaf spots. Plants in some locations must be tolerant 
of human abuse, air pollution and animals.  

 Usually, plants should be spaced with consideration to their mature size. Plants in large areas or groups 
are generally spaced to cover an area in 3 to 5 years. Plants should be spaced far enough from the house so 
that there is adequate air circulation near the house. Generally, space plants from the house by at least the 
distance of the plant radius at maturity. Spacing plants too close to the house is a common mistake.  
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Minimal maintenance considerations: Maintenance cannot be avoided, but it can be minimized. Even the 
perfectly designed and installed landscape will fail if the maintenance fails. However, many maintenance 
problems are designed into landscapes. Complex designs usually require more maintenance. Simplicity can be 
achieved by avoiding unnecessary detail. Limit the number of plant species and create well-defined planted 
areas by not scattering plants throughout open areas. Design the appropriate size of maintained area and 
arrange plants in groups of like species to create a mass effect. Tree beds can eliminate trimming, reduce lawn 
mower damage to tree trunks and increase the speed of mowing. Edging of beds creates a sharp clean line and 
reduces maintenance requirements. Make sure bed lines encompassing a lawn area meet at angles greater 
than 90 degrees. Walk, driveway and patio surfaces that are in grassed areas should be above the ground level. 
Avoid improper plant selection, spacing and installation that can cause maintenance headaches. Some of the 
selected flowering trees, shrubs, climbers, creepers and hedge plants are furnished as follows:   

Plants suited for landscaping 

Selected flowering trees 

SI 
No. 

Botanical name Common 
name 

Colour of  flowers 

1. Acacia delbata Silver wattle Yellow 

2. Bauhinia purpurea Bauhinia Purplish rose colour 

3. Calophylum inophyllum Pinnai Fragrant white flowers 

4. Cassia fistula Golden hower Bright yellow flower 

5. Delonix regia Gul Mohar Orange scarlet flowers 

6. Erythrina indica Indian coral tree Scarlet red flowers 

7. Melia azedarach Persian Lilac Lilac flower 

8. Michelia champacca Shembagam Light yellow whitish and red flowers 

9. Parkia biglandulosa Badminton ball tree White flower 

10. Peltophorum ferrugineum Copper shield Pale yellow colour 

11. Spathodea companulata Indian Tulip Orange, Scarlet flowers 

12. Callistemon lanceolatus Bottle brush tree Brilliant Crimson Scarlet 

13. Eucalyptus ficifolia Flowering Gum White to pink, scarlet or deepred 

14. Lagerstroemia flosreginae Pride of India Mauve coloured flowers 

15. Millingtonia hortensis Tree Jasmine Fragrant pure with jasmine like flowers 

16. Saraca indica True Asoka tree Yellowish orange to orange scarlet 

 

Selected foliage trees 
1. Araucaria excelsa 
2. Filicium decipiens 
3. Polyalthia longifolia 
4. Ravennala madagascariensis 
 
Selected trees for shade purpose 
1. Ficus elastica 
2. Kigelia pinnata 
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Shrubs and climbers 
1. Acalypha hispida 
2. Allamanda grandiflora 
3. Barleria cristata 
4. Bauhinia tomentosa 
5. Clerodendron inerme 
6. Dombeya spectabilis 
7. Duranta plumieri 
8. Hamelia patens 
9. Hibiscus rosasinensis 

10. Mussaenda erthyrophylla 
11. Nerium oleander 
12. Poinsettia pulcherrima 
13. Tecoma stans 
14. Thevetia nereifolia 
15. Codioeum sp 
16. Eranthemium elegans 
17. Pisonia alba 

 
Hedges 

A. Plants suitable for ornamental hedges 
1. Acalypha sp. 
2. Barleria sp. 
3. Bougainvillea sp. 
4. Cupressus macrocarpa 
5. Duranta plumieri 
6. Eranthemum sp. 
7. Hamelia patens 
8. Hibiscus rosasinensis 
9. Lantana camera 
10. Malpighia coccigera 
11. Pedilanthus titymaloides 
 

 B. Plants suitable for boundary or tall hedges 
1. Acacia farnesiana  
2. Acalypha 
3. Agave Americana 
4. Aralia 
5. Bougainvillea 
6. Caesalpinia pulcherrima 
7. Casuarina equisetifolia 
8. Carissa carandas 
9. Pithecolobium dulce 
10. Punica granatum 
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11. Tecoma stans 
12. Thevetia nereifolia 
 

C. Edges 
I. Foliage plants suitable for edging 

1. Altemanthera 
2. Coleus sp. 
3. Eupatorium cannabinus 
4. Iresine sp. 
5. Santolina chamaecyparissus 
6. Echeveria 
7. Cineraria maritime 
 

II. Flowering plants suitable for edging 
1. Alyssum 
2. Amaryllis 
3. Gerbera 
4. Lobelia 
5. Gazania spiendens 
6. Plumbago capensis 
7. Zephyranthes 
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Seed Pelleting 
Article id: 22653 

M.Ananthi   
Teaching Assistant, Directorate of Planning and Monitoring 

Tamil Nadu Agricultural University, Coimbatore – 3  
 

INTRODUCTION 
In India, practising of seed pelleting is limited; neither commercial nor government seed organizations 

has realized its importance.  Whereas, in developed countries, it is very common and most of the seeds are sold 
with coating only.  Singling is difficult for small seeds which are low in density and irregular in shape.  To 
overcome these difficulties, seed pelleting is advocated.  However, now attention has been invited on the 
importance of seed pelleting for aerial seeding in the afforestation of inaccessible areas in particular.  For this 
situation, it is the cheapest, quick and quite useful method. 

Seed Pelleting  
Seed pelleting is the process of enclosing a seed with a small quantity of inert material just large enough 

to produce a globular unit of standard size to facilitate precision planting. The inert material creates natural 
water holding media and provides small amount of nutrients to young seedlings. Seed pelleting also serves as 
mechanism of applying needed materials in such a way that they affect the seed or soil at the seed soil 
interface. The main objective of seed pelleting is precision sowing with added advantages of better 
establishment and increased productivity. 

Steps in Pelleting  
The three basic steps involved in pelleting are stated as stamping, coating and rolling. The materials 

needed for pelleting are seed, adhesive and filler materials. Initially the seeds are uniformly coated with 
adhesive in correct quantity. Then the filler materials are sprinkled on the coated seeds and are rolled on the 
filler material for effective and uniform coating. 
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Materials needed for seed pelleting  
Adhesive   

The adhesives recommended by various authors are, gum arabic, methyl cellulose, gelatin, casein, 
plastic rexins, polyvinyl acetate, methyl ethyl cellulose, polyurethane polyvinyl alcohol, polyvinyl acetate, poly 
electrolyte or dextran and poly ethylene oxide. 
 Filler   

The most common materials used for protectants for Rhizobia include lime, gypsum, dolomite and rock 
phosphate.  Other materials include clay minerals such as montmorillonite and vermiculite.  Besides, blood, 
peat, poultry manure, moss and mucilage are also used. 
Types of Pelleting  

 Types of pelleting Ingredients  for pelleting 

Inoculant pelleting  Biofertilizer,viz, Rhizobium, Phosphobacteria, Azospirillum, Azatobactor, 
Vesicular Arbuscular Mychorhizae, Azophos  

Protective pelleting  Biocontrol agents like  Pseudomonas, Trichodermma, Rhizobacteria, 
Bacillus, Streptomyces,and insecticides and fungicides  

Herbicide pelleting  Filler antitode or absorbent coating. Herbicide antitode like 1,8 napthalic 
anhydride (NA)  

Nutrient pelleting  Coating with micro and macronutrients namely ZnSO4, FeSO4, CuSO4, KCl, 
borax, diammonium phosphate (DAP) and other salts suitable for each crop.  

Hydrophilic coating (Water 
stress condition)  

Starch graft polymers, magnesium carbonate  

Oxygen supplier coating 
(Flooded condition)  

Peroxides of zinc and calcium  

Organic pelleting  Leaf powders ( arappu, pungam, acacias) and rhizome powders ( turmeric, 
Acorus)  

 
Procedure 

There are three basic steps in pelleting namely stamping, coating and rolling. Seeds are introduced into 
a coating drum or pan that resembles a cement mixture. An amalgam of pelleting materials (clays, limestone, 
calcium carbonate, talc, vermiculate) and cementing adhesives (gum arabic, gelatin, methyl cellulose, polyvinyl 
alcohol) are used to form the pellet and other compounds such as inoculants, fungicides, insecticide, nutrients 
and botanicals etc. may be added to enhance seed performance. As drum rotates, the seeds are first sprayed 
with water followed by the addition of the pelleting materials and the pellet gradually increases in size with 
each turn of coating drum. Longer rotation times with greater amounts of pelleting materials lead to greater 
pellet size and roundness. At the end of the pelleting process, a binder is added to harden the outer layer of 
the pellet. This also reduces the amount of dust produced during handling, shipping and planting. After 
pelleting is completed, the pelleted seeds are dried and handled in the same way as unpelleted seeds. 
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Advantages  

 The mechanical planting of seeds  is facilitated by seed characteristics such as uniform size and shape. 

 Small and irregular shaped seeds can be handled easily by pelleting which changes the shape of seed. 

 Pelleting also has the potential for accurately dosing seeds with chemicals. 

 Pelleting helps in obtaining correct plant distribution and better protection. 

 Improved the ballistic properties because of  increase in weight of seed, therefore increase the capacity 
of aerially sown seed to penetrate into standing vegetation. 

 The pellet can have a colour so that birds and small animals cannot recognize the seeds. 

 Singling of seeds and prevention of clogging. 

 Attraction of moisture. 

 Supply of plant growth regulators and micronutrients. 

 Influence of micro-environment. 

 Saving of chemicals / fertilizers applied to the soil. 

 Ensure uniform field establishment. 

 Increased yield. 

CONCLUSION 
Despite the technical problems, seed pelleting is recognized as an important addition to the precision 

planting in many agricultural crops. In forestry, seed pelleting is an attractive tool to implement aerial seedling 
for wasteland afforestation programmes. 
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Weather and Climate products and Services for Agriculture in India 
Article id: 22654 
Pattam Keerthi 

Department of Agronomy, College of Agriculture, CCS Haryana Agricultural University, Hisar 125001 
INTRODUCTION:  
Weather and climate plays an important role in agricultural production. It has a profound influence on crop 
growth, development and yields; on the incidence of pests and diseases; water needs; fertilizer requirements 
and so on. Accurate information on extreme meteorological parameters has great potential for increasing 
output to the farmers. Weather based Agromet advisory Services to the farmer have the potential to reduce 
the weather aberration associated losses to a large extent by suitable adoptive measure dissemination to the 
farmer and planners community (Rathore et al., 2009). This information is also useful for modification of crop 
environment, protection from frost, strong wind. Information on irrigation scheduling leading to efficient water 
management and drought preparedness (Das, 2012). 
 
Weather Forecast:  
Different parts of the country experience different kinds of weather conditions such as Winter season (Jan-Feb) 
is characterized by Western Disturbances, Cold Wave, Fog; Pre-Monsoon (Mar-May) by Cyclonic Disturbances, 
Heat Wave, Thunder Storms, Squalls, Hail Storm, Tornado; Monsoon (Jun-Sep) by Southwest Monsoon 
Circulation, Monsoon Disturbances; and Post-Monsoon (Oct-Dec) by Northeast Monsoon, Cyclonic 
Disturbances etc. have pronounced effect over different regions. Hence prediction of weather systems in 
different spatial and temporal scale over the Indian region assumes considerable importance.  
Different time scale weather forecast in advance provides opportunity to efficiently minimize the loss from 
adverse weather and took the benefit from benevolent weather. Long-range forecast (LRF)/Seasonal forecast 
provides lead time for strategic planning in agriculture. Extended range forecast (ERF) having temporal 
resolution of 10 days to one month provides adequate lead time to the farmers as well as to different users for 
input management under stressed situation. Medium range forecast (MRF) having temporal resolution of 3-10 
days, for in situ agricultural practices this forecast is considered to be most important. Short range forecast of 
up to 3 days resolution and nowcasting of 3 hours to 6 hours resolution having significance in efficient 
utilization of agricultural inputs. Network of Doppler Weather Radar (DWR) in use efficiently monitors the track 
of tropical cyclone and informs very well in advance. 
 
Agrometeorological Advisory Services: AAS (Agrometeorological Advisory Services) of IMD under Gramin Krishi 
Mausam Sewa (GKMS) translate the medium range weather forecast (5 to 7 days) of eight important weather 
parameters (maximum, minimum temperature, rainfall, wind direction, wind speed, maximum minimum 
relative humidity and cloudiness) into agriculture advisory for the farmers. Present system of medium range 
weather forecast agriculture uses GFS T-1534 model output of 12.5 Km resolution and model is able to very 
successfully capture the weather related to synoptic system. Finer resolution weather forecast, satellite derived 
products, experts knowledge and amalgamation of new technologies in the advisory generation and real time 
dissemination have enhanced the decision taking ability of the farmers and contributes in weather smart 
farming. Customized information under advisory services such as Standardized Precipitation Index (SPI) 
(Guttman, 1999; Guhathakurta et al., 2011), Aridity anomaly maps, NDVI (Normalized Difference Vegetation 
Index), Grid level Potential Evapo-Transpiration (PET) value and soil moisture are some products which are 
being used in irrigation scheduling and efficient water management even at block level. Extended range 
forecast also translated in advisory for outlook for next 15 days and weekly update every Friday is operational 
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to help the planners and other stakeholders. Use of seasonal climate forecast to help the farmers under proof 
of concept is also initiated on pilot basis in some districts of Bihar and Tamilnadu, where weekly condition and 
forecast for rest of the season is provided in the form of advisory to selected farmers. Efforts is also made to 
prepare met subdivision/state level monsoon forecast in experimental mode but there is requirement to have 
information at district level for better planning and decision making. Irrigation water management and 
hydrology reservoir management inputs are also underway to incorporate in the services. 

 
Dissemination and economic benefit of Advisory: Besides mass media, the dissemination of information 
through mobile SMS service of mKisan portal and under PPP mode number of farmers benefited from the 
services is now 40.1 million farmers with the objective of reaching about 120 million farmers of the country. 
The extension system of State Department of Agriculture is envisaged to play a unique role in realizing last mile 
connectivity in agriculture value chain.  According to National Council of Applied Economic Research (NCAER), 
an independent agency, during 2015 estimated that the economic benefit from the use of weather information 
as the product of the percentage of farmers receiving information. 95% of farmers surveyed experienced 
improved accuracy and reliability in medium range weather forecast over last five years. At present only 24 
percent of the farmers are benefitting from the SMS services. The economic profit estimates Rs. 42,000 crore 
on 4 principal crops viz. paddy, wheat, sugarcane and cotton only.  This service has the potential of generating 
net economic benefit up to Rs. 3.3 lakh crores at 2012-13 prices on the 22-principal crops when AAS is utilized 
by 95.4 million farming households. 
Strategies for expansion and improvement of services: To strengthen the service in  terms of observation, 
seamless weather forecast, manpower, real time information flow, research and development (R&D), 
dissemination etc, the present system of delivering the services at district level is underway to extend up to 
sub-district/ block level with dissemination up to village level hence additional 530 District Agro-Met Units 
(DAMUs) is underway to establish  in  premises of Krishi Vigyan Kendras (KVKs) in the country with joint 
initiative of IMD and ICAR, in complementary with existing 130 AMFUs, thus establishing a network of 660 units 
across the country. These units will be equipped with Automatic Weather Station (AWS) consisting of 
additional sensors for soil moisture and soil temperature at 4 different depths up to one meter. 
 
Agromet Decision Support System for weather smart agriculture: The various components of GKMS service 
viz. observing weather, its monitoring and forecast & verification; crop specific advisory bulletin generation; 
outreach and feedback  are being digitized to support integration of all the components of information 
generated. IMD in collaboration with RIMES, ICAR-CRIDA and WOTR established an automated system of agro 
advisory generation at district level. An advanced system with detailed location specific information of 
agriculture, a dynamic crop weather calendar for major crop of the area, remote sensing and ground 
information based crop health and water balance based soil moisture information along with the high 
resolution weather forecast will make the system exhaustive and capable to generate the customized advisory 
for rainfed and irrigated farming system. Knowledge of field experts and the State agriculture officers will train 
the system for automation.  
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Gel for pesticide toxicity a boon to Indian farmer 
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Agricultural crop production cannot be assumed without the application of pesticides. India is the largest 
producer of pesticides and also one of the most intensive pesticide users in crop production in the 
world. Pesticides have become an integral part of present day farming, and play a major role in increasing 
agricultural productivity. However, the frequent used of these pesticide makes it more prone to be affected by 
them. Pesticides are substances which, on entering the body by any means through ingestion, inhalation, and 
absorption or via intact skin, produce harmful effects. The effect may be in the any may be in the form of 
damage to the tissues or as a disturbance in the functioning of the blood. Indian farmers usually do not wear 
any protective gear while spraying chemicals in fields this exposes them to harmful toxics chemicals of 
pesticides, causing severe health hazards and even death in extreme cases. Indian scientists have now 
developed a protective gel to address this problem. The gel can be applied on skin which further break down 
toxic chemicals of pesticides, insecticides and fungicides including the most hazardous and widely used organo 
phosphorous compounds. The gel does not act like a physical barrier, but it acts like a catalyst to deactivate 
organophosphate an oxime which hydrolyses multiple organophosphate molecules, one after another and it 
takes place at a temperature ranging from 20 to 40 degrees, and even after long exposure to ultraviolet light. 
The research suggests that a thin layer of poly-Oxime gel can hydrolyze organophosphates on the skin 
therefore; it can prevent AChE inhibition quantitatively in blood and subsequently in all internal organs such as 
brain, lung, liver, and heart. It has also been found that the catalytic gel can work against a range of commonly 
used commercial pesticides, insecticides, and fungicides .The gel deactivates these chemicals, preventing them 
from getting absorbed deep into the skin and further affecting organs like brain and lungs. In a series of 
experiments conducted on rats this test has shown positive results and researchers believe to conduct the 
same test on humans also. The harmful chemical of pesticide interferes with a neuro muscular enzyme called 
acetylcholinesterase (AChE) which is an active component of nervous system and is critical for various 
neuromuscular functions. When the functioning of this enzyme  is disrupted by the chemical of pesticides 
which enters the body through pesticide application by the farmer, ultimately cause neurotoxicity, cognitive 
dysfunction and even death in severe cases. During the experiment when the gel was applied on rats and they 
were exposed to a lethal dose of pesticide MPT, it did not lead to any change in their AChE level, showing it 
could prevent penetration of the pesticide into the human skin also.The gel, named poly-Oxime, has been 
prepared by researchers at the Institute for Stem Cell Science and Regenerative Medicine, Bangalore from a 
nucleophilic polymer. In lab studies, rats treated with poly-Oxime gel survived pesticide treatment, whereas 
rats with no gel or sham gel showed symptoms of poisoning or death. It’s a small initiative towards the safety 
and wellbeing of the agricultural community.  
 A large number of farmers die in large numbers due to the harmful effects of the chemicals used in the 
agricultural production if this sort of product is launched and promoted by the government on mass basis with 
nominal charges then it will be a boon to the agricultural community. 
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Causes and consequences of vulture decline in India and the world 
Article id: 22656 
Kiran Doodhawal   

Ph.D scholar, Dept. of soil science, MPUAT, Udaipur 

 Vultures are regarded as most successful scavengers known to the world and play wide range of 
cultural, economical and ecological services in the nature. Vultures are characterised by keen eye sight, swift 
flight and extremely low pH level in the stomach. Of the total 23 vulture species, 14 vulture species are 
threatened with extinction. Severe decline in the vulture population has been witnessed in Asia and Africa. 
Drastic decline in the vulture population in India has been attributed to poisoning by veterinary drug 
diclofenac. Assessing the severity, ban was sought on the veterinary usage of diclofenac in 2006. Decline in the 
population of vultures in Africa quoted with numerous reasons, rendered conservation more difficult. 

Distribution of vulture  
 Of the 23 vulture species most of them belongs to old world with Accipitridae family and remaining 7 
species belong to new world Cathartidae.  
 India has nine species of vultures in the wild. These are the Oriental White-Backed Vulture (Gyps 
bengalensis), Slender Billed Vulture (Gyps tenuirostris), Long Billed Vulture (Gyps indicus), Egyptian Vulture 
(Neophron percnopterus), Red Headed Vulture (Sarcogyps calvus), Indian Griffon Vulture (Gyps fulvus), 
Himalayan Griffon (Gyps himalayensis), Cinereous Vulture (Aegypius monachus) and Bearded Vulture or 
Lammergeier (Gypaetus barbatus). The population of three species i.e. White-Backed Vulture, Slender Billed 
Vulture and Long Billed Vulture in the wild has declined drastically over the past decade. The decline of Gyps 
genus in India has been put at 97% by 2005. 

Decline in the vulture population 

 Decline of vulture population in Europe and North America began in early 19 th century. Bearded vulture 
in Europe and California Condor in North America is nearing extinction.  

 First report of decline of more than 95% of Gyps vulture was reported in Keoladeo national park, India. 

 Similar, drastic reduction in vulture population was witnessed in Nepal and Pakistan. 

 Severe decline in the red headed vulture has been reported Egypt.  

 Seventy percent vulture declination has been reported in Kenya.  

 Wild life hot spot region in Masai Mara lost more than 60 % of vulture population. 

Cause of decline  
Numerous reasons have been quoted for the decline in the vulture population worldwide, these reasons have 
been mentioned below.  

 Poisoning and human persecution has been regarded as the two main reasons for the vulture decline. 

 Poisoning: Involves unintentional killing or harming of vulture due to the consumption of contaminated 
food/ carcasses. 

 Human persecution: Involves intentional killing or disturbance of vultures through shooting, poisoning and 
deliberate harassment. 

 They solely depend on the dead carcasses for their nutrition, thus more prone to poisoning. 

 Communal feeding behaviour of the vulture makes the large number of vulture being poisoned even by 
single carcass. 
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 Vultures occupy highest tropic level in the food chain, increasing their susceptibility to bio accumulation. 

 Poisoning by non steroidal anti-inflammatory drug, diclofenac rendered severe decline in the Gyps vulture 
population in Asia.   

 Hooded vultures are hunted for food in West Africa  and significant proportion of vulture mortality is also 
attributed to collusion and electrocution. Griffon vulture experienced fatal collusion with wind turbine 
blades. 

  Consequences of vulture decline 

 Rapid increase in the population of feral dogs and rats and they act as a disease reservoir and disseminate 
diseases such as Canine distemper virus, Canine parvo virus and Leptospira sp. of bacteria. 

 Incidence of rabies and bubonic plague get intense in the absence of scavenger vultures and economic 
consequences involve cost incurred for human health. 

Conserving the vultures 

 Setting up of vulture restaurants for providing quality carcass free from toxicity and vulture conservation 
centres. 

 Ban on veterinary usage of diclofenac, as the same drug finds its utility in human beings and have chances 
of diverting to the veterinary purposes. 

 Complete burring of carcass died by poisoning or contagious diseases. 

 International collaboration to save the scavenger. 
National and international efforts  

 International workshop at Kathmandu, Nepal in February 2004 for phasing out the use of diclofenac. 

 Workshop at Parwanoo, Haryana in February 2004: to develop a recovery plan for the vultures in South 
Asia. 

 National Workshop at New Delhi in April 2004: to prepare a National Action Plan for conservation of the 
three species of vultures. 

 Second Meeting of the National Board for Wildlife (NBWL) on 17th March 2005 under the chairmanship of 
Hon’ble Prime Minister. 

 International Conference on Vulture Conservation at New Delhi on 31st January 2006 -1st February 2006: for 
exchange of information on the status of the vulture population in the range countries of the region, 
conservation and cooperation in this regard. 

CONCLUSION 
Severe decline in the vulture population has been witnessed in many parts of the world. Human beings,  so 
claimed as the wisest animal on the earth is the culprit of decline in the population of many wild relatives, 
should devote his time for the conservation of equally valuable wild species from getting extinct. Continuous 
effort in this regard may restore the vulture population to its original level. 
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Cultivation of elephant foot yam 
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Scientific name : (Syn:Elephant foot yam) Amorphophallus paeoniifolius (Syn:A. campanulatus (Roxb.) Blume) 
(2n = 28) 
Common / Local Name: Hindi: Suran, Zamikand. Family: Araceae 
 

INTRODUCTION: 
Elephant foot yam is a remunerative and profitable stem tuber crop.  The crop is gaining popularity due to its 
shade tolerance, easiness in cultivation, high productivity, less incidence of pests and diseases, steady demand 
and reasonably good price.  Tubers are mainly used as vegetable after thorough cooking.  Chips are made of 
starch-rich tubers.  Tender stem and leaves are also used for vegetable purpose.  Tubers contain 18.0% starch, 
1-5% protein and up to 2 % fat.  Leaves contain 2-3 % protein, 3 % carbohydrates and 4-7 % crude fibre.  Tubers 
and leaves are quite acrid due to high content of oxalates.  Acridity is usually removed by boiling fairly for a 
long time.  Cultivating of elephant foot yam is limited to India, Philippines, Sri Lanka and South East Asia. 

Land preparation: 
After one or two ploughings, pits of size 60 x 60 x 45 cm are made at a spacing of 90 x 90 cm during February. 
For harvesting small to medium sized tubers, distance between pits is reduced to 60 x 60 cm.  Pits are half filled 
with top soil and well dried farmyard manure @ 2, 0-2, 5 kg/pit and wood ash.  

PLANTING: 
Amorphophallus is propagated through corm.  Corms harvested during November are stored in well ventilated 
rooms.  Before planting during February, the corm is cut into setts of 750-1000 g, each bearing a portin of 
centeral bud.  Cut corms are smeared with cow dung slurry or wood ash and allowed to dry in patial shade.  
Rapid seed corm production technique suggests use of cormels and mini sett transplants of 100 g size for 
planting at a closer spacing of 45 x 30 cm. 
Planting material is placed vertically in the pit. After compacting the planted tubers, pits are covered with 
organic mulches like green leaves or paddy straw. 
 
VARIETIES: 
Sree Padma – Developed at CTCRI, Thiruvananthapuram; yield 42 t/ha 
Gagendra – Developed at Apau, Hyderabad. 

NUTRIENT MANAGEMENT: 
Apply fertilizer @ 40 kg N, 60 kg P205 and 50 kg K20/ha 45 days after planting along with mulching and 
application of cow dung or compost after receipt of rains.  This is followed by digging interspaces and light 
earthing up.  Top dressing is done with 40 kg N, 50 kg K20 again one month after, along with shallow 
intercultural operations like weeding, light digging and earthing up. 

WATER MANAGEMENT : 
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Amorphophallus is mainly grown as a rainfed crop.  During periods of late receipt of monsoon, a light irrigation 
is given during early stages of crop.  Crop is susceptible to water stagnation. Mulching immediately after 
planting is the most important operation in Amorpohophallus.  It not only conserves soil moisture and regulates 
soil temperature, but also suppresses weed growth. A plant usually produces a single”stem” In case of more 
numbers, it is advisable to remove it retaining only one healthy one. 
 
METHOD OF PLANTATION:  
A good soil turning plough followed by pit formation is the scientific way of plantation for EFY.The pit size 
should be 60x60x45 cm. The top soil dugout is then mixed with FYM 2-2.5kg/pit and mixture is back into the pit 
prior to placing planting material over it. The planting materials is placed vertically in the pits and is then 
covered with soil and compacted lightly. 
 
PEST & DISEASE MANAGEMENT: 
Amorphophallus is free from major pests and diseases except collar rot caused by Sclerotium rolfsii.  Water 
logging, poor drainage and mechanical injury at the collar region favour disease incidence.  Disease can be 
managed by use of disease-free planting material, removal of infected plants, improving drainage, application 
of neem cake in soil, use of bio-control agents like Trichoderma and drenching soil with captan 0.2 %.  
 
Amorphophallus Mosaic Disease:  
Primary spread is through planting material. Secondary spread of the disease is through insect vectors, Myzus 
persicae Sulz., Aphis gossypii Glover, A. craccivora Koch. and Pentalonia nigronervosa. 
Disease symptoms include mosaic mottling of leaves and distortion of leaf lamina.  Corms produced by the 
mottled plants are much smaller than those without mottled leaves.  

 
Management: Use of virus free planting material, spraying of systemic insecticides to prevent secondary 
spread. 
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Harvesting & Yield: 
Underground corms are harvested with pick axe or by digging when the top is completely withered and fallen.  
Crop will be ready for harvest in 8-9 months after planting.  However on better market price, tubers can be 
harvested six months onwards.  Average yield is 30-40 t/ha. 
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Role of sulphur in oilseed crops 
Article id: 22658 
Kiran doodhwal 
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The earth’s crust contains about 0.06 % sulphur. It is mostly present as sulphides, sulfates and in organic 
combinations with C and N. More than 95% of  total sulphur in soil is present in organic matter under temperate 
conditions. Under tropical and sub tropical conditions, the organic matter content in the soil is generally less than 
the temperate soils. The initial source of all sulphur is the sulphide contained in plutonic rocks. Through weathering 
the sulfides are released. In humid region organic sulphur, while in arid zone, the sulfates of calcium, Mg, Na and K 
predominate. Another source of sulphur is the atmosphere. Owing to industrial activity or through combustion of 
fuel, sulphur dioxide is produced which is brought down by rain. The continuous use of high analysis fertilizers, 
particularly those which are devoid of sulphur such as urea, triple super phosphate, ammonium nitrate and 
ammonium chloride may lead to sulphur deficiency in soils. Crucifers are found to have much more requirement of 
S then other crops primarily because of oil production and other essential S containing volatile compounds. Sulpher 
deficiency is wide spread across the world soils (Scherer, 2009). Intensification of agriculture with high yielding 
varieties and multiple cropping coupled with use of high analysis sulpher free fertllizers along with restricted or no 
use of organic manures have accrued in depletion of soil sulpher reserve. 

 
Forms of sulphur in soils : 
Sulphur is present in the soil in many different forms, both organic and inorganic. The inorganic forms are 
readily soluble sulphate, adsorbed sulphate, insoluble sulphate co-precipitated with calcium carbonate and 
reduced inorganic sulphur compounds. 
1. Easily soluble sulphate: 
Sulphur is normally taken up by plants as the SO4

2-
  ion    . In sulphur deficient soils the amount of readily soluble 

SO4
2-

   is frequently between 5 and 10 ppm. Sandy S deficient soils often contain less than 5 ppm. SO4
2-

  when 
associated with monovalents like Na+ are more prone for leaching. Medium losses when bound to divalent like 
Ca2+ or Mg2+ and minimum losses when bound to Al3+ or Fe3+. 
2. Adsorbed sulphate :  
Adsorbed sulphate is an important fraction in soils containing large amounts of hydrous oxides of iron and 
aluminium like in Oxisols and Ultisols. Adsorbed sulphate can account for upto 1/3rd of total sulphur. 
3. Sulfate coprecipiated with calcium carbonate :  
It is an important fraction incalcareous soils. 
4. Sulfides : 
Under anaerobic conditions in water logged soils, there may be accumulation of H2S formed by the decay of 
organic matter. Also, SO4 = present in the soil serves as an electron acceptor for sulphate reducing bacteria and 
it is reduced to H2S. This reduction takes place at a redox potential of less than - 150 mV and at a pH range of 
6.5 to 8.5. 
5.  Elemental sulphur : 
It is an intermediate product formed during oxidation of sulfides by chemical processes. 
6. Organic form :  
Most of the sulphur in surface horizons of well drained agricultural soils of humid, temperate, semi arid and 
sub tropical regions is present in the organic form. It accounts for more than 90 %. Average C : N:S ratio for 
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calcarious soil 113 : 10 : 1.3 and for non calcareous soils it is 147 : 10 : 1.4. The N:S ratio of most soils is in the 
range of 6 to 8 in the form of amino acid like cystein, cystine and methionine. 
 
Sulphur Transformations :  
The transformations of sulphur in soil are many and varied with changes often being cyclic. Also, the element 
converts back and forth from inorganic and organic forms due to the presence of living organisms. When plant 
and animal residues are returned to the soil they are attacked by microorganisms thus releasing some of the 
sulphur as sulphate. Most of the sulphur, however, remains in organic form and eventually becomes part of the 
soil humus. 

1. Mineralisation :  
Mineralisation of sulphur is the conversion of organic sulphur to inorganic SO4 = by microbes. It depends on 
the sulphur content of the decomposing material. Mineralisation of sulphur takes place at or below C/S weight 
ratio of approximately 200 : 1. Heterotrophic microorganisms bring about  mineralization. Sulfatase enzyme 
plays an important role in mineralization.  

R-O-SO3 - + H2O ROH + HSO4 
Mineralisation is more in cultivated soils than fallow due to rhizosphereeffect. 
 

2. Immobilisation : 
 Sulfur is immobilized in soils in which the ratio of either C : N: S is too wide. At a C : S ratio of above 200 : 1, 
immobilisation or tie-up of SO4= with various organic forms is favored. Particularly, if the ratio is greater than 
400: 1 i.e., when low sulfur containing organic materials are added to soils not plentifully supplied with 
inorganic sulphur immobilization of inorganic sulphur takes place. The energy rich material stimulates microbial 
growth and the inorganic sulphur (SO4=) in the soil is locked in the microbial tissues. Only when the microbial 
activity 
subsides inorganic SO4= again appear in the soil solution. 
 
Importance of sulphur in oil seed crops : 
It is required for the synthesis of the S containing amino acids cystein, cystine and methionine and for protein 
synthesis.   

1. It activates certain proteolytic enzymes such as papainase and synthesis of papain.  
2. It is a constituent of certain vitamins viz., Thiamine and biotin, coenzymes  and glutathione, Acetyl 

coenz A (precursor for fatty acid synthesis), ferredoxin.  
3. It is present in the crops like onion, mustard, cabbage and cauliflower as polysulfides. 
4. It increases oil content of crops like flax, soybean, groundnut etc. 
5. Disulfide linkages (-S-S - ) have been associated with the structure of proteins. 
6. Sulfhydryl (-SH) groups in plants are related to increased cold resistance. 
7. It is required for N fixation in legumes and is a part of nitrogenase enzyme system. 

Factor affecting sulpher availability in soils: 
Availability of sulpher in soils is strongly influenced by the soil organic matter and other soil properties. A few 
of these are discussed as follows- 
Soil texture:  
Sandy soils owing to its low organic matter content and low water holding capacity sulphate-S is leached with 
irrigation water to deeper soils layer. So this type soils found to be deficient in sulphur. 
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Soil Organic matter content: 
Organic matter is the major reservoir for S as a higher fraction of sulpher is associated with organic matter. 
However, the availability of S Mineralization –immobilization turnover  (MIT) of the soils rather than the 
organic matter of the soil. 
Soil Temperature: 
The conversion of various form of S to the sulphate-S form is a microbial process which depends upon the soil 
temperature. Temperature in the mesophilic range (25-35 C ) is beneficial while low soil temperature slow the 
process. 
 
Deficiency symptoms of Sulphur: 
Sulphur content in plants ranges between 0.1 to 0.4 %. In view of the large field scale occurrences of sulphur 
deficiencies in India, it has been described as the fourth major nutrient after N, P and K. Plants suffering 
sulphur deficiency accumulate non protein nitrogen in the form of nitrate and amide. N:S ratio of plants is 
between 9 to 12 : 1. As sulphur is immobile in the plant, its deficiency is manifested on young leaves. 
1. The fading of normal green colour of the young meristem followed by chlorosis. 
2. Shoot growth is restricted. 
3. In Brassica, the lamina is restricted and the leaves show cupping owing to the curling of leaves. 
4. The older leaves become puckered inwardly with raised areas between veins. 
5. The older leaves may develop orange or reddish tints and may be shed prematurely. 
6. The stem and leaf petiole may become brittle and may collapse. 
7. Reduced synthesis of proteins and oil 
 
Table 1: Typical symptoms of sulpher deficiency in oilseed crops 

Crops     Deficiency Symptoms 

Rapeseed-Mustard Deficiency symptoms first occur on younger leaves.  Chlorosis of leaf margins, 
development of purple pigmentation. Inward curling of young leaf lamina giving 
rise toa cupped appearance followed by scorching and withering. 

Groundnut Stunted growth, and general yellowing of plants. Delay in maturity. Acute sulpher 
deficiency causes the entire plant to turn yellow. 

Sunflower Yellowing spreads from the base to the apex 
Growth of plant is reduced. The size of the capitulum is severely restricted . 
Inflorescence may remain covered within the bracts. Maturity of flowers is often 
delayed.  

Sesame Sulpher deficiency produces smaller new leaflets with yellow and erect petioles 
then the normal plant growth. Plants are smaller in size and modulation is poor. 

Canola Younger leaves are lime-green, often with interveinal chlorotic mottles and pale 
leaf margins. Leaves are cupped or roll inward and become thickened and crisp and 
brittle. 
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Figure: Deficiency symptoms of the Crops. 

 
Cup shaped leaves of Canola 

 

  
Yellowing of groundnut leaves                    Chlorotic leaf margin of Rapeseed 

 
 
Management of sulphur or correction measures for S deficiency: 
1. Application of elemental sulphur or gypsum particularly on alkaline soils. 
2. Application of sulphur containing fertilizers like single super phosphate (12-14% S), Magnesium sulphate (30 
% S), Ammonium sulphate (24.2% S). 
3. For correcting deficiencies of sulphur on the standing crop, foliar application of sulphate containing salts like 
Ferrous sulphate (32.8% S) and ferrous ammonium sulphate (16% S) etc. 
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How to apply the S fertilizes? 
Broadcast or dribble banded, broadcast and subsequent incorporation, band placement, seed placement and 
banded near the seed are the major method of application of sulphur fertilizers in soils. Among these methods 
broadcasting and band placement method are widely used.  
Managing sulpher fertilization in soils using 4R nutrient stewardship principle (Right source of nutrient applied 
at the right rate, right time, and right place ) is a modern tool to enhance the use efficiency of S-fertilizers. 
Scientific management practices can be adopted to avoid the losses of the nutrient element S. A combination 
of soluble So4

2- and elemental sulphur may be useful to provide both an immediate and prolonged source of 
plant nutrition. 
 
REFERENCES:  
[1]. Scherer H.W. (2009) Sulfur in soils. Journal of Plant Nutrition and Soil Science, 172: 326-335. 
[2]. Fundamental of Soil Science : Indian Socity of soil sciency. 
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Cisgenesis: A new plant breeding technique for crop improvement 
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Shouvik Gorai* and Soham Hazra 
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Mohanpur, Nadia, West Bengal 

After green revolution of sixties gene revolution showed a great impact using GM technology. But due to the 
concern of contamination of foreign gene hindered the potential exploitation of transgenics. Then the 
cisgenic as a new plant breeding tool has emerged to overcome the limitations of transgenics. Cisgenesis is 
genetic modification to transfer beneficial alleles from crossable species into a recipient plant. The donor 
genes transferred by cisgenesis are the same as those used in traditional breeding. It shares the common 
gene pool for sexually compatible plants. Cisgenic can avoid linkage drag and speed up the breeding process. 
It has been successfully utilized in the development of disease resistant crop, abiotic stress tolerance and 
quality control. Scab resistant apple, late blight resistant potato, barley with reduced phytase activity are 
some examples of practical utilization of cisgenesis for crop improvement. Exemption from legislations of GM 
technology can exploit its utility in crop improvement. 
 
INTRODUCTION 
Plant breeding has played a crucial role in alleviating the hunger problem over the globe. But in the alarming 
context of over-population, climate change and shortage of natural resources traditional breeding methods 
failed to meet the demand. Then ‘transgenic’ became a popular alternative for development of new variety 
with higher production and enriched quality within a very short period. Though transgenics speed up the 
breeding process still due to some environmental risk and health hazard issues it faced problem in release in 
most of the countries. Then development of cisgenic came into the picture. 

Cisgenesis is the genetic modification of recipient plant by a naturally derived gene from the same 
species or sexually cross compatible species using recombinant DNA technology.  Here the gene of interest 
includes its introns and is flanked by native promoter and terminator in the normal sense orientation. 
 
Why cisgenesis? 
Cisgenesis combines the traditional breeding with modern biotechnology. Cisgenics donot use any foreign 
genes. So it shares a common gene pool available for traditional breed. With respect to the source of gene, 
cisgenesis is more close to the traditional breeding techniques. But the time required for transfer of a gene in 
the background of a recipient plant through conventional breeding methods can be reduced to a very few years 
using cisgenic development, as it utilizes several recombinant DNA technology. So it speed up the breeding 
process and reduce the time to develop a new variety. 

Linkage drag is a major problem of traditional breeding methods. Isolation and transfer of only gene of 
interest is involved in case of cisgenesis. So it overcome the bottleneck of traditional introgression breeding. 
Cisgenesis provides an opportunity to accumulate multigenes from different relatives into a recipient species. 
Several biotic and abiotic stress resistance genes can be combined into a single elite variety and ultimately it 
broadens the genetic base. 
 
Cisgenesis vs. traditional breeding 
In traditional breeding obtaining desirable traits and improvement of cultivar is a very slow process. It takes 
upto 10 years. Whereas cisgenesis approach can do this within a few years only. It also lowers the cost of 
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production by reducing the time. Cisgenesis has been successfully used in crop improvement for disease 
resistance, drought tolerance, nutritional and storage quality enhancement etc. 
In conventional breeding, during transfer of a specific trait in the background of an elite line some unwanted 
trait (or genes) linked with the trait of interest are also incorporated. It takes many generations of backcrosses 
and screening of recombinations to uncouple the unwanted trait. This is more problematic for perennial 
species. Another obstacle of conventional breeding is combining several genes into a variety. Using isolated 
cisgene with its own introns, promoter and terminator could overcome these problems. 
 
Cisgenesis and crop improvement 
There are a number of examples of crop improvement through cisgenesis. Some of them are listed below. 

Crop Trait improved Gene  Donor Reference  

Apple  Apple scab resistance Vf2 Malus floribunda 1 

Apple  Anthocyanin accumulation MdMYB10 Malus domestica 2 

Barley Improved phytase activity HvPAPhy_a _ 3 

Potato  Late blight resistance  Rpi-blb1, 
Rpi-blb2, 

Solanum 
bulbocastanum 

4 

Potato  Late blight resistance R2, R3, R5, R8 Solanum demissum 5 

Melon Enhanced glyoxylate 
aminotransferase 

At1, At2 Wild melon 6 

Strawberry Fruit rot (Botrytis cinerea) PGIP _ 7 

 

Limitations 

 Cisgene or gene fragments for desired trait may not be readily accessible.  

 Random insertion of cisgene in host genome. It may alter the expression of some adjacent genes. 

 Transformation process and removal of marker gene is quite complex. 

 It is costlier and time consuming than transgenesis. 

Cisgenics and safety issues 
In case of cisgenics, the cisgene is from the same sexually compatible gene pool. As it is free from ‘allien gene’, 
unlike transgenics, it donot suffer from the controversies like- horizontal gene transfer, resistance to target 
organisms, persistence of transgene in ecosystem, effect on non-target organisms, possible allergen production 
etc. 
Thus with respect to safety issues, cisgenic plants are as safe as traditionally bred plants. But under different 
regulatory frameworks cisgenics are categorized under the same category of GM crops. A group of scientists 
opined that cisgenics must be exempted from GM legislations. 
 
CONCLUSION 
Cisgenics have the great potential to speed up the breeding process in plants. It has shown some remarkable 
example of genetic modifications in crop plants especially in transfer of resistance governed by single gene. 
Cisgenesis can show its effectiveness towards sustainable development of crop production if it is exempted 
from the regulatory framework of GM technology. With the advancement of new biotechnological tools, 
cisgenesis will be more feasible in exploiting the genetic resources precisely and broadening the variation in 
crop plants. 
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INTRODUCTION  
Microwave heating has vast applications in the field of food processing over a period of several decades. 
Microwaves are electromagnetic waves whose frequency varies within 300 MHz to 300 GHz. The applications 
of microwave heating in food processing include pasteurization, sterilization, drying, thawing, tempering, 
baking of food materials etc. Microwave heating has gained popularity in food processing due to its ability to 
achieve high heating rates, significant reduction in cooking time, more uniform heating, safe handling, ease of 
operation and low maintenance. Moreover, microwave heating might change flavor and nutritional qualities of 
food in a lesser extent as opposed to conventional heating during cooking or reheating process.  

Heating mechanism   
Microwave heating is caused by the ability of the materials to absorb microwave energy and convert it into 
heat. Microwave heating of food materials mainly occurs due to dipolar and ionic mechanisms. Presence of 
moisture or water causes dielectric heating due to dipolar nature of water. When an oscillating electric field is 
incident on the water molecules, the permanently polarized dipolar molecules try to realign in the direction of 
the electric field. Due to high frequency electric field, this realignment occurs at million times per second and 
causes internal friction of molecules resulting in the volumetric heating of the material. Microwave heating 
might also occur due to the oscillatory migration of ions in the food which generates heat in presence of high 
frequency oscillating electric field.  

Dielectric Properties 
The feasibility of using microwave energy for the heating or drying of any material is dependent on dielectric 
properties of the food sample (dielectric constant and dielectric loss factor), which determine microwave 
power absorption as well as microwave energy penetration. The heating pattern of a sample, heated with 
microwave energy will depend upon the dissipation factor of the sample. The dissipation factor is the ratio of 
samples dielectric loss or loss factor to its dielectric constant. The dielectric constant is the measure of the 
samples ability to obstruct the microwave energy as it passes through it, and the loss factor measures the 
sample ability to dissipate the energy, i.e., the amount of input microwave energy being converted into heat. 
The dissipation factor is finite for absorptive material. The dissipation factor is different for different materials. 
The greater the dissipation factor of a sample less is the penetration of the microwave energy at a given 
frequency. Therefore more amount of microwave energy is dissipated as heat (Daniel et al., 1976). Microwave 
energy is dissipated as heat in the sample by two mechanisms: ionic conduction and dipolar rotation. 

Industrial Applications of Microwave Heating: 
Pasteurization and Sterilization  
Pasteurization is the most widely used technology for killing pathogenic and spoilage microorganisms in milk 
and fruit juices; however, it may largely destroy the organoleptic, nutritional value and physiochemical 
characteristics of food. Safe and minimally processed foods with high quality attributes are essential to satisfy 
consumer needs, and those traits encourage those in the food and academic industries for finding innovative 
food processing techniques. In earlier studies, pasteurization using 2450 MHz microwaves has been reported. 
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However, even more uniform heating of foods (pasteurization) was achieved using 915 MHz microwave 
radiation, and it could be due to greater penetration depths of 915 MHz microwaves than 2450 MHz 
microwaves. 

Microwave sterilization process is a high-temperature-short-time (HTST) type; it is used not only to 
inactivate spoilage microorganisms in foods, but also to minimize the quality deterioration of foods. Microwave 
sterilization process (128°C and 3 min processing time) produced products superior to those from conventional 
processes of canning (120°C retort temperature and 45 min processing time) and retorting foil pouches (125°C 
and 13 min cooking time). When microwave heating at 915MHz was used to sterilize pouches containing 
cooked macaroni and cheese, there was no significant change observed in the texture of product or loss of 
flavour. 
Baking 
The use of microwave heating in baking causes some undesirable qualities, owing to the altered heat and mass 
patterns and the shorter baking time. This eventually produces insufficient starch gelatinisation, microwave-
induced changes to gluten and high amylose leached out during baking. As a deduction baked products’ 
observable quality problems are firm and tough texture, rapid staling, and lack of colour and crust formation. It 
is in this view that microwave heating is used in combination with in the methods for example, conventional 
ovens. Though conventional ovens used alone operate effectively when products have relatively high moisture 
content, but thermal conductivity falls as baking proceeds. Thus, considerable time is needed to bake the 
centre of the product adequately without causing excessive changes to the surface colour. Long-time exposure 
time in the conventional oven ensures the completion of maillard reaction responsible for browning. In order 
to afford this, microwave heater is used continually. The microwave heaters are located at the exit to tunnel 
ovens to reduce the moisture content and to complete the baking without further changes in colour. The 
explanation for this is that, the heating of the food lead to evaporation of water molecules from the food 
system which ultimately in contact with the cold air around the product condenses. This prevents browning 
and crisping reactions. There upon, baking time is reduced by 30-50 % which eventually increases the through 
put of the ovens. Microwave heating was so effective in baked foods because relatively large amounts of 
interior heating create significant internal pressure and concentration gradient which will then increases the 
flow of liquid through the food to the boundary. Therefore microwave finishing on baked products improves 
baking efficiency especially in thin products such as bread sheets, breakfast cereals, baby foods and biscuits. 
Thawing and Tempering:  
In conventional the wing of frozen food, longer duration is required, due to the difference in the thermal 
conductivity of water and ice. It is found to be lower for water compared to ice, thus reduces the rate of heat 
transfer, and then thawing tends to slow as the outer layer of water increases in thickness. This pose a threat, 
because thawing time is required to be short as possible in order to minimize microbial growth, chemical 
deterioration, excessive drip loss and dehydration. On the contrary, microwave thawing is rapidly done. 
However non-uniform heating presents a hindrance, such that in some parts of food material, thawing is faster 
compared too there parts, this mostly seen in large frozen blocked food. This phenomenon is refers to as 
runaway heating. Though this have been overcome to certain extent by the reduction of power and the 
extension of the wing period or by using pulsed microwaves to allow time for temperature equilibration. As 
indicated earlier, microwave tempering is widely use especially for meat and fish products. Tempering can be 
defined a salivation of food temperature through -20°C to- 3°C while food still remain firm, at a few degrees 
below complete thawing. Thereby making the food products easily boned or ground at a temperature just 
below the freezing point. Tempered meat or fish products are easily sliced, diced or separated into pieces 
which are then suitable for use. Tempering of a frozen food required less energy. Sequentially, this lower 
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energy cost gives a good return on investment in dielectric equipment. Hence, due to the faster processing 
time, lower capital cost and lack of drip contamination, microwave tempering is commercially in cold rooms. 
Drying  
In drying of food materials, the goal is to remove moisture from food materials without affecting their physical 
and chemical composition. It is also important to preserve the food products and enhance their storage 
stability which can be achieved by the drying. Microwave drying has the advantages of achieving fast drying 
rates and improving the quality of some food product. In microwave drying, due to volumetric heating the 
vapours are generated inside and an internal pressure gradient is developed which forces the water outside. 
Thus shrinkage of food materials is prevented in microwave drying. Microwave energy combined with other 
drying methods can improve the drying efficiency as well as the quality of food products which is far better 
than that achievable by microwave drying only or by other conventional methods only. It has the advantages of 
achieving fast drying rates and improving the quality of some food products.  In drying the main cause for the 
application of microwaves is the acceleration of the processes, which are (without using microwaves) limited by 
low thermal conductivities, especially in products of low moisture content. 
Blanching 
Blanching is a unit operation practiced in food industry. Blanching serves a variety of functions, one of the main 
being to destroy enzymatic activity in vegetables and some fruits, prior to further processing. The two most 
widely used commercial blanching methods are hot water and steam blanching treatment. However, the 
conventional blanching method is closely associated with the serious issues like loss of weight, leaching and 
degradation of nutritive components such as sugar, vitamins and minerals. To retain nutritional quality of food 
products, several researchers suggested the use of microwave heating as an alternative to conventional 
blanching method for food products. Microwave blanching requires little or no water for efficient heat transfer 
in food, and hence reduces the leaching of nutrients compared with hot water immersion. The advantage of 
microwave blanching over conventional method include speed of operation, no additional water required, 
energy savings, precise process controls and faster start up and shut down times.  

CONCLUSION 
Microwave ovens are common place in households and are established there as devices of everyday use. 
Knowledge of dielectric properties is very helpful for designing microwave oven. Microwave heating technology 
has been successfully applied for processing of various foods in various industries. The microwave 
pasteurization and sterilization of foods have claimed to effectively destroy pathogenic microorganisms and 
significantly reduce processing time without serious damage to overall quality of product compared to 
traditional methods. The microwave heating applied for food processes such as blanching, cooking and baking 
have the advantages of retaining more colour, taste, quality and nutritional value and has a great effect on 
preservation compared to the conventional methods. The microwave heating has drastically reduced the 
energy consumption during drying of foods compared to conventional method. The greater advantages have 
been observed with the combined microwave heating method supplemented with conventional methods. The 
benefits include uniform heating of particulate foods, increased thermal efficiency, reduction in drying time, 
higher rehydration capacity and retain heat sensitive components of food material in case of microwave 
assisted freeze drying. The main obstacle for development of microwave heating applications is the high cost of 
the process. Electrical power, which is more expensive than combustion energy, is used with low yield. 
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INTRODUCTION  
Rice and wheat are the two major cereal crops and rice-wheat cropping system is very common in India. 

India is one of the main wheat producing and consuming country of the world. It is necessary that production 
of rice and wheat must keep pace with the growing population of our country. Production of any crop needs 
many unit operations like tillage, sowing, weeding, spraying, harvesting and threshing. Tillage is a major time 
and energy consuming crop production operation in crop production. Kharif rice mostly harvest in last week of 
October to first week of December. After harvesting of rice fields, wheat and chickpea are grown in Rabi 
season. There is very less time available for seed bed preparation for Rabi season crops. Delayed sowing of 
wheat is also due to late harvesting of rice, soil wetness, poor rice residue management, multiplicity of tillage 
operation, and non-availability of power source and arrival of rain in the month of November. Therefore, the 
late sowing of wheat in rice-wheat cropping system reduces productivity. Zero tillage of wheat is becoming an 
attractive alternative to the conventional tillage and sowing of wheat after rice. This loss can be saved through 
early seeding of wheat by no-tillage technique. This technique advanced operation by 10-15 days and also 
reduces the cost of production by saving energy.  

Traditional practices of wheat sowing 
In traditional method wheat is sown by either manual broadcasting or dropping the seed behind the 

plough manually. Traditional practice of sowing wheat requires more than 5 tillage operations for seed bed 
preparation after harvesting of paddy. This traditional way of land preparation for crop establishment is 
laborious, time consuming and costly. Due less time available for next crop sowing the farmers are burning the 
paddy straw, which causing environmental pollution. It is estimated that burning of one tonne of rice straw 
accounts for loss of 5.5 kg Nitrogen, 2.3 kg phosphorus, 25 kg potassium and 1.2 kg sulphur besides, organic 
carbon. Generally crop residues of different crops contain 80% of nitrogen (N), 25% of phosphorus (P), 50% of 
sulphur (S) and 20% of potassium (K). If the crop residue is incorporated or retained in the soil itself, it gets 
enriched, particularly with organic C and N (NPMCR, 2014). Moreover, shortage of time after paddy harvest to 
wheat sowing creates uncertainty and delay in sowing operation which results in poor crop yields. The 
optimum wheat planting season begins from November 15 and ends November 30. Because of the full tillage 
system practice, 50 – 60% farmers delayed their wheat planting. Delay wheat planting results 1.33% yield loss 
per day (Sanders 1988). Therefore, keeping in view the limitations of time and high expense of energy required 
in the conventional tillage system for wheat sowing, the zero-till drill was introduced for sowing of wheat. 

Zero-till seed cum fertilizer drill 
For enhancing the productivity and sustainability of the rice-wheat system without seriously affecting 

the natural resource base and the environment, several resource conservation technologies have been 
developed and are being promoted across the country among those technologies zero-till drill is one of the 
most adapted technology for sowing the crops like wheat and chickpea after harvesting the paddy crop. Zero 
tillage reduces tillage to only one pass. It allows timely sowing, which raises yields and lowers costs by saving 
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soil, fuel, reduces the wear and tear of tractors, improve soil health, promotes residue management, helps 
reduce air pollution, water, fertilizer and herbicides. 

Zero-till drill machine is used to sow the crop directly into the uncultivated field just after the harvest of 
rice crop by removing the seed bed preparation operations. Major components of the zero-till seed-cum 
fertilizer drill are 1.Frame, 2.Slit/furrow openers, 3.Seed and fertilizer boxes, 4.Seed metering device, 
5.Fertilizer metering device, 6.Power transmission unit, 7.Depth-control side wheels, 8.Hitch points, 
9.Iron/wooden platform or stand. 

 

Fig: Zero-till seed cum fertilizer drill 

Advantages of sowing by zero-till drill 
 Timeliness in sowing (7-8 days earlier than traditional).  
 Saves 60-75 liters of diesel per hectare which resulted in saving of natural resources and environment.  
 About 30-40% less infestation of weeds.  
 Saves irrigation water up to 10-15% during first irrigation.  
 No crust formation after rains. Hence, no effect of rains on germination. 
 Improvement in crop yield.  
 Improvement in soil structure and fertility.  
 No lodging of crops at the time of maturity in case of heavy rains and winds.  
 Machine is simple and easy to operate. 

Care and precautions in using zero till seed cum fertilizer drill 
 Use the zero till for sowing wheat when moisture content more than 3-4% otherwise germination of wheat 

and other crops is adversely affected if the soil is too dry.  
 Zero-till drill does not work well in high moisture content fields. Due to high moisture wheel slippage 

occurs, seed and fertilizer tubes will choke.  
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 Earlier sowing of wheat (last week of October to 15 November) is possible under zero tillage and yields are 
generally higher as compared to late sowing of wheat. This is due to less infestation of weeds (e.g. P. minor) 
and more efficient nutrients-water interactions.  

 Heat stress at grain filling is less in late winter season when temperature begins to rise. The overall growth 
period of crop is more in early sowing.  

 The planking operation eliminated before and after planting crops with zero-till drill 
 Germination and emergence of wheat is not adversely affected even if rains occur just after sowing of 

wheat because crust formation does not take place under zero tillage. However, crop planted with zero till 
in reduced tilled plots may bury seed deeper and may adversely affect crop stand.  

 Germination of P. minor is reduced by 30– 40%, if soil disturbance is reduced to the minimum as in the case 
with the zero tillage. P. minor seed generally fail to germinate if seed depth is > 5 cm. Use suitable pre and 
post emergence herbicides like glyphosate and paraquat.  

 It has been observed that farmer can skip the use of herbicides when zero tillage and alternate herbicides 
are carefully integrated for 3–4 years. 

 No irrigation required after sowing of wheat. If it required, irrigate the field before one week of sowing.  
 Encouraging results of wheat sown with zero-till machine have also been realized under saline, and alkali 

soils. 
 Zero-till sowing of wheat is possible in standing stubbles of paddy (after harvest) without burning, which 

not only adds residue in the soil to increase and improve its quality but also prevents environmental 
pollution. If loose straw of paddy is lying on the soil surface, it should be collected aside before seeding to 
avoid interruption in the seeding operation and uniformly broadcast it after seeding to serve as mulch.  

Following points must be kept in mind before actual planting operation:  

 The seed selected for sowing should be of good quality and free from foreign materials. 

 Make sure that the fertilizer free from clods. Clods should be properly broken to uniform size for free flow 
of fertilizer.  

 All the nuts and bolts, rollers and springs should be thoroughly checked, defective parts should be replaced 
and nuts/bolts properly tightened.  

 Clean the Seed and fertilizer boxes, fluted rollers, fertilizer metering shaft and controlling bottom plate 
(having triangular holes), feed cups before going to operation.  

 Make sure that the delivery tubes do not have excessive bend. This will block the free flow of seed and 
fertilizer in tubes.  

 Chain sprocket of metering mechanism should be properly aligned. Appropriate tension in the chain may be 
kept for free movements of seed and fertilizer metering shafts. If there is any noise during operation, stop 
the machine and check it.  

 Furrow openers should be fitted on the frame according to the requirement (row to row distance) of the 
crop. There should be no crossing or twisting of furrow openers.  

 Fill the seed and fertilizer boxes and calibrates the machine. Ensure that seed drill is set at desired seed and 
fertilizer rates. This will ensure proper metering of seed and fertilizers and result in excellent germination, 
good crop stand and higher yield. 
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Troubleshooting 

Problem Cause Remedy 

Seed not placed at 
desired depth 

1. Adjustment of depth control 
wheel is not proper 

1.Properly adjust the depth of furrow 
openers with the help of depth control 
wheel. 

Seed/fertilizer is not 
dropping from furrow 
opener 

1.The seed/fertilizer box is empty 1. Refill the seed/fertilizer box 

2. The furrow opener or seed 
delivery tube is blocked by 
soil/mud or fertilizer/seed delivery 
pipes bent.  
3. Fertilizer flutted roller is 
blocked. 

2. Clean mud out of the opener and/ or 
seed delivery tubes  
 
 
3. Clean the flutted rollers 

4. The drive wheel does not touch 
the ground 
 
 5. Broken chain/sprocket 

4. Lower down the hitch to get the drive 
wheel in contact with the land. 
 5. change the broken part 

Unequal depth of 
seeding among 
different rows/ furrow 
openers 

1. Improper three point linkage 
balancing 

1. Put the machine on a fairly level 
ground and then level all the furrow 
openers with the help of top link/ right 
lower link of the tractor. 
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India, the second largest ago-based economy with year-round crop cultivation, generates a large amount of 
agricultural waste, including crop residues. In the absence of adequate sustainable management practices, 
approximately 92 seems a very small number of metric tons of crop waste is burned every year in India, 
causing excessive particulate matter emissions and air pollution. The practice is also common in rice-growing 
areas, where modern, high-yielding cultivars produce as much as 6-7 t/ha of straw and where the residue is 
not needed to protect soils against wind and water erosion..Composting, biochar production and 
mechanization are a few effective sustainable techniques that can help to curtail the issue while retaining the 
nutrients present in the crop residue in the soil. 

INTRODUCTION 
Crop residue burning has become a major environmental problem causing health issues as well as contributing 
to global warming. According to the Indian Ministry of New and Renewable Energy (MNRE), India generates on 
an average 500 Million tons (Mt here after) of crop residue per year (NPMCR). The same report shows that a 
majority of this crop residue is in fact used as fodder, fuel for other domestic and industrial purposes. However, 
there is still a surplus of 140Mt out of which 92Mt is burned each year (NPMCR). Waste from the agricultural 
industry can be beneficially utilized in various agro-based applications and other industrial processing. 
However, the cost of collection, processing and transportation can be much higher than the revenue from the 
beneficial use of such waste.. This topic is important to the wider audience beyond India for two reasons: 
first,crop residues are an important constituent of agricultural waste that can actually be used for the benefit 
of the society due to its organic composition. The other important reason is that the volumes of crop residue, 
with unsustainable management practices create high adverse environmental impacts, that go far beyond India 
(Ross et al). According to the world energy council, in addition to all above, agricultural waste can also 
comprise of spoiled food waste (Hoornweg et al). Specifically, India is the second largest producer of rice and 
wheat in the world, two crops that usually produce large volume of residue. Composting, biochar production 
and mechanization are a few effective sustainable techniques that can help to curtail the issue while retaining 
the nutrients present in the crop residue in the soil. The government of India has attempted to curtail this 
problem, through numerous measures and campaigns designed to promote sustainable management methods 
such as converting crop residue into energy. 
 
Residue generated, residue surplus and burned in Major States  
(Source: National Policy for Management of Crop Residues) Million tonne 

S.N. States Residue generation Residue surplus Residue burned 

1 Andhra Pradesh 43.89 6.96 2.73 

2 Bihar 25.29 5.08 3.19 

3 Chhattisgarh 11.25 2.12 0.83 
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4 Gujarat 28.73 8.90 3.81 

5 Haryana 27.83 11.22 9.08 

6 Karnataka 33.94 8.98 5.66 

7 Madhya Pradesh 33.18 10.22 6.91 

8 Maharashtra 46.45 14.67 7.42 

9 Orissa 20.07 3.68 1.34 

10 Punjab 50.75 24.83 19.65 

11 Rajasthan 29.32 8.52 1.78 

12 Tamil Nadu 19.93 7.05 4.08 

13 Uttar Pradesh 59.97 13.53 11.92 

14 West Bengal 35.93 4.29 4.96 

 
LOSS OF NUTRIENTS DUE TO PADDY STRAW 
BURNING (per ton basis) 
Nitrogen                             5.5 kg 
Sulphur                             1.2 kg 
Phosphorus (~40%)                    2.3 kg 
Potash (~10%)                  25.0 kg 
Organic Carbon                 400 kg 
 
Burning of Crop Residue 
Crop residue burning is not an isolated practice. In the weeks following a harvest, flames and dense smoke can 
be seen above the wheat fields of the northern India and in the sugarcane fields of Uttar Pradesh. The practice 
is also common in rice-growing areas, where modern, high-yielding cultivars produce as much as 6-7 t/ha of 
straw and where the residue is not needed to protect soils against wind and water erosion. Consequently, rice 
straw is burned in the monsoonal paddies of Southeast Asia (Jenkins et al. 1992).  The most common 
justifications that farmers give for burning are to get a seedbed that is easy to work and will not impede the 
growth of a new crop and to rid the fields of phytomass that can harbor pests and diseases waiting to reduce 
the next harvest. Mechanical difficulties in tilling residue-laden fields can be managed either by using a straw 
chopper and dispersing the residues as evenly as possible or, preferably, by choosing an appropriate reduced-
tillage operation. However, more recent long-term appraisals indicate accelerated loss of soil carbon and 
reduced microbial activity in soils where straw has been burned for more than 20 years(Rasmussen and Collins 
1991) 
 
Effect of burning  
Although residue burning may give farmers fields that are easier to seed and sometimes, perhaps, less pest 
infested, it is, in an overwhelming number of cases, an undesirable practice because it weakens the local 
capacity of the agroecosystem services, ranging from protection of soils against erosion to recycling of 
nitrogen. At the same time, residue burning contributes significantly to the buildup of tropospheric methane, a 
greenhouse gas that is approximately 60 times more effective than carbon dioxide in absorbing outgoing 
infrared radiation. Indeed, current methane emissions from crop residues may be equivalent to at least one-
tenth of all methane emissions from the combustion of fossil fuels. (EMO 1993). 
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Proper management of crop residue 
1 Application purpose. 
2 Mechanically chopper are used to cut straw in pieces to be used as fodder and fuel . 
3 It can be used as biochar formation and gasification purpose . 
4 It can be used as a big resource of biofuel as a renewable energy  
5  Soil mulching can be done to conserve moisture  
6 Organic manure production  
7 Mushroom cultivation  
8 Potasium solubilizing bacteria with PGPR consorsium could be used to decompose residue at faster rate . 

KVKs must distribute it to farmers and also demonstrate Poultry feed 

                                                                        
                    Biochar                                                                           Mulching 
 
 

                                                                   
                    Organic manure             Mushroom cultivation 

                              
                                                            Renewable Energy  
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INTRODUCTION: An adjuvant is an ingredient/agent which is added to a pesticide/herbicide and so on, to 
increase its efficacy and that can be added separately by the user at the time of using it in spray tank or it can 
be already  put in the product by the manufacturer itself. Adjuvants have different kinds of properties 
(dispersing, emulsifying, wetting, buffering, sticking etc.) and no single adjuvant posses each and every 
property, so, one or more combination of adjuvants are used in the pesticide product to get higher efficacy.  

Now, the property of an adjuvant or the combination of more than one adjuvants into a spray 
formulation plays an important role in the spread i.e dispersion of the respective sprayed chemical and its 
evaporation from the sprayed surface, and, there is other factors also which enhance these phenomena. So, 
exclusive knowledge regarding this will help choosing the appropriate combination of adjuvants into spray 
formulation for better result.  
 
Effect of adjuvants on dispersion and evaporation: Dispersion and evaporation of sprayed chemical is related 
to the types of surface of different leaves. Leaves having more trichomes will take more time for dispersion 
especially when the trichome density is greater than 1 per 25mm whereas, leaf surfaces having less trichome, 
chemicals will be easily spread and get to the target surface for take up. Another factor is wax layer. Its absence 
or presence and its thickness heavily affect the spread of sprayed material and its retention on the leaf surface. 
For leaves that are difficult to wet, successful application of any pesticides is difficult because of the problem of 
rebounding droplets that often scatter or roll off the leaves after they come into contact with the surface of the 
plant. However, some droplets do remain on the surfaces of difficult-to-wet leaves, but they form high contact 
angles and provide minimal interface between the droplet and the leaf surface. Consequently, application 
efficiency is decreased and spray usage is increased.  Adjuvants alter spray formulations and enhance the 
deposition, retention, spread, penetration and uptake of the spray droplets.So, adjuvants prevent spray 
droplets from drying too quickly i.e. increases evaporation rate, thereby enhancing the uptake of pesticides in 
spray droplets through the stomata and cuticular membrane.14 With the addition of adjuvants, dynamic surface 
tension rather than equilibrium surface tension has been proposed for the retention of spray droplets. The 
adjuvants applied to wettable leaves were reported to have very little effect on spray retention. Adjuvants 
have a major effect on the surface tension of spray droplets at the air–liquid interface and on the contact angle 
at the liquid–plant interface. Oil-based adjuvants (e.g. crop oils, crop oil concentrates and seed oil 
concentrates) promote the penetration of chemicals through the waxy cuticle. Nitrogen based fertilizers also 
have been reported to enhance the uptake of the herbicides. Adjuvants function as an activator when: (a)the 
spread and solubilization of droplets deposited on targets are increased; (b) the epi-cuticular waxes are 
dissolved or disrupted; (c)crystal formation in spray deposits is prevented or delayed or an apparent drying out 
of spray deposits occurs by humectant action;(d) stomatal infiltration is promoted. The concentration of 
surfactants can influence the efficacy of the spray application. An increased surfactant concentration from 0.01 
to 1% enhanced the overall foliar uptake of pesticides as per a report. 
 
CONLUSION: So, the conclusion we can draw from the above text is dispersion of sprayed chemical depends on 
the type of leaf surface it has been sprayed and the dispersion or spread of the sprayed chemical results in 
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wetting of the target area and henceforth, intake of the chemical in the plant system. On the other side the 
evaporation of a sprayed chemical depends upon the size of the spay droplet and the wetting area of the spray 
droplet, thus, coinciding with the dispersion of the sprayed chemical. Now the addition of adjuvant helps in 
increased dispersion but decreased evaporation rate thus availing the retention of the sprayed chemical long 
enough to be taken up by the plant or target pest. 
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Ni is one of the latest elements added in the list of essential micronutrients due to its role in the growth and 
development of plant. The essentiality of Ni was established by Brown in 1987 in the barley crop. It is 
generally found laterite deposits, which are the result of intensive weathering of surface nickel-rich rocks, 
and magmatic sulfide deposits. Generally, its deficiency is characterized by the lip tip necrosis due to 
accumulation of urease in the plant. As this element has very less function to be identified and how it impacts 
other nutrient to be known. Thus, its knowledge is important from the crop point of view. 

INTRODUCTION  

Knowledge about the role of Ni in nutrition, physiology and metabolism of most crops is currently limited (Bai 
et al., 2006). However, the evidence of essentiality of this element for higher plants is not a new issue, but still 
goes back to the 70’s of the twentieth century, when a group of researchers suggested the possible role of Ni in 
the metabolism of nitrogen through its participation in the structure of the enzyme urease (Dixon et al., 1975). 
Brown and colleagues (1987) determined in the late 1980s that nickel is a nutrient essential for both 
monocotyledons and dicotyledons. Nickel is 22nd most abundant element on earth crust (twice as Cu) and an 
important trace metal. It comprises approximately 0.008% of earth crust. Approximately 10% of Ni in earth 
crust is being locked up in molten Fe-Ni ore. Ni has several oxidation states ranging from −1 to + 4 however, Ni 
(II) is the most common state found in biological systems (Denkhaus and Salnikow, 2002).  

Nickel is recognized as the seventeenth element essential for plant growth and development (Liu 2001). 
Plants Ni requirement is the lowest of all essential elements at < 0.5 mg per kg of dry weight, making it an 
essential plant micronutrient. Nickel is required for plants at such low concentrations that analytical 
technologies were not available until the mid-1970s. Nickel is unique among plant nutrients because its 
functions in plant growth and development, also involved in activation of various enzyme such as urease, 
hydrogenase and SOD etc and is important for seed germination. 

Sources of Nickel in soil  

Nickel is typically found in two types of deposits: laterite deposits, which are the result of intensive weathering 
of surface nickel-rich rocks, and magmatic sulfide deposits. The main mineral sources of nickel are Serpentine, 
Garnierite and Pentlandite. In agricultural soils, typical contents of this element vary from 3 to 1,000 mg kg-1, 
however, the soils derived from basic igneous rocks can contain from 2,000 to 6,000 mg kg-1 of Ni. Soil pH plays 
an important role in the availability of Ni, and at pH > 6.7 Ni exists in form of poorly soluble hydroxides, while at 
pH < 6.5 increases the presence of relatively soluble compounds (Brown, 2006) 
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          Serpentine                               Garnierite                           Pentlandite  

Role of Nickel in the plant  
Nickel has tremendous influence on the morphological, physiological and biochemical attributes of the plant 
system. In morphological traits, it increases the root growth, shoot growth, biomass accumulation, disease 
resistance ability and nodule formation in legumes. In physiological traits, it helps in stomatal regulation, 
increase chlorophyll content and activities of urease, dehydrogenase and nitrate reductase enzyme. It is also 
component of seven enzymes such as urease, glyoxylase, Ni-superoxide dismutase, methyl coenzyme M 
reductase, carbon monoxide dehydrogenase, acetyl coenzyme A synthase, and hydrogenase. 

Deficiency and toxicity of Ni in plants 
In legumes and other dicotyledonous plants, nickel deficiency results in decreased activity of urease and 
subsequently in urea toxicity, exhibited as leaflet tip necrosis. With nitrogen-fixing plants or with plants grown 
on nitrate and ammonium, nickel deficiency results in a general suppression in plant growth with development 
of leaf tip necrosis on typically pale green leaves. These symptoms were attributed to the accumulation of toxic 
levels of urea in the leaf tissues. Nickel deficiency also results in a marked enhancement in plant senescence 
and a reduction in tissue-iron concentrations. Ni toxicity leads to development of necrotic and chlorosis in older 
leaves, unviable seed production, reduce root and shoot growth and finally the reduce enzymatic activity. 

  

Nickel deficiency in Soybean crop and Pecan tree leaves 
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Soil testing for Nickel 
Several, soil method is used to determine the available Nickel in soil such as DTPA (Diethyltriaminepentaacetic 
acid), BaCl2, Sr (NO3)2 and Ammonium Acetate. The DTPA method is the most commonly used and effective for 
a variety of soils. However, standards for Ni-deficient soils have not been established. Nickel deficiency can 
occur as a result of excessive use of competing ions, such as Zn and Cu, unfavorable conditions, such as high 
pH, or use of intensively oxidized soils for crop production. 

Nickel fertilization in soil and plant  
Soil and foliar spray application are generally recommended for the micronutrient. Soluble salts like nickel 
sulfate (NiSO4) which contain 30-35 % Ni are suitable fertilizers to prevent or correct plant Ni deficiency. 
Applying a foliar spray at a concentration of 0.03–0.06 ppm Ni is sufficient. 

CONCLUSION  
Nickel is the latest element to be classified as essential for plant growth in both laboratory and field conditions 
and an absolute requirement for nickel fertilizer under field conditions.  Nickel clearly has a significant effect on 
the productivity of field-grown, nitrogen-fixing plants, those in which ureides are a significant form of nitrogen 
and those utilizing urea as a primary nitrogen source. The symptoms of nickel deficiency in barley, wheat, and 
oats are consistent with the observations made in nickel-deficient animals and are indicative of a role of nickel 
in nitrogen metabolism that cannot be easily explained through an exclusive role of nickel in urease. This 
finding in combination with the diverse known functions of nickel in bacteria suggests that nickel may indeed 
play a role in many, yet undiscovered processes in plants. 
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An interaction occurs when the level of one production factor influences the response to another 
factor. A positive interaction occurs when the influence of the combined practices exceeds the sum of the 
influences of the individual practices. Such positive interactions have served as the science-based justification 
for development of a “balanced” plant nutrition program. Nutrient interactions are one of the factors, which 
influence the plant nutrition and soil fertility. Plant nutrients like N, P, K, S, Ca, Mg, Zn, Fe etc. play a vital role in 
plant nutrition, but sometime their interaction disturb the plant as well as soil propriety. It is essential to 
understand the mechanism of nutrient interaction for higher crop production and efficient utilization of inputs 
in soil and plant.  

Nutrient   

 A nutrient element is one that is required to complete the life cycle of plant and its relative deficiency 
produce specific deficiency symptoms. The adverse effects are relieved by the supply of that specific element.  

Essential Nutrients 

Macronutrients          Micronutrients 

 C  Cu 
 H  Fe 
 O  Mn 
 N  Zn 
 P  B 
 K  Cl 
 S  Mo 
 Ca  
 Mg  

 

Nutrient interaction  
Nutrient interaction is defined as- 

1) An influence, a mutual or reciprocal action of one element upon another in relation to plant growth. 
2) The differential response of one element in combination with varying levels of second element applied 

simultaneously, that is two element combine to produce an added effect not due to one of them alone 
(or a negative effect) (Olsen,1972). 

Nature of Interaction 

There are several ways in which nutrient can interact either within soil or plant to affect nutrient 
absorption or utilization. 

a) Electrostatic interaction : results into precipitates or complex 
b) Chemisorptions interactions: result in adsorption-Eflux or Influx. 
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Types of interaction  
 Synergistic interaction: When interaction results from additive plus complementary effect of two or more 

nutrients, it may be termed as synergistic interaction. 
 Antagonistic interaction: When negative effect results from the mutual interaction of nutrients under 

study to the extent to produce negative exponentially, it is termed as antagonistic interaction. 
 Additive interaction: When combined application of two nutrients interacts to increase the content or 

growth compared to their individual application, it may be termed as additive interaction. 
 Negative interaction: When combined application of two nutrients interacts to reduce the content or 

growth compared to their individual application, it may be termed as negative interaction. 
 

 

 

 

Site of Interaction 

Nutrients travel from soil solids to soil solution across the root into plant. Nutrient interaction can occur 
at any site along this pathway. Mode of interaction vary with the site of interaction e.g. mineralization or 
immobilization on organic complex, dissolution or precipitation on the clay complex, adsorption or desorption 
on the solid surfaces, absorption or efflux at plant roots, translocation and re-translocation in vascular systems 
etc. 

Mechanism of Interaction  

Understanding of the mechanism of nutrient interaction is a prerequisite to find interactions and to 
restore or intensity the synergistic nutrient interactions is considered here site wise. 

In the soil:   1. Adsorption-nonspecific and specific 
         2. Precipitation and complex formation 
On the root:       1. Decrease/enhanced across the site of absorption 
   2. Competition at the site of absorption 
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   3. Interaction with the metabolic control of absorption 
Within plant:  Nutrient transport-impaired 
   1. Precipitation  
   2. Phloem immobility 
   3. Modified nutrient distribution 
At the site of action:  1. Competition  
   2. Sparing effect (substitution)  
Keeping nutrient interactions in perspective 

Practices of critical importance for optimizing efficiency of a specific  fertilizer or manure …  

 Proper rate, 
 Applied at the proper time, 
 Using the proper placement 

If any are inappropriate for the site or season, efficiency will be reduced regardless of status of other nutrient 

Nutrient interaction in plant 

Adequate nutrition of plants with nutrient depends on several factors other than the ability of soil to supply 
these elements. Important growth factor includes the rate of nutrient absorption, distribution of nutrient to 
functional sites and nutrient mobility within the plant. Interactions occur between the macro as well as 
micronutrient. Such interaction may take place in the soil and within the plant. Because these interactions 
modify the nutrition of plant, they must be understand and considered in providing an adequate nutrient 
supply 
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Accumulation of salts in the crop root zone which reduce the normal crop production because plant are unable 
to extract water due to high osmotic pressure outside (Richards, 1954). At present in India 6.74 million hectare 
comes under salt affected soil out of this 3.79 million hectare (56%) fall under alkali soil and remaining 2.95 M. 
ha. (44%) come under the saline soil. Highest area under Gujarat Mha (CSSRI, n. d.). 
 
Formation of saline and alkali soils 
1. Weathering of rocks and minerals :  

The soluble salts released during weathering leach down with rain water, but again move upward due 
to high temperature and accumulate as white crust forming a saline soil. 

2. Hydrolysis of sodium saturated exchange complex in the formation of an alkali soil :  
Sodium carbonate undergoes hydrolysis to form sodium hydroxide, which dissociates to increase  
concentration of hydroxyl ions in soil solution. 
 Micelle ]Na + H2CO3 _ Micelle]Na + H + Na2CO3  
 Na2CO3 + 2 H. OH _ 2 NaOH + H2CO3  

             2 NaOH - 2 Na+ + OH Formation of OH- results in an increase in pH. 
3. Salty underground water: 

 If the ground water is salty, the salts move upward with water and get deposited when water 
evaporates. 

4. Arid and semi arid climate:  
The low rainfall is not sufficient to leach down the soluble weathered products and hence the salts 
accumulate in the soil.  

5. Quality of irrigation water: 
 If water contains excessive amounts of Ca2+,Mg2+, Na+, Cl-, HCO3 -, CO3

=, BO3
3- their continuous 

application develops salt affected soils. Besides this, a rise in the groundwater level, poor drainage 
which prevents leaching of salts and continuous use of bad quality irrigation water lead to the 
secondary salinisation and alkalisation.  

6. Use of basic fertilizer: 
 Basic fertilizers like NaNO3 and basic slag may develop soil alkalinity. 

 
Classification of Salt affected soils: 
On the basis if the type of the salt in soils it is classified in the category saline, saline-sodic and alkali soil for this 
there are parameter used are soil pH, ECe (Electrical conductivity) ESP (Exchangeable sodium percentage)  as 
shown in table. 

1) Saline soils :  
Saline soils contain neutral soluble salts of chlorides and sulfates of sodium, calcium and magnesium. The 
electrical conductivity of saturated extract of the soil is more than 4 dS m-1. ESP is less than 15 and pH is less 
than 8.5. Because of the presence of excess salts and low amount of Na+, these soils are in a flocculated state 
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and their permeability is higher than alkali soils. Their physical condition is good and water can pass through 
them. These soils have a white crust of salts on their surface. Salinisation refers to the accumulation of neutral 
soluble salts in soils. 

2) Saline - Alkali soils: 
These soils have both soluble salts and exchangeable sodium. The soil reaction becomes strongly alkaline 
because of hydrolysis of exchangeable sodium. The physical condition of the soil is deteriorated. The EC of 
saturated extract is more than 4 dS m-1, ESP is more than 15 and pH is around 8.5. They are transitional soils 
that they may be converted into saline or into sodic soils. 

3) Alkali or Sodic soils:  
Most of the Na+ is in exchangeable form. EC of saturated extract is less than 4 dS m-1. ESP is more than 15 and 
pH more than 8.5. Such soils are not in a good physical condition and the surface of these soils is sometimes 
black due to dispersion of organic matter and humus. Such soils if ploughed when wet, turn into slick furrow 
slice referred to as slick spots. 
 

Characteristics Saline Soil Alkali Soil Saline-Alkali Soil 

Content in the soil Exess soluble salt of 
calcium, magnesium and 
sodium 

Presence of excess 
exchangeable 
sodium on the 
exchange complex 

These are transition 
soils. They contain 
sodium saturation 
and excess soluble 
salt. 

SAR <10 >10 >10 

ESP <15 >15 >15 

pH ~ 8.5 >8.5 ~8.5 

ECe (dS m-1) >4 <4 >4 

 
Salt affected soils: 

        
Reclamation of salt affected soils: 
Before proceeding for reclamation of salt affected soils, the following points should be considered and 
available information should be collected on 
i) Nature and extent of salinity. 
ii) Quality of irrigation water with respect to sodium, boron and bicarbonate and salt content. 
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iii) Drainage conditions. 
iv) Nature and distribution of salts in the root zone. 
v) Calcium carbonate content of the soil. 
 
I. Mechanical amelioration of salt affected soils 
The commonly followed physical or mechanical method of amelioration of salt affected soils include deep 
ploughing, sub soiling, sanding, profile inversion and scraping. 

 The first two methods break the impermeable layer, hard pan or cemented sub soil layer existing at 
various depths in soil profile to improve the internal drainage of the soil and to facilitate the 
transportation of salts dissolved in water to deeper layers. 

  Incorporation of sand in salt affected soils is done to bring about 
 Permanent changes in texture, increase permeability and to improve water relations in the root zone. 
 Profile inversion can be adopted only under conditions where surface soil is good but the soil below is 

sodic or saline. 
 Scraping is adopted to remove the few centimeters of salt encrustation. 

II. Chemical amelioration 
A. Reclamation of a saline soil 
Leaching:  
The main objective in reclamation of these soils is to leach the salts below the root zone (hence, drainage 
system should be installed if necessary). Leaching requirement (LR) has been defined as that fraction of water 
that must be leached through the root zone to control soil salinity at a specified level. 
This is achieved by flooding and draining. To make it effective, bunds are raised around plots prepared and 
water is applied depending on their water requirement to leach salts. 
Leaching requirement (LR) = ECaw / EC dw 
ECaw is the EC of applied water. 
ECdw is the EC of drainage water. 
In saline soils with high water table artificial drainage should be practiced (Drainage is the removal of excess 
water from the soil). 
B. Reclamation of alkali (Sodic) soil : 
 Reclamation of sodic soils involve two stages. First, the replacement of sodium by another cation and second, 
the leaching of the desorbed sodium salts out of the root zone. This may be done with gypsum (CaSO4. 2 H2O) 
and leaching with good quality irrigation water. 
2 Na – x + Ca2+ (solution) → Ca – x + 2 Na+ (solution) 
Where x is the soil exchange complex 
Gypsum requirement:  
Gypsum requirement is the calculated amount of gypsum necessary to add to reclaim the soil. It is the amount 
of gypsum required to be added to a sodic soil to lower its ESP (Exchangeable Sodium Percentage) to a desired 
level. 
Gypsum requirement = ESP (initial) – ESP (final) x CEC/ 100 
(me of Ca/ 100 soil 100) 
ESP (Initial) is the ESP of soil before application of gypsum 
ESP (Final) is the ESP of soil after bringing it to desired level. 
2 NaHCO3 + CaSO4 _ CaCO3 + Na2 SO4 + CO2 
Na2 CO3 + CaSO4 _ CaCO3 + Na2SO4 
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Micelle ] Na + CaSO4 _ Micelle] Ca + Na2 SO4 
This should be followed by application of good quality water to leach salts. Rate of gypsum application depends 
on soil pH and the amount of exchangeable sodium present on the soil exchangeable complex. Gypsum is 
suitable for alkali soils upto a pH of 9.0. Elemental sulphur or pyrites are effective on alkali soils which are 
calcareous (contain calcium carbonate) in nature 
2 S + 3 O2 _ 2 SO3 (microbial oxidation) 
2 SO3 + 3 H2O _ 2 H2 SO4 
H2 SO4 + CaCO3 + H2O _ CaSO4. 3 H2O + CO2 
H2SO4 produced also reduces soil pH. 
 
III. Biological amelioration  
Organic materials and the activity of plant roots improve biological activity in the soil. During the 
decomposition of organic materials CO2 is released which forms carbonic acid thus dissolving calcium 
compounds. This can be accomplished by greenmanuring, incorporation of crop residues, application of FYM, 
pressmud and other organic materials. 
 
Classification of crops based on salt tolerance 
Plant tolerance to salt concentration is due to 
1) Accumulation of high level of sodium and chloride in shoots 
2) Exclusion of salts by root cells, 
3) Excretion of adsorbed salts from the plant by means of salt glands as in halophytes. 
 
Salt tolerance of crops 
1. Highly tolerant eg : Sesbania, rice, sugarcane, oats sugarbeet, Turnip, Date palm, ber 
2. Moderately tolerant eg : Castor, cotton, sorghum, maize, wheat, spinach, guava, pomegranate. 
3. Moderately sensitive eg : Radish, cabbage, tomato, sweet potato. 
4. Highly sensitive eg : Carrot, onion, lemon, orange, grape, apple, pulses, sesamum, pea. 
Green manure crop is to be raised and incorporated at flowering stage into the soil immediately after 
reclamation. Rice crop is preferred to be grown after the green manure crop owing to its high tolerance to soil 
sodicity. 
 
REFERENCE:   
[1]. Richards LA (1954). “ Diagnosis and improvement of saline  and alkali soils,” Soil Science, Vol. 78 no. 2, p. 

154. 
[2]. CSSRI (n. d.). Extent and distribution of salt affected soils in India accessed on November 5, 2017. 
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The drone revolution in the global agriculture 
Article id: 22667 

K. P. Vaghasiya and P. B. Raviya 
Department of Agricultural Extension 

Junagadh Agricultural University, Junagadh  
 

Drones are used in various fields ranging from the military, humanitarian relief, disaster management to 
agriculture. However, priority in addressing issues related to privacy, safety and security is the key to the 
sustainable implementation of these technologies. The use of drones in agriculture is extending at a brisk pace 
in crop production, early warning systems, disaster risk reduction, forestry, fisheries, as well as in wildlife 
conservation, for example. 
 
Crop production: Precision farming combines sensor data and imaging with real-time data analytics to improve 
farm productivity through mapping spatial variability in the field. Data collected through drone sorties provide 
the much-needed wealth of raw data to activate analytical models for agriculture. In supporting precision 
farming, drones can do soil health scans, monitor crop health, assist in planning irrigation schedules, apply 
fertilizers, estimate yield data and provide valuable data for weather analysis. Data collected through drones 
combined with other data sources and analytic solutions provide actionable information. Drones fitted with 
infrared, multispectral and hyperspectral sensors can analyze crop health and soil conditions precisely and 
accurately.  

Drones are also increasingly used in the agricultural insurance and assessment sector, including in 
insurance claims forensics (Wadke, 2017). Drone imagery is very useful in giving an accurate estimate of loss. 
Companies such as Skymet are using drones to provide agriculture survey services to insurance companies and 
the state governments of Maharashtra, Gujarat, Rajasthan and Madhya Pradesh in the Republic of India. 

 
Forestry: Open Forests (https://openforests.com/) uses drone-based forest and landscape mapping to provide 
a new perspective for valuation, monitoring and research. Hundreds of pictures taken by drones are stitched 
together to large and high resolution orthomaps. These orthomaps can then be integrated into GIS systems and 
used for analysis, planning and management. Novadrone (Novadrone, 2017) uses drone technology to improve 
forest management and operational planning, including the monitoring of illegal activities and encroachment. 
It also assists in collecting various forest metrics such as carbon sequestration, tree canopy analysis, 
conservation features, tracking native species, monitoring biodiversity and ecological landscape features.  
 
Fisheries: In the fisheries sectors, the governments of a number of nations including the Republic of Palau, 
Belize, Jamaica, and the Republic of Costa Rica are now using drones to detect illegal fishing and aid in 
prosecution of offenders. The government of Belize is using drones to enforce fishing regulations over the 
Glover’s Reef Marine Reserve and other marine protected areas in the waters off Belize (Howard, 2016). 
Moreover, the use of drones as a fisheries assessment tool by natural resource agencies in Texas and Nebraska 
in the United States of America has been documented. These agencies have used fixed-wing drones to conduct 
in-channel habitat mapping during low water in the Guadalupe (Texas) and Niobrara (Nebraska) rivers. 

Although drones are an eye in the sky, the real power comes from the strength of data processing and 
analytics that take place after the data is collected. Categories such as multirotor models and fixed wing models 
have their unique characteristics. They can fly at speeds in excess of 80 km/h. This makes fixed-wing UAVs ideal 
for aerial survey, high-resolution aerial photos, mapping and land surveying. The limitation is in the 
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requirement of a runway to facilitate takeoff and landing. In contrast, multirotor UAVs have lower speed, 
shorter flight duration and limited payload capacity. Near future applications of UAVs are only limited by our 
imagination.  

The global drone regulations database (Global Drone Regulations Database, no date), which has been 
developed as a multiagency effort provides more in-depth information on drone regulations. The Technical 
Centre for Agricultural and Rural Cooperation (CTA)-moderated UAV4Ag (Unmanned Aerial Vehicles for 
Agriculture, no date) is a community of practice on the use of UAVs for agriculture and is a valuable source of 
information on drones in agriculture. The next agricultural revolution will be driven by data, which will help to 
increase agricultural 
Productivity with minimum damage to the environment and increased livelihoods for communities involved in 
agriculture.  

Drone technology and advanced image data analytics tools are of great potential for the agriculture 
industry. Drone solutions can be implemented in a range of applications throughout the whole process from 
precise mapping for planning purposes, assessing the condition of crops and plants, to precise crop spraying. 
But with as all other tools, the right strategy and setup is required to fully leverage the technology available. 
With the booming industry of drone technology and sensors, and the availability of image data processing and 
analytics tools, the technology mix for the required solutions must be planned cautiously to maximize the 
benefits while optimizing the costs. The same is true for the process of data acquisition itself. Along with 
operating drone solutions, a large volume of data is generated. Therefore the requirements regarding 
precision, resolution and layers of data employed must fully reflect the requirements of any specific use and 
thus should be planned on a project basis. 

Favourable regulations on the use of small drones for agriculture as well as access to platforms that can 
aggregate data from various sources to provide valuable insights would be greatly beneficial to farming 
communities. Supporting ecosystems would facilitate the growth of many innovative start-ups providing 
agricultural intelligence using drones and other emerging technologies as a service to rural communities.  
 

REFERENCES: 
[1]. FAO. 2016. Google and FAO partner to make remote sensing data more efficient and effective. News 

Article, 1 December Available at http://www.fao.org/news/story/en/item/350761/icode/ 
[2]. Global Drones Regulations Database. 2017. Find country Available at  https://www.droneregulations.info/ 
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Competencies for Innovative Agripreneurship 
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There are ten key entrepreneurial competencies for a farmer-entrepreneur: initiative, ambition, 

focused problem-solving, creative thinking, taking risks, flexibility and adaptability, strategic thinking, 
interpersonal abilities, networking and readiness to learn. With these competencies, farmers will be more able 
to compete in the changing environment and better able to make profits by taking advantage of new market 
opportunities. These abilities can be developed and refined through practice and experience. They can also be 
strengthened through training.  
 
Initiative: Initiative is a willingness to work. Entrepreneurial farmers are eager to get moving. They do not wait 
for others to start. Entrepreneurial farmers lead the way and are the first to act when a new opportunity comes 
along. They know what needs to be done and can create and express their vision for success. 
 

Initiative Willingness to work 

Knowledge  Understand what is required to succeed 

Skills  Create and clearly express a vision for success 

 Set realistic but challenging goals 

Behaviour  Willing to take the first step 

 Work well independently (without supervision) 

 Keep working until the job is done 

 
Ambition: Ambition is a strong desire and will to achieve goals. Entrepreneurial farmers are very focused on 
achieving their goals. They are highly motivated and are not discouraged by setbacks. 
 

Ambition  Strong desire and will to achieve goals 

Knowledge   Understand the challenges to be faced 

Skills   Have strategies to cope with setbacks 

Behaviour   Highly motivated to achieve goals 

 Do not easily give up; not put off by setbacks 

 Patient, copes with stress 

 
Focused on problem-solving: Farmers have to be good decision-makers and problem-solvers to be effective 
managers. But as entrepreneurs they must be focused and conscientious. Entrepreneurs have a strong desire 
to solve problems and to seize opportunities. They actively look for solutions. 
 

Focused on problem solving & 
decision making 

Strong desire to solve problems and seize opportunities 

Knowledge  Understand the decision-making process 

 Understand the problems the farm business faces 
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 Understand the opportunities that arise 

Skills  Identify problems and opportunities 

 Locate, gather and organise data relevant to the 
problems 

 Generate, evaluate and choose alternatives 

 Implement and monitor the chosen alternative 

Behaviour  Actively look for effective ways of solving problems 

 
Creative thinking: Farmer-entrepreneurs see the big picture. They understand the farm business as a system. 
They understand the problems and opportunities that exist. They recognize and realize business opportunities. 
They are always thinking of new and different ways of doing things and come up with creative and innovative 
ideas and solutions. These are then tried and tested. 
 

Creative thinking Come up with creative and innovative ideas and solutions 

Knowledge  Understand the farm business as a system 

 Understand the problems facing the farm business 

 Understand the opportunities that arise 

Skills  Generate new ideas 

 Find relevant information 

 Match information and ideas to 

 opportunities and problems 

Behaviour  Diagnose the farm business and its parts 

 Identify opportunities 

 Assess the options 

 Select the most appropriate 

 Develop actions for implementation 

 
Taking risks: Farmer-entrepreneurs are actively willing to take risks. They understand risks and how to evaluate 
them. They can weigh up the potential costs and the benefits. They are not afraid of failure and regard it as 
part of learning; a way to improve the farm business. 

Taking risks Actively willing to take risks to achieve the goals of the farm 
business 

Knowledge  Understand the risk for each decision 

 Know how to evaluate risks 

Skills  Analyse and weigh the risks in terms of 

 costs and benefits 

 Develop risk management strategies 

Behaviour  Calculate the risks involved 

 Pursue risk mitigating measures 

 Learn from failures or mistakes 

 Adapt to risks and adopt new strategies 
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Flexibility and adaptability: Farming is in a constant state of change. Farmer-entrepreneurs readily adapt to 
these changes. They are aware of the changes and are 
quick in finding ways to meet them and take immediate action. They are not put off by setbacks. 
 

Flexibility & 
Adaptability 

Readily adapts to new and changing situations 

Knowledge  Aware of the changes and risk affecting the farm business 

Skills  Generate creative ideas 

 Analyse situations and develop coping strategies 

 Locate new sources of resources and information 

Behaviour  Highly motivated to achieve goals 

 Do not easily give up; not put off by setbacks 

 Patient, cope with stress 

 
Strategic thinking: Farmer-entrepreneurs have a vision of their business and strategies for achieving its goals in 
a sustainable way. They are aware of the importance of meeting longer-term objectives – not just address 
immediate problems. 
 

Flexibility & 
Adaptability 

Readily adapts to new and changing situations 

Knowledge  Aware of the changes and risk affecting the farm business 

Skills  Analyze situations and develop long-term strategies 

 Find ways of realizing the goals 

Behaviour  Create a vision of the farm business 

 Set goals 

 Develop strategies to achieve them 

 
Interpersonal abilities: Farmer-entrepreneurs understand that their success often rests in the hands of other 
people. So they recognise the need to work with others. They are good communicators; they openly share 
information,  and they actively listen to those around them. Above all, they are honest and trustworthy when 
working with others and in all their business dealings. 
 

Interpersonal 
abilities 

The ability to work with others; especially those who are different. 

Knowledge  Understand people and how they work 

 Understand relationships and when they are strong or weak 

Skills  Open two-way communication 

 Share and encourage others to share 

Behaviour  Work well with people of all kinds 

 Honest and trustworthy 
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Networking: Farmer-entrepreneurs are good at establishing effective partnerships and other relationships. 
They know who the key stakeholders are in their farming business. They are good at maintaining contact with 
them and can negotiate and make deals. 
 

Networking Establish effective partnerships and relationships 

Knowledge  Know who the key stakeholders and partners are 

Skills  Negotiate and make deals 

 Maintaining contact with partners, markets, suppliers, etc. 

Behaviour  Trustworthy and honest in all dealings 

 
Readiness to learn: Farmer-entrepreneurs actively look for new knowledge and skills. They are always ready to 
learn. They know how to learn. They take command of their learning. They keep themselves informed of 
learning (and training) opportunities and they learn from mistakes. 
 

Readiness 
to learn 

Actively looks for new knowledge and skills; learns from mistakes 

Knowledge  Know how to learn 

 Keep informed about learning opportunities 

Skills  Set learning goals 

 Analyse and identify when new knowledge or skills are needed 

Behaviour  Take command of learning 

 Curious 
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Sustainable Agriculture 
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INTRODUCTION:  
70% of the population in our country depends on Agriculture. With increase in population it became very 

difficult to supply food and to meet the demand. During 20th century with introduction of new technologies like 
introduction of high yielding varieties, improved irrigation use efficiency, use of chemical fertilizers, plant protection 
chemicals, mechanization and government support, production was increased drastically meeting the demands of 
increased population. 
Even-though yields were improved in present situations agriculture is facing lots of problems: 

 Decrease in productivity due to deterioration of natural resources 

 Lack of environmental balance 

 Loss of soil fertility 

 Environmental pollution 

 Fertile soil erosion 

 Groundwater pollution and ground water table deterioration 

 Increase in production costs 

 Poor quality of produce due to presence of pesticide residues  

 Mobility of agriculture labour 
In order to overcome the above problems it is necessary to make agriculture sustainable. In sustainable 

agriculture, natural resources like water, soil, plants, air and fuel production should be protected. Water should be 
utilized efficiently. Rain water harvesting should be done in order to reduce soil erosion and to recharge ground 
water table. Micro irrigation methods should be followed to improve irrigation use efficiency. Crops with little 
water requirement should be grown. Fodder crops and forestry crops should be grown where ther is problem of 
drainage water. 

Excessive usage of nitrogen fertilizers leads to nitrate pollution of water. Using excess pesticides also pollute 
groundwater which leads to unsuitability of water for farming. In order to overcome the problem integrated 
nutrient management and integrated pest and disease management should be followed. To increase the area 
under cultivation forest areas are being cleared which leads to soil and water erosion, defforestration and reduce 
animal and bird population. With increase in mechanization petroleum products are increased which lead to 
pollution. So to reduce the pollution, biodiesel and ethanol should be used. Excessive usage of pesticides, chemical 
fertilizers, excessive tillage leads to air pollution. Tillage operations should be reduced and crop waste should be 
incorporated in the field or should be used as mulching. Crop and varietal selection should be done carefully. Crops 
utilizing less natural resources should be grown. Varieties which can tolerate water stress conditions and pests and 
diseases should be grown. Growing same crop continuously leads to loss of soil fertility, increased pests and 
disease incidence. So crop rotation or multiple cropping should be followed. Intercropping will reduce weeds, pests 
and diseases, improved nutrient and water use efficiency and stabilize income. Integrated farming system will 
improve soil fertility, soil productivity, increase in income of farmers. Animal waste should be collected and utilized 
properly. Organic farming reduce soil, groundwater and environment pollution and improves quality of the 
produce. 

 
CONCLUSION: 
To protect natural resources and to provide quality food to future generations, sustainable agriculture is the only 
option. 
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INTRODUCTION 
Gene silencing is a universal phenomenon induced by double stranded or highly structured RNA that leads to 
sequence-specific degradation of transcripts. In gene silencing, because the initial trigger as well as the target is 
mostly RNA, the phenomenon is also called RNA-interference (RNAi). The proteins constituting RNAi are 
conserved across the biological kingdoms, indicating that it is an ancient pathway intimately involved in some 
of the most fundamental processes of life. RNAi, along with its role in growth and development, plays a crucial 
part in defense against invading nucleic acids, such as viruses and transposons, in biological systems. In the 
article we will get to know how this gene silencing helps in management of plant disease. 
 
RNA INTERFERENCE (RNAi) 
RNA silencing is a sequence-specific degradation of mRNA, induced by double-stranded RNA (dsRNA) that leads 
to the silencing of gene expression. In plants, RNA silencing is commonly seen during virus infection and is 
believed to be an inherent defense response against invading viruses. Two types of small ribonucleic acid (RNA) 
molecules – microRNA (miRNA) and small interfering RNA (siRNA) – are central to RNA interference. RNAs are 
the direct products of genes, and these small RNAs can direct enzyme complexes to degrade messenger RNA 
(mRNA) molecules and thus decrease their activity by preventing translation, via post-transcriptional gene 
silencing. Moreover, transcription can be inhibited via the pre-transcriptional silencing mechanism of RNA 
interference, through which an enzyme complex catalyzes DNA methylation at genomic positions 
complementary to complexed siRNA or miRNA. RNA interference has an important role in defending cells 
against parasitic nucleotide sequences viruses and transposons. It also influences development.The RNAi 
pathway is found in many eukaryotes, including animals, and is initiated by the enzyme Dicer, which cleaves 
long double-stranded RNA (dsRNA) molecules into short double-stranded fragments of ~21 nucleotide siRNAs. 
Each siRNA is unwound into two single-stranded RNAs (ssRNAs), the passenger strand and the guide strand. 
The passenger strand is degraded and the guide strand is incorporated into the RNA-induced silencing complex 
(RISC). 
 
VIRUS-INDUCED GENE SILENCING (VIGS): 
The term ‘virus-induced gene silencing’ (VIGS) was first used by A. van Kammen to describe the phenomenon of 
recovery from virus infection (van Kammen, 1997).Virus-induced gene silencing (VIGS), based on the RNA 
silencing mediated defense response against viruses, is a method of transient gene silencing in plants using 
viral vectors. During the course of infection, viruses, irrespective of containing RNA or DNA genomes, produce 
double stranded RNA, either as replication intermediates of RNA viruses or highly structured regions of viral 
transcripts, both of which are efficient triggers of gene silencing. In plants, recombinant viruses carrying a 
complete or part of an endogenous plant gene, as a cDNA fragment, in addition to getting targeted, trigger the 
silencing of homologous host transcripts by RNA silencing. The above phenomenon creates a transient 
“knockdown” of the gene, enabling reverse genetic analysis of the targeted plant genes to be performed. 
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CONSTRUCTING THE VIRUS VECTOR  
To simplify VIGS protocols, several different approaches to subcloning and virus inoculation have been 

developed. For larger library screens, virus vectors containing Gatewaycloning sites are now available and allow 
for efficient sub cloning of a large number of cDNAs from EST libraries. The upper limit for the size of insert 
sequence may depend on size constraints of the virus to move from cell to cell and may vary between viruses 
and plant species.  
 
INOCULATION TECHNIQUES 
  While several different approaches to subcloning and virus inoculation exist, the basic principles of VIGS 
remain the same. Essentially, an infectious viral RNA or DNA containing sequence from a gene of interest is 
introduced into young plants. As the plant grows, the virus spreads from the site of inoculation into the 
developing regions of the plant and triggers PTGS.To facilitate faster virus inoculation, RNA virus genomes have 
been placed under the control of the CaMV 35S promoter into binary vectors for Agrobacterium-mediated 
expression in plant cells. By delivering the virus into the plant cell in this manner, one avoids the laborious 
process of producing viral transcripts in vitro. Different approaches to inoculating plants with Agrobacterium 
have been developed depending on the plant species and type of experiment. 
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MECHANISM OF VIGS 

 
APPLICATIONS OF VIGS 

I. VIGS: the fast-forward tool for reverse genetics: 
The first VIGS vector was developed using an RNA virus, Tobacco mosaic virus (TMV). Phytoene desaturase 

(PDS) is an enzyme participating in the biosynthesis of carotenoid, compounds that protect chlorophyll from 
photo-bleaching. Transcripts of recombinant TMV carrying a sequence encoding pds were produced in vitro 
and inoculated to Nicotiana benthamiana plants, leading to the successful silencing of pds, the silenced plants 
displaying photobleaching of the leaves. 

II. Development of new viruses as VIGS vectors 
Since its first demonstration about seven years ago, VIGS has been used extensively in solanaceous species 

such as petunia, tobacco, tomato and in the model plant Arabidopsis, using vectors based on Potato virus X 
(PVX), TMV and Tobacco rattle virus (TRV), all having RNA genomes. Subsequently, VIGS has been extended to 
several new plant species using new viruses adapted to them for example, to extend VIGS to cassava (Manihot 
esculenta), a VIGS vector was developed from the DNA virus African cassava mosaic virus. 

III. Improvement of existing VIGS vectors to perform specialized tasks 
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Apart from developing VIGS vectors based on new viruses, existing vectors (mostly TRV-based), have been 
modified to increase their silencing efficiency and to perform specialized silencing tasks. For example, spray 
technique was used with the TRV-based vector for tomato. This was found to be more efficient in case of 
tomato plants compared to the usual infiltration methods. The method was used to silence pds and the ctr1 
(Constitutive triple response-1) genes.  
IV. Defense response 

One of the first uses of VIGS to unravel genes in defense response pathway was the one triggered by the 
tobacco N gene against TMV. N encodes a Toll-interleukin-1receptor/nucleotide binding site/leucine-rich 
repeat (TIR-NBS-LRR) class protein. VIGS has been used to investigate the role of candidate genes in the N-
mediated signaling pathway in tobacco. Transgenic N-containing N. benthamiana plants exhibit resistance to 
TMV by induction of HR lesions to contain the TMV to the infection site similar to the reaction shown by 
Nicotiana tabacum bearing the N gene. Rar1, EDS1 and NPR1/NIM1 are genes known to function in defense 
response pathway.  

V. Plant growth and development 
The roles of a number of genes related to plant growth and development have been revealed by the use of 

VIGS. For example, VIGS of the N. benthamiana gene DEFICIENS (NbDEF), an ortholog of Arabidopsis APETELA 3 
and Antirrhinum DEFICIENS, genes playing important role in floral morphogenesis, led to defects in flower 
development, the mutant phenotype resembling that of Arabidopsis ap3 and antirrhinum def loss-of-function 
mutants. 
 
LIMITATIONS OF VIGS 
i. Non specific effect  

 Nonspecific effects can also occur.  
 These effects are concentration dependent 
 siRNA used at lower concentrations, can reduce the concentration-dependent nonspecific side effects. 

ii. Off target effect  
 siRNA have a similar cellular machinery with miRNA 
 For the loose homology requirements for activation of miRNA function 
 siRNA can works as a miRNA even in a low concentration. 

 
CONCLUSIONS 
 A powerful tool in antiviral research  
 RNA silencing efficacy are the results of interaction between many factors, including sequence similarity, 

target selection and environmental temperature 
 Difficult to accurately predict the resistance efficacy therefore further scientific research is required to 

uncover the factors affecting RNA silencing-mediated resistance in specific cases  
 Test of resistance efficacy in field 
 Eco friendly, bio safe and evergreen technology 
 Appropriate biosafety precautions need to be practiced to prevent unintentional escape of the VIGS vectors 

into the environment 
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 Pomegranate (Punica granatum L.), an ancient and commercially important fruit crop of both tropical 
and subtropical countries; belongs to the family: Punicaceae. Pomegranate is a native of Iran, where it was first 
cultivated around 2000 BC. But after few years more pathogens are attack on post-harvest pomegranate 
(Anonymous, 2015). 

India is one of the leading producers of pomegranate in the World. In 2013-14, the annual 
increment in area under cultivation of pomegranate has strikingly gone up by 15.92 per cent. In India, it is 
cultivated over 1.31 lakh ha with an annual production of 13.46 lakh tonnes and average productivity of 10.27 
tonnes/ha. Maharashtra State experienced a very rapid growth in pomegranate area during the last 2 decades 
from 4.6 thousand ha to 90.0 thousand ha and accounts for 68.70 per cent of the total cultivated area under 
pomegranate in the country. Maharashtra is the leading producer of pomegranate in India followed by 
Karnataka, Gujarat and Andhra Pradesh. During this year, Gujarat has taken over Andhra Pradesh with respect 
to area under cultivation. In recent past, pomegranate cultivation has been gaining momentum in Rajasthan, 
Orissa, Chhattisgarh, Uttarakhand, Madhya Pradesh, Himachal Pradesh and Tamil Nadu. (Anonymous, 2014-
15). 
 The most damaging post-harvest pathogens Alternaria alternate causes 40-50%, Colletotrichum 
gloeosporioides 40-60%, Aspergillus niger 30-45%, Cercospora punicae 30-50%, Coniella granati 30-45%, 
Pilidiella granati 20-22%, Penicillium spp. 20-25 % and Curvularia lunata 20-27% post-harvest losses. Those 
post-harvest fungal pathogens have different symptomatology, biology, ecology and different cultural and 
morphological characters like size, shape, colour, growth and reproduction. 
 
Integrated Disease Management:         
1) Cultural-  

• Collection and destruction of infected fruits and fallen leaves. 
• Pruning of infected leaves branches  
• Sanitation - pruning tools, weed control, remove dead material 
• All diseased plant parts should be buried, burned, or removed from the site to prevent re-infection. 
• Cuts should be made at an angle to allow water to drain from wood surfaces  
• Prune early in the season when spore production is low or late in the season when wounds are less 

susceptible and heal more rapidly. 
         Achala and Vallad (2016) 

 
2) Mechanical –  
   In mechanical stayfresh waxing of pomegranate fruit is most effective (59.6% decay reduction 
index) to control post harvest losses due to Alternaria, Colletotrichum, Aspergillus, Penicillium, Rhizopus 
followed by Sta-fresh 410 (46.1%), Wrapping with Heat-Shrinkable polythene film (68.5% decay reduction 
index) followed by news pepper (32.6%) and packaging with CFB boxes (31.0% decay reduction index) followed 
by wooden boxes (27.1%)  

   Sharma et al., (2008) 
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3) Biological method- 
   (Phytoextracts - Capsicum annuum leaf extract (36.73% PDI) against Alternaria alternata, 
Archana and Jamadar, (2014), Datura leaf extract (58.42% PDI) against Colletotrichum gloeosporioides, 
Jayalakshmi et al., (2012),  varmiwash and Cowurine + Darek + Bana  + Artemisia + Walnut + Kadu (1:1:1:1:1:1) 
have (100% growth inhibition) of Coniella granati Neelumkumari et al., (2015), Coleus, Thumbai, Bahupatra 
have (73.33% growth inhibition)  of Penicillium sp.  
4) Different Bioagents- 
   Trichoderma virens (87.77% inhibition) of A. alternate Archana and Jamadar,(2014), Trichoderma 
viride (86.82% inhibition) of C. gloeosporioides Jayalakshmi et al., (2012)  and Bacillus subtilis (71.3% inhibition) 
of C. granati Neelumkumari et al., (2015). 
5) Essential oils-  
   Cinnamon oil (100% inhibition) of C. musae Rani et al., (2016), Castor oil (7.50% severity) of A. 
niger Khokhar and Tetarwal, (2012) and food preservatives- Potassium meta bisulphite is effective against A. 
niger in Pomegranate Patel et al.,(2008). 
6) Physical method-  
   At (35%) RH and (0-5

 0C) Temperature no growth and Sporulation of A.alternata, Rajashree et 
al.,(2014), 456-60% RH and 150C Temp no growth and sporulation of A. niger Kumar et al., (2016). 
7) Chemical method-  
   Systemic- Propiconazole (78.68%) disease reduction of A. alternata Archana and Jamadar (2014), 
(74.86%) C. gloeosporioides (Jagatap et al., 2015) and (90.7%) C. granati Neelumkumari et al (2015).  
   Non-systemic and Combi fungicides- Copper oxychloride (32.35) of A.alternata Archana  and 
Jamadar, (2014),  Carbendazim 12% + Mancozeb 63% (73.99% inhibition) of C. gloeosporioides (Jagatap et al., 
2015). 
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 Virtually all the crops, including fruit trees, exhibits poor growth and development when planted on a 
site that was preceded by the same crop.  The performance of a replanted orchard is determined by the site, 
cultural practices and soil borne factors that affect the tree growth and productivity. Many replanted orchards 
do not perform to their full potential because soil conditions are not optimal and the term “Replant Problem” is 
frequently used to explain the poor performance of new orchards. In order to make informed decisions on how 
best to prepare or renovate a replant site it is first necessary to have some understanding of what causes 
replant problems. 

 The term “replant problem” is actually an umbrella that covers a host of soil-borne factors that 
negatively affect tree growth and performance. Many factors associated with replant problems are understood 
but some are not. Some replant problems are caused by a single or primary agent (e.g., stem pitting) while 
others result from a combination of several factors (e.g., pH, nutrient imbalance, soil compaction).The ill effects 
of replant problem are poor tree establishment, stunted growth, reduced yield, shortened productive life, poor 
and uneven top growth, root browning (Brinker and Creasy, 1988) .The factors causing this problem may be 
biotic or abiotic.  
 Biotic factors- The replant problem caused by a biotic agent is often referred as replant disease. These 
agents responsible include pathogenic Fungi, bacteria, parasitic nematodes and virus. A few diseases such as 
stem pitting and root rot are lethal but most are debilitating resulting in trees that simply cannot grow or yield 
to their full potential. Replant diseases are insidious because they may occur on sites where the previous 
orchards appeared healthy. This can happen because mature trees with extensive and well developed root 
system can tolerate a low level of disease and pathogen populations can build up undetected. It is when the old 
orchard is removed and new trees are replanted that the pathogens over helm the small root system of the 
young trees. 
 Abiotic factors that contribute to replant problems develop slowly over the life of one or more previous 
orchards on the same site. Part of the problem can be traced to soil degradation due to the repeated use of 
herbicides in the tree row. Without a living ground cover, the level of soil organic matter declines with a 
concomitant increase in soil compactation. This not only negatively affects the growth of young roots but also 
makes the site more prone to erosion. There are also problems of chemical nature and while some are well 
documented, others are not. It is known for example that years of orchard production can result in nutrient 
imbalances and less than optimum soil pH. However other potential problems include residual herbicides and 
the release of allelochemicals from decomposing old roots that may inhibit root growth of young trees. 
 Soil pasteurization (Hoestra, 2017) and soil fumigation (Mai and Abawi, 1981) dramatically improves 
plant growth. Replanting trees outside of old tree rows provide more effective and economical control of 
replant disease (Micchelle and Merwin, 2006) Leaving the site fallow is not recommended because of weed, 
nematode and virus pressure may develop.  
 Once the decision of replant has been made, every available resource should be used to identify 
potential biotic and abiotic problems so proper corrective measures can be employed. Site renovation begins 
with the pull up as much of root debris as possible. Root fragments that are infected with fungi, nematode or 
virus serve as reservoir and carry disease over into new planting. It is recommended that a replant site remain 
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out of tree fruit for atleast two years with several crop rotations that will help with the addition of organic 
matter and also provides an excellent opportunity to incorporate fertilizer and lime, get weed under control 
and eliminate virus reservoirs.   

  
Plate 1: Replant problem (A) and healthy plants (B) in apple orchard  
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INTRODUCTION  

Seed is the basic input for agriculture, vehicle for transfer of information from one generation to 
another generation. Seeds have many ways of dispersing like animals, wind, water, and mechanical release. 
Seeds various morphological adaptations, which aid their dispersal. By investigating external seed structure. 
Detailed information about the modes, agents and structural adaptations are addressed here below.  

Seed contains an embryo embedded in an endosperm (nutritious tissue). It contains an immature plant 
and everything it needs to sprout in a new location, become established, and eventually grow into an adult 
plant. Without seeds, forests would not be able to regenerate. Forests are important because they provide 
many ecological services such as clean air and clean water, and they provide us with a lot of valuable products 
such as wood and food. 

All plants need water, sun, and space in order to grow. A seed cannot get the things it needs to grow if it 
falls immediately below its parent because its parent is already using the resources in that location. Therefore, 
seeds need to get to a new location in order to find the resources necessary for growth. This relocation of seed 
is called dispersal. Dispersal is defined as the unidirectional movement of an organism away from its place of 
birth. Seeds lack the fundamental structures that animals use to move from one place to another, such as legs 
or wings. As such, seeds evolved different strategies for dispersing to new locations. 
Seed dispersal occurs mainly by four means  
1. Dispersal by wind:- This type of dispersal is known as Anemochory. Agent of dispersal is wind. Seeds must be 
light and small with high surface/volume ratio. Some plants have evolved seeds that use wind power to 
transport them from one place to another. Wind dispersed seeds must be smaller and lighter in weight. They 
might have special structures that catch the air, such as wings or fluff. These structures increase the seed’s 
hang time in the air and allow them to travel extremely far distances. Winged seeds, such as those produced by 
maples, may travel 180 meters or so while some seeds, like those of a dandelion, can travel over 500 miles. 
Wind dispersed seeds are usually produced in large numbers. Because seeds carried by wind are taken 
wherever the wind blows, producing large numbers of seeds helps maximize the probability that some will 
reach suitable sites. despite all the efforts taken by the plants to disperse the Seeds, most seeds won’t find a 
suitable place to live and will die due to adverse climatic conditions. In order to be smaller and lighter these 
seeds have a smaller endosperm. As such, they have fewer nutrients to live on and many will never become 
established.  

 Parachute mechanism:- Certain seeds are provided with appendages which act like parachutes in helping 
them to float in air. Ex:- Nerium oleander 

 Hairy out growth:- Tuft of hair developed as a crown on the seeds of Calotropis 

 Wings or gliders:- Gliders include seeds with 2 lateral wings that resemble the wings of an airplane. They 
become airborne when released from their fruit and sail through the air like a true glider. Yellow Bells 
(Tecoma stans) seeds have a thin, transparent, papery wing at each end and flutter through the air.  

2. Dispersal by water:- is known as hydrochory.   Agent of dispersal is water. Plants which grow beside or in 
water often use water to disperse their seeds. These seeds are made waterproof and can have fluff or other 
structures to increase their buoyancy. Seeds are resistance to sinking they use the surface tension and air cavity 
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which reduces specific gravity allowing them to float. Seeds are placed in a deep layers so the salt 
concentration does not affect the seeds germination or avoid any situation of exosmosis. 
Ex :- fibrous mesocarp in coconut light allow them to be transported extremely long distances in saltwater and 
air filled seeds in lilly etc. 
 
3. Dispersal by animals and birds :- is known as zoochory.   Agent of dispersal are birds and animals. The seeds 
are usually light and are sticky or provided with hooks. Some plants produce fleshy edible fruits containing 
seeds in them that are dispersed through the wastes excreted by the animals. Human travellers also carry some 
seeds with them specially when they come across with weed seeds having the hooks and spine structure in 
them. Xanthium riparium (Compositae):-  Dry fruits with barbs at their surfaces that stick to the fur of mammals 
hence facilitating the seed dispersal.  
Squirrels bury seeds and forget where they buried them, thus planting a tree far away from the parent plant. 
animal and birds deposits the seeds, along with a fertilizer supply, miles from the parent plant where the fruit 
was eaten. Myrmecochory:- Seed dispersal by Ants. these plants produce seeds with elaiosomes ("food bodies" 
rich in lipids, amino acid, or other nutrients) that are attractive to ants and thereby gets dispersed.  
 
4. Autochory:- Some seeds literally use an explosion to disperse their seeds. The seeds of these dispersers 
reside in pods, and as the pod dries out it will eventually burst expelling seeds in every direction. Some seeds 
have evolved a popping mechanism for short distance dispersal. 
As the seed matures, the pod or husk dries out and may start to shrink around the seeds. After it shrinks so far, 
it may “pop” and scatter the seeds around. 
Ex :- touch me not plant 
 
Advantages of seed dispersal are:- 
1. Decrease the competition between the parent plant and the seeds (seedling dormancy) 
2. It decrease overcrowding so avoids competition for environment, light, space and nutrients 
3. Reduces the amount of seeds lost due to predation 
 
Ecological significance of seed dispersal  

Animals play an important role in the seed dispersal of many plants. Some carnivores act as secondary 
dispersers by preying on primary seed dispersers or seed predators, inadvertently consuming seeds contained 
in their prey’s digestive tracts and later depositing viable seeds, a process known as diploendozoochory. 
Carnivores occupy an array of ecological niches and thus range broadly on the landscape. They may have an 
influence on seed dispersal. For example, trophic downgrading through the loss of carnivores may reduce or 
eliminate diploendozoochory and thus compromise population connectivity for lower trophic levels. It can be 
concluded that the ecological impact of a secondary vs. primary seed disperser depends on the relative 
dispersal distances, germination success, and the proportion of seeds exposed to secondary dispersal by 
carnivores (Heamealeainena et al., 2017).  

Carex physodes which is an ephemeral species in the cold desert of Northwest China has both asexual 
and sexual reproductive patterns. The  dispersal of perigynia and achenes in the natural habitat suggests that it 
disperse at a much greater distance than achenes at both 1 and 4 m s-1 wind velocity, and it can hold more 
water and adhere soil much more easily than achenes, which suggests that perigynia are suitable for wind 
dispersal, and they also adapt to spread at a long distance by occasional rainfall. However, achenes may remain 
near the mother plants and only disperse at short distances. C. physodes is morphologically and physiologically 
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adapted to the cold desert environment via a combination. which will lead to adaption and increase the 
opportunity of survival and expansion of population of C. physodes (Abudureheman et al., 2016). 

Nuphar luteurn (Nymphaceae) which is indigenous to the glacial lakes of the Rocky Mountains of the 
western United States. The seeds are negatively buoyant, but are dispersed across the water surface in two 
different manners: (1) within the floating fruits, and (2) within a buoyant, but water-soluble matrix that 
surrounds the seeds. Seed dispersal via fruits results in a clumped distribution, while seed dispersal mediated 
by the buoyant matrix results in scattered seed distributions. Experimental release of tagged fruits and seeds in 
nature show that fruit and seeds can travel up to 80 m/h on the water surface. Although seeds only float for 
about 72 h, this is adequate time for dispersal, they also reported that when the population was less around 36 
year back it was probability due to dispersal od seeds along with the soild matrix but the recent increase may 
be attributed to the dispersal of seeds without the solid matrix (Hart and cox, 1995). 

Egerer et al. (2018) stated that Species interactions, both mutualistic and antagonistic, are widely 
recognized as providing important ecosystem services. Fruit-eating animals influence plant recruitment by 
increasing germination during gut passage and moving seeds away from conspecifics. An experiment was 
conducted to elucidate the role of seed dispersal by frugivores for maintaining a culturally and economically 
important plant, the donne’ sali chili (Capsicum frutescens) in the Mariana Islands. One of the islands (Guam) 
has lost nearly all of its native forest birds due to an invasive snake (Boiga irregularis), whereas nearby islands 
have relatively intact bird populations. They hypothesized that frugivore loss would influence chili recruitment 
and abundance, which could have economic and cultural impacts. By using video cameras, they confirmed that 
birds were the primary seed dispersers. Captive bird feeding trials to obtain gut-passed seeds to use in a 
seedling emergence experiment. The experiment showed that gut-passed seeds emerged sooner and at a 
higher proportion than seeds from whole fruits. It is a clear-cut indication that as the primary seed disperser is 
lost the vegetation also gets vanished in the ecosystem.  

CONCLUSION 
 Dispersal of seeds is a boon in terms of afforestation and bane if the same thing happens in case of 
weeds. However, the situation is seed dispersal is of pivotal importance. This seed dispersal will have a great 
influence on the ecology and intern the ecology also facilitate the dispersal of seeds and allows the necessary 
modifications.   
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               In India or in various parts of world various methods were used for long 
time for controlling the pest infestation in agriculture, e.g. botanical insecticide 
or natural insecticide .In 2000 BC,The Hindu book like Rigveda shows the 
information and use of such natural insecticides.  
              Before the synthesis of organic pesticides inorganic pesticides were 
used,as in 1867 paris green for control of Colarado potato beetle in USA. In 1892 
arsenic compound and lead arsenate was first used against the Gypsy Moth in 
USA .Chlorinated hydrocarbons like DDT , lindane etc. were found in 1940 and in 1972 synthetic pyrethroids 
were synthesized. 
               Before 1960 the farmers were using the traditional and mechanical method mainly with small support 
of chemicals like Botanical insecticides. 
               After 1960 to 1975 the synthesis of many chemical insecticides increased which caused to highly 
increased use of the chemical insecticides. This resulted into the resistance development in the insecticides, 
residue problem ,health hazard to human and higher organisms. 
                On behalf of this the era of IPM started in 1976. IPM is an ecosystem based strategy that ,focuses on 
long-term prevention of pests or their damage through a combination of techniques such as biological control 
,habitat manipulation ,modification of  cultural  practices and use of resistant varieties. IPM is a process you 
can use to solve pest  problems while minimizing risk to people and the environment. 
                   IPM is a concept of pest control and not the pest eradication. Because the eradication of entire pest 
population is impossible and attempt can be expensive and unsafe.The main aim of IPM is to control the pest 
economically with keeping proper balance of ecology.  
 
The main principles of IPM are as follows:- 
1) Acceptable pest levels- 
2)Preventive cultural practices- 
3)Monitoring - 
4) Mechanical controls - 
5)Biological controls - 
6)Responcible use of synthetic pesticides- 

For increasing the income   of farmer there are only two ways- 
1) Reducing  cost of production 
2) Increasing the return from the production. 
                      Reducing the cost of production is based on the proper use of input and input techniques. IPM 
helps to reduce the cost of production. IPM includes  all the methods such as  physical, mechanical ,cultural 
,biological and chemicals in proper ways i.e pest infestation will be controlled below the EIL with minimum 
cost. Normally the farmer uses these methods individually which are not economically and beneficial also. 
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There is no any single method which having best result over other methods. All the methods should be used on 
proper time with proper technique. 
                   Farmers use the cultural methods from many years but only cultural methods are not sufficient for 
control the infestation. As the infestation increases, the cultural methods becomes ineffective which result in 
to the high  loss to farmers. Cultural methods should be  only used when the infestation is low. Normally 
cultural methods are preventive methods. If the cultural methods are not combined with physical, mechanical 
and finally chemical methods if required then the cultural methods are of no use. 
                      In biological method of pest control, the reproduction of biocontrol agent is very costly. So farmer 
can't only depend on this method. If the only biological method is used or the natural enemies of pests are 
collected and spread over the field then the method may not be economical and main thing is that the risk of 
loss of is very high.        
                     Because of high chemical residue low return is obtained.  In case of high IPM, the least chemicals 
are used only when necessary. So, problem of chemical residue can be minimized and good return will be 
obtained. USA, European countries have banned the fruits with chemicals residues. These countries give high 
return on the produce. So IPM helps for selling the produce in this countries and ganing the highest income. 
                       If farmer is using only the chemicals for  control the pest, then it is very costly. Here is a point , if 
the same stages of pest  can be controlled successfully using the traditional or physical methods in low cost 
then why to use costly chemical instead of that. Use of high chemical doses  increases the cost of production 
and quality of yield (produce) is lowered down which affect the price. 
                        In IPM , farmers can use simultaneously more than one techniques which lowers down the cost 
for labour and time. 
                      There are some techniques which are very new but highly eco friendly in nature. Manipulation of 
pest behaviour is very useful which either stimulate or inhibit  a behaviour and thereby change its expression, 
e.g.-  use of semiochemicals which changes behaviour of organism at micro or nano gram level. These all 
methods gives high contribution to low down the infestation and increase the income of farmer.  
                     Despite its theoratical prominence and sound principles,  IPM continues to suffer  from anemic 
adoption rules in many countries. The main reason for lower adoption rate is the insufficient training and 
technical support to farmers. Along this the other reasons behind less adoptions are :  
1) Shortage of well qualified IPM experts and extensionists  
2) Miss-guiding to farmers by the chemical insecticidal companies. 
                   The chemical control is cheaper with broader insecticidal activity which is also a reason for not 
adopting technologies to manipulate insect behaviour in agricultural system. Increasing public awareness of the 
negative effects of broad spectrum insecticides on human and non-target organisms is very important. 
                      There are various reasons I.e benefits of using the IPM over individual method. As per given above, 
the farmer can increase their income upto double using the IPM properly. Hence the “IPM is a solution for 
doubling the farmers income". 
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Agriculture plays a vital role in India’s economy. Agricultural exports constitute 10 percent of the country’s 
exports and are the fourth-largest exported principal commodity category in India. Agriculture sector is 
increasingly looking at ways to use technology for better crop yield and sustainability. Many technology 
companies and startups have emerged in the past few years with targeted agri-based solutions that benefit the 
farmers and ultimately improve country’s agriculture. Factors such as climate change, population growth and 
food security concerns have forced the industry into seeking more innovative approaches to protecting and 
improving crop yield. As a result, Artificial Intelligence (AI) is steadily emerging as part of the industry’s 
technological evolution. Artificial intelligence technology is supporting different sectors to boost productivity 
and efficiency. The Market study report stated that the global Artificial Intelligence (AI) in Agriculture market 
size is expected to reach 1550 million US$ by the end of 2025. 

AI in Agriculture: AI in agriculture is helping farmers to improve their efficiency and reduce environmental 
effects. The agriculture industry strongly and openly embraced AI into their practice to change the overall 
outcome. Adapting AI technology is helping to control and manage any uninvited natural condition. 
Implementing AI-empowered approaches could detect diseases or climate changes sooner and respond 
smartly. The businesses in agriculture with the help of AI are processing the agricultural data to reduce the 
adverse outcomes. The most popular applications of AI in Indian agriculture are: 

1) Crop and Soil Monitoring (Drones, Gramophone, Image Recognition for Soil Science)  
2) Predictive Agricultural Analytics (Machine learning models are being developed to track and predict various 
environmental impacts on crop yield such as weather changes.)   
3) Supply Chain Efficiencies 
4) Decrease pesticide usage 
5) Forecasted Weather data 
6) Agricultural Robots (Companies are developing and programming autonomous robots to handle essential 
agricultural tasks such as harvesting crops at a higher volume and faster pace than human laborers).    

Government Initiatives regarding AI (Pradhan Mantri Fasal Bima Yojana, PMFBY): Government has started 
using Artificial Intelligence (AI) on pilot basis for estimation of crop cutting and other things under Pradhan 
Mantri Fasal Bima Yojana. The move aimed at cutting down the cost of farming while increasing productivity 
and ensuring better prices for farmers. Talking about the government’s initiative to use Artificial Intelligence 
in farming, Narendra Singh Tomar, agriculture and farmers welfare minister said: “AI can be used in multiple 
domains of agriculture such as weather, crop and price forecasting, and yield estimation.” Use of cutting -
edge technologies like Artificial Intelligence may help Indian farmers to choose the right crop and minimise 
the risks. 
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Uses of Drones: Drones in agriculture can ignite a big change in improving the efficiency of agriculture. 
Drones are alternative to lack of skilled human resources and heavy machines.  There are several types of 
drones say, Crop Spraying Drones, NVDI Drones, Seeding Drones, and Surveillance Drones for agriculture 
purpose. 

 

Crop spraying Drones 
Drones can be used in Agriculture in India but there are several drone laws that needed to be followed, 
which keeps on changing. The Director General of Civil Aviation has finally announced its policy for remo tely 
piloted aircraft or drones. Set to come into effect from December 1, 2018, the new policy defines what will 
be classified as remotely piloted aircraft, how they can be flown and the restrictions they will have to 
operate under.  

General India Drone Laws: 
 Do not fly your drone over densely populated areas or large crowds. 
 Respect others privacy when flying your drone 
 Do not fly your drone within 5km of airports or in areas where aircraft are operating 
 Hurdles before drones in agri-tech take off. 
 You must fly during daylight hours and only fly in good weather conditions 
 Do not fly your drone in sensitive areas including government or military facilities. Use of drones or camera 

drones in these areas are prohibited 
 You must be at least 18 years old and have completed a training course. 
 All drones must be equipped with a license plate identifying the operator, and how to contact them. 
 You must only fly your drone within visual line of sight. 
 You cannot fly more than one UAV at a time. 
 Do not fly your drone within 50km of a border. 
 Do not fly your drone more than 500 meters into the sea, from the coastline. 
 Do not fly within 5km of Vijay Chowk in Delhi 
 Do not fly over national parks or wildlife sanctuaries 
 All drones must have liability insurance 

Agriculture Robots:  
Blue River Technology for Weed Control: Companies are using automation and robotics to help farmers find 
more efficient ways to protect their crops from weeds. Blue River Technology has developed a robot called See 
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& Spray, which reportedly leverages computer vision to monitor and precisely spray weeds on cotton plants. 
Precision spraying can help prevent herbicide resistance. Company claims that its precision technology 
eliminates 80 percent of the volume of chemicals normally sprayed on crops and can reduce herbicide 
expenditures by 90 percent. 

Harvest CROO Robotics for Crop Harvesting: Harvest CROO Robotics has developed a robot to help strawberry 
farmers pick and pack their crops. Harvest CROO Robotics claims that its robot can harvest 8 acres in a single 
day and replace 30 human laborers. 

CONCLUSION: Today AI-powered technologies used for solving several industries’ purposes. AI is being utilized 
in sectors such as finance, transport, healthcare, and now in agriculture. AI is helping the farmers to monitor 
their crops without the need to invigilate personally into the farm. Many startups and enterprises are looking 
forward to AI development in agriculture. AI is redefining the traditional pattern of agriculture. The future of AI 
in agriculture is way ahead in offering radical transformation with advanced approaches.  
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Fig (Ficus carica L.) belongs to family Moraceae is one of the oldest fruit 
crops being cultivated for thousands of years. The remnants of fig have 
been known to be found in excavations of Neolithic sites  and traced to 
5,000 B.C. This fruit crop is believed to be native to Southern Arabia and 
has been distributed throughout the Mediterranean area. This crop is 
well adopted and cultivated in tropical and subtropical climates. In 
world scenario, it has been grown in an area of 427,000 ha producing 
more than one million metric tons per year (FAO, 2006). In India, the 
crop has been cultivated in 5600 hectare area with 13802 thousand 
tonne production and with the productivity of 12.32 tonne per ha. 
Karnataka, Tamil Nadu, Gujarat, Uttar Pradesh and Maharashtra states 
are well known for its production. The fig fruit is well loved by 
consumers for its sweet taste, mild flavour as well as nutrition. It is 
consumed as fresh or in processed form, especially dried form of fruit is 
more popular. Many processed fig products are available in the world 
market, among them fig jam, canned figs, fig pickle, dried figs, fig 
preserve are more important. 

In recent decades, this crop is gaining importance in 
horticulture sector because of its nutritional value and higher returns to 
the stakeholders. Fig fruits are one of the richest sources of vitamins 
and minerals which include A, B, C, K vitamins and, potassium, zinc, 
copper, iron and magnesium. In addition to nutrition values, this crop 
has antidiabetic properties. In this regard, some studies revealed that, 
decoction of fig leaves as supplement to breakfast helps in regulating 
insulin dependent diabetes symptoms (Serraclara et al., 1998; Stephan et 
al., 2017). Besides this, fig has other health benefits like, preventing 
heart diseases, constipation, and hypertension, good for bone 
strength, skin as well as hair health and also cures sore throat symptoms. In some folk traditions, figs are used 
as medicine to treat skin related issues like eczema, vitiligo, and psoriasis and also fig tree latex therapy was 
used to treat common warts. The latex therapy for skin diseases evidenced that the therapy has several 
beneficial effects including its short duration, no adverse effects, ease of use, low recurrence rate as well as 
patient compliance (Bahlooli et al., 2007). Besides its nutrition and medicinal values, this crop has greater 
demand by fruit processors, consumers. It became a boon crop for stake holders to earn profitable income. 

In India, this crop significantly increasing its area of cultivation and production due to its profitability. A 
recent study on economic analysis revealed that the Benefit Cost Ratio at 12 per cent discount rate was 3.01 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 254 - 
 

 

for the orchards suggesting one rupee investment on fig orchard generates 3 rupees in 3.44 years of payback 
period (Lokappa et al., 2018). Thus, investment made on fig orchard is economically viable. In addition, 
suitability to cultivate the crop under arid to semi-arid climatic condition, adaptable to wide range of soils, 
drought and salt tolerance, less water requirement and easy propagation techniques encouraging farmers 
towards fig production in our country.  
By keeping a view on nutritional value, medicinal properties and commercial importance of this fruit crop, 
there is an urgent need to popularize the crop, provide technical and financial support to its stake holders in 
establishing fig orchards, processing units, marketing facilities etc.  
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INTRODUCTION 
Our planet earth is unique because it possesses a wide range of biodiversity. Biodiversity is a factor that links, 
fisheries, forestry, agriculture and other sectors. It also provides various raw materials for livelihood. With the 
starting of 20th century, a rapid increase in the growth of natural habitat along with flora and fauna were 
observed. Scientist has great interest in the medicinal and economical properties of the plant. In tropical and 
sub-tropical region of world, various invasive species of plants are spreading very fast. Xerophytes Prosopis 
juliflora is one of them. 

Prosopis juliflora is a species of plant found in Fabaceae family whose subfamily is Mimosoideae and 
genus is Prosopis. It is also known as Mosquitoes and different names in different language. The genus Prosopis 
is also found in arid and semiarid regions of Asia, Africa and America, however America contributes most of the 
native species. The plant Prosopis because of its multipurpose value and fast growth rate made it popular to 
reduce deforestation and promote afforestation in dry regions of Asia and Africa. In India and Pakistan, there 
species was introduce in late 18th century. Later on, these species was soon considered as an invasive weed 
due to its rapid spread as it covered large area.  
Chemically Prosopis juliflora wood comprises of 11-28% lignin, 40-45% cellulose and 25-30% hemi cellulose 
(Dave and Bhandari 2013). Flavonoids are present in rich amount in these species, 3-6% flavonoid are present 
in it dry leaves (Ibrahim et al 2013). Alkaloids are also present in high concentration in the leaves of Prosopis 
Juliflora. The propagation of Prosopis juliflora can be done with the help of its seed, hard wood cutting and 
roots suckers (Hailu et al 2004).  

Morphology of Prosopis juliflora can be understood as it normally reaches height of 12m, but under 
favourable condition can also go up to 20m (Dave and Bhandari 2013). The height of shrubs of Prosopis juliflora 
is 3 meter. The diameter of Prosopis juliflora trunk is 65cm as it is short and twisted. The trunk of Prosopis 
juliflora is rough and fibrous and grey brown colour in appearance. A rare character of Prosopis juliflora seed is, 
when the animal ingested the unchanged seed passing the alimentary canal of animal receive treatment which 
increases the success of germination of the seeds when they are exited. Fertilizers obtained from Prosopis 
juliflora plant is made up of its feaces. Another benefit of Prosopis juliflora with respect to competition for 
space is its ability of resprouting from damaged part as it possess a short juvenile period. In most extreme 
climatic conditions Prosopis juliflora can produce bear fruits and fire woods.  

Blessing of Prosopis juliflora 
Prosopis juliflora proved to be great blessings, when planted in the region where it is needed. Prosopis juliflora 
controls soil erosion, improves soil erosion, stabilizes sand dunes. It also reduces soil salinity Prosopis juliflora 
also provides contraction timber, food, feed and fuel wood (Dave and Bhandari 2013, Walter and Armstrong 
2014). 

Environmental benefits 
Prosopis juliflora contributes organic matter and bio-available nitrogen thus helps to increase the productivity 
of the soil. (Bhojvaid et al 1996; Bhojvoid and Timmers 1998; Dagar et al 2001; Deans et al 2003, 06; Mishra and 
Sharma 2010; Singh et al 1998). P. juliflora among other hardy tree species is more effective (Singh and Rathod 
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2002; Hussain and Alshammary 2008) helps in stabilisation of soil dunes. The bark of  Prosopis juliflora contains 
several metals like Fe, Mn, Cu, Zn and Cr due to the presence of these metals they can easily grow in fly ash 
landfills.(Pandey et al 2015; Rai et al 2004) overburden of coal mines (Chaulya et al 2000) and gypsum mine 
soil( Rao and Tarafdar 1998). Some tree species of Prosopis Juliflora was grown on soils which was 
contaminated by chromium rich tannery effluent (Khan et al 2014) observed the presence of chromium 
resistant bacteria, which are capable to tolerate the metal upto level 300mg. The bacteria also exhibited 
tolerance towards Cd, Cu, Pb, and Zn. Based on silvopastoral systems, Prosopis juliflora leads to higher 
enzymatic activity, greater soil quantity and beneath Prosopis juliflora canopy better nutrient level. (Singh et al 
2014; Vallejo et al 2012). When the land includes is not rich enough to support the growth of other trees, 
Prosopis Juliflora act as air purifier. Prosopis Juliflora can also be recognised as greenbelt development. 

Fuel Source 
Prosopis juliflora wood is used as a major source of fuel for people in dried regions (Walter 2011; Walter and 
Armstrong 2014). 4000 Kcal kg-1 is its calorific value. Prosopis juliflora is observed to produce low ash and has 
ability to burn well even when harvested freshly. Prosopis juliflora has a promise of source of bio-oil (Mythili et 
al 2017; Suriapparao et al 2015) and biodiesel (Karthikeyan and Parthinea 2016). India uses P. juliflora woods as 
a feed to biomass based power plants, enhancer production and in large burners. Attempts are also made to 
generate ethanol from Prosopis Juliflora (Dasilva et al 2010, 2011; Gupta et al 2009, 2011 a,b 2012; 
Nasseruddin et al 2013,2017; Pasher et al 2006). 

Food Source 
The flour synthesised from pods of Prosopis juliflora is a food item in North and South America. Since centuries 
(Choge et al 2007) sugar is also present in this flour (56.5% by weight), along with protein (9% by weight) and 
the content of lipid in this flour is low. When the extent of flour used is 20% or less, it has pleasent taste (Choge 
et al 2007). This flour is used in the production bread, cakes and cookies(De gusmao et al 2016) Due to the 
presence of large brightly colorized flower, the resulting heavy of Prosopis juliflora is of good quality (Dave and 
Bhandari 2013). The gum obtained from Prosopis Juliflora is highly nutritious as it is rich in antioxidants (Sirmals 
and Mburu 2011).  

Biopesticide Source 
The leaf extract of Prosopis juliflora has been found effective against fungi pyricularia grisea which is observed 
to cause rice- blast disease (Kamalakannan et al 2001). In the form of erythromycin, streptomycin and 
penicillin, P. juliflora methanol extract was beneficial against tomato bacterial leaf spot disease (Ahmed et al 
2007). Prosopis juliflora antibacterial activity also reduces post harvest anthracnose incidence in banana (Baize 
et al 2014) and mango (Deressa et al 2015). Against the pests like whitefly eggs and nymphs: Prosopis juliflora 
has as insecticidal potential (Calvalconate et al 2006) and mosquito vectors of malaria, dengue, chikunguniya 
and filariasis (Bansal et al 2012; Yadav et al 2014, 2015). Prosopis juliflora leaves which are rich in alkaloid also 
provide defence against fungi Cryptococcus (Valli et al 2014). 

Other potential uses of Prosopis juliflora- 
The natural coagulants of Prosopis juliflora can remove turbidity from drinking water (Diaz et al 1999). Scientist 
synthesised many silver and gold nanoparticles from different abstract of Prosopis juliflora (Raja et al 2012; 
Raju et al 2014). Prosopis juliflora is also a good bioindicator of heavy metal pollution as they hyperacculumate 
and immobilise the heavy metal (Beramenoli-Orosco et al 2013; Gabriel and pattern 1994, 1995). When 
compact of Prosopis juliflora is applied on farmlands, the seed yield and soil moisture increase.   
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Value addition is as its name indicates value is added in any product to enhance its quality from before the 
product. After addition the value is change and it enhance the product quality, taste, colour, texture, smell and 
beauty of the food item. But some time it is also possible that value addition is done it reduces the quality of 
the product but a little bit chance of this. Value addition is helpful to increase the consumption of product. 

Value addition is help to preserve the food product for a long duration because it increases shelf life of 
the product. In rural areas women work hard in household and agriculture areas. In both agriculture and 
household activities one activities play a very important link in these two activities that is value addition. Rural 
women make agriculture produce for household consumption with the help of value addition. In rural areas 
various food that rural women can not afford without season due to lack of money, transportation, facility and 
unawareness about various food items. 

So value addition is a easy way to store the product for a long duration at their home. Traditionally 
women make main value added product that is pickle from various fruits like as- mango, aaonla,  karonda, jack 
fruit , and different types of mix pickles from various vegetables like as carrot, radish, pea, cauliflower, green 
chilli, suran  etc.  Women also make badi with the help of pumpkin and they dry some vegetables for use them 
if off season. In rural areas women make also various types of chips and papad with the help of potato, rice and 
sabudana, suji  etc. In rural areas women make atta sewai with the help of each other on occasion of fast. 
But now a day’s time has changed there are various value added food product available in the market that 
women can easily prepare at their home. Because women cannot easily afford these food items. In every 
district of U.P there were some KVKs that is helpful for rural community for awareness  them about their 
agriculture, horticulture, plant protection, animal science, agriculture extension and all of them one is home 
science. The role of home scientist to aware women about value addition of various seasonal fruit, vegetable, 
cereal and pulse product according to the need and demand of the family. Value addition enhances the eatable 
quality of the product and it can be preserve for a long duration. Value addition is also help to save rural 
women time and energy and make easy for them. For example – women have multiple tasks at early morning 
cleaning of home; utensils, care and feed of animal prepare breakfast at early morning for children and their 
tiffin boxes in that case if women have prepared onion, garlic powder or paste then they have save time early 
morning and use it quickly. With the help of value addition women can earn money and improve their financial 
condition with the help using of their skill, knowledge and creativity of value addition at house hold in seasonal 
food product.  Women can also improve their social status in the society, people recognize them from their 
work and they have develop a self identity and other women from their society also motivate from them and 
want to do something. In rural areas poverty is the major problem of rural people, so there is a greater need to 
help them for improving their financial status with the help of their agriculture produce, dairy etc. If farmer 
have more production from their expectation in that case farmer cannot receive a fare price due to extra 
availability of production. In that case farmer sell their produce on a very low price but if farmer have 
awareness about value addition and how to do value addition then they hold their produce and convert the 
produce in value added product and sell them in high price and store them for a long duration. 
  For ex- Value addition in pulse Whole gram- split in pulse- besan- sew, namkeen, mathri now   farmer  
can get faire price of their produce with the help of value of addition. KVKs play a important role for awareness 
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of farmers and farmer can get the faire price of their produce and giving information of storage of their 
agricultural produce and earn more income from their produce.  

Value addition helpful for women to fulfil their kitchen with off- season product. Women can save their 
family income with the help of value addition in various fruits, vegetables, cereal, pulse etc. when these crop is 
cheap in terms of rupees then they can buy these crop and make their value added product. Many times 
vegetable and fruit cannot store in their original form in such condition women can preserve them and store 
for a long duration. Many times production is more then also women can make value added product and save 
the income which was spend on these food items. In other words it can be said that that- 
1- Value addition help to increase consumption of the product. 
2- Value addition help to change the original form of product 
3- Value addition helpful to store for a long duration of the product 
4- It helps to change colour, texture, appearance of the product 
5- It helps to attract consumer 
6- Easy to storage for long duration 
7- It helps to increase farmers income 
8- Reduce labour cost of women 
9- Reduce time for preparation of product due to help of value addition 
10- Provide more income to its producer instead of selling in its original form. 
11- Nutritional requirement also improve with the help of value addition. 
12- Different types of product should be prepare with the help of value addition. 
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Quality refers to the suitability or fitness of an economic plant product in relation to its end use. A trait that 
defines some aspect of produce quality is called quality trait. Each crop has a specific & often somewhat 
completely different set of quality traits. Rapeseed and mustard are very important source for edible oil. 
Different parameters related to rapeseed and mustard quality improvement will be discuss in this article. 

INTRODUCTION 
Rapeseed and mustard stands at second position in terms of oilseed production in India after soybean. More 
than 90% of area and production in Rapeseed - mustard is under Indian mustard (Brassica juncea). It is a di-
genomic amphidiploid (2n=36, AABB). It is mainly self-pollinated, although up to 18% out-crossing is reported 
under natural field conditions, depending upon bee activity. 

Quality in rapeseed and mustard 
When compared to other edible oils, the rapeseed/ mustard oil has the lowest amount of harmful saturated 
fatty acids. It also contains adequate amounts of the two essential fatty acids, linoleic and linolenic, which are 
not present in many of the other edible oils. But Rapeseed/ Mustard contains high amount of (1) Erucic acid (2) 
Glucosinolates. So, there is need to reduce these two components in rapeseed and mustard varieties. 
The rapeseed mustard varieties which are fulfilling both the requirements (Low erucic (<2 %) + Glucosinolate 
(<30 micro moles/ g of defatted cake)) called as “00” or Canola a registered name given to “00” varieties by the 
Western Canadian Oilseed Crushers’ Association. The varieties possessing either of the two i.e. low 
glucosinolate (<30 micro moles/ g defatted seed meal) or low erucic acid (<2 %) termed as “0” varieties. 

Breeding “00” (Canola type) Indian mustard varieties need of the hour 
Excessive intake of Erucic acid leads to diseases like myocardial fibrosis in adults lipidopsis in children, thereby, 
adversely affecting the human health. Seed meal cake is important bio-product which contains high 
concentration of Glucosinolates. Nutritional disorders and toxicity in human beings as well as in animals 
especially in non-ruminants. Goiter, liver damage, increased liver weight, reduced body weight and food intake 
in farm animals ultimately leading to low productivity.  GSL is a complex trait for which the efforts have already 
been initiated Chinese and Australian germplasm is being used. MAS is being practiced for introgression of both 
quality traits in Indian mustard. 
 
Breeding Objectives for Quality 
The main breeding objectives in brassica breeding are the following: 

1. High Oil Content 
2. Low Erucic acid 
3. Low Glucosinolates 

In   addition   to   the   low   erucic   acid   and   low glucosinolate, yellow seed   coat   color is   another desired 
characteristic and during recent years the concept of 'OO' is being expanded to 'OOO' to include this as one of 
the major breeding objectives. 
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Advantages of yellow colored seed coat 
1. Better meal quality due to low crude fiber content. 
2. Discoloring of oil and lecithin is avoided, and light-colored end product are  

obtained even without dehulling of seeds. 
3. Yellow seeds contain normally 1-2 per cent extra oil in the embryo because the  
4. yellow seeds possess a thinner seed coat and higher oil content in the embryo 

CONCLUSION 
Large number of indigenously developed and exotic donors for low erucic acid as well as double low traits are 
available. In low erucic acid a huge material including varieties, genetic stocks and advance lines and breeding 
material has been generated. Attempts are being made to develop the double low Brassica juncea varieties. 
For future perspectives increasing tocopherol content in rapeseed and mustard oil will help in increasing the 
stability of edible oil for longer time. 
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Mushroom cultivation is an eco-friendly activity as it utilizes all the agricultural wastes like poultry, 
brewer etc. and produces fruiting bodies with excellent taste and unique nutritional and medicinal attributes. 
Spent mushroom substrates are the soil-like material remaining after a crop cultivation of mushrooms. 
Compost is considered “spent” when a complete crop of mushroom, has been taken extension of cropping 
becomes unremunerative. Spent mushroom substrate is high in organic matter making it needed for use 
as a soil amendment or soil conditioner, sometimes spent mushroom substrates is called spent 
mushroom compost.  

Use of spent mushroom substrate: 
There are so many appropriate uses for spent mushroom substrate. Spent mushroom substrate is 

outstanding to spread on top of newly seeded lawns. The spent substrate provides protect against birds 
eating the seeds and will grasp the water in the soil while the seeds germinate. Some plants an d garden 
vegetables are responsive to high salt content in soils, avoid using fresh mushroom spent substrate 
around those plants. The spent mushroom substrate weathered for 6 months before use gardens and 
plants. Spring and summer are the best time to use weathered material as mulch. As a soil amendment, 
spent mushroom substrate adds organic matter and structure to the soil. Spent substrate primarily 
improves soil structure and it does provide a few nutrients.  

Where we use spent mushroom compost: 
The use of spent mushroom compost commonly leads to a build-up of chalk particles in the garden soil, 

and to increased soil alkalinity. This can take place to the extent that plant growth suffers, the chalk making 
other nutrients in the soil less available. In severe cases, yellowing of the foliage that is known as lime-induced 
chlorosis and general stunting occurs, with subsequent cutback in flowering and fruiting. Spent mushroom 
compost is most useful in acidic soils that are low in organic matter, wherever the liming effect of the chalk is 
an added promote to soil fertility. Mushroom compost is not suggested for neutral, alkaline or chalky soils, 
which would be prepared excessively alkaline by the addition of further chalk. Mushroom compost is 
tremendous on the vegetable garden, vegetable crops commonly grow most excellent when the soil is not 
acidic and where the soil is alkaline, Brassicaceae family (cabbage, broccoli, cauliflower, kohlrabi, Brussels 
sprouts and kale) are less likely to be infected by clubroot disease. 

Average Analysis of Spent Mushroom Substrate: 

Contents Units Avg. Fresh Weathered 16 mos. 

Sodium, Na % Dry Wt. 0.21 - 0.33 0.06 

Potassium, K % Dry Wt. 1.93 - 2.58 0.43 

Magnesium, Mg % Dry Wt. 0.45 - 0.82 0.88 

Calcium, Ca % Dry Wt. 3.63 - 5.15 6.27 

https://www.rhs.org.uk/advice/profile?pid=456
https://www.rhs.org.uk/advice/profile?pid=456
https://www.rhs.org.uk/advice/profile?pid=144
https://www.rhs.org.uk/advice/profile?pid=762
https://www.rhs.org.uk/advice/grow-your-own/vegetables/cabbages
https://www.rhs.org.uk/advice/grow-your-own/vegetables/broccoli
https://www.rhs.org.uk/advice/grow-your-own/vegetables/cauliflower
https://www.rhs.org.uk/advice/grow-your-own/vegetables/kohl-rabi
https://www.rhs.org.uk/advice/grow-your-own/vegetables/brussels-sprouts
https://www.rhs.org.uk/advice/grow-your-own/vegetables/brussels-sprouts
https://www.rhs.org.uk/advice/grow-your-own/vegetables/kale
https://www.rhs.org.uk/advice/profile?pid=128
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Average Analysis of Spent Mushroom Substrate: 

Contents Units Avg. Fresh Weathered 16 mos. 

Aluminum, Al % Dry Wt. 0.17 -0.28 0.58 

Iron, Fe % Dry Wt. 0.18 - 0.34 0.58 

Phosphorus, P % Dry Wt. 0.45 - 0.69 0.84 

Ammonia-N,NH4 % Dry Wt. 0.06 -0.24 0.00 

Organic Nitrogen % Dry Wt. 1.25 - 2.15 2.72 

Total Nitrogen % Dry Wt. 1.42 - 2.05 2.72 

Solids % Dry Wt. 33.07 - 40.26 53.47 

Volatile Solids % Dry Wt. 52.49 - 72.42 54.24 

pH Standard Units 5.8 - 7.7 7.1 

N-P-K ratio PPM Dry Wt. 1.8 - 0.6 - 2.2 2.7 - 0.8 - 0.47 

% x 10,000 = PPM 

 
Spent mushroom compost contains 1.9-0.4-2.4% (N-P-K) before weathering and 1.9-0.6-1.0 (N-P-K) 

after weathering for 8-16 months. Spent mushroom compost contains much less heavy metals than sewerage 
sludge, which precludes its classification as a hazardous substance. SMS obtained from various sources usually 
have conductance in the range of 1.9 to 8.3 memos/cm. Chloride used to be one of the major inorganic anions 
in SMS and it varies from 1.5 to 7.5kg/1000 kg in fresh SMS, while 0.3kg/1000kg in well rotten SMS. SMS has an 
initial pH of 7.28 which increases during weathering. The volume of SMS also decreases (shrinkage) over the 
time. The fresh SMS obtained from various sources varies in its density: 0.198 g/cm3 with a range of 0.15 to 
0.24 g/cm3 in U.K., 0.475 g/cm3 in Ireland and 0.24 to 0.62 g/cm3 in USA. 
Uses: The substance has been found to be good nutrient sources for agriculture because of its nutrient-status. 
It has a high cation replace capacity, a measure of the amount of nutrients a medium can hold and a slow 
mineralization rate retains its quality as an organic matter. 

A. Spent mushroom substrate for organic-farming: 
The supplements of spent mushroom substrates in the nutrient poor soil leads to an improvement in 

soil texture, water holding capacity and nutrient status. Spent mushroom substrate incorporation in soil does 
not have any adverse effect on its alkalinity while, its amendment in soil leads to an increase in both pH as well 
as the organic carbon content. The phosphorus and potassium necessities of the crop plants can be fulfilled by 
incorporating 5% of spent mushroom substrate by volume, while nitrogen requirement can be fully met by 25% 
of SMS by volume. The actinomycetes, bacteria and fungi inhabiting the compost not only play role in its 
further decomposition but also exert some antagonism to the normal pathogens surviving and multiplying in 
the soil eco-system. 
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                 Spent mushroom substrate                    Spent mushroom compost 
 
Onion (Allium cepa L.) 
Spent mushroom substrate dose: 25 ton/ha 
Vegetative growth and yield: Twelve months old anaerobically recomposted SMS + basal dose of chemical 
fertilizers. 
Enhanced quality: Superior length and diameter of bulb, complete soluble solids, dry matter, pyruvic acid and 
ascorbic acid contents in Twelve months old anaerobically recomposted SMS + fertilizer. 

 
Onion crop 

Tomato (Lycopersicon esculentum) 
Spent mushroom substrate dose: 18.5 ton/ha 
Improved production: 6-24 months old naturally weathered SMS and Twelve months old anaerobically 
recomposted SMS 
Enhanced quality: Superior fruit weight, ascorbic acid content, dry matter, total soluble solids (TSS) & acidity in 
anaerobically recomposted SMS. 
Diseases management: Lower incidence of Blossom end rot, Buck eye rot, Leaf curl in anaerobically 
recomposted SMS, while Fruit borer in FYM. 
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Tomato crop 

 
Cauliflower (Brassica oleracea var botrytis) 
Spent mushroom substrate dose: 25 ton/ha 
Improved Yield: 12 months old anaerobically recomposted SMS 
Enhanced Quality: Superior stalk length, curd length, curd dia, dry matter, ascorbic acid content, curd 
appearance in 12 months old anaerobically/aerobically recomposted SMS. 
Diseases management: lower incidence of black rot and caterpillar in spent mushroom substrate. 

 
Cauliflower field 

Mushrooms cultivation is second crop of mushroom from the spent substrate can prove more efficient 
utilization of the substrate ingredients and can also improve the problem of solid waste dumping in the 
mushroom industry. Re-spawning of Agaricus spent mushroom compost together with the addition of spawn 
mate (delayed - release nutrient) and Bonaparte peat (adsorbent material) can provide high quality yield of 
second Agaricus crop. 
Pollution control: Spent mushroom compost (SMC) is a bulky garbage byproduct of mushroom industry and 
produced abundantly. The Spent mushroom compost of Pleurotus sp. immobilized laccase (0.88 mmoles min (-
1) g (-1)) and manganese peroxides (0.58 mmoles min (-1) g (-1)) of which the optimal temperatures were 45 
and 75 ℃, respectively. In laboratory test, complete degradative removal of individual naphthalene, 
phenanthrene, benzo pyrene and benzo perylene (200 mg PAH kg (-1) sandy-loam soil) by 5% SMC was 
obtained in two days under continuous shaking at 80 ℃. The Spent mushroom compost treated PAH samples 
had significantly reduced or removed their toxicities as revealed by the Microtox bioassay. These results were 
fixed by gas chromatography-mass spectrometry analysis on the breakdown products. A phthalic derivative, 
which is reported as a degradative product of PAHs by ozonation or ligninolysis was also detected in the SMC-
treated samples. The results operate the potential in employing SMC in ex situ bio-remediation. 
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INTRODUCTION 
Plant breeding is an art and science of altering the genetic architecture of the plants to make them more useful 
to human beings. Domestication is the oldest form of crop improvement followed by selection, hybridization, 
mutation and creation of novel genetic variation by the help of biotechnological tools. Selection operates on 
existing variations it do not crate variation, So to create new variation for crop improvement one can go for 
hybridization between diverse parents followed by handling of their segregating generations and selecting 
plants of their choice. Another way of exploiting variability is the production of hybrids. Cross pollinated crops 
holds enormous variability locked in heterozygous form that can be exploited by the production of doubled 
haploid lines out of which superior lines can be used as an inbred lines for hybrid development. A doubled 
haploid (DH) is a genotype formed when haploid cells undergo chromosome doubling. 

What is a haploid plant and how it is produced?  
Haploid plants arises from the gametes that do not undergo fertilization, but is capable of producing a viable 
individual. Consequently, haploids contain only the gametic chromosome number (single set of chromosomes, 
n) of the crop species. Depending on whether the single set of chromosomes stems from the maternal or 
paternal side, the plant is denoted as maternal haploid and paternal haploid, respectively. Haploids can be 
produced by 2 methods mainly Firstly, in vitro methods that are based on the culture of haploid cells and their 
differentiation into haploid embryos and ultimately haploid plants. Both pollen (male) and ovules (female) can 
be used. Secondly, in situ technique that utilizes special haploid inducing lines. Coe (1959) was the first person 
to produce Maternal haploids in Maize using haploid inducer line Stock 6. The inducers possess dominant 
anthocyanin marker genes that help in identification of haploids at various stages (dry seeds, seedlings and 
mature plants) The R1-nj marker gene imparts purple to scutellum and aleurone is widely used for the 
screening of haploids in dry seeds. Haploid seeds aleurone shows purple colour only and its embryo are 
colorless whereas diploid seed shows purple color in both embryo and aleurone. Currently several inducers 
lines have been developed by many institutions with higher Haploid Induction rate as compared to Stock 6 
these includes MHI (Molodovian Haploid Inducer), PHI etc. 

What is a doubled haploid (DH) plant?  
A DH plant is derived by doubling the single chromosome set of the haploid plant either spontaneously or 
artificially. Chromosome doubling is essential since haploid plants are generally weak and are sterile. 
Commonly used chemical agent for doubling of chromosomes of haploid plantlets is colchicine (extracted from 
bulbs of Colchicum autumnale, Autumn Crocus), that blocks karyokinesis and ultimately leading to 
chromosome doubling. As a result, in DH plants all loci are homozygous. Chromosome doubling produces ‘pure’ 
homozygotes or fully inbred lines. Chromosome doubling can also be achieved by Nocadozole, Amiprophos-
methyl (APM) and pronamid. 
 
 

https://en.wikipedia.org/wiki/Haploid
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Utility of doubled haploid technology in agriculture 
DH technology encompasses both the production of haploid plants and the chromosome doubling 

process. It shortens the time needed to create pure homozygous lines, that can be released as a variety for 
commercial cultivation directly or can utilised as parents (inbred lines) for the production of hybrid seeds. DH 
plants are phenotypically stable due to  homozygousity of all the alleles. DH can be used for efficient genetic 
analysis and development of markers for useful agronomic traits in much less time. In Short, DH technology 
increases the efficiency of plant breeding. 

 
REFERENCES: 
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[2]. Möllers, C., & Iqbal, M. C. (2009). Doubled haploids in breeding winter oilseed rape. In Advances in haploid 

production in higher plants (pp. 161-169). Springer, Dordrecht. 
[3]. Chaikam, V., Molenaar, W., Melchinger, A. E., & Boddupalli, P. M. (2019). Doubled haploid technology for 
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Dragon fruit (Hylocereus undatus F.A.C. Weber.) is indigenous to the Americas and belongs to family 
Catacaeae. Dragon fruit is perennial climbing cacti with triangular green stem cultivated in tropical and sub 
tropical regions. Pitaya cacti usually germinate after 11 to 14 days after shallow planting. Dragon fruit is low 
in calories yet offers numerous nutrients, including vitamin C, vitamins B, phosphorus, protein, calcium, fiber, 
and antioxidants. It's proven to lower blood sugar levels as well as blood pressure, strengthen bones and 
teeth, promote healthy blood and tissue formation, strengthen the immune system, heal bruises and wounds 
faster and prevent respiratory problems. Like other red fruits, dragon fruit contains lycopene, which helps 
protect against cancer and heart disease. The optimum temperature range is about 20 - 30oC. Highly organic, 
composted and well drained soils (pH5.5 to 7) good drainage system is important to dragon fruit cultivation 
and planting space is about 2 x 2m. Pit size is about 60 x 60 x 60cm. Commercial plantings can be done at 
high density with between 1100 and 1350 plants per hectare. Dragon fruit plant require light pruning to give 
proper shape, size and make plant disease free by removing infected braches. Dragon fruit needs support to 
upright growth. Because of that, wooden or cement poles can be used. Immature stem must be tied to that 
column. Dragon fruit takes 4-5 years to come into full commercial production, at which stage yields of 20 to 
30 tons per hectare can be expected.  
 
INTRODUCTION  

The dragon fruit’s scientific name is derived from the Greek word hyle (woody) and the Latin word 
cereus (waxen) and the Latin word undatus, which refers to the wavy edges of its stems. The origin of the 
dragon fruit is unknown, but it is probably native to Central America. Dragon fruit, the name alone is 
mysterious and intriguing, and its appearance does not disappoint. The fruit itself looks like it’s straight out of a 
video game. It has a flame-red, egg-shaped body and looks like reptile scales tipped in yellow-green. Dragon 
fruit (Hylocereus undatus) belong to the Cactaceae family, is a climbing cactus that grows up to 30 feet tall. It 
has an extremely beautiful fruit that has dazzling flowers and having intense shape and color.  The skin of the 
dragon fruit is a thin rind of yellow or red color. The skin is usually covered by scales, and the center of the fruit 
is made up of a red or white pulp with black color seeds. The flesh is mildly sweet, some say comparable to a 
melon. It is a good source of protein, calcium, fiber and vitamin B and C. 

Other name of dragon fruit  
Pitahaya in Mexico, pitaya roja in Central America and Northern South America. The Spanish name 

pitahaya may also refer to several other species of tall cacti with flowering fruit. Indonesia buah naga, Khmer 
sror kaa neak, Thai kaeo mangkon, Nanettika fruit, Kaktus madu, Long guo, Cereus triangularis, Thanh long, 
Strawberry Pear, Cactus fruit, Night blooming Cereus, Belle of the Night and Jesus in the Cradle. 

Cultivation scenario & demand  
Vietnam is the world’s leading exporter of dragon fruit, with revenues from dragon fruit making up 55 

percent of the country’s fruit export turnover. However, the fruit is also cultivated in other countries such as 
Thailand, Indonesia, Israel, northern Australia, southern China, the Philippines and Hawaii, challenging 

https://en.wikipedia.org/wiki/Indigenous_(ecology)
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Vietnam’s dominance. China, which imports 77 percent of Vietnam’s dragon fruit production, has successfully 
cultivated the crop on 20,000 ha of land in Guangdong and Guangxi provinces alone, an area roughly equal to 
that dedicated to the plant in the whole of Vietnam. 

A very few farmers in the State of Maharashtra, Gujarat, Andhra Pradesh, Karnataka & Tamil Nadu have 
taken up dragon fruit cultivation in India. The total all India area of dragon fruit cultivation may be less than 100 
acres. India imports 95% dragon fruit from Thailand, Malaysia, Vietnam and Sri Lanka. This fruit also has a great 
potentiality for exports to the Gulf, European Union and USA. 

There is a lot of demand for dragon fruit in India. As consumers are getting more and more information 
about this fruit; the demand is increasing steadily. There are also some food processing industries which 
require dragon fruits on a regular basis. Various star hotels and also cafe chains, restaurants, etc. need fresh 
dragon fruit supplies for making delicious products like cakes, fruit bowls, salads, etc. Demand is very high for 
dragon fruits in India. 

Flower 
Its flowers bloom only at night, hence the plant is sometimes also called the “moonflower” or “Lady of 

the Night”. The flowers, which bloom for only one night, are white and large, measuring 30 cm long or more. 
They are bell-shaped and produce a sweet fragrance when in bloom. Water Stress is required to induce bloom. 
It takes an about 20 – 21 days from bud break to bloom. Pollinated done by bees, other insects, moths and 
bats. Hand and cross pollination improves fruit set and fruit size considerably. The dragon fruit is closely related 
to the orchid cacti, or epiphyllum, which are known for their large and impressive flowers. The pitahaya can be 
cross-pollinated with the epiphyllum. Dragon fruit flowers are also a treat, edible when in the bud stage as a 
cooked vegetable, otherwise opening into a huge white flower that to smells like peanuts. 

 
Fig: Flowering of dragon fruit 

Fruit 
It takes about 40 days from bloom to harvest. Pitahaya plants can have four to six fruiting cycles in one 

year. The dragon fruit has a dramatic appearance, with bright pink- and yellow-skinned varieties and prominent 
scales. The fruit is oval, elliptical or pear-shaped. The flesh has a subtly flavored sweet taste or sometimes 
slightly sourish taste. The flesh is either white or red, with black seeds dotted all over. The seeds, which 
resemble those of a kiwi, are edible. 
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Fig: fruiting of dragon fruit plant 

Health benefit of dragon fruit   

 It could easily be called a "crazy" fruit, as its appearance is so improbable. It has an extremely low 
amount of cholesterol, and it reduces the production of cholesterol producing a fat, which ultimately 
helps the body break down this fruit quickly, keeping happy and healthy.  

 This fruit has an excellent source of monounsaturated fats, helping the heart to stay in good condition.  

 The seeds also have a mild laxative effect They contain protein as well as omega-3 and omega-6 fatty 
acids that can help prevent cardiovascular diseases.  

 They have a high fiber content, which can assist with poor digestion and constipation.  

 Eating the flesh and seeds, which contain good protein, will keep body fortified and satisfied.  

 Eating of dragon fruit is a good natural source of anti-oxidants which help to prevent the dangers of free 
radicals which can cause cancer and its rich antioxidants can keep the skin tight and young.  

 The high amount of fiber in dragon fruit can ultimately help regulate diabetes, as it can stabilize blood 
sugar levels by suppressing sugar spikes.  

 The seeds supposedly help in controlling blood glucose levels in people with non-insulin-dependent 
hyperglycemic conditions (a kind of diabetes).  

 It is beneficial for people suffering from arthritis are so great that it’s commonly referred to as the “anti-
inflammatory fruit.”  

 Abundant in vitamin B3, dragon fruit can moisturize sunburned skin and release heat from the affected 
area.  

 The dragon fruit reputedly improves eyesight and controls hypertension. 
Uses of fruit  

 The fruit is commonly eaten raw and is thought to taste better chilled. It is also served as a juice or 
made a fruit sorbet. The fruit can be used to flavour drinks, while syrup made of the whole fruit is used to 
colour pastries, candy and ice cream. Unopened flower buds can be cooked like vegetables. 

Cultivation practices  
Soil 

The plant is a climbing cactus vine that grows well in dry areas. Because of its epiphytic nature, it grows 
best in soil with a high level of organic materials. Dragon fruit can be grown in wide range of soil; sandy loamy 
soil is the most suitable for cultivation of dragon fruit. Soil should be well drained; otherwise rotting may be 
done in the succulent plant.  Deficiency of minor nutrient is show in the high and low pH soil so 6.5 to 8pH are 
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suitable for dragon fruit. Dragon fruit thrive well in organic matter rich soils. Dragon fruit may also tolerant salt 
in soli. 
Climate 

Dragon Fruits grow well in tropical and subtropical climates, mostly free of frosts and freezes. Generally, 
the fruit needs a rainfall of around 600-1300 mm and a maximum temperature of 38-40 degrees Celsius. High 
rainfall cause flower drop and the fruits will rot. Being a cactus, dragon fruits tolerate wind. However, with very 
strong winds or hurricanes, expect some damages to trellises or support system and consequently to vines. 
Excessive ambient humidity leads the infection and anthracnose on the stem. Excessive soil moisture cause 
bacterial and fungal rot in the fruit. High temperature and drought is beneficial for flowering. Rains and 
irrigation during fruit development and prolonged droughts are beneficial. 

Propagation method of dragon fruit 
Dragon fruit is propagated by seed or cuttings. Seedlings are slow growing, and unreliable for fruit 

production making them unfavorable for propagation. Healthy, green cuttings are preferred for rapid 
propagation 

 
By cutting 

The dragon fruit is best propagated by cuttings. The cuttings are made from 8 to 12 month old 
triangular climbing shoots from mother plant. The cutting should be taken from healthy vigorous shoots and 
free from disease and insect infection. The cuttings are prepared during December and January or August to 
first week of September. The length of cuttings is taken as 20 to 25 cm. Before cultivation, keep this cutting 
piece in a pot with a mixture of dry cow dung, topsoil, and sand in the ratio of 1:1:2. Avoid direct sunlight from 
these cut piece. After planting it takes 60 to 90 days to sprout, rooted cutting are shifted in field. 

 
Fig: Propagation through cutting 

Planting  
Spring or early summer is preferable for planting. Propagation is done either by seedlings or by cutting. 

Quality cutting are important for planting. Cutting should be taken from a relibe or authentic place. Avoid soft 
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tender saplings, 12 to 18 inch’s cuttings preferable with good root zone. Easy and quicker to grow from saplings 
rather than seeds. (2 years from cutting and 4 years from seeds). Fresh cutting is place in a shady location for a 
week or more, to allow the cut end dry and “heal” to avoid fungal infections before placing it into soil. Cuttings 
can take four months or more to develop really strong root systems. As the stems grow, keep them directed 
towards their intended support or trellis. 

 
Fig: planting of dragon fruit plant 

Making of poles  
While cultivating the climbing cacti, one may need wooden posts, trellis, metal rods and concrete posts 

to support the plants, which is not necessary while cultivating the columnar cacti. Dragon fruit is a fast growing 
vine which requires a T-shape vertical pole support to the growing vines. Life span of dragon fruit is 15-20 
years; hence proper selection of poles and rings is important. Poles should be no more than 7 feet long with 2 
feet in the ground. Poles are make by anything either concert or PVC. Special RCC poles are casted to ensure a 
strong and lasting support. Normally four plants per pole are planted to give maximum yield. Proper Pole to 
Pole and row to row spacing is maintained for free movement during harvesting and maintenance work. 

Fertilizer  
Dragon fruit requires nitrogen, phosphorus and potash for better yield and quality. Each requires 10 to 

15 kg organic compost for well vegetative growth. Each plant also requires 40 grams muriate of potash, 90 
grams Single Super Phosphate and 70 grams Urea per plant in the vegetative phase. At flowering to harvesting 
stage apply 100 g muriate of potash, 50 g Urea and 50 g Single Super phosphate on a plant at fruit bearing 
phase for obtaining a high yield of dragon fruit. 

Fertilizer applying stage  
 Before flower stage in April 
 Fruit developing stage in July to August 
 Harvesting of fruit stage in December 

Irrigation  
Dragon fruit is a cactus requires very less water as compared to other fruits. It can survive without 

water for months. Best method of irrigation is drip irrigation. Irrigation by flooding is not recommended as it 
wastes water and increases the number of weeds and increase weeding work. Approximately 1 to 2 liters of 
water per day per plant is sufficient during the summer. Water requirement may increase or decrease 
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depending upon soil, climate and plant health. If plant is large enough by now to have a climbing pole, keep the 
climbing pole moist. Watering at vegetative and fruiting stage is beneficial. Watering at the time of flowering 
cause flower drop. Excessive watering cause rotting and bacterial infection. 
Weeding  

Weed management is required because it compete with the crop for water and nutrients. They provide 
shelter to pests such as birds and ants that may eat stems. Weeding is done at regular time interval.  
Pruning and thinning  

Dragon fruit is quick growing plant and it is quite large; some varieties can even reach upwards of 6m. 
When it attaining too large size, start pruning by cutting off some branches. As increase in size, the probability 
of damaging the poles is increase. Less weight may actually get it stronger, concentrate the nutrients, and 
encourage it to flower. Pruned cutting need not to throw as waste, it will use as a planting material, it will take 
roots virtually. Thinning improve air circulation, exposure to sunlight, and fruit size. After harvest mature plants 
should be pruned to a maximum of 50 main branches in order to maintain a productive canopy. 
Flowering  

Flowering is start from late April to early June. Water tress or drought condition require for initiation of 
blooming. It takes an about 20 – 21 days from bud break to bloom. Flower is bloom only in night and only for 
one night, after that they will be die. Pollination is done by moths bates and other insects. Hand and cross 
pollination improves fruit set and fruit size considerably. 
Harvesting 

Dragon fruit takes 40 day flowering to fruiting. Fruit is ripe on the plant itself. Dragon fruit usually 
produces ripe fruit in late summer or fall, but can fruit at almost any time of year if it receives enough water 
and sunlight. Dragon fruit is ripe when the skin turns red or yellow, depending on variety. The skin will also feel 
slightly soft when squeezed, but not mushy. The best time to pick dragon fruits is when they are mature, as 
they are at their height of sweetness. Mature fruits that are not harvested will continue to grow larger but not 
sweeter. Care should be taken while harvesting the fruit because of spines presence, hand gloves should be use 
at the time of harvesting. Once in full production, the plant gives four to six fruit-bearing cycles per year.  

 
Fig: Harvesting of dragon fruit 

Yield  
Each pole contains 40-100 fruits per plant, each fruit weight are 300-1000 gm. Minimum 20-25 kg of 

fruit per pole is expected under good growing conditions. Approximately 40-50 tonnes per ha dragon fruit is 
produce. Shelf life is approximately a week, thus refrigeration is required to extend shelf life of dragon fruit. 
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Dragon fruit is a costly fruit, market valve is 200-300 Rs./ kg. Farmers can fetches about 150 to 200 Rs. 
for one kilogram. 
Adopting barrier in India 

 Not so much popular fruit in India. 
 Less knowledge about cultivation practices. 
 High cost pay for less quantity. 
 Government support is less. 
 Initial cost of planting is high. 
 Making of poles is difficult process in field.  
 Handling is difficult because of spines. 

Salient Features 
 Grown in any type of soil. 
 Minimum requirement of water. 
 Minimum requirement of maintenance. 
 Can tolerant different Indian climatic conditions. 
 Returns can get within 2 or 3 years. 
 Rotted cuttings can be use for further planting material. 
 Great demand in national and international market. 
 Farmers fetched high amount for their produce. 

 
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 277 - 
 

 

Knowledge Management Portal in Dairy: A one-stop solutions for the dairy farmers 
Article id: 22683 

Kalyan Mandi1, Rahul Mandal2,Prasanna Pal3 and Satarupa Ghosh4 
¹,2Ph.D. Scholar, Dept. of Agricultural Extension, ICAR-NDRI, Karnal 

3Ph.D. Scholar, Dept. of Animal Physiology, ICAR-NDRI, Karnal 
4Ph.D. Scholar, Dept. of Aquatic Environment Management, WBUAFS, Kolkata 

 
INTRODUCTION 
 Knowledge management is the explicit and systematic management of vital knowledge and its 
associated processes of creating, gathering, organizing, diffusion, use and exploitation and it aims to provide 
instruments to optimise the control and management of the most crucial production factor within 
organizations, in our case dairy production. It requires turning personal knowledge into corporate knowledge 
then can be widely shared throughout an organization and appropriately applied (ibid). Hence, it is a set of 
activities with its own tools and techniques and a method for gathering information and making it available to 
others (Malekmohammadi, 2009).Good knowledge management is all about getting the right knowledge, in the 
right place; at the right time (Servin and De Brun, 2005). The right knowledge is the knowledge that you need in 
order to be able to do your job to the best of your ability (ibid), it means identifying agricultural problems, 
developing appropriate solution, making a decision, adopting new technology, etc. In practice, knowledge 
management often encompasses identifying and mapping intellectual assets within the organization, 
generating new knowledge for competitive advantage within the organization, making vast amount of 
corporate information accessible, sharing of best practices and technologies that enable all of the above 
including groupware and intranets. 

Timeliness of knowledge dissemination continues to pose a significant problem. The use of web-based 
applications such as Dairy Web is an attempt to overcome the limitations of other technologies. However, 
informal discussions with scientists reveal that these have not been as successful as expected. The rigid 
structure for example, does not allow farmers to search the knowledge bases in an efficient and intuitive way. 
The design makes few concessions to the way in which farmers may for example wish to find advice on how to 
deal with a specific problem. Another cause for the lack of success could be that timeliness is still inadequate. 
Even Internet based technology cannot compete in terms of speed with the direct access to relevant 
information that farmers have while they are engaged in the day-to-day farming activities. For example 
providing adverse milk quality results could provide timely feedback to the dairy community in times of heat 
stress or feed shortages. Such information, however, has been treated as commercial in confidence by milk 
factories and has not been made available to the general farming community as farmers supplying to other 
factories are considered competitors. Such information usually becomes public knowledge through informal 
face-to face communication long before it is available through the normal reporting processes. This along with 
the fact that farmers spend most of their time outdoors and are aware of crucial environmental changes rather 
than being informed of changes through an office environment may be one of the reasons for the low adoption 
rate of agricultural information systems. 
Some important knowledge management portals in india related to dairy sector: 
1. Online Tour Diary (http://tour.aau.in, http://sauguj.in) 
This internet gateway or portal has been developed by Anand Agriculture University. Online tour program 
manages the entire tour program and its schedule for state agricultural university. It stores and displays all the 
available information of each tour program. This web-based user interface includes all the activities like starting 
from creating tour program to recommendation from authorized user. 

http://sauguj.in/signin
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2. Dairy Knowledge Portal (NDDB) 
National Dairy Development Board (NDDB) remains committed to assisting dairy cooperatives to strengthen 
their business and provide greater market access to small milk producers. In the recent times to keep dairy and 
animal husbandry sustainable and remunerative, scientific knowledge input is essential. NDDB is taking an 
initiative to provide a cyber-platform to all stakeholders to share this knowledge and also exchange their views 
to find solutions and to have meaningful dialogue. Through this knowledge portal NDDB invites Dairy 
Cooperative Institutions, Professionals, Veterinary and Agricultural Universities, faculty members, National 
Institutes engaged in Research and Development, Government functionaries and all stakeholders who care to 
share their knowledge actively through the web portal. 
3. Web-enabled Interactive Information Delivery System 
This facility was developed by ICAR-NDRI. The National Dairy Research Institute as country's premier Dairy 
Research institution has developed considerable expertise over the last five decades in different areas of Dairy 
Production, Processing, Management and Human Resource Development. 
4. Dairy Information and Services Kiosks (DISK) 
The Kiosk has been developed in collaboration with NDDB and IIT, Mumbai. DISK is an initiative aimed at 
helping the dairy farmers with timely messages and educating them on the care for their milch cattle and 
enhances the production of quality milk. It also aims at assisting the dairy unions in effectively scheduling and 
organizing the veterinary, artificial insemination, cattle feed and other related services. This DISK database 
includes a complete history of all milch cattle owned by the farmers. The basic details of breed and a history of 
disease, inoculations, artificial insemination and pregnancy are maintained in the system. Longitudinal data on 
milk production by individual farmers is also available in the database. Decision support systems have been 
developed to forecast milk collection, and provide feedback to the farmers. Through the Dairy Kiosk farmers 
may place orders for a variety of goods and services offered by different agencies in the co-operative sector, 
and seek information on a variety of subjects of interest (e.g., best practices in breeding and rearing milch 
cattle, schedule of services provided by the co-operative, government and other private sector agencies). The 
computer-printed receipts that farmers receive each time they deliver milk provide an additional means for 
cooperatives to communicate with their farmers. 
5. AKASHGANGA -Automatic Milk Collection System (AMCS) 
The center for e-governance at IIM, Ahmadabad has developed two software prototypes for the milk co-
operative sector.  The first prototype is the DISK (Dairy Information System Kiosk), which would operate at the 
Village Co-Operative milk collection Center. The second prototype is the Dairy portal, which is web-based 
software and can be hosted at the Dairy Head Quarter (Union) level. The Dairy portal aims to provide an online 
platform between the Union and the farmers at the village. The portal is also a medium to educate farmers on 
dairying and related practices. The DISK software to be used at the village level will have the milk collection 
activity as its primary function (similar to the Automatic Milk Collection System [AMCS] supplied by 
AKASHGANGA), but the application will also offer multiple facilities and services to farmers.  

CONCLUSION 
Knowledge management portal caters as one stop solution to the need based solutions of dairy farmers. It 
provides important information pertaining to all the aspects like feeding, breeding, healthcare and marketing in 
the field of dairying. The penetration of mobile and internet facilities has enabled farmers to access to the 
information at their fingertips. Different web portals developed by different organizations or institutions plays 
important role in knowledge management and dissemination of information through user friendly 
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interface.Therefore, the knowledge management portal in dairy addresses the needs and demands of all the 
stakeholders efficiently. 
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INTRODUCTION 
 There is an increasing interest in using physical methods for disease control as alternative to fungicides for 
the management for seed and soil-borne pathogens, and for integration in disease management programs. They 
usually do not leave residues or pollute the environment. As early as 1832, Sinclair suggested that hot air 
treatment in an oven might control smuts of oats and barley. Gardeners in Scotland while treating the bulbs of 
different ornamental plants first employed hot water therapy. However, the credit for conclusively 
demonstrating the therapeutic nature of heat must go to Jensen, who successfully employed hot water 
treatment for controlling loose smut of cereal grains and suggested that moisture played some role other than 
heat transfer. This method was followed in Demark and later adopted in US on the recommendation of Swingle 
in 1892 (Shavelle, 1979). 

The Principle 
The scientific principle involved in heat therapy is that the pathogen present in seed material is selectively 
inactivated or eliminated at temperatures that are non-lethal to the tissues. The exact mechanism by which heat 
inactivates the pathogen is not fully understood. However, it is universally accepted that heat cause inactivation 
and immobilization of the pathogen. There are two schools of thoughts regarding inactivation of pathogen (viruses) 
by heat. One holds the opinion that the heat treatment stimulates enzymes that cause the degradation of virus, 
though according to Benda (1972) this has not been established. The others pursue the idea that heat causes 
loosening of bonds both in nucleic acid and the protein components of the virus. In the nucleic acid, when the 
bonds are disrupted the linear arrangement of nucleotides is disrupted and thus the virus looses infectivity. In 
proteins, the bonds holding the chains of amino acids may be destroyed. Disruption of bonds causes denaturing 
of protein molecules which become less soluble in water and finally leads to coagulation. The rate at which the 
pathogen is inactivated is determinate by temperature and the duration of treatment. At constant temperature, 
the drop in the density of pathogenic inoculum is exponential. 
The Methods 
Physical Methods for Seed-borne Pathogens 
Some of the seed treating procedure do not involve the use of fungicides, the physical agents like hot water or 

hot air or steam is used to eliminate the seed-borne infection. These methods are successfully used in 
controlling certain internally seed-borne diseases like loose smut of wheat and systemically infected diseases 
caused by bacterial, virus, viral and phytoplasma. Following physical methods are employed for reduction 
and/or elimination of primary inoculums that may be present in seed or planting material: 
i. Hot water treatment (HWT) 

The seeds are soaked in cold water at 20-300C for 5 hrs to induce the dormant mycelium to grow. Then the 
seeds are immersed in hot water at 50-540C for 10 minutes to kill the mycelium. It is very effectively used to 
eliminate loose smut of wheat. The setts of sugarcane can be treated at 500C for 2 hrs to eliminate grassy shoot 
pathogen. The main drawback in the hot water treatment is that the seeds may be killed or loose its 
germinability, if the period of treatment exceeds the specified time. So this method is replaced by other 
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physical methods like Hot air and Aerated steam treatment wherein the seeds are exposed only to hot 
air/aerated steam. 
ii. Hot air treatment (HAT) 
Sugarcane setts are treated with hot air at 500C for 2 hrs to eliminate mosaic virus. 
iii. Aerated steam therapy (AST) 
Sugarcane setts are also exposed to aerated steam at 500C for 3 hrs to eliminate mosaic virus. 
iv. Moist hot air treatment (MHAT) 
This method is effectively used in sugarcane to eliminate grassy shoot disease. Initially the setts are exposed 

to hot air at 540C for 8 hrs, then exposed to aerated steam at 500C for 1 hr and finally to moist hot air at 540C 
for 2 hours. 
v. Solar heat treatment (SHT) 
A simplest treatment has been devised in India to eliminate the pathogen of loose smut of wheat. Previously 

the hot water treatment was followed to eliminate loose smut. As the thermal death point of the fungus and 
the embry are very close. The extensive care should be taken to avoid killing of the embryo. Luthra in 1953 
devised a method to eliminate the deep seated infection of ustilago nuda. The method is popularly known as 
solar heat or solar energy treatment. 
Luthra’s solar energy treatment: The seeds are soaked in cold water for 4 hours in the forenoon on a bright 

summer day followed by spreading and drying the seeds in hot sun for four hours in the afternoon. Then, the 
seeds are again treated with carboxin or carbendazin at 2g/kg and stored. This method is highly useful for 
treating large quantities of the seed lots. 
Physical Methods for Soil-borne Pathogens 
It is well known that soil harbours a large number of plant pathogens and the primary sources of many plant 
pathogens happens to be in soil where dead organic matter supports active or dormant stages of pathogens. I 
addition, seed treatment does not afford sufficient protection against seedlings diseases and a treatment of soil 
around the seed is necessary to protect them. Soil treatment is largely curative in nature as it mainly aims at 
killing the pathogens in soil and making the soil ‘safe’ for the growth of the plant. Some of the commonly 
followed physical methods for soil-borne pathogens are discussed: 
a) Soil Solarization 
Soil solarization is generally used for controlling soil-borne pathogens like Pythium, Verticillium, Rhizoctonia, 
Fusarium etc. and nematodes in small areas like nurseries. Irrigate the nursery bed to moisten the soil to a 
depth of 10cm. Cover the bed after 2 days with thin transparent polyethylene sheets for 4-6 weeks and then 
irrigate the beds once in a week. The purpose of irrigation is to increase the thermal sensitivity of resting 
structures of fungi and to improve heat conduction. 
b) Steam Sterilization 
Steam is passed through perforated pipes at a depth of 15 cm to sterilize the upper layers of soil. It is mostly 
practiced under glass house and green house conditions. 
c) Hot air Sterilization 
Hot air is also passed through pipelines to sterilize the soils in the nursery areas. 
d) Hot water treatment 
It is mainly done in pot culture studies to kill the fungi and nematodes. The pots containing soil are immersed in 
boiling water at 980C for 5 minutes or drenching boiling water @ 20 litres/ Sq.m. 
e) Refrigeration 
It is an accepted fact that the low temperature at or slightly above the freezing point checks the growth and 
activities of all such pathogens that cause a variety of post harvest diseases of vegetables and fruits. Therefore 
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most perishable fruits and vegetables should be transported and stored in refrigerated vehicles and stores. 
Cool chains refrigerated space from field to consumer table is becoming very popular. Regular refrigeration is 
sometimes preceded by a quick hydro cooling or air cooling to remove the excess heat carried in them from the 
field to prevent development of new or latent infections. 
f) Radiation 

Electromagnetic radiations such as ultraviolet (UV) light, x rays and y rays as well as particulate radiations have 
been studied in relation to management of post-harvest diseases of horticultural crops. Gamma rays controlled 
post-harvest fungal infections in peaches, straw berries and tomatoes but doses of radiation required to kill 
pathogens, were found injurious to host tissues. Some plant pathogenic fungi sporulate only when they receive 
light in the ultraviolet range. It has been possible to control diseases on greenhouse vegetables caused by 
species of these fungi by covering or constructing the green house with a special UV absorbing vinyl film that 
blocks transmission of light wavelengths below 390 nm. 
g) Drying Stored Grains and Fruits 

In presence of sufficient moisture, a variety of microflora already accompanying harvested grains nuts, etc. 
cause decay. Such decay, however, can be avoided if seeds and nuts are harvested when properly mature and 
then allowed to dry in the air or are exposed to sun. Maize downy mildew pathogen is seed borne. If the maize 
seeds are properly sun dried, the inoculum gets inactivated. Hot air can be used until the desired moisture is 
reached (about 12% moisture) before storage. Subsequently, they are stored under conditions of ventilation, 
which do not allow build-up of moisture. Fleshy fruits (peaches, strawberries) should be harvested later in the 
day, after the dew is gone, to ensure that the fruits do not carry surface moisture during storage and transit, 
which could lead to decay by microorganisms. 
h) Burning 
Controlled burning may alter the environment and after plant disease response, providing both a temperature 
effect and a means of destroying the pathogen (Zentmyer and Bald, 1977). Parameter and Uhrenholt in 1975 
introduced a new aspect of burning by demonstrating the smoke may kill a number of plant pathogens in 
tissues. According to Hardison (1976, 1980) burning is single most important practice in grass seed production in 
the Pacific Northwest. It was initiated to control the blind seed disease of perennial rye grass caused by 
Gloeotinia temulenta. It also effectively controlled Claviceps purpurea (ergot of rye), Anguina agrostis (seed 
nematode) and silver top. Fire can be applied to cereals in which inoculum can be destroyed after harvest or 
pasture grasses which can periodically be freed from inoculum before they make new growth. It has also been 
realized that the increasing success of non-tillage in some crops and the resultant problems of debris 
management can make burning an attractive and effective proposition.  
i) Flooding 

Flooding fields and orchards to reduce or eliminate soil-borne inoculum of plant pathogens is an ancient 
practice. Several explanations of the harmful effects of prolonged flooding on soil-borne pathogens have been 
suggested. Lack of oxygen may be involved in some cases or, more often perhaps accumulation of CO2 in the 

soil. The survival of F. oxysporum f. sp. cubense in soil after 2 weeks depends on formation of chlamydospores, 
since the conidia are not apparently ling lived in soil. Newcombe (1960) found that CO2 and flooded soil both 

largely inhibited chlamydospores formation whereas at first they stimulated the production of conidia. 
Consequently the fungus, although able to survive in banana plantation soil containing organic matter, is likely 
to die out in a fallow flooded field where organic matter is in short supply. He  concluded that the main factor in 
the elimination of the fungus by flooding is a high CO2 content in the flooded soil, CO2 stimulates germination 

of conidia, presumably by overcoming the fungistatic factor present in soil but prevents the formation of 
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chlamydospores so that the fungus dies out when the organic matter is exhausted. A similar situation perhaps 
holds for other soil borne fungi but few cases have been investigated (Tarr, 1972). 
 
CONCLUSION: 
Now-a-days farmers are using chemical fungicides and bactericides to control the disease as soon as possible. 
However, it is unfair for the soil as well as environment which in turn polluting these natural resources and 
through bio-magnification comes back to humans. So, farmers should go for physical management strategies to 
effectively control plant diseases which will lead to a safer environment. 
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Importance of Fusarium wilt in Banana: 
 Fusarium wilt or Panama disease caused by a soil borne fungus Fusarium oxysporum f. sp. cubense is 
most devastating worldwide including India. It can infect almost all the commercial banana varieties of India. 
Once the pathogen is introduced into the field, it can survive in soil for more than 40 years and can cause total 
death of the plants. Fusarium wilt is becoming a major constraint of banana production and is rampant in Tamil 
Nadu, Karnataka, Andhra Pradesh, Kerala, Uttar Pradesh, Madhya Pradesh, Bihar, Odhissa, West Bengal and 
North Eastern states. 
 The disease has caused extinction of a famous local cv. Nanjangod Rasabale (an eco type of cv. Rasthali) 
in Mysore district of Karnataka. Similarly, in Andhra Pradesh, the Fusarium wilt disease has forced the farmers 
to abandon the cultivation of famous Amritapani (Silk-AAB) for more than 15 years. Due to the heavy losses 
incurred, farmers have shifted to growing other crops such as jasmine, grapes, turmeric, maize, sugarcane etc. 
in many parts of the country. 
 As the Fusarium strain can also attack Cavendish group of bananas, there is a possibility of incurring a 
heavy loss to Indian banana industry as it mainly depends on Cavendish clones (Syn: Basrai, Robusta, Harichal, 
Grand Naine, Shrimanthi, Bhusaval and Pedda Pacha Arati) which occupy 52% of the total area under banana 
cultivation and contributes to 64% of the total banana production. 
 
 Tropical race 4 (TR4) is one of the strains of the fungus Fusarium oxysporum f. sp. cubense (Foc) that 
causes Fusarium wilt including Cavendish group of banana. This particular strain which belongs to a particular 
vegetative compatibility group called VCG 01213/16 can attack almost all the cultivars of banana grown in India 
both at tropical and subtropical conditions. 
 
Disease Symptoms: 
 The disease can be identified by both external and internal symptoms. The external symptoms are 
expressed only 4-5 months after planting. However, if the diseased suckers are planted, the symptoms of the 
disease can be seen even 2 months after planting. 
 At initial stage, yellowing of leaf margins of older leaves and later the yellowing progresses towards the 
midrib and finally the whole leaf become yellowish. Then the yellowing of leaves spreads to upper leaves as 
well. The infected leaves gradually collapse at the petiole or towards the base of the midrib and hang down 
around the pseudostem and this gives 'skirt" like appearance to the plant. The youngest leaves are the last to 
show the symptom and often stand erect giving ‘spiky' appearance to the plant. The newly emerging leaves will 
be pale with reduced leaf lamina and finally emergence of the leaf will be stopped. Longitudinal splitting of the 
pseudostem and emergence of large number of side suckers before the death of infected plants. 
 Normally bunches are not produced, if produced the  fruits are small with few developed fingers. 
Presence of yellow, red or brown strands on the corm and continuous black or brown or yellow coloured 
strands in the pseudostem and sometimes also in the bunch stalk due to the discoloration of vascular tissues 
caused by the fungus.  
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 The pathogen present in the soil infects banana plants through the roots, then moves through the corm 
into the vascular system within the pseudostem and eventually blocks the transportation of water and 
nutrients in the stem. These results in yellowing of the leaves followed by plant death. 
 
Survival and spread of the pathogen: 
 Once the Fusarium pathogen introduced in to a field, the fungus can survive as chlamydospores for 
more than 40 years and cannot be totally eradicated. The pathogen also infect and survive on some of the 
weed hosts such as Chloris inflata, Chloris barbata (purple top chloris), Commelina diffusa, Ensete ventricosum, 
Euphorbia heterophylla, Tridax procumbens and Panicum purpurescens. 
 

 Movement and planting of Fusarium pathogen infected suckers. 

 Movement of contaminated plant parts such as pseudostem tissues and leaves of infected plants 

 Soil adhering to agricultural implements, containers, tools, animals, footwear, clothes, use of soil as a 

 substrate 

 Hurricanes 

 Strong winds 

 Heavy rains causing flooding 

 Irrigation water 

 Surface drainage waters after rainfall 

 River streams between disease-infested and disease-free areas 

 Root to root contact between the plants in a field 

 Insect vectors, especially the banana weevils such as corm borer, Cosmopolites sordidus and stem borer, 
Odoiporus longicollis  

 
Management Practices: 
The disease can be managed effectively only by following integrated disease management (IDM) practices. 
1. Keep the sign board (indicating beware of TR4 with danger sign and restricted entry) at the entry of each 

field affected with Fusarium wilt Tropical race 4. 
3. Inject the wilt infected plants with Glyphosate 2-5 ml/ plant in two different places. After the death of the 

herbicide injected plants, burn them immediately or wait till the completion of the harvest of all other 
plants. 

5. The affected plants should not be pulled out and put them in the field or in the irrigation channel. 
6. As soon as the sign of wilt infection is noticed, drenching of Carbendazim (0.1 to 0. 3%) @ 3-5 litres per plant 

for 3-5 times at 15 days interval and pseudostem injection of 3 ml of 0.1% carbendazim solution at rd th 
th 3 , 5 and 7 month after planting for all the plants (both infected and uninfected) may be carried out. 

7. All the tools used including hand and foot may be washed first in water and latter in disinfectant. 
8. Keep the plant and field very clean without weeds and banana plants wastes. 
9. Protect the plant from the attack of weevils by spraying the pseudostem with Neem oil 3 ml + chlopyriphos 

3ml in one litre of water or give pseudostem injection with Triazophos @ 2 ml (Triazophos solution can 
be prepared by mixing 150 ml of chemical in 350 ml of water) in two places over the pseudostem. For 
corm weevil either soil application of Carbofuran @ 40g / plant or cartap hydrochloride @ 10 g around 
the plant at 3 and 5 month after planting. This practice will protect the plants from nematode infection 
as well. 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 287 - 
 

 

12. Follow crop rotation including paddy/ sugarcane/ tapioca/ onion/ pineapple once or twice followed by 
banana for 2-3 cycles. 

15. Tissue cultured plants should be used instead of suckers. 
16. Use the bio-primed tissue cultured plants especially in TR4 infested areas. 
17. When suckers are used as planting material, they should be extracted from disease free fields/plants and 

after the extraction they should be pared and dipped immediately in carbendazim (0.2%) for 30-45 
minutes and planted. 

21. Follow drip irrigation/fertigation. 
22. Do not drain out water from the infested field to other fields to avoid further spread. 
 
 

   
Fusarium wilt affected banana 
plant 

Pinkish vascular discolouration Longitudinal stem splitting 

 
REFERENCE:  
-ICAR- National research centre for Banana, Tiruchurapalli, Tamilnadu 
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Recent developments in management of diseases caused by Geminiviruses 
Article id: 22686 

Lalita Lakhran 
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INTRODUCTION:  
The family Geminiviridae consists of a group of plant viruses with circular single-stranded DNAs (ssDNAs) which 
cause great economic losses to crops worldwide. The geminivirus family of single-stranded DNA viruses causes 
a broad range of field crop diseases that incur significant agricultural losses throughout the tropical and 
temperate regions of the world. Geminivirus particles are made up of a DNA molecule encased within a capsid 
consisting of many copies of a single coat protein. Virions are typically twinned (so-called “geminate”). For 
maize streak virus (MSV) particles, cryo-electron microscopy has shown that virions are about 22 x38 nm, 
consisting of two incomplete icosahedra (T =1) containing a total of 110 coat protein subunits organized as 22 
pentameric capsomers  Independently replicating plant viruses with the smallest known genome size ranging 
from 2.6-3.0 Kb. Virions contain a single structural protein (CP; Mr about 28–34*103). No other proteins have 
been found associated with virions. Viruses in the genera Mastrevirus, Curtovirus, Becurtovirus, 
Eragrovirus,Turncurtovirus and Topocuvirus have a single genomic component, whereas those in the genus 
Begomovirus have either one or two components. Replication occurs through double stranded replicative 
intermediates by a rolling circle mechanism. Complementary-sense DNA synthesis on the virion-sense 
(encapsidated) strand to produce dsDNA depends solely on host factors. Geminiviruses causes many diseases. 
Some of the important diseases caused by geminiviruses are Maize streak disease, cotton leaf curl, cassava 
mosaic, mungbean yellow mosaic, chilli leaf curl, bean golden mosaic, tomato leaf curl, beet curly top etc. 
 
Management strategies:  
Management of viruses is difficult as viruses are systemic in nature, highly variable or diverse, insect vector etc. 
Geminiviruses can be managed by different practices. 
1. Cultural practices: Begomoviruses as a group have a wide host range which may be explained by the 
voracious feeding habits of the vector. However, single viruses may have a very restricted host range. Once 
conditions are favorable for feeding and ovipositing, whiteflies have a high reproductive rate and can exist in 
overlapping generations year-round, maintaining disease pressure. Interestingly, the dry season seems to 
encourage the explosive number of whiteflies in some farms. This presents a challenge to devising control 
and/or suppressive strategies for disease management. While complementary cultural practices may not totally 
prevent spread, infection may be delayed and the effects of viral disease may be lessened throughout the crop. 
For Tomato yellow leaf curl virus (TYLCV), another begomovirus, weeds act as a reservoir or “transmission 
bridge” between cropping and non-cropping seasons. Rigorous weed control in and around tomato fields may 
reduce inoculum of other important tomato-infecting viruses such as Tobacco etch virus (TEV) and Tobacco 
mosaic virus (TMV), this approach may have minimal impact on controlling PYMV-TT disease spread. 
Trap crops are commonly used to restrict vector populations and virus sources to refuge host plants which are 
usually insusceptible to infection. Certain plants within the Brassicacae family are susceptible to heavy whitefly 
infestation. In controlled preliminary transmission tests, it was shown that whiteflies seem to prefer cabbage 
more than tomato. Planting border rows of cabbage along the perimeter of, or situating cabbage fields next to 
tomato fields may localize feeding to these crops as shown by studies conducted with TYLCV in Israel. 
Intercropping may provide a useful approach to controlling geminivirus disease spread. Planting an 
insusceptible crop such as cucumber or pumpkin with tomato may delay PYMV-TT infection in tomato. 
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Intercropping systems would affect several factors that may be critical to disease management. In the presence 
of a variety of host plants, whitefly behavior (feeding, rate of movement between plants) becomes more 
sporadic. Shorter feeding times may lower transmission rates and reduce disease incidence in the affected 
crop. It has also been shown that intercrops may result in a decrease in whitefly populations in Cassava mosaic 
virus (CMV) epidemics. 
Crop rotation may be used to control disease spread by naturally breaking the life cycles of insect vectors, 
disease, and weeds. It may be also employed to establish host-free periods. Enforced host-free periods have 
been shown to effectively reduce disease incidence in TYLCV-infected tomato in the Dominican Republic. 
Introducing a host-free period may delay infection in tomato until the later stages of crop development 
because: (i) whitefly population would be reduced once a non-preferred host is used as an alternate crop; (ii) a 
reduction in vector numbers would result in lower rates of virus transmission; (iii) initial vector numbers would 
be lowered until tomato becomes established (early to mid-flowering stage) which may cause a delay onset of 
infection and minimize yield losses.  
Sequential plantings should be carefully monitored so that new tomato fields are not cultivated in close 
proximity to heavily infested but still productive fields and to harvested fields. In agroecosystems in which the 
tomato crop is the inoculum source, synchronized plantings may be important to disease management. 
Sufficient time should be allowed between plantings to minimize initial infestation by the vector, and so, to 
delay onset of infection.  
The source and use of crop transplants are also important in reducing or delaying infection. Early infection of 
susceptible seedlings should be monitored prior to transplanting. In Trinidad, the majority or large farms 
purchase seedlings to be transplanted to the field from local growers. Nurseries should produce seedlings for 
commercial distribution in insect-proof environment or under net cover to minimize infestation by the vector, 
and subsequent virus transmission prior to transplanting. Upon transplanting, the seedlings should be 
chemically treated to deter whitefly feeding.  
Roguing, or immediate removal of infected individual plants, may assist in delaying virus spread once the 
infected material is immediately destroyed and not left to compost near adjacent, developing fields. Plants 
heavily infested with whiteflies may need to be bagged, and tied off prior to uprooting and discarding to 
eliminate dispersal of whiteflies to other plants. Sufficient irrigation may reduce water stress. While flash 
irrigation may be useful in dispelling whiteflies from leaves, many farmers cannot afford such systems. 
The use of row covers and reflective or repellent mulches may help to delay infection in cases of moderate 
vector numbers and infection rates. The efficacy of these measures may be optimal in newly developing fields 
to prevent early onset of infection. Mulches should be applied simultaneously with or immediately after 
transplanting. Physical barriers such as fine-mesh screens have been used in the Mediterranean Basin since 
1990 to protect crops from TYLCV . 
Post-harvest practices are important in controlling disease spread since whiteflies continue to develop on 
infected plants after the crop has been abandoned. Harvested plants should be sprayed and destroyed 
immediately after the last harvest. 
 
2. Chemical control:  
Apart from damage caused by viral infection by geminiviruses, vector infestation can result in feeding damage, 
disruptions in plant physiology, honeydew secretions which serve as a substrate for secondary fungal 
infestations, and irregular fruit ripening which reduces the value of the produce. Focused cultural methods of 
disease suppression should be supplemented with regulated chemical use. The difficulty experienced with 
reducing vector numbers using chemical sprays is explained by the behaviour (feeding, ovipositing, and mating) 
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of the adult, nymphal, and larval forms of the whitefly. Nymphs and older larvae are found in the lower regions 
of the plant canopy and insecticide sprays (including natural or synthetic soaps, oils, and detergents) may not 
adequately access these areas. Systemic insecticides may have a select advantage by reducing vector numbers 
irrespective of developmental stage as all regions of the plant are accessed. Systemic insecticides only work to 
reduce disease if applied before onset of infection. Neonicotinoids (imidacloprid) and non-neurotoxic insect 
growth regulators (buprofezin and pyriproxyfen) have been used to control Bemisia tabaci and leafhoppers in 
agronomic and horticultural production systems. However, intensive and unregulated use of insecticides has 
resulted in insecticide resistance or reduced susceptibility of the vector and may suggest that the efficacy of 
chemical control may be temporary. Also, frequent insecticide use may disrupt the ecology of other pathogens. 
Chemical use should be monitored and the manufacturers’ instructions or guidelines should be strongly 
followed. 
3. Biological control: 
Biopesticides may offer a solution to disease control through introduction of predators and parasitoids of the 
vector. This measure needs to be monitored by an advisory governing body whose function is to routinely 
regulate importation and usage, and to provide ecological impact assessments of such production systems. B. 
tabaci is host to the parasitoid, Encarsia bimaculata . Encarsia formosa is among the best studied biological 
control agents of B. Tabaci. 
4. Host resistance: resistance approach is an easy, more effective approach for control of viral diseases. Since 
1970s, breeders-:Resistant tomato cultivars through the introgression of resistance genes. Three ToLCV-
resistant open-pollinated tomato varieties (‘Sankranthi,’ ‘Nandi’ and ‘Vybhav’) were developed and released 
officially in 2003-2004 in India.“Gene pyramiding”–combining multiple Ty genes in tomatoes with resistance to 
several whitefly-transmitted begomoviruses that cause TYLCVD (AVRDC, 2009). CLCuV-resistant (RS-875, LRA-
5166 and LHH-144) and -tolerant (Om Shankar) varieties. Cassava :TMS 30337, TMS 30395, TMS 30572, TMS 
60142, TMS 30001 and TMS 4(2)1425). Maize: SC 403, SC 411, SC 633, SC 635, SC 721 etc.  
 
Pathogen derived resistance: The concept of pathogen derived resistance (PDR) was proposed by Sanford and 
Johnston (1985), who suggested engineering resistance by transforming a susceptible plant with gene 
sequences derived from pathogen itself. The first manifestation of PDR was provided by the demonstration 
that transgenic tobacco plants expressing tobacco mosaic virus (TMV) capsid protein (CP) were resistant to 
infection by TMV. Different strategies  for resistance development are:Coat protein mediated, Replication 
associated protein, Movement protein, Gene silencing, Antisense RNA, Virus-induced cell death  and DNA 
binding proteins. 
 
CONCLUSION: 
1. Management geminiviral diseases can be best approached through the use of multiple tactics including 

interference with viral vector transmission. 
2. Molecular markers linked to resistance genes can be instrumental in achieving the pyramiding of resistance 

genes which will confer resistance to different geminiviruses. 
3. PGPR along with chitosan  associated with the direct antiviral property against the pathogens, and the 

elicitation of biochemical defense responses. 
4. Rational designed AZFNs which target to the conserved sequence motif of begomoviruses can inhibit the 

replication of different begomoviruses. 
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5. Combinatorial approach involving mixtures of transgenes stacked together using conventional breeding 
within single ‘‘super-resistant’’ plants, can be important means of creating durable resistance to 
geminiviruses.  
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INTRODUCTION: 
How to improve the nutrition of farmers’ milking animals when each family keeps only one dairy cow? During 
the cold, continental winter, the major fodders available are wheat or maize straw, together with hay and 
concentrated feeds. 
As a minimum, it is essential to provide a green fodder supplement to enhance rumen function for bovine 
animals. Therefore, one should develop winter fodder crops. 
For smallholder farmers with limited production capacity, finding enough feed in the winter months to 
maintain good milk production is always a problem. Many are forced to buy hay, concentrates or silage just to 
keep their animals alive and are unable to benefit due to the higher prices paid for animal feed in the winter 
months. 

What is silage? 
Silage is a conserved green fodder having moisture content in the range of 65 to 70 per cent. Fodder 

crops rich in soluble carbohydrates are incubated after chaffing for 45 to 50 days under anaerobic condition . 
Sugars present in the fodder are converted into lactic acid, which acts as preservative and a good source of 
readily fermentable sugars for the ruman microbes . Good quality silage should not have any butyric acid, 
which gives off flavour to silage. If proper anaerobic conditions are not maintained, silage produced would have 
butyric acid content in it. 
Crops suitable for silage making : 

The fodder crops, such as maize, sorghum, oats, pearl millet, and hybrid napier rich in soluble 
carbohydrates are most suitable for fodder ensiling because they have more fermentable carbohydrates 
necessary for easy fermentation by bacteria for acid production. Crop for silage be harvested at bottom stage 
and if have higher moisture be wilted to reduce water content. 

Infrastructure required: 
1. Silo- It is a pit in the ground ,trench or tower where green fodder stored as silage. 
2. Size of silo- Depending upon number of animals, period kind of soil, depth of water table, class and species 

of animal kind and size of silo is determined. 
3. Farm machinery like tractor, trailer, fodder harvester & power chaff cutter. 
4. For small scale farmers 4-5 MT surface silos (manually pressed) would cost around         20000 and another 

20000 for the chaff cutter. 
Procedure of silage making : 

 Construct a surface/trench silo (silage storage structure). 

 Harvest the crop at 30-35 per cent dry matter (DM) stage. 

 Wilt the harvested fodder to bring down DM to 30-35 per cent, if required. 

 Chop the fodder into small pieces of 2-3 cm size. 

 Fill the chopped fodder into the silo. 
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 Press the chopped fodder in the silo layer by layer of 30-45 cm. 

 Filling and pressing should be completed as fast as possible. 

 Use additives(mollasses,whey,sour milk,etc) during filling of fodder in the silo, if required. 

 After filling and pressing, seal the silo with thick polyethylene sheet. 

 Put weight through mud layer/ sand bags/ tyres on the sheet to prevent air flow beneath the sheet. 

 Open the silo for feeding, minimum after 45 days, as per need. 
Feeding of silage: 

 Silo can be opened from one side as per need after 45 days and closed properly after taking out the 
silage. 

 Silage can be provided to animals in number of different recipes based on its composition and the breed 
and use of the animals. In general silage should be used up to 25 kg per day for 300 kg animal and up to 
5 kg for sheep and goats. 

 Silage is a substitute of green fodder and can be fed like green fodder. 
Characteristics of good quality silage: 

 Bright, light green yellow or green brown in colour. 

 Lactic acid odour with no butyric acid and ammonia odour. 

 Firm texture with softer material. 

 Moisture should be in range of 65-70 per cent. 

 Dry matter should be in range of 65-70per cent. 

 Lactic acid 3-14 per cent. 

 Butyric acid less than 0.2 per cent. 

 pH in the range of 4.0-4.2. 
Advantages of silage making: 

 Ensures regular supply of fodder to the dairy animals. 

 Ensures uniform quality fodder to animals during different seasons. 

 Silage can be made under almost all weather conditions. 

 Surplus green fodder can be conserved, minimising wastage. 

 Feeding silage is an effective tool for the control of parasitic diseases, as the parasites present in 
different stages in green fodder are destroyed during ensiling. 

 Enhances green fodder productivity by improving harvesting intensity. 

 Enhances livestock productivity by ensuring fodder supply, especially during the lean period. 

 More economical use of plants with high yield of green mass. 

 Better use of the land with 2-3 crops annually. 

 The fermentation in silage reduces harmful nitrates accumulated in plants during droughts and in over-
fertilized crops. 

 Maize silage has 30-50% higher nutritive value compared to maize grain and maize straw. 

 2 kg of silage (70% moisture) has the equal nutritive value of 1 kg of hay. 
Disadvantages: 

 Silage is not interesting for marketing as its value is difficult to be determined. 

 It does not allow longer transportation. 

 The weight increases manipulation costs. 

 Has considerably lower vitamin D content compared to hay. 
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INTRODUCTION: 

After recruiting and placing the employees in the right place the next step is to train and develop 
the Human Resources collected recently. It is vital part of every employee and manager. “Training and 
Development means changing what employees know, how they work, their attitudes toward their work, or 
their interaction with their co-workers or supervisors.  

The Training Process comprises of a series of steps that needs to be followed systematically to have an 
efficient training programme. The Training is a systematic activity performed to modify the skills, attitudes and 
the behavior of an employee to perform a particular job. 
 
 
 
 
 
 
 
 
 
 
 

 

Needs Assessment:  
I.The first step in the training process is to assess the need for training the employees. The need for training 

could be identified through a diagnosis of present and future challenges and through a gap between the 
employee’s actual performance and the standard performance. The needs assessment can be studied from 
two perspectives: Individual and group. The individual training is designed to enhance the individual’s 
efficiency when not performing adequately. And whereas the group training is intended to inculcate the 
new changes in the employees due to a change in the organization’s strategy. 

II.The first step in the training process is a basic one: to determine whether a problem can be solved by training. 
Training is conducted for one or more of these reasons:  

1) Required legally or by order or regulation  
2) To improve job skills or move into a different position  
3) For an organization to remain competitive and profitable.  

If employees are not performing their jobs properly, it is often assumed that training will bring them up to 
standard. This may not always be the case. Ideally, training should be provided before problems or accidents 
occur and should be maintained as part of quality control. 

http://hrmpractice.com/category/hrm/human-resources/
http://hrmpractice.com/training-and-development/
http://hrmpractice.com/training-and-development/
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1. Deriving instructional objectives:  
I. Once the needs are identified, the objectives for which the training is to be conducted are established. 

The objectives could be based on the gaps seen in the training programmes conducted earlier and the 
skill sets developed by the employees. 

II. Clearly stated training objectives will help employers communicate what they want their employees to 
do, to do better, or to stop doing! Learning objectives do not necessarily have to be written, but in 
order for the training to be as successful as possible, they should be CLEAR and thought–out before the 
training begins.  

2. Designing training programme:  
I. The next step is to design the training programme in line with the set objectives. Every training 

programme encompasses certain issues such as: Who are the trainees? Who are the trainers? What 
methods are to be used for the training? What will be the level of training? etc.Also, the comprehensive 
action plan is designed that includes the training content, material, learning theories, instructional 
design, and the other training requisites. 

3. Implementation of the training programme:  
I. Once the designing of the training programme is completed, the next step is to put it into the action. The 

foremost decision that needs to be made is where the training will be conducted either in-house or outside 
the organization. 

II. Once it is decided, the time for the training is set along with the trainer who will be conducting the training 
session. Also, the trainees are monitored continuously throughout the training programme to see if it’s 
effective and is able to retain the employee’s interest. 

III. Training should be conducted by professionals with knowledge and expertise in the given subject area; 
period. Nothing is worse than being in a classroom with an instructor who has no knowledge of what they 
are supposed to be teaching! Use in-house, experienced talent or an outside professional training source as 
the best option. The training should be presented so that its organization and meaning are clear to 
employees. An effective training program allows employees to participate in the training process and to 
practice their skills and/or knowledge. Employees should be encouraged to become involved in the training 
process by participating in discussions, asking questions, contributing their knowledge and expertise, 
learning through hands–on experiences, and even through role–playing exercises.  

4. Evaluation of the training programme:  
I. After the training is done, the employees are asked to give their feedback on the training session and 

whether they felt useful or not. Through feedback, an organization can determine the weak spots if any, 
and can rectify it in the next session. The evaluation of the training programme is a must because 
companies invest huge amounts in these sessions and must know it’s effectiveness in terms of money. 

II. One way to make sure that the training program is accomplishing its goals is by using an evaluation of 
the training by both the students and the instructors Training should have, as one of its critical 
components, a method of measuring the effectiveness of the training. Evaluations will help employers 
or supervisors determine the amount of learning achieved and whether or not an employee's 
performance has improved on the job as a result.  

Thus, every firm follows the series of steps to design an effective training programme that serves the purpose 
for which it was intended. 
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Access the Training Needs of Participants: 
“Training Needs Assessment” (TNA) is the method of determining if a training need exists and, if it does, what 
training is required to fill the gap. TNA seeks to identify accurately the levels of the present situation in the 
target surveys, interview, observation, secondary data and/or workshop. The gap between the present status 
and desired status may indicate problems that in turn can be translated into a training need. 
 
Training Needs = Desired Capability – Current Capability of the Participants 

Training can reduce, if not eliminate, the gap, by equipping the participants with knowledge and skills 
and by encouraging them to build and enhance their capabilities. The data on the present status are vital to the 
evaluation or impact survey in the latter part of the training cycle. These shall serve as the baseline data. The 
following are some techniques for acquiring such data. These may be applied independently or in combination. 

TNA is also the process of collecting information about an expressed or implied organizational need that 
could be met by conducting training. The need can be a performance that does not meet the current standard. 
It means that there is a prescribed or best way of doing a task and that variance from it is creating a problem. 
The TNA process helps the trainer and the person requesting training to specify the training need or 
performance deficiency. Assessments can be formal (using survey and interview techniques) or informal (asking 
some questions of those involved). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Why do we need a Training Needs Assessment? 

First, identify dissatisfaction with the current situation and desire for change as similarities among the 
requests. Each request implies that a gap or discrepancy exists between what is and what could be or should 
be. The purpose of TNA is to answer some familiar questions: why, who, how, what, and when.  
A learning or performance gap between the current and desired condition is called a need. TNA aims at the 
following situations. 

i. Solving a current problem 
ii. Avoiding a past or current problem 

iii. Creating or taking advantage of a future opportunity 
iv. Providing learning, development or growth 

 
 
 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 298 - 
 

 

CONCLUSION: 
The first step in TNA is to identify problems and needs. Before TNA is conducted, it should be probed 

whether training is needed. The second step in TNA is to determine the following: i) target groups to be 
trained; ii) interviewees; iii) survey methods; iv) survey plan including schedule to be conducted TNA and 
persons in charge of TNA. Data collection and analysis are essential parts of needs assessment. TNA is 
optimized when a combination of data collection methods is used to analyze quantitative and qualitative data. 
In creating questionnaires, it is important to consider the type, content, wording, and order of the questions 
that they include. The role of training analysis is to build a formal bridge between the available design data and 
the training media and training objectives, in order to facilitate the transfer of training elements into the 
operational environment. Feedback helps learners to maximise their potential at different stages of training, 
raise their awareness of strengths and areas for improvement, and identify actions to be taken to improve 
performance. 

A TNA should always be performed where a major new development in policy, equipment acquisition or 
procedures is deemed to have potential impact upon the current training regime. Carrying out all TNA activates 
in accordance with Systems Approach to Training principles ensures rigorous visibility in each design stage with 
clear audit trails from the initial Scoping Study through to the recommended solution. 
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INTRODUCTION 
Smart Farming is a concept of managing the farm using modern Information and Communication 

Technologies to upbring the quantity and quality of products. Smart farming involve the joining of advanced 
technologies into existing farming practices in order to increase production efficiency and the quality of 
agricultural products. 

Technologies involved in smart farming 
 Sensing technologies, including soil scanning, water, light, humidity, temperature management; 
 Software applications — specialized software solutions that target specific farm types; 
 Communication technologies, such as cellular communication; 
 Positioning technologies, including GPS; 
 Hardware and software systems that enable IoT-based solutions, robotics and automation; and 
 Data analytics, that underlies the decision making and prediction processes. 

With all these possible tools, farmers can forsee the field level issues by sitting in home and make romt 
decisions for the whole farm or for a single plant. 
The knife thrust of the smart farming is the IoT — the concept of connected smart machines and sensors 
integrated on farms to make farming processes data-driven and data-enabled. 

IoT-based farming cycle: 
The core of the IoT is the data — and more data. To facilitate the farm process, IoT devices set up on a farm 
and that collects and process data in a repeated cycle that makes farmers to quickly react to emerging issues 
and changes in suitable conditions. 
Observation — sensors record observational data from the crops, livestock, the soil or atmosphere. 
Diagnostics — the sensor values are fed to specific software with predefined decision rules and models that 
ascertains the condition of the examined object and any deficiencies or needs. 
Decisions — after issues are revealed, the software determines whether location-specific treatment is 
necessary and if so, which. 
Implementation — the treatment needs to be performed by means of the correct operation of machines. 
After evaluation, the cycle repeats from the beginning. 

Applications of IoT in agriculture 
It is believed that the IoT can be used in each and every areas of agriculture from planting crops to forestry. 
There are about two big spheres where IoT systems can revolutionize agriculture: precision farming and 
farming automation/robotization. 

Precision Farming 
Precision farming, or precision agriculture, is an umbrella concept for IoT-based approaches that make farming 
more controlled and accurate. In simple words, plants and cattle get accurate treatment they need, 
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determined with high exactness. The biggest advantage is that precision farming allows decisions to be made 
per square meter or even per plant/animal rather than for a field. 
By measuring the variations accurately in a field, farmers can raise the effectiveness of pesticides and 
fertilizers, or use them selectively. 

Precision Livestock Farming 
Like in the case of precision agriculture, Smart Farming techniques, motivate farmers to satisfy the needs of 
individual animals and adjust their nutrition correspondingly, thereby preventing disease and enhancing herd 
health. 
Besides, big farm owners can use wireless IoT applications to monitor the location, well-being, and health of 
their cattle. With this information they can identify animals that are sick so they can be separated from the 
herd, and prevent the spread of disease. 

Automation in Smart Greenhouses 
Traditional greenhouses manage the environmental parameters through manual intervention or a proportional 
control mechanism which often results in production loss, energy loss, and increased labor cost. 
And IoT driven smart greenhouse innovatively monitors as well as controls the climate, eliminating the need for 
manual intervention. To do so, different sensors that measure the environmental parameters according to the 
plant requirement are used and store it in a cloud for further processing and control with minimal manual 
intervention. 
Agricultural Drones 
Agriculture is one of the major industries that incorporate both ground-based and aerial drones for crop health 
assessment, irrigation, crop monitoring, crop spraying, planting, soil and field analysis and other spheres. 

Since drones collect multispectral, thermal, and visual imagery during the flight, the collected data give 
farmers with insights into plant health indices, plant counting and yield prediction, plant height measurement, 
canopy cover mapping, field water ponding mapping, scouting reports, stockpile measuring, chlorophyll 
measurement, nitrogen content in wheat, drainage mapping, weed pressure mapping, and so on. 

Importantly, IoT-based smart farming targets not only large-scale farming operations, but can also add 
value to growing trends in agriculture like organic farming, family farming, including breeding particular cattle 
and/or growing specific cultures, preservation of particular or high quality varieties etc., and enhance highly 
transparent farming to consumers, society and market consciousness. 

Third Green Revolution 
Smart Farming and IoT-driven agriculture pave the way for what can be called a Third Green Revolution. 
Following the plant breeding and genetics revolutions, the Third Green Revolution is taking over the agriculture 
based upon the combined application of Information and Communication Technologies such as precision 
equipment, the Internet of Things, sensors and actuators, geo-positioning systems, Big Data, Unmanned Aerial 
Vehicles (UAVs, drones), robotics, etc. 
In the future depicted by this revolution, pesticide and fertilizer use will drop while overall efficiency will be 
optimized. IoT technologies will enable better traceability of food which in turn will lead to increased food 
safety. It will also be beneficial for the environment, for example, through more efficient use of water, or 
optimization of treatments and inputs. 
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CONCLUSION 
Therefore, Smart Farming has a real potential to deliver a more productive and sustainable agricultural 
production, based on a more precise and resource-efficient approach. New farms will finally realize the eternal 
dream of the mankind and feed our growing population that may reach 9.6 billion by 2050. Also, it is believed 
that the potential of a smart web of sensors, actuators, cameras, robots, drones, and other connected devices 
brings an unprecedented level of control and automated decision-making and makes it possible to build a 
lasting innovative ecosystem. 
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A herbicide must contact with the target (foliage, or roots), penetrate through target, move within plant to the 
site of action, and lastly, disrupt the physiology and growth processes in plants (namely photosynthesis, cell 
division and cell elongation, amino acid/protein biosynthesis, lipid biosynthesis or respiration) to exert its 
effects.  

A herbicide while moving through plant system may be blocked, sequestered or detoxified at several 
steps and as a result, differential activities and selectivity are achieved. 
 

 
(Fig 1: Mode of action of herbicide) 

Concepts of phytotoxicity in plants: 
Herbicide should be active against weeds without any adverse effects on crop plants. So, reducing phytotoxicity 
to crop plants may be achieved through; 

1. High herbicidal activity (towards weed plants) 
2. High herbicidal selectivity (towards crop plants) 

Table 1: Herbicidal activity & herbicidal selectivity 

 Herbicidal activity to weeds Herbicidal selectivity in crops 

1.  Herbicide should be active against weeds. Herbicide should not affect crops. 

2.  Genes responsible: Susceptibility genes & herbicidal 
activating genes. 

Genes responsible: Resistant genes & 
metabolism genes. 

3.  Genes may be Susceptible earlier or in presence of 
herbicide & harsh environment they become 
Susceptible. 

Genes earlier may be resistant or in 
presence of herbicide & suitable 
environment they become resistant. 

4.  Genes responsible for delayed metabolism of 
herbicides. 

Genes responsible for faster metabolism 
and lesser translocation in crop plants. 

Genes responsible for herbicide transformation:- 
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The physiological tolerance to herbicide mostly offered by genetic make-up of plants (Resistant or Susceptibility 
genes). Herbicide inside plants undergoes either metabolism/ deactivation reactions or reverse 
metabolism/activation reactions. Therefore, it is better to say “transformations” rather than “detoxification” of 
herbicides. 
 Transformations are due to enzymatic activity (regulated by specific genes) 
 Reverse metabolism- activating the herbicide after deactivation again. So, sometimes increased 

phytotoxicity (also governed by specific genes) 
 Reverse metabolism if in weed- then ideal for controlling weeds 
 if in crop species- then become crop phytotoxic 

Herbicide mixture and rotation:- 
 Correct mixture and rotational application may induce resistant genes in crops- good for agriculture 
 Incorrect mixture and monotonous application may induce resistant genes in weeds- concern for 

agriculture 
Herbicide resistance in plants:- 
Weed’s resistance can be defined as “decreased response of the population of a weed species to a herbicide 
than what expected or achieved earlier mainly because of long and continued application of the same 
herbicide.” It might be due to change in genes responsible for that purpose. It is simply an altered response to a 
herbicide by a plant species which was earlier susceptible. 
Horizontal Resistance 
Term was first used by J.E. Vander Plank, to describe many genes/polygenic resistance, which is sometimes 
called generalized resistance. Plants are not easily got resistant as many genes involved, some genes become 
resistant to herbicide by repeated and long time application of same one.  
Vertical Resistance 
Term was first used by J.E. Vander Plank, to describe single or few genes/oligogenic resistances. It emphasizes 
that in vertical resistance there is single gene for herbicidal activity both for weed and crop plants.  
Resistance development (Single, cross and multiple resistances):- 
 In crops (as in transgenic & resistant varieties)- then good, herbicide become selective & reduction of 

phytotoxicity 
 In weeds- then weeds become resistant to herbicide and become difficult to control. Special remedy 

measures are required. 

Table 2: Some resistant weed biotypes to different herbicides in the world till 2008 

 Mode of action Example of herbicide No. of biotypes 

1.  Inhibition of ALS Chlorsulfuron 95 

2.  Inhibition of PS II Atrazine 67 

3.  Inhibition of ACCase Diclofop methyl 35 

4.  Synthetic auxins 2,4-D 26 

5.  PS I electron diversion Paraquat 24 

6.  Inhibition of EPSP synthase Glyphosate 14 

7.  Microtubule assembly inhibition Trifluralin 10 

8.  Inhibition of lipid biosynthesis (not ACCase 
Inhibition) 

Triallate 8 

9.  PPO inhibition Oxyflurofen 3 

Flamprop-methyl 2 
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Herbicide resistant crops (HRCs):- 
Genetically modified crops (GMCs) or transgenic crops may serve as an important component in the integrated 
management of weeds or resistant weeds since non-selective herbicides, in most cases glyphosate, will control 
all weeds including the resistant ones. However, several potential risks such as gene flow into wild types, self-
sown volunteer weeds, superweeds etc. which are apprehended likely to appear on long-term use of these 
crops, need to properly be evaluated before their introduction /use.  

 
(Fig 2: Diagrammatic representation of concept of Glyphosate tolerant crops) 

 
Even in this case also, some selective herbicide rotation, mixture or sequence may be suggested. The herbicide 
should be rotated in every 2 years. 
1. Glyphosate tolerant crops (see Fig 2):  

 First introduced by Monsanto (Soybean, 1996 and corn, 1998). Crops commonly called “Roundup 
Ready”.  

 In American agriculture, 93% soybeans, 82% cotton, 85% corns are glyphosate resistant. 
 Ultimate increase in the herbicide use and superweed population. 

2. 2,4-D tolerant crops: 
 2,4-D tolerant corn & soybeans. 
 Dow Agro sciences produced new GM crops under the brand name ‘Enlist’. 

3. Siren, resistant to triazine: 
 In Australia (1994), Siren, a spring canola resistant to triazine herbicide. 

4. Glufosinate resistant sub-clover & lupins: 
 Introduction of Glufosinate resistant gene and also a sunflower gene to sub clover to make it more 

nutritional fit.  
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Amaranth is a fast growing crop which can grow under varied soil and agro climatic conditions (Katiyar et  
al.,  2000, Shukla and Singh, 2000), and is also resistant to heat and drought with no major disease problems 
(Robert et  al.,  2008, Bario and Anon, 2010). It is a rare plant whose leaves are eaten as vegetable while 
seeds are eaten as cereal. Because of its similarity with other cereals, it has been considered a pseudo- cereal 
which can be an alternative rich source of protein and nutrients for poor people in developing countries. 
Amaranth is a plant with high nutritional value, whose nutrients are concentrated in the leaves and the 
grains. Amaranth seeds have attracted attention as a human nutritional source because, compared with the 
major cereals, they contain higher amount of protein with a well-balanced amino acid composition as well as 
minerals, vitamins, and phytochemicals compared to those of major cereals such as wheat and rice (Alvarez 
et al., 2010). The seeds also have antioxidant activities, which are attributed to high level of carotenoids, 
flavoids, polyphenols, tocols, and squalene (Tikekar et al., 2008; Venskutonis and Kraujalis, 2013). In addition 
to its promising nutritional qualities amaranth has various health benefits and medicinal properties including 
gastric problems, blood purification, regular consumption reduces blood pressure and cholesterol levels and 
improving antioxidant status. Amaranth may also be valuable for celiac patients, diabetic (Chaturvediet al., 
1997), hypercholesterolemic subjects ( Lupton, 2000), coronary heart disease and hypertension patients 
(Martirosyanet al., 2007). Amaranthus also has medicinal properties such as- diuretic, useful in cough and 
cold, in urinary and throat troubles. The juice of the Amaranthus root acts as a remedy for gastric problems, 
treating the poison of scorpion, in leucorrhea and menorrhea. The leaves are used in troubles, especially in 
removing kidney stones. Amaranth seed or oil may decrease pain and inflammation.The higher amount of 
folic acid in amaranth can help in increasing the blood hemoglobin, reducing blood glucose levels and 
improving conditions of anti-allergic. 
 
INTRODUCTION:  Amaranthus is recognized as a promising plant genus that may provide high-quality protein, 
unsaturated oil, and various other valuable constituents. Amaranths are valued as leaf vegetables and cereals.It 
is noted not only for its environmental hardiness but also for the excellent nutritional quality of its seeds  Due 
to its unique nutritional properties and versatile usage, grain amaranth (Amaranthus spp.) has gained increased 
attention. Amaranthus, collectively known as amaranth or pigweed, is a cosmopolitan genus of herbs. 
Approximately 60 species are presently recognized, with inflorescences and foliage ranging from purple and 
red to gold. Most species are considered as opportunistic weeds and only three of them, Amaranthus caudatus, 
Amaranthus cruentus and Amaranthus hypochondriacus, are commonly consumed by humans as a seed or 
used as a functional ingredient in foods (Gamel). Amaranth is a pseudocereal because of its flavor and cooking 
similarities to grains. The word “Amaranth” comes from the Greek ‘amarantos’, the ‘one that does not wither’ 
or the never-fading flower. It contains high content of fibre and bioactive compounds Repo-Carrasco [2], these 
gluten-free grains are formidable food alternatives for celiac patients and/or those suffering from gluten-
sensitivity. It also provides a good source of dietary fiber and dietary minerals such as iron, magnesium, 
phosphorus, copper, and especially manganese. Amaranth was recognized as gluten-free and is therefore 
suitable for diets of celiac disease patients. The seeds are eaten as a cereal grain. They are ground into flour, 
popped like popcorn, cooked into porridge, and made into a confectionery called alegría. 
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Figure 1: Amaranth leaves and seeds 

Chemical Composition and Nutrition Value: The small seeds are usually shiny black in colour, in contrast to 
those of grain types which are cream-coloured. There are up to 3 000 seeds per gram. The tiny, lens shaped 
seeds are usually pale in colour. A seed of grain amaranth is on average composed of 13.1 to 21.0% of crude 
protein; 5.6 to 10.9 % of crude fat; 48 to 69% of starch; 3.1 to 5.0% (14.2 %) of dietary fibre and 2.5 to 4.4 % of 
ash. Amaranth, a pseudocereal, is an unconventional and interesting source of proteins. Its seeds contain a 
large amount (14-17%, w/w) of high nutritional quality proteins, whose amino acid composition is rich in lysine 
and methionine, two limiting amino acids in cereals and legumes, respectively. Amaranth’s balanced amino 
acid composition is close to the optimum protein reference pattern in the human diet according to FAO/ WHO 
requirements. Protein is high in amino acid lysine but low in leucine. . Moreover, amaranth grain protein is rich 
in lysine, which is usually deficient in cereal grains. Proteins have high digestibility (approx. 90%) and are rich 
with lysine (4.9 to 6.1g/100 g protein) which usually appears in grains as a limiting amino acid. 

Components Amaranth Vegetables Amaranth Grains 

Moisture  (g) 86.9 9 

Ash(g) 2.6 2.6 

Protein (g) 3.5 15 

Fat(g) 0.5 7 

Total carbohydrates(g) 6.5 63 

Fiber(g) 1.5 2.9 

Calories 36 391 

Calcium mg 267 490 

Ascorbic acid (C) mg 80 3 

Medicinal use of amaranth: Amaranthus also has medicinal properties such as- diuretic, useful in cough and 
cold, in urinary and throat troubles as well as for gastric problems. The easily digestible leaves are used in 
cough and cold, in swelling, and as an antidote to treat poison. The juice of the Amaranthus root acts as a 
remedy for gastric problems, treating the poison of scorpion, in leucorrhea and menorrhea. The leaves are 
used in troubles, especially in removing kidney stones. Amaranth seed or oil may benefit those with 
hypertension and cardiovascular disease; regular consumption reduces blood pressure and cholesterol levels, 
while improving antioxidant status and some immune parameters and decrease pain and inflammation. 
Amaranth as a staining material for colon cancer and pre- malignant tumors on human colon, making it is used  
as a  supplement  for  colonoscopy. The higher amount of folic acid in amaranth can help in increasing the 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 308 - 
 

 

blood hemoglobin and reducing blood glucose levels and improving conditions of anti-allergic. Therefore these 
are some important role of amaranth in some diseases. 

1. Amaranthus in diabetes: Amaranth grain has the ability to lower insulin levels and control blood sugar 
intake through appetite control/suppression. This is an ideal situation for those at risk for diabetes, as 
elevated insulin levels and obesity are two of the causes or “red flags” for diabetes. Durgadevi  et. al. 
2012 determined effect of  processed amaranth grains on glycemic indices in NIDDM subjects. They 
resulted popped amaranth grains flour Chapatti gave the lowest glycemic index and the value was 
significantly lower than the other test foods.  The popped amaranth grains flour elicit low postprandial 
rise of blood glucose and can be recommended for use in the diet of diabetic Indians 

2. Amaranth in Cardiovascular Health: Amaranth contains a huge amount of vitamin K, which is a well-
known booster for heart health.  The potassium content in amaranth helps to lower blood pressure by 
dilating the blood vessels and reducing the strain on the cardiovascular system. The phytosterols found 
in amaranth grain have been connected to lowering cholesterol levels, while the significant levels of 
dietary fiber also help to balance the cholesterol levels in cardiovascular system, thereby lowering the 
chances of developing atherosclerosis and subsequently suffering from heart attacks or strokes 

3. Amaranth in Anemia: Amaranth is reliable source of iron (more than 50% of RDA of the mineral). 
Regular consumption contribute to recovery from anemia as a result of iron deficiency. As amaranth has 
good amount of iron content in it, it is beneficial in reducing chances of anemia and helps in producing 
hemoglobin. Amaranth seed has the potential to be an effective food fortificant, especially, when 
amaranth seed flour is added to regular wheat or rice flour; it will increase the nutritive value of the 
flour many times, specifically in terms of valuable proteins and iron. It is non-toxic, safe and can be 
consumed by any age group in order to improve the iron status.  

4. Amaranth in Digestive Health: There are a number of gastrointestinal benefits to eating amaranth, 
including its high fiber content, which results in smooth digestion of food and facilitates an efficient 
uptake of minerals. However, amaranth is also a gluten-free substance, which means that for the 
millions of people suffering from Celiac’s disease or gluten intolerance. 

 
Amaranths other health benefits 

1. High source of protein: The high-quality protein that can be taken when Amaranth’s seeds are 
consumed is important as it provides many of the essential amino acids which are key molecules that 
build new cells and tissues allowing proper neuronal function, helps immune system and recovery of 
muscles.  

2. Reduce inflammation: The intake of Amaranth could help to avoid diseases caused by inflammation 
because it has been described that extruded Amaranth protein hydrolyzates prevented inflammation by 
the activation of bioactive peptides that reduced the expression of several pro-inflammatory markers. 
That is why the consumption of pseudo cereals helps to reduce inflammation. In this context, it is 
recommended to include Amaranth seeds in the diet in order to reduce inflammation and may help to 
prevent chronic diseases derived from inflammation.  

3. Bone health: Calcium is a key player in the generation and maintenance of healthy bones as it supports 
mineralization. Amaranth contains more calcium than other seeds, which makes it a valuable food that 
helps to have a healthy development of bones helping to prevent osteoporosis.  Therefore, the intake of 
extruded Amaranth products could help to improve the proper intake of calcium  to support healthier 
bones. Lowers cholesterol: It has been proven that Amaranth’s oil can reduce total and bad cholesterol 

http://informahealthcare.com/doi/abs/10.3109/13813455.2012.659259
http://informahealthcare.com/doi/abs/10.3109/13813455.2012.659259
http://informahealthcare.com/doi/abs/10.3109/13813455.2012.659259
http://www.sciencedirect.com/science/article/pii/S0308814609003161
http://www.sciencedirect.com/science/article/pii/S0308814600003265
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(LDL) increasing good cholesterol as tested in animal’s models by Berger et al., also it has been proven 
that Amaranth affects cholesterol metabolism.  

4.  Fights duodenal peptic ulcer: It has been found that duodenal peptic ulcer and chronic gastritis caused 
by Helicobacter pylori can be treated with Amaranth oil.28 

Recommendation: Amaranth is gluten free protein rich crop hence it could be used as a diet for patien 
suffering from celiac disease and gluten encephalopahy. The fibre ontnt o amaranth is found to be high which 
can prove beneficial for several gastrointestinal diseases including chronic constipation. Therefore, researcher 
in those field are recommended to make use of this potenial crop.  
 
CONCLUSION: Amaranths especially the grain amaranths are considered as the golden crop of future. Much of 
the research activities done on amaranths has focussed on its exceptional nutritive value. The health benefits 
of amaranths have been recognized in homoeopathic and Ayurvedic medicines. Both the seeds and leaves of 
amaranth are used as herbal remedies and have nutraceutical value. Amaranth grain is a highly nutritional, 
reasonably well balanced, pseudo cereal with superior contents of fiber and protein. Amaranth is found to anti 
hyperglycemic activity and anti-diabetic activity due to presence of alkaloids flavonoids . In addition anti 
hyperlipidermic activity it lower total cholesterol HDL, LDL and  TC thus can be given to patient of hypertension 
and CHD, diabetes it can be  considered as an effective  antioxidant capable of protecting cellular membrane 
against oxidative damage.  As a substitute to wheat flour it can be provide high amount of calcium and iron , 
the nutrient generally deficient in the diet of developing countries 
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INTRODUCTION 
Fall Armyworm (FAW) (Spodoptera frugiperda; Noctuidae, Lepidoptera) is a migratory polyphagous pest that 
attacks several important crops such as maize, sorghum, forage grasses, rice, cotton and peanuts (Luginbill 
1928; Sparks 1979; Knipling 1980). It can have several generations per year. The larvae feed on the plant 
species and the  adults are terrific fliers which can fly up to 100 km per night and thus can invade new areas 
very quickly (Padhee and Prasanna, 2019). It is native to tropical and sub tropical regions of America. In 2018 
june, it was first reported in Chikkaballapur, Karnataka (India). Now it has been spread to most of the states in 
India such as Tamil Nadu, Andhra Pradesh, Telangana, Maharashtra, Madhya Pradesh, Odisha, Bihar, West 
Bengal, Gujarat, Chhatisgarh, Kerala and Mizoram. This is a highly destructive and invasive pest, capable of 
feeding on more than 100 plant species with maize and sorghum being the most preferred hosts. 

How to identify the FAW larvae? 
The larval stage of FAW causes damage by making tunnels in the ears and feeding on it. So to control this pest, 
identification of the larvae is very important. The identification marks are as: 

 Inverted “Y” shaped marking on head area. 

 Four large spots in square arrangement on dorsal surface of second last segment of abdomen (Fig.1). 

 Four smaller spots in trapeze arrangement on dorsal surface of other segments. 
 

 
                                                   

Fig. 1:  Larva of FAW with identification marks in circles 
      
Damage symptoms 
It can causes damage to maize crop in nearly all stages of development but usually prefers plants in later 
vegetative stage. The affected plant shows leaf skeletonization due to gregarious neonate larval feeding, 
irregular holes or windows on the lamina and margin. It generally causes elongated raged holes on leaves (Fig. 
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2a). In severely affected plants, large quantities of fresh wet yellowish-brown fecal matters seen in the whorl 
with mature larva either visible or hidden inside the whorl or frass (Srikanth et al., 2018) (Fig. 2b). There is no 
single solution to get rid of this voracious eater of maize plants, so the only effective and safe strategy is IPM. 
 

                                               
Fig. 2a                                                                                      Fig. 2b 

 
IPM strategies for FAW on maize 
The aim of IPM is to suppress pest population and to maintain them at levels below those causing economic 
injury. IPM mainly emphasizes on the growth of a healthy crop with the least possible disruption to agro-
ecosystems and encourages natural pest control mechanisms. The IPM strategies involve the following steps 
viz;  
1. Monitoring: Routine monitoring of pest can help to control the infesting population. Installation of 

pheromone traps @ 5/acre in the current and potential area of spread in crop season and off-season. 
2. Scouting: Scouting for fall armyworm is necessary only in fields where larvae or their damage are noted. It 

should be done as soon as maize seedlings emerge.  
3. Cultural control: Deep ploughing is recommended before sowing. This will expose FAW pupae to predators. 

Planting leguminous inter-crops improves soil fertility, diversifies the field environment for beneficial 
insects, including insect predators and parasitoids (Harrison et al., 2019). Clean cultivation, weeding and 
balanced use fertilizers are recommended to the farmers. Cultivation of maize hybrids with tight husk cover 
will reduce ear damage by FAW. 

4. Mechanical control: Hand picking and destruction of egg masses and neonate larvae in mass by crushing or 
immersing in kerosine water. Application of dry sand in to the affected whorl of maize plants soon after 
observation of FAW incidence in the field will also help to reduce the damage. 

5. Biological control: Some parasitoids which have potential to reduce fall armyworm population are Grub of 
Ichneumon wasp, Cotesia spp. Cocoons, Parasitized S. litura larvae by Chelonus formosanus, Metopius 
rufus, Microplitis manila, Tachinid spp. etc. The most common parasitoid fly is Archytas marmoratus. Some 
predators like, Ophionea indica, Cicindela duponti, Cicindela sexpunctata, Lycosa pseudoannulata, 
Cyrtophora carrisae etc. Bio pesticides containing Bacillus thuringiensis or Baculovirus as well as 
entomopathogenic fungi such as Beauveria bassiana, Nomuraea releyi are also recommended for the 
effective management of this pest. 

6. Chemical control: Always apply chemical pesticides at economic threshold level. Threshold for application 
of control measures may vary according to the area but it is usually considered when egg masses are 
present on 5% of the plants or 25 % of the plants show damage symptoms. To control FAW larvae at 5% 
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damage to reduce hatchability of freshly laid eggs, spray 5% NSKE OR Azadirachtin 1500 ppm @ 5ml/ litre of 
water. To manage 2nd and 3rd instars larvae at 10-20% damage spray Spinetoram 11.7% SC @ 0.5 ml/litre 
of water OR Thiamethoxam 12.6% + lambda cyhalothrin 9.5% @ 0.25 ml/l of water OR 
Chlorantraniliprole18.5% SC @ 0.4 ml/litre of water. 

Things should be taken care of during spraying: 

 All the sprays should be directed towards the whorl. 

 It should be done either in the morning or in the evening time. 

 Always follow protection measures such as use of hand gloves, face mask, cap etc during spraying of 
insecticides. 

 Spray the required amount of insecticides. 

CONCLUSION 
Fall armyworm is a devastating pest and causes potential damage and yield loss to the maize crop. So, to 

reduce the damage and increase the yield, effective control measures should be applied for the pest. There are 
a lot of demerits of using the chemical pesticides alone for controlling the pest population. Therefore along 
with chemical control some additional measures are also integrated to the management strategies for the 
economically sound and environmentally safe management of this pest. Furthermore, there is an urgent need 
to increase awareness among the farming communities about the life stages of the pest, scouting for the pest, 
understanding the right stages of the crop on which high economical damage may occur by FAW, and the time 
for management application and implementing low-cost agronomic practices and other landscape 
management practices for sustainable management of the pest. Keeping all the above said points in mind, 
these integrated management strategies can be recommended to the farmers who are cultivating maize crop 
for their livelihood.  
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The input and output of plant nutrients must be monitored through a soil testing program, to ensure that 
nutrient depletion does not take place. Soils deficient in nutrient cannot support either crop production or 
active populations of beneficial microorganisms, which are essential for a productive soil.  
 
How to improve and maintain soil fertility? 
Improvement in agricultural sustainability requires, alongside effective water and crop management, the 
optimal use and management of soil fertility and soil physical properties. Both rely on soil biological process 
and soil biodiversity. This requires the adoption of management practices that enhance soil biological activity 
and buildup long term soil productivity and health.  
 
Factors influencing soil fertility  
The main practices to enhance soil fertility include the use of organic fertilizers such as   
 Compost and vermicompost   
 Green manures   
 Animal manure   
 Microbial fertilizers   
 Mineral fertilizers 

Composting  
 Composting is the process of transforming organic materials of plant or animal origin into humus in heaps 

or pits. 
 Compared with uncontrolled decomposition of organic material, decomposition in the composting process 

occurs at a faster rate, reaches higher temperatures and results in a product of higher quality.  
  Within the process of composting, three main phases can be distinguished: the heating phase, the cooling 

phase and the maturing phase. However, these phases cannot be clearly separated from one another.  

1. The heating phase:   
 Within 3 days of setting up the compost heap, the temperature in the heap rises to 60 to 70 °C and usually 

stays at this level for 2–3 weeks. 
 Most of the decomposition occurs during the heating phase.   In this phase, it is mainly bacteria which are 

active. The high temperature is a result of energy released during conversion of easily decomposable 
material by the bacteria.  

 The warm temperature is a typical and important part of the composting process. The heat destroys 
diseases pests, weed roots and seeds.   

 During this first phase of the composting process, the bacteria have a very high oxygen demand due to the 
rapid development of their population.  

 High temperatures in the heap signal that there is an adequate supply of oxygen for the bacteria. If there is 
not enough air in the heap, bacterial development will be hindered and the compost will develop an 
unpleasant odour.   
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 Humidity is also essential to the composting process, as bacteria require humid conditions for their work. 
The need for water is greatest during the heating phase because of high biological activity and strong 
evaporation occurring during this phase.  As the heat increases, the pH of the compost heap rises (i.e. 
acidity decreases).    

2. The cooling phase:   
 Once the material which is easily digested by the bacteria has been converted, the temperature in the 

compost heap declines slowly and will remain at 25–45 °C.  
 With the decline in temperature, fungi settle and start the decomposition of straw, fibres and wooden 

material.  
 As this decomposition process is slower, the temperature of the heap does not rise.  As the temperature 

drops, the pH of the composting material declines (i.e. acidity increases).    
3. The maturing phase:   

 During the maturing phase nutrients are mineralised and humic acids and antibiotics are built-up.   
 Red compost worms and other soil organisms start to inhabit the heap during this phase.  At the end of 

this phase the compost has lost about half of its original volume, has the colour of dark, fertile soil and 
is ready to use.  

Vermi-composting: is a method of composting using earthworms. Earthworms speed up the composting 
process, aerate the organic material and enhance the finished compost with nutrients and enzymes from their 
digestive tracts. Vermicomposting allows you to create compost round the year, indoor during the winter and 
outdoor during the summer.  
 
Green manures: Green manures are plants grown to accumulate nutrients for the main crop. When they have 
built up maximum biomass, they are worked into the surface soil. As they are usually cut before flowering, 
growing a green manure is thus different from growing a legume crop in the rotation. Once worked into the soil 
the fresh plant material releases nutrients quickly and will be fully decomposed within a short period of time.  
Benefits:   

 They penetrate the soil with their roots, make it more friable and bind nutrients, which would 
otherwise be washed away.    

 They suppress weeds and protect the soil from erosion and direct sunlight. 
 If legume plants are used, nitrogen is fixed from the air into the soil.  
 Some green manures can be used as fodder plants or even to provide food for human consumption (e.g. 

beans and peas).   
 The incorporated plant material encourages the activity of soil organisms, and builds up organic matter 

in the soil.  
 This improves soil structure and water holding capacity.  Green manuring is thus an inexpensive way to 

improve soil fertility and the nutrition of the main crops grown.  
 
HOW TO PRODUCE MORE BIOMASS ON THE FARM  
How to choose the right species?   
There is a large variety of plants, especially legumes that can be used as green manure crops. It is important 
that appropriate species are chosen. Most importantly they should be adapted to the local growing conditions, 
especially rainfall and soil, fit into the crop rotation and not pose a risk of transmitting diseases and pests to 
other crops.   
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Characteristics of the ''ideal'' green manure plant   
Animal Manure 
Depending on whether animals are kept in stables or not (part or full time), farmyard manure consists of 
animal excreta and bedding material (usually straw or grass). Farmyard manure is extremely valuable organic 
manure.  Some characteristics and effects of farmyard manure:  
 It contains large amounts of nutrients.  
 Only part of the nitrogen content of manure is directly available to plants, while the remaining part is 

released as the manure decomposes. The nitrogen in animal urine is available in the short-term.  
 When dung and urine are mixed, they form a well-balanced source of nutrients for plants. The availability of 

phosphorus and potassium from farmyard manure is similar to that from chemical fertilizers. Chicken 
manure is rich in phosphorus. However, it is important to be aware of the origin of the manure, as chicken 
manure from conventional farms is contaminated by heavy metals. 
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1. INTRODUCTION:  
Potato mop-top virus (PMTV) is a plant pathogenic virus transmitted through the Spongospora 

subterranean (Protist). Spongospora subterranean is also a plant pathogen causes powdery scab on potato 
tubers. Potato mop top virus (PMTV) belongs to family of Virgaviridae. The virus is the type member of the 
genus Pomovirus. PMTV is a (+) ssRNA virus, rod shaped virus (a virus that uses positive sense, single- stranded 
RNA as its genetic material) with tripartite genome. The virus has been reported in many other potato 
cultivating regions of the world. 

Mop –top means yellowing of leaves and shortened internodes, resulting in stunted growth, hence the 
name “Mop-top”.  
Host:- The main host of potato mop top virus is potato, other vegetables and weeds.  
Virus Structure: 
The virus is the type member of the genus Pomovirus. PMTV is a (+) ssRNA virus, rod shaped virus (a virus that 
uses positive sense, single- stranded RNA as its genetic material) with tripartite genome. 
Symptoms:  

1. Symptoms on leaves :-  

 Yellowing of leaves, arcs or chevron patterns and shortened internodes resulting in stunted growth. 
2. Symptoms on potato tubers:- 

 Arcs or rings on the tubers surface known as primary infection.  

 Deep cracking, a network of cracking or distortions to the tuber skin that appear as blotchy surface 
markings.  

 Arcs and streaks in tuber flesh often referred to as “spraing”. 
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2019: A record breaking cyclone year of INDIA 
Article id: 22695 
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Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia-741252, W.B. 
 
INTRODUCTION 

According to the recent data from India Meteorological Department (IMD), the number of occurrence of 
tropical cyclone over Arabian Sea and Bay of Bengal has been raised by 32% during last five to six years. If we 
compare the number of cyclones for the last ten years, then there is almost 11% rise in these abnormal 
weather conditions. 2019 is the most active north Indian Ocean cyclone season with a total of seven cyclonic 
storms, out of which six are intense to severe cyclonic storm. 
Cyclone season summary 

Out of seven cyclonic storms, six are very severe cyclone storm and one super cyclone storm (Kyarr); 
thus India breaking all its last 33 years record after having seven cyclones (Figure 1). Cyclone ‘Pabuk’ was the 
first in this season, emerged in north Indian Ocean near Andaman Sea during January, 2019. Followed by 
‘Pabuk’ was extreamly severe cyclonic storm named “Fani”, which developed around April 25 and made its 
landfall in east coast of Odisha. After killing 89 people of Odisha and Bangladesh, “Fani” caused an economic 
damage of 8.1 billion US $. A month letter, cyclone “Vayu” hit India which just sucked almost all the monsoon 
moisture over Arabian Sea, thus causing significant delay in the onset of south-west monsoon rainfall in a vast 
region of India. Deep depression BOB 03 formed on August 7 near East India and Bangladesh. During late 
September, a deep depression named “ARB 02” formed near Gujarat, gradually transformed into fourth 
intensified cyclonic storm of the season called “Hikka”. After that three consecutive cyclonic storms formed 
within a time span of two months. “Kyarr” produced heavy rainfall along the west coast of Karnataka, 
Maharashtra, and Gujarat during October while “Maha” did the same during early November when it usually 
does not rain with such intensity. The most recent Bay of Bengal formed cyclonic storm “Bulbul” made landfall 
over Sundarban delta of Indo-Bangladesh coast on November 9, causing heavy to vey heavy rainfall over these 
areas. 

Mangrove proved to be the saviour of Bengal from “Bulbul” 
The Sundarbans with its dense mangrove forest acted as a shield to protect Kolkata and its adjoining 

areas from the fury of severe cyclone “Bulbul” but was badly damaged in this course. Here the 
environmentalists think that low tides in the river along with mangrove forest withstood the brunt of “Bulbul”. 
When “Bulbul” made landfall in the South 24 Parganas district of West Bengal, it was fiercer than 2009 super 
cyclone “Aila” with 10 kmph more wind speed than letter. The wave heights were significantly lower than 
“Aila”. But when “Bulbul” approached parallel to the coast towards Bangladesh, the Sundarban mangroves 
impeded the wind, proving the importance of the largest mangrove of the world in safeguarding the coastal 
areas from storms and cyclones that are becoming so frequent these times with changing global climate 
scenario. 
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Figure 1: 
Category wise list of cyclones during 2019 

Source: https://en.wikipedia.org/wiki/2019_North_Indian_Ocean_cyclone_season 
 

Causes behind frequent cyclones over Indian subcontinent 
Over last few months of time, scientists have observed that the west part of Indian subcontinent i.e. the 

Arabian Sea has gradually becoming the hotspot of various unusual extreme weather events. To understand 
the current situation, we have to go in the past; the year 1976, when scientists across the world pointed out 
the sharp temperature rise in the equatorial Pacific Ocean. The sea surface temperature (SST) rise suddenly 
disturbed the atmospheric dynamics and global wind pattern and so that year was identified as climatic shift” 
by the scientists. According to the Director General of IMD, Intergovernmental Panel on Climate Change (IPCC) 
has confirmed the fact that intense cyclone over Arabian Sea during pre-monsoon and post-monsoon season 
are in increasing trend. IPCC in its Special Report on the Ocean and Cryosphere in Changing Climate (SROCC) 
predicted that there will be a 10 times rise in global mean SST by 2100 with the possibility of more frequent 
cyclones over Arabian Sea, leaving the city like Mumbai at major risk. Very interesting point to notice that when 
the Arabian sea surface temperature is gradually increasing, the northern Bay of Bengal water temperature is 
going down due to melting of Himalayan glaciers and mixing of cold water with Bay water 
(https://www.thenewsminute.com/article/why-arabian-sea-seeing-one-most-active-cyclone-seasons-111819). 
The Bay of Bengal is generally susceptible to pre monsoon and post monsoon cyclones. The cyclones that are 
generated in Bay of Bengal are become weaker by the time they make landfall. However the case of “Fani” was 
different because it developed near the equatorial region. Both timing and strength made “Fani” different than 
other tropical cyclones in the year 2019. “Fani” started developing near equator, and then gradually moved 
northwards (Figure 2).  

https://en.wikipedia.org/wiki/2019_North_Indian_Ocean_cyclone_season
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Figure 2: Development and movement of cyclone “Fani” 

 
Due to this long journey from the point of development to the point of landfall, the system got more time to 
spend over the water body and the Bay of Bengal allow the system to gather more moisture and momentum to 
generate powerful winds.“Fani” started generating in April which is very rare for formation of extreme severe 
cyclone. 

CONCLUSIONS 
The India Meteorological Department reported that all these extreme events are continuously 

increasing both in intensity and frequency and that may be due to direct impact of climate change. The year 
2019 ends up with delayed onset and withdrawal of monsoon season and the most devastating cyclone 
“Fani”as the year’s most impactful extreme climatic event. But the reason of hope for us is that improved 
forecast and well coordinated disaster management team were very much credited by keeping the death toll to 
a minimum. 
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RNA interference: A novel approach for eco-friendly insect pest management in wheat 
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Cereal grains along with legumes constitutes one of the most important staple food crops of the world. 

Ever since their domestication, cereals both major and minor have been responsible for fulfilling 56% caloric 
and 50% protein requirement of global human diet. Among various cereals, wheat originally belonging to the 
Levant region remains one of the most widely cultivated crop worldwide. Considered amongst the ‘big three’ 
cereal crops, global production of wheat from 2012 to 2016 was over 721 million tonnes. In Indian context 
wheat plays an important role in feeding the population. It is grown in an area of 29.65 mha giving a production 
of 93.50 million tonne contributing a significant amount of calories to Indian diet. Though improved high 
yielding wheat varieties are being continually produced and released, susceptibility of these varieties to certain 
insects have reduced the wheat production and hampered the social well-being of people. Infestation by 
insects not only causes direct yield losses by feeding but also induces indirect yield loss by acting as a vector of 
other debilitating plant viruses. Aphids for example adversely affects wheat production directly by feeding on 
the cell sap and indirectly by acting as a transmitter of certain hazardous viruses as Yellow dwarf virus in wheat.  

Major insect seriously reducing wheat production includes aphid, wheat mite, army worm, legume pod 
borer and certain storage pests. 9.3% wheat losses was attributed to insect damage in post green revolution 
era. A number of insecticides have been used to reduce the incidence of pest attack on wheat but insecticidal 
use is also associated with certain drawbacks as pest resurgence, evolution of resistant biotypes, 
environmental pollution, health hazards etc. Breeding for the development of host plant resistance seems to 
be the only breeding strategy conferring environment friendly durable resistance against insect attack. A 
number of conventional breeding strategies have been attempted in last few decades with the major aim of 
increasing insect resistance in desirable genotypes. The progress however, have been significantly hampered 
due to unavailability of insect resistant donor germplasm, rapid development of resistant biotypes and 
complexity of plant insect interactions. The need of the hour is therefore to find a competent genetic strategy 
for insect control in wheat.     

The phenomenon of homologous gene suppression called RNA interference (RNAi) have been 
discovered in chimeric chalcone synthase gene in petunia. The contribution of Andrew Z. Fire and Craig C. Mello 
in the arena of RNA interference earned them the 2006 Nobel Prize in Physiology or Medicine. The 
phenomenon of RNAi also called as RNA silencing operates in almost all organisms including fungi, plants and 
animals. The phenomenon is being naturally exploited in plants to defend them against invading viruses. 
Expression of a RNA interference (RNAi) construct against specific genes endogenous to the pathogen in the 
transgenic plant lead to silencing of genes in plant pathogens and was the very basis of virus induced gene 
silencing. This feature have been extended further in the perspective of insect resistance breeding. The 
expression of double strand (dsRNA) designed against insect target genes in host plant have been shown to 
provide protection against insects through RNA interference (RNAi), opening the way for a new generation of 
insect-resistant crops.  

The process of RNA silencing is mediated by small RNAs of 21–30 nucleotides in length which are 
produced by fragmentation of dsRNA molecules and regulate gene expression in sequence-specific manner 
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either through transcriptional gene silencing (TGS) or post-transcriptional gene silencing (PTGS). While PTGS 
involves the recognition and silencing of mRNA in the cytoplasm and therefore operates after the target gene 
have been transcribed, TGS on the other hand involves the methylation of RNA polymerase binding promoter 
region of the target gene which prevents transcription of gene and leads to gene silencing. The phenomenon of 
RNA silencing involves recognition of the dsRNA molecules by Dicer protein which cleaves it into small RNAs. 
These small RNAs in association with Argonaute (AGO) protein are processed into an RNA-induced multi-
subunit silencing complex (RISC). RISC is involved in sequence specific silencing of target genes as specified by 
the small RNAs associated with it.  

Two type of plant-mediated RNAi for insect control are essential for the persistence of RNAi effect these 
includes cell-autonomous and non-cell-autonomous RNAi. Cell-autonomous RNAi is usually confined to the 
single cell in which the dsRNA was externally introduced or expressed endogenously. While non-cell-
autonomous RNAi usually refers to the RNAi effects seen in distant cells where dsRNA were not produced or 
applied. It constitutes environmental RNAi which involves uptake of dsRNA by cell from the environment and 
systemic RNAi in which the signals from cells expressing dsRNA are transmitted to other tissues ultimately 
leading to silencing of genes. In multicellular organisms, non-cell-autonomous RNAi will be followed by cell-
autonomous RNAi and environmental RNAi is followed by systemic RNAi. In case of RNAi in insects two 
mechanism viz., transmembrane channel-mediated uptake mechanism and endocytosis-mediated uptake 
mechanism have been studied until now.  

Wheat represents an important staple crop which offers a number of examples in which RNAi have 
been extensively used to breed for durable insect resistance. Resistance to aphids have been achieved by RNA 
silencing mediated knockdown of the expression of C002 gene which expresses in the salivary glands of aphids. 
The gut lumen of various insects constitutes a membrane bound V-ATPase protein. The main function of this 
protein was to establish a PH gradient within the lumen by acting as a proton pump and any obstruction in 
expression of V-ATPase gene would therefore be detrimental for survival of insects. Significant mortality of A. 
pisum have been achieved by knockdown of vATPase transcripts following feeding on vATPase dsRNAs. Ds RNA 
targeting genes encoding a calcium-binding protein calreticulin, gut cathepsin, aquaporin also leads to 
enhanced mortality in A. pisum. Plant-mediated RNAi have been used to knockdown the expression of gut-
specific gene Rack-1 in peach aphid after feeding on transgenic Arabidopsis plants, with affected aphids 
producing less progeny. Four targets from 66 unigenes were isolated for RNAi against grain aphids in wheat.  
Heat-shock protein 90 have also been found to be an ideal target for insect control by RNAi due to its crucial 
role in insect survival. Knockdown of expression of chitin synthase gene and segmentation gene prevented 
insects from hatching and feeding, respectively. The survival and fecundity of wheat aphids can be reduced 
sufficiently by knocking down expression of ultraspiracle protein (USP) and ecdysone receptor (EcR) protein. 
This leads to persistent control of wheat aphids. Subsequently by use of feeding or injection of dsRNA into 
wheat aphid a number of potential RNAi targets including genes encoding catalase, matrix metalloproteinase 
MMP-2, cytochrome c oxidase subunit VIIc precursor, acetylcholinesterase1, zinc finger protein, salivary 
protein DSR33, secreted salivary peptide DSR32, olfactory co-receptor and  serine protease 1 DSR48 were 
identified. Transgenic wheat expressing dsRNA to knock down the CarE gene of Sitobion avenae have been 
developed possessing delayed larval growth and reduced resistance to pesticides. 

Besides insects nematodes are also responsible for substantial yield losses in wheat. The yield losses in 
wheat due to nematodes is mainly attributed to cyst nematodes (Heterodera spp.), which also limits the 
production of barley. Pratylenchus thornei is yet another plant pathogenic nematode which attacks wheat 
roots. A 77-81% reduction in reproduction have been reported on account of RNAi mediated knockdown of pat-
10 and unc-87 gene. Lilley et al. (2007) further identified C-type lectin, Cysteine proteinase, chitin synthase, 
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major sperm protein, aminopeptidase, FMRF amide-like peptides (flp-14 and flp-18), pectate lyase, β-1,4-
endoglucanase, secreted amphid protein, secreted peptide SYV46, chorismate mutase, dual oxidase, splicing 
factor, secreted peptide 16D 10 and integrase as potential target for RNAi mediated resistance breeding. The 
effects of these RNA interference experiments were either an increase in population of male nematodes or an 
overall reduction in number of established nematodes. Hence these experiments reveals that RNAi can also be 
used successfully to confer nematode resistance in wheat.  
 RNAi though having numerous advantages is also associated 
with certain drawbacks. Silencing the expression of a single gene may not be enough to breed for insect 
resistance due to presence of functional redundancy which leads to incomplete mRNA silencing. Off-target 
effects and unwanted influence on agronomic traits are also serious problems when we construct transgenic 
plants. In addition genomic transformation is not amenable in certain crop species and RNAi cannot be used to 
control certain insect groups that block the uptake of siRNA. In order to overcome off target effects and other 
associated drawbacks of nucleus transformation, chloroplast transformation protocols for cereals (e.g., rice, 
wheat, maize, and barley) have been devised. However with chloroplast transformation it is obvious that the 
artificial constructs would be limited to being spread with the absence of chloroplasts when there is random 
mating in natural conditions. Another innovative technique that is being recently attempted to confer RNAi 
mediated insect resistance to crop plants is the spray-induced gene silencing (SIGS) strategy. As no genetic 
transformation of host plant is involved in SIGS strategy, it is free from any drawback associated with nucleus 
transformation. Thus it have been found that RNAi based resistance may be the most suited technique for 
providing biotic stress resiliency to crop genotypes and stabilize their yield. New targets and fragment selection 
methods, stable transgenic systems, efficient transformation constructs and other new technologies will 
enhance the RNAi-derived strategy to develop durable insect resistant plants.  
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           Symptoms on leaves                                        Symptoms on tubers  

Disease cycle: 

 The vector of PMTV, S. subterranean infects the roots of potatoes, the virus is given access to the root 
cells and starts its habitation of the plants. 

 By taking control of the cells cellular machinery, the virus then moves on to moves potato cells and 
spreads systemically through the plant. 

Management:  

 Plant only certified seeds or virus tested tubers 

 Abandon infested fields and never plant potatoes in them again. 

 Remove all soil from implement that move from infested fields to non infested fields. 

 Do not re-spread harvests soil into non infested field.  

 Plant potato cultivars that do not express tuber necrosis symptoms.  

 Ensure seed sources are produced in fields free of powdery scab and /or PMTV. 

 Remove solanaceae weeds or volunteer tuber because they are reservoir of virus. 
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Waste to wealth: An Innovative approach to Waste Management 
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Globally, 140 billion metric tons of biomass generated every year from agriculture and out of this, 500 million 
ton of agricultural residues are produced in India due to increased (34 % residue contributed by rice and 22 % 
by wheat) cereal production. The surplus crop residues are burnt on-farm and burning of crop residues/rice 
straw is common in northwestern parts of India causing nutrient losses, and serious air quality problems 
affecting human health and safety. It causes severe pollution of land and water on local as well as regional and 
global scales. It is estimated that burning of paddy straw results in annual nutrient losses of 3.85 million ton of 
organic carbon, 59,000 ton of nitrogen, 20,000 ton of phosphorus and 34,000 ton of potassium at the 
aggregate, which can be effective resource for the farming sector. Inadequate management of waste 
agricultural biomass is contributing towards climate change, water and soil contamination and local air 
pollution. As raw materials, biomass wastes have attractive potentials for large-scale industries and 
community-level enterprises. Biomass aggregation includes residual stalks, straw, leaves, roots, husk, nut or 
seed shells, waste wood, animal husbandry, dairy, fisheries and aquaculture wastes.  

 

On farm residue burning 
Today’ need regarding residue-burning issue: To convert this waste in to wealth, Develop technology to 
convert crop bio waste (particularly of paddy) into farm compost, offer economically viable alternative to 
prevent burning of crop residues and to create possibility of giving a benefit to the agricultural activity through 
income generation. 

Innovative approach to tackle waste 

1) Binding papers from crop residue: Students of DAV Public School, Amritsar, Punjab have come up with 
an innovative way to use of the residue. They came up with binding papers made of the crop residue. 
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The model- Parali Varton Takneek presented by the students highlighted a smart detection system. The 
system helps detection of the burning of stubble if the model is placed in the farm. Besides, the model 
had a flame and pollution sensor, which bridges a networking gap among farmers, Agriculture 
Department and scientists. Six to seven sheets of high-quality paper can be prepared from 250 grams of 
stubble. It took us four hours to make the binding paper. 

2) High value bio-compost: Using microbial bioconversion processes that play key role in producing value 
added farm inputs and finding out application of the products at farmer’s field for the production of 
high value crops. 

3) Biofuels: Crop residues are used for bio fuel generation also. 
4) Biogas: Researchers at the Tamil Nadu Agricultural University (TNAU), Coimbatore, have developed a 

fuel-efficient biomass gas stove. The biogas could be produced from animal and crop wastes, and used 
for domestic and agricultural purposes including irrigation. Biomass gasifiers covert agro-wastes into 
clean and combustible gas called "producer gas", which could be used to power agricultural and 
industrial gadgets. The method involves removing carbon monoxide and hydrogen sulphide from the 
crude producer gas, which, is then allowed to undergo shift reactions with steam. In this process, 
carbon monoxide present in the crude gas turns into a hydrogen-rich gas that could be used in a fuel 
cell to produce electricity. This fuel-efficient and pollution-free system, developed for "stand alone" 
rural electrification, would use biomass instead of industrial hydrogen. As an energy carrier, biomass 
could be stored conveniently and used when needed. 

5) Mushroom Cultivation: Wheat and rice straws are excellent substrates for the cultivation of Agaricus 
bisporus (white button mushroom) and Volvariella volvacea (straw mushroom). 

6) Building materials: Making bricks and walls from straw-clay mixtures is an ancient technique that is still 
used in the house and shed construction. 

7) Feed and bedding: Crop residues are fed to domestic animals in forms ranging from traditional stubble 
grazing of harvested grain fields to preparation of chopped residue mixes that are made more palatable 
and nutritious by the addition of nitrogen-rich compounds. Because of their excellent water-absorption 
capacity, cereal straws remain preferred materials for animal bedding. Recycling of this nitrogen-rich 
mixture of wastes, often after composting, remains a key ingredient of beneficial co-utilization of 
organic wastes. 
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Modern fish farming system-recirculation aquaculture systems (RAS) 
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Recirculation aquaculture systems (RAS) represent a new and unique way to farm fish. Instead of the 
traditional method of growing fish outdoors in open ponds and raceways, this system rears fish at high 
densities, in indoor tanks with a "controlled" environment. Recirculating systems filter and clean the water for 
recycling back through fish culture tanks. Fish grown in RAS must be supplied with all the conditions necessary 
to remain healthy and grow. They need a continuous supply of clean water at a temperature and dissolved 
oxygen content that is optimum for growth. A filtering (biofilter) system is necessary to purify the water and 
remove or detoxify harmful waste products and uneaten feed. The fish must be fed a nutritionally-complete 
feed on a daily basis to encourage fast growth and high survival. 
 
The functional parts of a RAS include a:  
(1) Growing tank 
(2) Sump of particulate removal device 
(3) Biofilter 
(4) Oxygen injection with U-tube aeration and 
(5) Water circulation pump.  
 
Depending on the water temperature and fish species selected, a water heating system may be necessary. 
Ozone and ultraviolet sterilization also may be advantageous to reduce organic and bacteria loads. 

Fish Culture Tanks  
Fish can be grown in tanks of nearly every shape and size. Fish tanks typically are rectangular, circular, or oval 
in shape. Circular or oval tanks with central drains are somewhat easier to clean and circulate water through 
than rectangular ones. Rectangular tanks are usually built with or set upon inclined floors to facilitate cleaning 
and circulation. 

Biofiltration 
All RAS relies on biofiltration to convert ammonia (NH4

+ and NH3) excreted by the fish into nitrate. Ammonia is 
a waste product of fish metabolism and high concentrations (>.02 mg/L) are toxic to most finfish.Nitrifying 
bacteria are chemoautotrophs that convert ammonia into nitrite then nitrate. A biofilter provides a substrate 
for the bacterial community, which results in thick biofilm growing within the filter. Water is pumped through 
the filter, and ammonia is utilized by the bacteria for energy. Nitrate is less toxic than ammonia (>100 mg/L), 
and can be removed by a denitrifying biofilter or by water replacement. Stable environmental conditions and 
regular maintenance are required to ensure the biofilter is operating efficiently. 

Solids removal 
In addition to treating the liquid waste excreted by fish the solid waste must also be treated, this is done by 
concentrating and flushing the solids out of the system. Removing solids reduces bacteria growth, oxygen 
demand, and the proliferation of disease. The simplest method for removing solids is the creation of settling 
basin where the relative velocity of the water is slow and particles can settle at the bottom of the tank where 
they are either flushed out or vacuumed out manually using a siphon. However, this method is not viable for 

https://en.wikipedia.org/wiki/Biofiltration
https://en.wikipedia.org/wiki/Ammonia
https://en.wikipedia.org/wiki/Fish
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RAS operations where a small footprint is desired. Typical RAS solids removal involves a sand filter or particle 
filter where solids become lodged and can be periodically backflushed out of the filter. Another common 
method is the use of a mechanical drum filter where water is run over a rotating drum screen that is 
periodically cleaned by pressurized spray nozzles, and the resulting slurry is treated or sent down the drain. In 
order to remove extremely fine particles or colloidal solids a protein fractionator may be used with or without 
the addition of ozone (O3). 

Oxygenation 
Reoxygenating the system water is a crucial part to obtaining high production densities. Fish require oxygen to 
metabolize food and grow, as do bacteria communities in the biofilter. Dissolved oxygen levels can be 
increased through two methods aeration and oxygenation. In aeration air is pumped through an air stone or 
similar device that creates small bubbles in the water column, this results in a high surface area where oxygen 
can dissolve into the water. In general due to slow gas dissolution rates and the high air pressure needed to 
create small bubbles this method is considered inefficient and the water is instead oxygenated by pumping in 
pure oxygen. Various methods are used to ensure that during oxygenation all of the oxygen dissolves into the 
water column. Careful calculation and consideration must be given to the oxygen demand of a given system, 
and that demand must be met with either oxygenation or aeration equipment. 

pH control 
In all RAS pH must be carefully monitored and controlled. The first step of nitrification in the biofilter 
consumes alkalinity and lowers the pH of the system. Keeping the pH in a suitable range (5.0-9.0 for freshwater 
systems) is crucial to maintain the health of both the fish and biofilter. pH is typically controlled by the addition 
of alkalinity in the form of lime (CaCO3) or sodium hydroxide (NaOH). A low pH will lead to high levels of 
dissolved carbon dioxide (CO2), which can prove toxic to fish. pH can also be controlled by degassing CO2 in a 
packed column or with an aerator, this is necessary in intensive systems especially where oxygenation instead 
of aeration is used in tanks to maintain O2 levels.  

Temperature control 
All fish species have a preferred temperature above and below which that fish will experience negative health 
effects and eventually death. Warm water species such as Tilapia and Barramundi prefer 24 °C water or 
warmer, where as cold water species such as trout and salmon prefer water temperature below 16 °C. 
Temperature also plays an important role in dissolved oxygen (DO) concentrations, with higher water 
temperatures having lower values for DO saturation. Temperature is controlled through the use of submerged 
heaters, heat pumps, chillers, and heat exchangers. All four may be used to keep a system operating at the 
optimal temperature for maximizing fish production. 

Biosecurity 
Disease outbreaks occur more readily when dealing with the high fish stocking densities typically employed in 
intensive RAS.Outbreaks can be reduced by operating multiple independent systems with the same building 
and isolating water to water contact between systems by cleaning equipment and personnel that move 
between systems. Also the use of a Ultra Violet (UV) or ozone water treatment system reduces the number of 
free floating virus and bacteria in the system water. These treatment systems reduce the disease loading that 
occurs on stressed fish and thus reduce the chance of an outbreak. 
 
Advantages of recirculating aquaculture system 

 Fully controlled environment for the fish 
 Low water use 

https://en.wikipedia.org/wiki/Protein_skimmer
https://en.wikipedia.org/wiki/Aeration
https://en.wikipedia.org/wiki/Oxygenation_(environmental)
https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Alkalinity
https://en.wikipedia.org/wiki/Degassing
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Tilapia
https://en.wikipedia.org/wiki/Barramundi
https://en.wikipedia.org/wiki/Trout
https://en.wikipedia.org/wiki/Salmon
https://en.wikipedia.org/wiki/Heat_pumps
https://en.wikipedia.org/wiki/Chillers
https://en.wikipedia.org/wiki/Heat_exchangers
https://en.wikipedia.org/wiki/Disease
https://en.wikipedia.org/wiki/Ultra_Violet
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 Efficient energy use 
 Efficient land use 
 Optimal feeding strategy 
 Easy grading and harvesting of fish 
 Full disease control 

 
Constrains of recirculating aquaculture systems 
To allow the use of RAS grow outs, there are a few constraints in respect of infrastructure, feeds and staff: 

 Necessity for electricity 24/7 
 Good water source, preferably borehole 
 Good fish feed quality, preferably high protein and fat extruded diets with high digestibility 
 Technically skilled staff able to work in a medium tech environment 
 Recirculating Aquaculture System grow outs are the best option for locations close to or in cities, with good 

availability of electricity. Next to this, using RAS technology is the only possibility for farming tropical fish 
species in moderate to cold climates indoor. 
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INTRODUCTION 
One of the principal aim of any crop improvement project is to develop resistant cultivars against particular 
diseases of that crop. For years, crop breeders have widely exploited host plant resistance genes (R-genes) to 
enhance disease resistance in crops. Unfortunately, these R-genes in crop cultivars become ineffective due to 
development of virulence against specific R-genes by diverse pathogen populations. Due to this, there is an 
immediate requirement for more stable means of resistance for fulfilling the growing demand of increasing 
population throughout the globe. 

Definition of NHR 
Non-host resistance (NHR) can be described as the extreme resistance of a plant species to all un-adapted 
pathogen species. As this form of resistance is predominantly both wide-spectrum and durable, NHR has 
tremendous value for developing resistant cultivars of crops against rapidly evolving pathogens. 

Mechanisms of Plant Defense 
Plants like animals are also affected by numerous pathogens. However, these pathogens are crop specific, as 
not all the pathogens affects all the crops such type of resistance is known as Non-host resistance. Non-host 
resistance is the extreme form of disease resistance presented by plant against the majority of pathogens of 
other species. It is most durable and broad-spectrum defense mechanism. Plants protect themselves from the 
attack of host specific pathogens mainly by two defense mechanisms: 1) the recognition of pathogen on the 
cell surface of the plant by Pathogen-associated molecular patterns (PAMPs) through pattern recognition 
receptors (PRR) and 2) recognition of effector proteins released by pathogen inside the host by Resistance 
proteins produced by R-genes and leading to effector-triggered immunity (ETI). The PRR type of resistance is 
characteristic of Non-host resistance (NHR) and generally triggers complex basal resistance mechanisms that 
involves constraining the growth of pathogen by nutrient limitation, callose and lignin deposition. On the other 
hand, ETI is the principal mechanism for host resistance in which host R-proteins directly or indirectly detects 
the presence of complementary pathogen effector proteins and upon the specific recognition in the host plant, 
a hypersensitive response (HR) involving programmed cell death takes place that leads to the halting of disease 
development. Non-host resistance can likewise be characterized into two classes depending on the presence 
and absence of visual cell death: Type I and Type II NHR. Type I NHR does not display any visible cell death 
symptoms whereas type II NHR shows confined hypersensitive response (HR) cell death facilitated by 
production of reactive oxygen species (ROS) in response to non-host pathogens.  

Applications of NHR 
Barley is a non-host to stripe rust pathogen of wheat Puccinia striiformis f. sp. tritici. The Yr9 resistance gene 
transferred from rye to wheat via wide hybridization confers resistance against yellow rust pathogen (Puccinia 
striiformis f.sp. tritici) of wheat. In Strawberry NPR1 (Non-expresser of PR genes 1) gene has been transferred 
from Arabidopsis for resistance against anthracnose (Colletotrichum spp.) and bacterial angular leaf spot 
(Xanthomonas fragariae). This gene also confers resistance against Citrus greening, a viral disease of citrus. The 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 330 - 
 

 

peach MLO gene (PpMlo1) antisense expression in octoploid strawberry showed NHR against strawberry 
powdery mildew (Podosphaera aphanis). 

Conclusion and future propects 
The durable and broad-spectrum defense mechanism of NHR advocates that non-host resistance in plant has 
great potential of agricultural applications. In past 10 years, several researchers have recognized the genetic 
mechanisms controlling NHR. Even though NHR provide the broad-spectrum and long-term resistance over 
traditional R-genes, regular application of NHR-based disease resistance is yet to come. Recombinant DNA 
technology is helpful for transferring PRR resistance components between distantly related species. Due to the 
constant social barriers for genetically modified crops, genome-editing technologies like CRISPR can be used as 
a  substitute for the transfer of NHR. Multiple genes showing non-host resistance can be transferred in a host 
plant to enhance the durability of disease resistance. Identification and characterization of plant genes involved 
in non-host resistance will be one of the key factors to achieve this goal. 
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“Vermes” is a Latin word for worms and vermicomposting is the term given to the process of conversion 
of biodegradable matter by earthworms into vermicast. Earthworms are the “intestines of the earth”. The 
value and importance of earthworms in agriculture was first recognised in writing by the father of ecology 
Charles Darwin, who in 1881, one year before his death published his findings in The Formation of Vegetable 
Mould through the Action of Earthworms. With an understanding of the intrinsic relationship between soil 
health and human sustenance he famously declared. “Worms are powerful than the African Elephant and are 
more important to the economy than the cow”. They occur in diverse habitats especially those which are dark 
and moist. Vermicast is popularly known as Black gold because of rich in nutrients, growth promoting 
substances, beneficial soil micro flora, having properties of inhibiting pathogenic microbes and synergistic 
relationship in plant rhizospheres. Being stable, multifunctional organic manure, which enriches the soil quality 
by improving    physio-chemical and biological properties it must be promoted (Datta et al., 2016). 
Vermicompost is becoming popular day by day as it provides quality products through major component of 
organic farming system (Yadav et al., 2013). Worm composting, otherwise known as vermicomposting delivers 
the foundations for building a local organic food movement that simultaneously provides sustainable solutions 
in organic waste management.In the process, the nutrients contained in the organic matter are partly 
converted to the more bioavailable forms (Gajalakshmi et al., 2003). Containing a rich nutrient base worm 
casting boast an abundance of beneficial minerals, nutrients and microorganisms essential for healthy plant 
growth and disease suppression and supply a necessary source of humus. According to research conducted by 
the Connecticut Agricultural University worm castings contain 50% more humus, five times more nitrogen, 
seven times the soluble phosphate, and 11 times more potassium than the average topsoil (Bikle and 
Montgomery, 2015). Vermicompost is dark brown/black humus like coarse material, soft in feel and free from 
any foul smell, live weed seeds and other contaminations. The vermicomposting technology for conversion of 
solid organic wastes to useful product has been ranked higher than composting in certain aspects (Dominguez 
et al., 1907). Vermicompost can be effectively utilized as a carrier medium for Azospirillum, Rhizobium and 
phosphate solubilisers. It is an excellent form of natural manure which is cost effective, easy to make, handling 
and contain high nutrients with growth hormones and are 4-5 times powerful growth promoter than all other 
organic fertilizers and over 3040% higher than the chemical fertilizer (Narkhede et al., 2011, Attarde et al., 
2012). Various workers reported that vermicompost contain 17-36 % Humic acid and 13-30% Fulvic acid of total 
concentration of organic matter. Besides, vermicompost has an adequate amount of micronutrient and 
macronutrients depend on sources of feedstock. Earthworms and vermi-compost can promote growth 50-100 
per cent than compost and 30-40 per cent over chemical fertilizers (Sinha et al., 2010). Keeping in view the 
above facts and properties of vermicompost Mr. Skalzang Tundup a progressive farmer, adopted it as an 
occupation for his livelihood and generated employment for numerous agro farmers of nearby areas.  
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Vermicomposting materials 
Decomposable organic wastes such as animal excreta, kitchen waste, farm residues and forest litter are 
commonly used as composting materials. In general, animal dung mostly cow dung and dried chopped crop 
residues are the key raw materials. Mixture of leguminous and non-leguminous crop residues enriches the 
quality of vermicompost.   

There are different species of earthworms viz. Eisenia foetida (Red earthworm), Eudrilus eugeniae 
(night crawler), Perionyx excavatus etc. Red earthworm is preferred because of its high multiplication rate and 
thereby converts the organic matter into vermicompost within 45-50 days. Since it is a surface feeder it 
converts organic materials into vermicompost from top. 

Methods of vermicomposting  
Vermicromposting is done by various methods, among them bed and pit methods are more common.   

 

(Fig.1). Bed Method 

 
(fig.2). Pit Method 

Materials required for preparation of vermicompost 
i. Bedding material/organic residue 
ii. Housing or shed facility. 
iii. Worm food 
iv. Cowdung /biogas slurry 
v. Watering the vermibed 

 

Bed method: Composting is done on the 
pucca / kachcha floor by making bed 
(6x2x2 feet size) of organic mixture. This 
method is easy to maintain and to practice 
(Fig.1).  

 

Pit method: Composting is done in the 
cemented pits of size 5x5x3 feet. The unit 
is covered with thatch grass or any other 
locally available materials. This method is 
not preferred due to poor aeration, water 
logging at bottom, and more cost of 
production (fig.2)  
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Process of vermicomposting  

 Vermicomposting unit should be in a cool, moist and shady site  

 Cow dung and chopped dried leafy materials are mixed in the proportion of 3: 1 and  
are kept for partial decomposition for 15 – 20 days.  

 A layer of 15-20cm of chopped dried leaves/grasses should be kept as bedding  
material at the bottom of the bed. 

 Beds of partially decomposed material of size 6x2x2 feet should be made.  

 Each bed should contain 1.5-2.0q of raw material and the number of beds can be  
increased as per raw material availability and requirement (fig.5). 

 Red earthworm (1500-2000) should be released on the upper layer of bed (fig.4).  

 Water should be sprinkled with can immediately after the release of worms (fig.3). 

 Beds should be kept moist by sprinkling of water (daily) and by covering with gunny  
bags/polythene. 

 Bed should be turned once after 30 days for maintaining aeration and for proper  
decomposition. 

 Compost gets ready in 45-50 days (fig.6).  
 The finished product is 3/4th of the raw materials used. 

  

 

(fig.3). Watering of beds                                  (fig.4). Red earthworm use 

 

(fig.5). Bed of raw materials        (fig.6). Harvesting 
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Preventive measures  

 The floor of the unit should be compact to prevent earthworms’ migration into the  
soil.  

 15-20 days old cow dung should be used to avoid excess heat. 

 The organic wastes should be free from plastics, chemicals, pesticides and metals  
etc.  

 Aeration should be maintained for proper growth and multiplication of earthworms. 

 Optimum moisture level (30-40 %) should be maintained  

 18-25oC temperature should be maintained for proper decomposition 
 
Nutrient content of vermicompost  

The level of nutrients in compost depends upon the source of the raw material and the species of 
earthworm. A fine worm cast is rich in N P K besides other nutrients. Nutrients in vermicompost are in readily 
available form and are released within a month of application.  

Parameters Content 

pH 6.8 

OC% 11.88 

OM% 20.46 

C/N ration 11.64 

Total Nitrogen (%) 1.02 

Available N (%) 0.50 

Available P (%) 0.30 

Available K (%) 0.24 

Ca (%) 0.17 

Mg (%) 0.06 

 

Doses  
The doses of vermicompost application depend upon the type of crop grown in the field/nursery. For 

fruit crops, it is applied in the tree basin. It is added in the pot mixture for potted ornamental plants and for 
raising seedlings. Vermicompost should be used as a component of integrated nutrient supply system. 

Crops Dose/rate 

Field crops 5-6t/ha 

Fruit crops 3-5kg/plant 

Pots 100-200g/pot 

 

Influence of vermicompost on soil properties and crop growth 
Limited studies on vermicompost indicate that it increases macropore space ranging from 50 to 500 µm, 
resulting in improved air-water relationship in the soil which favorably affects plant growth (Marinari et al. 
2000). The application of organic matter including vermicompost favorably affects soil pH, microbial population 
and soil enzyme activities (Maheswarappa et al. 1999). It also reduces the proportion of water-soluble chemical 
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species, which cause possible environmental contamination (Mitchell and Edwards 1997). By establishing 
vermiculture units entrepreneurs can recycle their own resources and create an effective fertilizer in the 
process. The extra worms that are produced can be used as feed for poultry and fish. The advantages of this 
technology in improving physical, chemical and biological properties of soil are listed below: 

Physical properties 

 It improves soil structure, texture, aeration etc. and prevents soil erosion.  

 Improvement of the water holding capacity in sandy soils that reduces intermittent  
drought impacts on crop growth.  

 Improvement in the percolation property of clay soils (from the compost’s granular  
nature). 

Chemical properties 

 Improvement of soil pH (acts as a buffering agent)  

 Provides available forms of nutrients.  

 Increase of oxidizable carbon levels, improving the base-exchange capacity of the  
          soil.  

 It enhances the decomposition of organic matter in soil.  

 It prevents nutrient losses and increases the use efficiency of chemical fertilizers. 

Microbiological properties  

 Vermicompost is rich in beneficial micro flora such as N- fixers, P- solubilizers,  
       cellulose decomposing micro-flora etc in addition to improving soil environment.  

 Vermicompost contains earthworm cocoons and increases the population and  
       activity of earthworm in the soil. 

CONCLUSION 
     Vermicomposting technology is known throughout the world, albeit in limited areas. It may be 

considered a widely spread, though not necessarily popular technology. As a process for handling organic 
residues, it represents an alternative approach in waste management, in as much as the material is neither land 
filled nor burned but is considered a resource that may be recycled. In this sense, vermicomposting is 
compatible with sound environmental principles that value conservation of resources and sustainable 
practices. Vermicompost is a valuable input for sustainable agriculture and wasteland development in India. 
Vermicomposting is akin to composting in that similar feedstock’s i.e. organic residuals are used. A two-part 
program, consisting of both composting and vermicomposting, may be useful when introducing the concept of 
adding organic material for agricultural and horticultural production. Vermicomposting is a process based on 
earthworms and microorganisms, whose joint action provides degradation and detoxification of organic waste 
as well as conversion into a product to be used for agronomic purposes. This eco-friendly method is cost 
effective and is the best among other remediation processes. It can be concluded that vermiremediation 
potentially converts sugar industrial sludges to nutrient-rich organic manure for agricultural applications with 
reduced toxicity. In areas where creation of low or semi-skilled jobs is considered advantageous, 
vermicomposting may supply an opportunity for employment. Where accumulation of food waste, paper, 
cardboard, agriculture waste, manures, and biosolids is problematical, composting and vermicomposting offer 
potential to turn waste material into a valuable soil amendment. 
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Due to green revolution the use of synthetic chemical has increased immensely in India. This has distorted the 
ecological balance in a large scale .To bring a solution for this problem organic farming was introduced. 
Organic farming promotes cultivation of crops in a natural manner without using any chemicals . It helps in 
retaining soil health and enhancing sustainable agriculture .As these products are chemical free, they are 
healthy and are highly preferable .Sikkim being the organic state ,produce large varieties of products. 
 
INTRODUCTION 
  After independence, for almost two to three decades there was a big challenge in front of Indian 
government, related authorities and expertise to feed the growing Indian population as the country was not 
self sufficient in producing enough food for crores of people. Dr.M.S Swaminathan, an eminent Indian scientist 
presented a strategy i.e. GREEN REVOLUTION to increase the crop production and maintaining the food 
security that lead the country in the direction of becoming food exporting country from food importing country 
. The ideology of green revolution resulted in the indiscriminate use of agrochemicals that detoriated our 
resources and environment. Now in front of developing country like India after attaining an excellent food grain 
production in the direction of increasing population a major challenge is the decreasing resources so 
sustainability should be a major concern. Sustainability refers to use of all the natural resources in such a 
manner that it will be used by present as well as the future generation without disturbing our ecological 
balance. Sustainability in agriculture has coined the term sustainable agriculture which aims to natural or 
ecological equilibrium that complements modern agriculture also. So for meeting this approach organic farming 
was introduced in previous years.  

According to IFOAM “Organic farming is a production system that sustains the health of soils, ecosystem 
and people. It relies an ecological processes, biodiversity and cycles adapted to local conditions rather than the 
use of inputs with adverse effects”. In Global scenario Australia ranks first in area under organic farming, the 
area being 27.15 million hectare but when we see the India’s rank, it is on 9th position and the area is 1.49 
million hectare. Many products are being produced through organic farming such as Oil seed, Pulses, Cereals, 
Sugarcane, Cotton, Millets, Fruits, Vegetables, Spices, Coffee, Tea, etc. India produced 1.70 million MT (2017-
18) of certified organic products. Total amount of organic produce from India is 6, 50,000 and total volume of 
export during 2017-18 was 4.58 lakh MT. Mostly the organic products are exported to USA, European Union, 
Canada, Switzerland, Australia etc. Sikkim is the India’s first organic state being certified in 2016 and 
Uttarakhand, Tripura, and Himachal are on the verge of becoming organic states. Government of India has 
launched several schemes for organic farming and these are National project on organic farming (NPOF), 
National project on management of soil health and fertility (NPMSH&F), National horticulture mission(NHM), 
Rashtriya  krishi vikash yojana(RKVY), Paramparagat krishi vikash yojana (PKVY),Horticulture Mission For North 
East and Himalayan states (HMNEH), Network Project on Organic Farming Of Indian Council Of Agricultural 
Research(ICAR) . 

 Sikkim being the only organic state, the farmers here use traditional method of farming. Here they use 
very less amount of agrochemicals so government of Sikkim decided to adopt organic farming as it is good for 
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people as well as the environment. Mostly organic crops which are produced in Sikkim include mangoes, large 
cardamom, ginger, turmeric, cherry, paper, baby corn, buck wheet, pulses. Some companies handling organic 
produce are Nature land organic, Vedanta, Satvik, Terra greens, Samrudhi organic farm pvt.ltd. and Nature bio 
–food. Some agency related to the certification of organic products are- Bureau Veritas (India) pvt.ltd, Indian 
organic certification agency, Lacon quality certification Pvt. Ltd, Uttarakhand state organic certification 
agency(USOCA),APOF Organic certification agency(AOCA), Rajasthan state organic certification agency(RSOCA), 
CGCERT,TNOCD. 

Due to the high initial cost, long period in the conversion of land from inorganic to fully organic, low 
income and output in initial years are some of the bottlenecks due to which most of the farmers are not 
preferring to adopt organic farming even after launching many schemes by the government in a large scale. The 
high price of organic produce is also a major concern as most of the population cannot afford to purchase the 
organic produce , so the market for organic produce is low. Nowadays, most of the people being health 
conscious, the Indian population is gradually moving towards organic products and so thus have a greater 
scope. This can be an advantage for farmers as they are getting high price of their produce. Organic farming 
being a high cost practice initially, it is an excellent way to boost the income of Indian farmers along with a 
participation in ecological movement. 
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INTRODUCTION  
The codling moth (Cydia pomonella L.) is a menace in most of the major fruit producing areas of the world. It 
has been reported as a problem in Europe, USA, Canada, South Africa, Australia, New Zealand, Afghanistan, 
Pakistan, and Russia. In India its distribution is restricted to the Ladakh region of J&K State. The pest is thought 
to have entered Ladakh from the North West Frontier province of Pakistan where it is reported as a serious 
pest on deciduous fruits. 
 
Description: 
• Adult - Grayish-brown moth with irregular golden brown lines on the forewings and paler, fringed hind wings. 
Wing spread of about 1/2 to 3/4 inch. Usually found flying at dusk or early evening. 
• Larvae - Pinkish-white caterpillar about 1/2 to 1 inch long with a brown head. 
• Pupae - Found in a silken cocoon located in bark crevices, orchard debris, in fallen fruit, or other protected 
place. 
• Eggs - Single, flat, white eggs are found on the upper surfaces of leaves, on twigs, fruit spurs, or developing 
fruit. They hatch in 8 to 15 days. 
 
Life Cycle:  
Mature codling moth larvae overwinter in silken cocoons in protected sites on the tree (under loose bark, in 
cracks and crevices), in the soil or in wooden materials under or beside infested trees (bins, ladders, poles, 
buildings, large prunings). Larvae pupate in the spring and adults usually begin to emerge in early May and 
continue emerging until late June (mid-July in cooler areas), depending on temperature. Mating and egg-laying 
occur when twilight temperatures are above15°C. Females lay eggs on fruit or on leaves near fruit. Larvae 
usually wander over the fruit surface before cutting through the skin and boring deeply into the fruit. Mature 
larvae leave the fruit to pupate in protected sites on and off the tree as described above. Second generation 
moths appear in late July and August. Because weather during July and August is usually favorable for codling 
moth activity and reproduction, and a greater proportion of eggs are laid on the maturing fruit, second-
generation larvae can cause considerable damage, often close to harvest. If weather is warm during late August 
or early September a partial third generation may occur in southern districts. 
 
Plants Usually Affected: 
Apples, pears, quince, and walnuts. 
 
Pest Identification: 
Look for buds and/or fruit with small holes in them or early drop of immature fruit. Check trees and 
surrounding debris for adults, pupae, larvae, or eggs. Ripened fruit that is cut open will reveal the tell-tale entry 
and exit tunnels and excrement. 
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Damage:   
Surface stings or holes in fruit plugged with dark masses of excreta; both types of damage allow fungi and 
bacteria to enter the fruit and cause fruit rot during storage. 

  
                      Codling moth larva in apple                  Codling moth larval entry hole (sting) on apple fruit let       

 

  
Codling moth sting on pears                                 Codling moth adult 

 
Monitoring: 
Use codling moth sex pheromone traps in all apple and pear blocks to estimate population levels and 
determine the need for sprays. Install one trap per hectare in orchards by the pink bud stage and check weekly 
to record the location and the number of male moths captured. Replace the lures every 5-6 weeks and change 
the trap bottoms when the stickiness diminishes. After a spray is applied, check the traps as usual to provide 
the information needed for decisions on additional sprays. Continue to monitor trap catches until 2 weeks 
before harvest. 

Mating Disruption - Mating disruption works by preventing male moths from finding female moths for mating 
within blocks treated with the pheromone dispensers, Isomate-C Plus (codling moth) or Isomate CM/LR 
(codling moth and leafrollers) or Isomate-CM/LR TT (codling moth and leafrollers twin tubes). This control tactic 
is most effective when applied on an area-wide basis involving as many adjoining orchards as possible. Isomate-
C Plus and Isomate CM/LR should be applied at a rate of 1000/ha (400/ac), Isomate-CM/LR TT at a rate of 
750/ha (300/ac) before the first moths fly in the spring. Do not reduce the rate before consulting with the SIR 
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program or your crop management advisor. Place the dispensers in the upper third of the canopy, preferably in 
shaded areas. Orchards less than 2 ha in size are not suitable for mating disruption. Growers should apply a 
border cover spray along edges adjacent to unmanaged sources of codling moth. Place additional dispensers in 
border trees to minimize the effect of immigration. Carefully read and follow the instructions provided with the 
dispensers.  
 
Cultural Controls: 
Cultivate healthy trees. Remove and immediately destroy infested fruit. Clean up the area of any debris that 
could be used as a hiding place for developing pests. Remove trees where codling moths are not being 
controlled. Orchards in California and Japan have successfully controlled codling moth on Granny Smith apples 
by bagging. When the fruit is the size of golf-balls, remove any infested fruit and thin each cluster to one fruit. 
Cover the fruit with a brown paper bag or a cloth bag with string tie. This will prevent codling moths from laying 
their eggs on the developing fruit. 
Mechanical Controls, Barriers, and Traps: 
Hang pheromone traps (one per tree) high in the trees when the trees begin to bloom. The traps will physically 
decrease the pest population 10 to 20%, as well as act as a "warning system" to use with a timed spraying 
program. Put sticky bands, corrugated cardboard or burlap around the trunk of the tree to trap larvae (check 
frequently). Carefully scrape off loose bark. Use a hard spray of water or a soap (like Ivory) and water solution 
(1 to 2 table spoons per gallon of water) to wash the trees and dislodge the pest. Immediately destroy any 
insects you find. 

 
Fig: Tree banding for codling moth control. 
Repellents: 
Try "bug juice" made from adults or larvae. Nasturtiums planted at the base of the tree may repel the pests and 
in any case don't do any harm. 
Natural Controls: 
Encourage birds, (especially woodpeckers), bats, toads, and lizards to hang around and hopefully they will dine 
on your pest population. Trichogramma wasps parasitize the eggs. Don't destroy the parasitized eggs if you 
happen upon them. 
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The aquatic insect posses closed respiratory system in which the spiracles are closed and specially modified 
integumentary structures, the gills and hair assists the system in obtaining the oxygen from the surrounding 
water media. These structures vary in topography, morphology and mode of function and are said to be 
developed independently in different groups of insects. They can be grouped into following types- 
 
1. The Abdominal gills 

They occur as the lateral segmental integumentary outgrowths in the form of foliate or lamellate 
(Ephemeroptera nymphs) or filamentous (Plecoptera, Zygoptera nymphs and cruciform larvae of Trichoptera) 
gills. They are richly supplied internally with trachea. They occur primarily on first seven abdominal segments 
and form, in all, 7 pairs of lateral abdominal gills in most of the aquatic forms (Ephemeroptera, Zygoptera) 
while secondarily they may develop in the form of finger shaped or copious tufts  on various parts of the body 
of plecopteran nymph like sub mentum, neck, thorax, coxae, first two or three abdominal segments or on 
caudal abdominal region.  

Among diptera, four lamellate and anal gills are developed in Culicidae larvae. They are also found in 
Neuroptera and Lepidoptera (Nymphula) larvae in the form of paired filaments arising from 7-8 abdominal 
segments. 
2. The caudal gills 

 Most of the Zygoptera nymphs bear the medial gills representing an appendix dorsalis and two lateral, the 
cerci. The caudal gills are filamentous and hairy triquetral structure. They are modified into swollen saccoid gills 
or flattened lamellate gills in the higher nymphs. The gills are internally highly tracheated and entire internal 
cavity is filled with tracheolar system, nerves, blood channels and the alveolar tissues.  
3. The Spiracular gills 

Spiracles are one or more pairs bear long filament like processes in the aquatic forms of beetles, 
Psephenoides and that of Dipteran families, Tipulidae, Blephoroceriae, Deuterophlebidae, Simulidae and 
Empididae etc. 
4.  Blood Gills 

Tubular or digitiform, eversible structures occur at the anal extremity in 4-6 number in the larvae of 
Trichoptera and two pairs on penultimate segments and two pairs on Penultimate segmnts and two pairs on 
anal end in Chironomus larvae. They are more osmoregulatory than respiratory. 
5. The Rectal gills 

In the dragonfly nymphs, anterior two third part of the rectum is modified into a barrel like chamber 
and the rectal wall epithelium is differentiated into thick and thin regions alternating with each other. There 
are six thick epithelia and each is differentiated into the differentiated basal thick pads and distal gill filaments. 
There are thus six longitudinal six rectal pads. Each rectal pad is composed of alike two padlets and each padlet 
laterally bears obliquely overlapping flattened gills. The gills are richly supplied with tracheoles arising from 
efferent branches of the longitudinal tracheal trunks. The entering tracheae from opposite sites from a 
complex of loops within the gills. The branchial chamber is guarded anteriorly as well as posteriorly by well 
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developed valves and it is innervated by strong strands of longitudinal muscles and diffused circular muscle 
fibers. 
 The gill leaflet may be simple (Simplex type of gills) undulating or papillate structures or they may be 
double (duplex type of gills) elonagted filamentous (implicated subtype) leaf like (foliate subtype) or flat plate 
like (lamellate subtype) structures. Besides the nymphs of Anisoptera the rectal gills are also known to occur in 
some Diptera (Simulium and Eristalis) larvae. 
6. Physical Gills 
The hair absorb and store the air for inspiration forming the physical gills, They are capable of absorbing oxygen 
from the aqueous media and are found on the hind legs of the aquatic bugs, Noucoris, Notonecta, Corixa and 
aquatic beetle, Dysticus. They can store air for a considerable long time. 
In some aquatic larvae and pupae of Diptera and Coleoptera, the spiracles are situated on sharply pointed 
processes which penetrate the air containing cavities of sub merged parts of the aquatic plants. 

Some aquatic insects breathe on oxygen taken from the atmospheric air. There appears a special device 
which brings contact between some spiracles with the atmospheric air. Nepa bears a terminal respiratory tube, 
Hydrophilus has modified hairy antennae, Erastalis contains respiratory siphon and culicids bear spiracles at the 
apex of siphon. In Notonecta the hairs are concentrated around the spiracles, the hydrofuge hairs. 
They are hydrophile on one side and hydrofuge on the other. As they touch water-surface, a fringe of hairs 
spreads outwards by surface tension. 
7.  Plastron 
 In the beetles, Haemonia, Elmis and Coxelmis, the air film is so held by the hydrofuge hairs that it 
cannot be replaces by water and the insect becomes independent of the atmospheric air. Elmis can live for 
months below the water surface if it is well aerated. This very thin firmly held permanent layer of gas is termed, 
the plastron. In volume, the gas is negligible but interface is held in position by surface forces in such a way that 
this volume remains constant. Functionally, it resembles a tracheal gill more closely than an air sac. 
 The plastron is well developed in the naucorid bug, Aphelocheirus. Most of the body surface, covered 
with a very fine plastron held in position by an epicuticular hair pile with some 2000000 hairs/sq.mm each is 
bent over at right angle at the tip. The spiracles are protected by a screen of long cuticular filaments besets 
with fine hairs. They open into a chamber from which radiating channels communicate with the exterior with 
plastron by minute opening along their course. The whole structure is being lined by the very fine plastron 
hairs. The plastron needs no renewal. Phytobius beetle bears hairs on overlapping flattened scales giving a 
highly efficient plastron. 

REFERENCES 
[1]. Morden Entomology. D.B. Tembhare, Morden Entomology, 2nd eds.(2017). 
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DNA Barcoding 

 DNA barcoding is a fast, accurate, and standardized method for species-level identification, by using 
short DNA sequences. The technique of DNA Barcoding was first proposed by Hebert in 2003, from the 
University of Guelph, Ontario, Canada. Hebert and his associates published a paper entitled “Biological 
identifications through DNA barcodes”. They proposed a new system of species identification, that is, the 
discovery of species by using a short segment of DNA from a standardized region of the genome. DNA 
barcoding is increasingly used to obtain taxonomic information about unidentified organisms. DNA barcoding is 
standardized research that facilitates biodiversity studies like species identification and discovery. This 
technique helps researchers to understand genetic and evolutionary relationships by assembling molecular, 
morphological, and distributional data (Savolinen et al., 2005). DNA barcoding involves sequencing a short 
fragment of the mitochondrial cytochrome c oxidase subunit I (COI) gene, “DNA barcodes,” from taxonomically 
unknown specimens and performing comparisons with a library of DNA barcodes of known taxonomy. DNA 
barcoding involves the production of PCR amplicons from particular regions to sequence them and these 
sequence data are used to identify or “barcode” that organism to make a distinction from other species 
(Lebonah et al., 2014).  

Pollen DNA Barcoding 
 Pollen DNA barcoding is the process of identifying pollen donor plant species through 
the amplification and sequencing of specific, conserved regions of plant DNA. Being able to accurately identify 
pollen has a wide range of applications though it has been difficult in the past due to the limitations 
of microscopic identification of pollen (Bell et al., 2016).  

 Pollen identified using DNA barcoding involves the specific targeting of gene regions that are found in 
most to all plant species but have high variation between members of different species. The unique sequence 
of base pairs for each species within these target regions can be used as an identifying feature. 

DNA Metabarcoding 
 DNA metabarcoding is defined as the barcoding of DNA or eDNA (environmental DNA) that allows for 
simultaneous identification of many taxa within the same (environmental) sample, however often within the 
same organism group. The main difference between the approaches is that metabarcoding, in contrast to 
barcoding, does not focus on one specific organism, but instead aims to determine species composition within 
a sample. A DNA metabarcoding approach combining the amplification of universal markers with high 
throughput sequencing (HTS) gives the opportunity to analyze many samples, containing mixtures of species, 
with an extensive depth of coverage (Olivieri et al., 2015) 

Applications of Pollen DNA Barcoding and Metabarcoding 

 The DNA barcoding and Metabarcoding have several novel applications due to the advancement in the 
current methodology and some of these are discussed below.  

1. Study of Pollination network: 

https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-barcoding
https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-barcoding
https://www.sciencedirect.com/topics/medicine-and-dentistry/mitochondrion
https://www.sciencedirect.com/topics/medicine-and-dentistry/cytochrome-c-oxidase
https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-barcoding
https://en.wikipedia.org/wiki/DNA_barcoding
https://en.wikipedia.org/wiki/Pollen
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Polymerase_chain_reaction
https://en.wikipedia.org/wiki/DNA_sequencing
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Microscope
https://en.wikipedia.org/wiki/DNA_barcoding
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Environmental_DNA
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Pollen barcoding is used in the study of pollination networks which are made up of all the interactions between 
plants and the animals that facilitate their pollination. Identifying the pollen carried on insects helps scientists 
understand what plants are being visited by which insects. Pollination networks are made more accurate by 
including what pollen is being carried by which insects. Some scientists argue that pollination effectiveness 
(PE), which is measured by studying the germination rates of seeds produced from flowers visited only once by 
a single animal, is the best way to determine which animals are important pollinators though other scientists 
have used DNA barcoding to determine the genetic origin of pollen found on insects and have argued that this 
in conjunction with other traits is a good indication of pollination effectiveness.    

2. Plant-pollinator interactions over space and time: 
The pollen DNA metabarcoding could afford researchers a more highly resolved understanding of 

pollination biology at broader scales and greater sampling intensities than previously possible. These include 
application to anthropogenic environmental landscape changes, such as habitat fragmentation and climate 
change. 

3. Forensic palynology: 
 Forensic palynology is the use of pollen to link persons or objects with particular places and times. This 
technique is of great utility to forensics because (i) pollen is a nearly ubiquitous feature of the environment; (ii) 
different geographic locations have different pollen signatures, allowing for inference related to spatial 
tracking; (iii) plants flower at different times, allowing for temporal inference; and (iv) pollen is extremely 
durable (hence, its widespread use in paleontological studies) and thus can be utilized for forensic studies for 
decades or longer after sample collection. 

4. Ancient Pollen DNA barcoding: 
 The study of fossil pollen has various applications in paleoecology, archaeology, as well as anthropology, 
including the reconstruction of ancient plant communities, the study of population dynamics in single plant 
species and the investigation of biodiversity with the aim of endemic species conservation. 

5. Food quality and provenance monitoring:  
 Honeybees carry pollen as well as the nectar used in their production of honey. For food quality and 
safety concerns, it is important to understand the plant providence of human-consumed bee products 
including honey, royal jelly, and pollen pellets. Investigators can test which plants honeybees foraged on and 
thus the origin of the nectar used in honey by collecting pollen packets from honeybees corbicular loads and 
identify the pollen via DNA metabarcoding.  

6. Airborne allergen monitoring: 
 Plant pollen is one of the major allergens contributing to respiratory disease, and causes a substantial 
economic burden in terms of the number of drugs purchased, clinics visited, and loss of productivity due to 
employees being absent from work. Disease symptom severity differs based on the taxonomic origin of the 
pollen allergen and the aeroallergen concentration. Both patients and health services have more control over 
health problems when they have access to this information. DNA metabarcoding has been successfully used to 
make species-level identifications of airborne pollen for the monitoring of allergens in the Netherlands 
(Kraaijeveld et al., 2015). 

The Future outlook  
 The applications of pollen DNA barcoding and metabarcoding are not limited to the above-mentioned 
uses. There are several other applications that may include assessments of pollination efficiency of wind-
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pollinated plant species, monitoring gene flow between populations and between hybridizing species, 
monitoring climate change via changes in plant phenology, and many more. 
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INTRODUCTION  

Agricultural wastes are products of agricultural production. In order to minimize waste on the farm as a 
farmer you need to know the nature of the waste product you generate on your farm. After you are able to 
understand the kind of waste only then can you proffer proper solution to the challenges posed by the waste 
generated. Agricultural waste comes in diverse forms. They can be liquid, slurry or solid, they can be soluble or 
insoluble, combustible or incombustible, toxic or nontoxic. With this understanding of the nature of waste will 
you know where to dispose or probably make use of them. 

 
Available Crop Residues in India 
 Crop residue production : 500 MT, Surplus Crop Residues : 133 MT, Potential for power generation : 16,000 

MW 
Suitable crop residues for Energy Generation: 
Agricultural residues Agro                      
 Cotton stalk, Pigeon pea stalk, Soybean stalk, Mustard stalk, Castor stick, Maize stalk, Millet straw. And 

industrial ground nut shell. 
Potential Uses of Crop Residues 

 Animal feed 
 Composting 
 Energy production 
 Bio-fuel production 
 Biogas 
 Biochar production 
 Conservation agriculture 

 
 
 
Residue management through CA Practices 
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Use of Residues in Conservation Agriculture 

 
Alternative Uses of CRs 

 Livestock & Manure Management 
 
 
 
 
 
 
 
 
 
 
Solid Manure 

There are three common and acceptable ways of storing solid manure.  
In Barn (solid manure pack) - Curbed concrete slab with runoff retention – Curbed concrete slab with roof. 
Liquid Manure 

All liquid manure storages must have some type of impermeable enclosure, including concrete tanks, 
above-ground glass-lined steel tanks and earthen ponds. These storage systems can be covered or open. Liquid 
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manure storages are most common in confined swine operations and free stall dairy systems. Common types 
of liquid manure storage on PEI are: 
Underbarn concrete Storage - Exterior Concrete Tank - Earthen Lagoons. 

Feedlot Management 
Site Selection 
• Avoid sites with permeable soils and/or fractured bedrock. Groundwater contamination would be a high risk 
on these sites. 
• Maintain recommended property setbacks from watercourses, wells, and neighbouring properties. 
• Provide adequate lot slopes on outside lots for surface drainage. 
• Allow for potential expansion. 
• Prevailing wind direction should be taken into account in silting livestock facilities. 
• Wind protection will enhance livestock performance. 
• Ensure that upslope runoff is diverted away from the feedlot. 
 
Milk house Waste 

Handling milk house wastewater has become increasingly important as dairy operations become larger 
and more automated. Quantities and strength of wastewater from milking parlours vary from farm to farm. 
Modern milking parlours and pipeline milking systems utilize large quantities of water. The volume of water 
used depends on: 
• The management practices associated with the milking facility;- the type of milking system; the bulk tank 
system; the floor wash down; other uses i.e. udder wash, water conditioners, etc. Wastewater contains milk 
solids, fat, detergents, acid cleaners and sanitizers, manure, soil particles, and other substances. 
 
Pesticides in Agricultural Runoff 

First, it is important to know the product. The product label gives information about using the chemical 
effectively, and also minimizing environmental losses. Second, following an integrated pest management 
approach (IPM) can reduce pesticide use while effectively controlling pests. While a full discussion of IPM is 
beyond the scope of this presentation, key elements include correctly identifying pests, determining if the level 
of pest pressure is sufficient to warrant undertaking any control measures, choosing products and control 
measures carefully, and keeping good records. 

Losses can be minimized by avoiding misapplication of pesticides, such as applying them to roads or 
water bodies, or at incorrect rates. Calibrating sprayers and spreaders, and checking for uniform application is 
helpful in ensuring proper product rates. Consider using improved application techniques such as application 
through drip irrigation systems or banded spraying, where appropriate.  All good cultural practices should be 
followed to maximize crop health and lower the need for pesticide applications. These practices include have 
appropriate drainage, nutrient management, irrigation, soil conditions, crop rotations, and plant spacing. 

Organic farming can be profitable, and organic food appeals to consumers as both a healthy and ethical 
choice. Beyond money and ethics, though, organic farming practices result in numerous environmental 
benefits. 
Poultry waste management 
Options and considerations for poultry waste management 

The planning, construction and operation of poultry meat and egg operations of any size must consider 
issues associated with storing, managing and utilizing potential waste by-products. On a global scale, much 
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research has been conducted on ways of recovering nutrients and value-added organic products from animal 
wastes, to improve agricultural efficiency and mitigate environmental impacts in their regions. Many systems 
and approaches can be successful if properly operated and maintained. 
Bioenergy production 

Poultry manure and litter contain organic matter that can be converted into bioenergy under certain 
processing technologies. One of the most common approaches for poultry excrement managed by water 
flushing (e.g., some layer operations) is anaerobic digestion, which yields biogas, a gas mixture with varying 
concentrations of combustible methane.  
 
Slaughterhouse Waste Management 

 
 
Biogas from Slaughterhouse house 

There are several methods for beneficial use of slaughterhouse wastes including biogas generation, 
fertilizer production and utilization as animal feed. Anaerobic digestion is one of the best options for 
slaughterhouse waste management which will lead to production of energy-rich biogas, reduction in GHGs 
emissions and effective pollution control in abattoirs.  
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In this article I would be discussing about the digital agriculture market – eNAM. India stands top 5 among the 
countries in producing food grains, fruits and vegetables, oilseeds etc. But it didn’t met the need of all people. 
The problem exists in the marketing and distribution of agricultural produce. eNAM provides a solution for this. 
Farmers can do marketing of their produce through online bidding in eNAM . they can trade their produce 
across the country. Farmers having opportunity to get to know the price and arrival of the commodities by 
mobile application itself. Government is pushing the states to connect more markets under eNAM. 
 
INTRODUCTION: 

In the modern era, everything in the world is moving into advance technology. When we consider the 
situation of agriculture, so many advancements were made for production, harvesting and post harvesting 
operations. If the farmers are facing any problems in the above operations, then immediate solutions are 
available. But what about marketing of agricultural produce which was produced by farmers? Farmers were 
facing so many challenges for selling the produce. At least it should meet out their expenses and the 
production cost. Sometimes that is also not possible. To feed the 134 crores of Indian population, everyone is 
focusing on the production of food grains, fruits and vegetables. After producing the commodities, whether the 
produce is reaching all the people of the country. Every day, 7000 people are dying because of hunger. 
Government have taken so many steps to improve the agricultural marketing so that farmers also can get 
benefit, at the same time all the people will be having access to the commodities produced by the farmers. 
Presently marketing in agriculture is managed by states, like regulated market, APMC (Agricultural Produce and 
Livestock Marketing Commitee) mandis and farmers market. But farmers were facing challenges to sell the 
product at appropriate price in these markets also. 
 In 2014-15 and 2015-16 budget, government announced to set up an “Agri-Tech Infrastructure Fund” 
and National Agricultural Market. Government approved a central sector scheme for Promotion of National 
Agricultural Market through Agri-Tech Infrastructure Fund on 01st July, 2015 with a budget allocation of Rs.200 
crore. eNAM was launched on 14th April, 2016 by Prime Minister of India, Narendra Modi. For implementing 
eNAM in every states, Government of India (Ministry of Agriculture and Farmers Welfare) has appointed Small 
Farmers Agribusiness Consortium (SFAC) 
 eNAM - Integrating APMC mandis across the country through a common platform to facilitate Pan – 
India trade in agricultural commodities. At present, there are totally 585 markets from 16 states and 2 union 
territories integrated on eNAM. Farmers can also register as a group in eNAM to ease the function. Currently 
there are 826 FPO’s (Farmer Producer Organisation) were registered in eNAM. They have to register in the 
name of FPO and all the transfers will be made to common bank account of FPO. There are nearly 150 
commodities (food grains/cereals, fruits, vegetables, spices, oilseeds and miscellaneous) were transacted 
across the country. The underdeveloped districts from each state of the country were identified and steps were 
taken to quick and effective transformation of digital market. 
 How it works?  Farmers were taking their produce to nearby eNAM. They have to register in the eNAM 
through mobile application or mandi registration at the gate entry. There was no fee for registration in eNAM. 
The mandatory details for registration are Name, Sex, Address, DOB, Mobile Number, Bank details etc. The 
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documents needed are passbook and any government identity proof. eNAM records all arrivals digitally and 
assigns Lot ID for the produce. These ID can be tracked from the mobile until it is sold. This helps in reducing 
the time of transaction in an eNAM mandi. The officer at eNAM mandi will do assaying by taking sample from 
the produce of the farmer after that, it will enter into online trading (bidding). The produce was weighed by 
weighbridge/ weigh scale and sale agreement was signed after invoice was generated. The direct online 
payment was made in eNAM by NEFT, RTGS, BHIM, UPI, Net banking, Cheque/challan. And atlast farmers will 
exit from the mandi ( post trade, goods return and permit). 
 Farmers can get a real time information on commodities arrival and price in nearby mandis. Traders also 
getting access for different sellers and more markets. 

eNAM facilitates quality assaying to 150 commodities based on DMI(Directorate of Marketing and 
Inspection) specified parameters. Presently out of 16 states and 2 union territories, except Tamilnadu and 
Puducherry eNAM mandis, all mandis are doing live online trading. Some of the states like Andhra Pradesh, 
Uttarpradesh are already started doing interstate trading. Mobile application was also launched in 9 languages 
for ease of business (NOW DO TRADE FROM ANYWHERE). Chhattisgarh, Gujarat, Madhya Pradesh, Rajasthan, 
Uttarakhand  and Andhra Pradesh states were giving payment related incentives like Best farmer award and 
rebate on mandi fees. Haryana, Uttar Pradesh and Telengana states were giving trade related incentives like 
Best Trader award and exemption of market fee for traders. So many states and mandis are performing well, 
out of that Nizamabad Mandi was awarded as Highest commodity arrivals Mandi of India. Government plans to 
link 22000 mandis and all 7500 APMC with eNAM by 2022. 
 
CONCLUSION:  

Even though so many measures have been taken by government, still the awareness about eNAM 
among the farmers was not notable. State government have to take definite measure to create awareness 
about eNAM among the farmers and traders, and already registered eNAM have to extend their operations like 
tapping the untapped area, more number of commodities, live trading and interstate trading. This will help to 
remove the middlemen in the market. Both farmers and traders will get benefited from the national 
agricultural market. Everyone will support for the One step towards The future agricultural market – eNAM 
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Fluorine is the ninth element of the periodic table. It is the lightest member of the halogen family and 

the most electronegative among all chemical elements. It has strong affinity to combine chemically with other 
elements to form compounds called ‘fluoride’. Groundwater from all the drinking sources drawn from deeper 
sources in all the 33 districts of Rajasthan is found polluted with varying amounts of fluoride (F). As a result, 
hydrofluorosis has become more extensive in rural Rajasthan. Extreme large amounts of F in potable water 
sources were detected in desert districts located in western Rajasthan. Most of the sources, from groundwater, 
bore-wells, and hand-pumps, contain F beyond the country standard for India, a requirement of 1.0-5.0 ppm 
(mg/L) by the WHO.  

Sources of fluoride exposure:  
The principal sources of Fluoride for man and animals are drinking water, vegetation and crops grown on 

fluorotic soils, certain edible marine animals, fluoride rich phosphate feed supplements, mineral mixtures, 
medicines, cosmetics, dust in the air, and certain Emitting industrial processes. The first two F sources, drinking 
water and plants grown on fluorotic soils, are natural and generally responsible for endemic fluorosis while the 
remaining sources are anthropogenic and are restricted to particular locations.  Fluorine always occurs in 
combined form of minerals as fluoride. It is high reactivity and represents about 0.06 to 0.09% of the earth 
crust (WHO, report 1994). The presence of fluorine in ground water is mainly a natural phenomenon, and 
mainly influenced by local and regional geological conditions, as the fluoride minerals are nearly insoluble in 
water. Hence fluorine is present in ground water only when the conditions favor their solution. These minerals 
are commonly associated with the country rocks through which the ground water percolates under variable 
temperature conditions. Besides these minerals, alkali rocks, hydrothermal solutions may also contribute to 
higher concentration of fluoride in groundwater. Main source of fluorine in ordinary soil consists of clay 
minerals. The weathering and leaching process, mainly by moving and percolating water, play an important 
role in the incidence of fluoride in groundwater.  

The features related to the release of fluoride into water by fluoride bearing minerals may be due to (i) The 
chemical composition of water (ii) The presence and accessibility of fluoride minerals to water or (iii) The 
contact time between the source minerals. Fluoride rich minerals, which are present in rocks and soil, when 
come in contact with water of high alkalinity they release fluoride into groundwater through hydrolysis 
replacing hydroxyl (OH) ion. The degree of wreathing and leachable fluoride in a terrain is more important in 
deciding the fluoride bearing minerals in the bulk rocks or soil. Due to weathering of rocks the Ca-Mg / 
carbonate concentration which form in arid and semi-arid areas appears to be good sink for the fluoride ion.  
The factors that control the leachability to fluoride from carbonate concentration from carbonate 
concentration or from the topsoil horizon may be (1) pH of the draining solution (2) Alkalinity and (3) the 
dissolved CO2 in water and in features in the soil. The existence of some of the basis dykes such as doleritic 
intrusions normally acts as natural barriers against the flow of underground water making the groundwater 
stagnated in fractures and pores. If the groundwater is more alkaline and stagnant for longer time, all the 
fluoride minerals in basic dyke rocks, and the overlying soil that are rich in mafic minerals undergoes greater 
ionization facilitating the ground water to get enriched with fluoride. The degree of ionization increases with 
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depth resulting an increase in total dissolved salts and alkalinity. The rocks are the natural aggregation of 
minerals and contain fluoride in abundant quantity 

There are many research conducted to evaluate fluoride in groundwater in which Public Health Engineering 
Department conducted the district wise surrey under a program Rajeev Gandhi National Drinking Water 
Mission (R.G.D.W.M., 1993). The permissible limit is 1.5 mg/L according to the CPHEED, Government of India 
and the World Health Organization (WHO). The number of villages and 23 habitations and other having 
excessive concentration of fluoride (more than 1.5 & 3.0 mg/L) is shown in table 1 Total 9741 villages and 6819 
other habitations are having fluoride level over 1.5 mg/L in groundwater. Similarly, 3280 villages and 2181 
habitations are having fluoride concentration more than 3.0 mg/L.  
 

1. Fluoride concentration, villages and affected population in Rajasthan  

S. No. Fluoride 
concentration mg/L 

Number of affected 
Village 

Total population 
under threat 

1. 1.2 to 2.9 1467 1643542 

2. 3.0 to 4.9 668 719309 

3. 5.0 to 9.9 255 238447 

4. Above 10 43  

 Total 2433  

 
A district wise categorization is shown in the following table 2. The survey indicates that the degree of 

fluoride problem is very serious in 7 districts (Ajmer, Bhilwara, Nagaur, Dausa, Jaipur, Tonk, Jalore) and a 
serious in 10 districts (Alwar, Barmer, Bharatpur, Dungarpur, Jaisalmer, Sikar, Pali, Swaimadhopur, Karoli, 
Sirohi), less serious in 9 districts (Banswara, Jhunjhuinu, Udaipur, Churu, Dholpur, Ganga nagar, Raj Samand, 
Jodhpur, Hanumangarh) and insignificant in 6 districts (Baran, Bundi, Bikaner, Chittorgarh, Jhalawar and Kota,). 
Fluoride level in ground water is spread in all the 33 districts and become a health hazard in 25 districts. 

 
2. Categorization of Fluoride affects District 

S. No. Degree of  Problem 
Category 

No. of 
Districts 

Name of the Districts 

1. 50% and above villages 
having excess fluoride 
(Very serious) 

I 7 Bhilwara, Ajmer, Nagaure, 
Dausa, Jalore, Jaipur, Tonk, 

2. 25% - 50% villages having 
excess fluoride (Serious) 

II 10 Alwar,Bharatpur,Barmer, 
Dungarpur, Jaisalmer, 
Karoli,Sikar, Pali, 
Swaimadhopur, Sirohi 

3. 10% - 25% villages having 
excess fluoride (Less 
serious) 

III 9 Dholpur,Rajsamand, 
Banswara, Udaipur, 
Jhunjhuinu, 
Hanumangarh,Churu, Ganga 
nagar, Jodhpur, 

4. Below 10% villages having 
excess fluoride 
(Insignificant) 

IV 6 Baran, Bundi, Bikaner, 
Chittorgarh, Jhalawar and Kota 
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Ground water has been an important source of drinking water in India as well as in Rajasthan. Due to 

the different soils and presence of indigenous rocks, the groundwater contains a variety of dissolved ionsin 
different concentrations. The concentration of the dissolved ions determines the suitability of water for 
different purposes. In nature, fluoride occurs mainly as Sellaite (MgF2), fluorspar (CaF2), cryolite (Na3AlF6) and 
fluorapatite 3Ca3(PO4)2Ca(F,Cl2)). As fluorspar it is found in sedimentary rocks and as cryolite in igneous rocks. 
These fluoride minerals are nearly insoluble in water. Hence fluorides will be present in groundwater only when 
conditions favor their dissolution or high fluoride containing effluents are discharged to the water bodies from 
industries. Fluorine always occurs in combined form of minerals as fluoride. It is high reactivity and represents 
about 0.06 to 0.09% of the earth crust. The presence of fluorine in ground water is mainly a natural 
phenomenon, and mainly influenced by local and regional geological conditions, as the fluoride minerals are 
nearly insoluble in water. Hence fluorine is present in ground water sonly when the conditions favor their 
solution 

Minerals Chemical Composition Rocks of these minerals 

1. Fluorite (Fluorspar) CaF2 Pegmatite Pneumatolitic  

2. Fluorapatite (Apatite) Ca5(F,Cl)PO4 Pegmatite & metamorphosed 
limestone 

3. Micas  
a. Biotite 
b. Muscovite 

 
K(MgFe+2)3(AlSi3)O10(OHF)2 
KAl2(AlSi3O10)(OHF)2 

 
Basalts 
Permatites, Amphiboite 

4. Amphiboles  
a. Hornblende b.Tremolite 
Actinolite 

 
NaCa2(MgFe+2)4(AlFe+3)(SiAl)8O22(OHF)2 

 
Gneisses, schists,shales, 
Clay, Alkaline rocks 

5. Topaz Al2SiO4(OH.F)2 Acid Igneous rocks, Schists, 
gneisses  

6. .Rock Phosphate NaCa2(MgFe+2)4(AlFe+3)(SiAl)8O22(OHF)2 Limestone, Fossils  

 
The main source of fluorine in groundwater is basically from the mafic minerals shown in table 3  
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INTRODUCTION: 
 Scientists discover many new technologies from small inspirations. Inspiration may be anything that 
come from living things or non-living things.  For examples some of the innovative technologies are inspired 
from the insects in which their creations are amazing. Insect modifications of body parts are used for inventing 
technologies which is known to be biomimicry. 
 
Some of the insects and innovative technologies: 

S.No Insects Innovative technology 

1. Wings of butterfly Mirasol screen 

2. Reflective web of spider Ornilux bird protection glass 

3. Knee of flea Resilin elastic protein 

4. Namib desert beetle water source Dew bank 

5. Honey bee colour accuracy Colour interpretation 

6. Jumping spider-Distance perception Computer and robotic vision perception 

7. Calliphora vicina- Field of vision Three-dimensional imaging 

8. Moth anti reflection Anti-reflective film - Smart phones and tablets. 

9. Dragon flies-visual tracking Autonomous robots with active vision 

Wings of Butterfly: 
The attractive colours on the wings of many butterflies are not, in fact that it was due to any actual 

pigment in the wing material itself. Instead, colour is created through the prism-like, crystalline structure on 
the surface. The light is split into its various bands of colour and reflected to the eye of the observer as like the 
perception of a rainbow. QUALCOMM, a wireless technology company had copied the butterfly effect in its 
Mirasol and IMod displays. The same layered structures that give a butterfly’s wings such vibrancy was used to 
create an “always display on” effect without draining energy for backlighting because these screens rely on 
ambient light rather than illumination, colours intensify outdoors, unlike traditional screens that are washed 
out by daylight. Since the screens don’t generate light, they also require about 90 percent less power to 
operate. Mirasol technology has been already applied to cellular phones and other user interface devices. 

Reflective web of spider: 
Hundred million birds or even more than that die every year from impacts with glass windows, 

particularly large office buildings. But birds avoid spiderwebs because spiderwebs reflect ultraviolet light like 
humans. Researchers there have developed winning Ornilux Bird Protection Glass. Chaotic pattern of UV-
reflecting strands is embedded inside the glass. They are visible to human eye but looks like an impenetrable 
barrier to the birds. 
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Knee of flea: 
CSIRO has manufactured a rubber with 98 percent level of resiliency. Scientists did this by studying 

resilin, a protein that makes up the joints of many insects, including fleas. Resilin as a type of spring, which can 
absorb force or pressure and then release stored energy again when the pressure is lifted. Resilin’s efficiency is 
dramatically higher than synthetic rubber or rubber harvested from trees. Resilin allows flea to store enough 
kinetic energy to leap 100 times their body length in a single bound. (The human equivalent would be about 
600 feet high, giving new meaning to the expression, “the joint’s jumping.”) It’s the most efficient elastic 
protein and its synthesized form could be used to improve everything from the responsiveness of heart valves 
to the bounciness of running shoes. 

Namib desert beetle water source: 
 Namib desert beetles catch and drink morning fog in one of the driest places on Earth. The bodies of the 
Namib Desert darkling beetle species are covered with little bumps, about twice the thickness of a human hair 
and shell was covered with waxy substance which was highly hydrophobic (repels water). This beetle sticks its 
butt in morning air, minute water droplets are attracted to the bumps and run down to its back and mouth. 
Designer Kitae Pak has created a dew bank made of stainless steel which was beetle-back-shaped dome 
collects drops of fog and runs them into a circular reservoir for later consumption. This could potentially 
provide enough water per day for survival of Namib Desert people. 

Honey bee colour accuracy: 
Honeybee has three extra eyes on the top of its head. These eyes, known as ocelli, traditionally been 

thought to assist the bee in flight. Australian scientists found that eyes play a pivotal role in enabling the bee to 
accurately assess colour, calibrating for constant changes in ambient light conditions to correctly identify 
potential food sources. By mapping the way, the ocelli feed information into the key-colour processing areas of 
the bee brain, where it is integrated with information from the insect’s two main compound eyes, the scientists 
found a “biologically validated mathematical solution” that could “be readily implemented into artificial 
systems”. This discovery on colour constancy can be implemented into camera imaging systems to enable more 
accurate colour interpretation. 

Jumping spider-Distance perception: 
Jumping spiders are masters at judging distances, and their survival depends on leaping on prey. The jumping 
spider has a capability of “image defocusing” discovered by the Japanese scientists. It has a unique retina 
composed of four-tiered photoreceptor layers, each of which focuses different wavelengths of light. The two 
top layers are sensitive to ultraviolet light and the two deepest layers to green light. Only on the deepest layer, 
green light focus, with the researchers suggesting the spider gauges depth cues from the amount of defocus in 
the fuzzy layer. This technique may inspire future computer vision and robotic systems. 

Calliphora vicina- Field of vision: 
Flies, other insects and some sea creatures make up for their limited brain power with complex sensory 
receptors. Their compound eyes consist of hundreds of optical units, known as ommatidia. The convex 
hexagonal structure provides nearly 360-degree field of vision which was a capability that inspired researchers 
at Pennsylvania State University in 2014 to create optical sensors and miniature light-emitting devices able to 
scatter light more uniformly. Using liquid crystals, the Penn State scientists created compound lenses in 2015 
able to produce sets of images with different focal lengths, a property that could be used for three-dimensional 
imaging. 

http://science.sciencemag.org/content/335/6067/469
http://aip.scitation.org/doi/full/10.1063/1.4895114
http://aip.scitation.org/doi/full/10.1063/1.4895114
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Moth anti reflection: 
 Moth eyes are covered with a water-repellent coating that enables them to see at night while making 
their eyes among the least reflective surfaces in nature – a useful evolutionary adaptation that minimises their 
visibility to predators during the nocturnal hours when they are active. The nanostructure of this anti-reflective 
coating inspired Japanese researchers to replicate it in a film to cover photovoltaic solar cells, improving the 
efficiency of the cells by reducing the amount of radiation reflected rather than captured. 

 Scientists of US and Taiwan have developed a fabrication technique using self-assembled nanospheres 
to create an anti-reflective film for smartphones and tablets, enabling the screens to be more easily read in 
bright sunlight. The scientists report their moth-coating reduces surface reflection just 0.23%, compared with 
the 4.4% reflected by an iPhone. 

Dragon flies-visual tracking: 
 Detecting and tracking small objects against complex backgrounds is just one of the capabilities we take 
for granted but which pose huge challenges for robotics engineers. Human achieve it with neural power; 
dragonflies, along with other flying insects, manage it despite a brain the size of a grain of rice. 

Inspired by the dragonfly’s aerial dexterity, able to chase down prey at speeds up to 60 km/h with a 
success rate of more than 97%, a team of engineers and neuroscientists at the University of 
Adelaide developed an algorithm to emulate the insect’s visual tracking. Their “active vision” system works not 
by trying to keep a target centred in its field of view; instead it locks onto the background and lets the target 
move against it. The result: performance as good as state-of-the-art target-tracking algorithms but running up 
to 20 times faster, opening to the path to applications using quite simple processors in bio-inspired 
autonomous robots. 
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Conference on Electrical and Electronics Engineering (ELECO) (pp. 139-142).  
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Indian reservoirs with water spread area of 3.15 m ha and yield potential of 50 kg/ha/year, 20 kg/ha/year, 
and 8 kg/ha/year from small, medium and large reservoir, respectively. Fisheries resources in the country 
having 8118 km of coastline length, 2.02 million square kilometer of exclusive economic zone, 0.53 million 
square kilometer of Continental shelf, 1547 number of fisheries landing centers and 3477 number of fishing 
villages and approximately 20 lakh active fishers in the country. Similarly area under inland reservoirs 
accounts 3.15 million hectares, ponds and tanks 2.36 million hectares, area under brackish water 1.24 million 
hectares and length of rivers and canals 0.19 million kilo meters. India is the 2nd largest producer of 
aquaculture and 3rd Largest of fisheries constituting about 6.3% of the global fish production. Total fish 
production is 12.61 million metric tons in 2017-18. About 71% contributions from inland sector and 29% from 
Marine. Fisheries sector contributes 1.07% to the National GDP and 5.14% to the Agricultural GDP. Enough 
scope of enhancing fish yield from such resources through culture based capture fisheries and aquaculture. 
Inland fish production from capture fisheries in India has declined during the last few decades. Factors such 
as increasing consumption of fish, declining wild fish stocks and climate change have produced strong 
interest in fish production from aquaculture. Prioritizing production of fish from reservoirs holds the key for 
increasing inland fish production in India. Cage culture is being looked upon as an opportunity to utilize 
existing reservoirs with great production potential to enhance production from inland waters and suitable 
source of fish production without much input cost for increased demand for animal diet in the country. 
 
INTRODUCTION 
Aquaculture is a rapidly growing fisheries sector in India with an annual growth rate of over 7%. Freshwater 
aquaculture contributes over 95% of the total annual aquaculture production of 5.77 million tons. Technologies 
of induced carp breeding and polyculture of the three Indian major carps (Catla catla, Labeo rohita and Cirrhinus 
mrigala) as well as ‘composite carp culture’ with the addition of three exotic carps (Hypophthalmichthys 
molitrix, Ctenopharyngodon idella and Cyprinus carpio) in ponds, tanks and reservoirs brought about 
perceptible upward shift in freshwater fish production. Cage culture is an emerging technology through which 
fishes are reared from fry to fingerling, fingerling to table size to marketable size while captive in an enclosed 
space that maintains the free exchange of water with the surrounding water body. A cage is enclosed on all 
sides with mesh netting made from synthetic material that can resist decomposition in water for a long period 
of time. The on growing and production of farmed aquatic organisms in caged has been a relatively recent 
aquaculture innovation. Although the origins of the use of cages for holding and transporting fish for short 
periods of time can be traced back almost two centuries ago to the Asian region. The cage aquaculture sector 
has grown very rapidly during the past 20 years and is presently undergoing rapid changes in response to 
pressures from globalization and growing demand for aquatic products in both developing and developed 
countries. It has been predicted that fish consumption in developing countries will increase by 57 percent, from 
62.7 million metric tons in 1997 to 98.6 million in 2020. By comparison, fish consumption in developed 
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countries will increase by only about 4 percent, from 28.1 million metric tons in 1997 to 29.2 million in 2020. In 
India cage culture in inland water bodies was initiated for the first time in air breathing fishes in swamps, for 
raising major carps in running waters in Yamuna and Ganga rivers at Allahabad and for raising carps snake 
heads and tilapia in lentic water bodies of Karnataka. There after the cages have been used for rearing fry in 
many reservoirs and floodplain wetlands to produce advanced fingerlings for stocking main water bodies. 
 

Table 1. State wise area of small, medium and large reservoirs (hectare) 

Sl. No State Small Medium Large Total 

1. Tamilnadu 315941 19577 23222 358740 

2. Karnataka 228657 29078 179556 437291 

3. Madhya Pradesh 172575 149259 138550 460384 

4. Andhra Pradesh 201927 66429 190151 458507 

5. Maharashtra 119515 39161 115054 273750 

6. Gujarat 84124 57748 144358 286230 

7. Bihar 12461 12523 71711 96695 

8. Orissa 66047 12748 119403 198198 

9. Kerla 7975 15500 6160 29635 

10. Uttar Pradesh 218651 44993 71196 334840 

11. Rajasthan 54231 49827 49386 153444 

12. West Bengal 732 4600 10400 15732 

13. North East States 2239 5835 - 8074 

14. Himachal Pradesh 200 - 41364 41564 

15. Haryana 282 - - 282 

 
Fish Production from Reservoirs of India 
Reservoirs as man-made impoundments created by obstructing surface flow, by erecting a dam of any 
description on a river, stream or any water course. However, water bodies less than 100 ha-1 in area have been 
excluded from this definition. The Ministry of Agriculture, Government of India has classified reservoirs as small 
(<1000 ha-1), medium (1,000 to 5,000 ha-1) and large (>5000 ha-1) for the purpose of fisheries management, 
although different states have varied classifications. The estimated cumulative areas are 1,485,557 ha-1, 
507,298 ha-1 and 1,160,511 ha-1 of small, medium and large reservoirs, respectively. India has 19,370 reservoirs 
spread over 15 states with an estimated 3.15 million ha surface area at full capacity, and this is expected to 
increase due to execution of various water projects in the country. Tamil Nadu state has the highest reservoir 
area of small reservoirs, followed by the states of Karnataka and Andhra Pradesh. The Madhya Pradesh has the 
highest total area of small reservoirs, while Andhra Pradesh, Gujarat and Rajasthan also have a higher area of 
medium reservoirs. Similarly, Karnataka has the largest reservoirs (twelve), but the total acreage is less when 
compared to the cumulative extent of seven reservoirs in Andhra Pradesh. 
 
What is Cage Culture? 
Cage culture is an aquaculture production system where fish are held in floating net pens. Cage culture of fish 
utilizes existing water resources but encloses the fish in a cage or basket which allows water to pass freely 
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between the fish and the pond permitting water exchange and waste removal into the surrounding water. 
Cages are used to culture several types of shell fish and finfish species in fresh, brackish and marine waters. 
Cages in freshwaters are used for food fish culture and for fry to fingerling rearing. Fish production in cages 
became highly popular among the small farmers who are looking for alternatives to traditional agricultural 
crops. 
 
Why cage culture technology? 
Reservoirs contribute considerably to the inland fish production of India, which has been estimated at 93,700 
tonnes. The reservoir fish production has been treated as a by-product, giving it less importance as a fish 
production system. For this reason, reservoir fisheries have not made significant progress in the country and do 
not contribute to the inland fish production of the country to the extent they could. Reservoirs in India offer 
ample scope for fish yield optimization through effective management. The reservoirs of India have a combined 
surface area of 3.25 million hectares, mostly in the tropical zone, which makes them the country’s most 
important inland water resource, with huge potential. Fish yields of 50 kg/ha/year from small reservoirs, 20 
kg/ha/year from medium sized reservoirs and 8 kg/ha/year from large reservoirs have been realized while still 
leaving scope for enhancing fish yield through capture fisheries, culture based fisheries and cage culture.  
 
Objectives 

 The prime objective of cage culture in inland open water is stocking of reservoirs and culture of economically 
important fishes for augmenting fish production.  

 Stocking with the right fish species, using seed of appropriate size and introducing it at the right time are 
essential to optimizing fish yield from reservoirs. Though 22 billion fish fry are produced every year in India, 
there is an acute shortage of fish fingerlings available for stocking reservoirs. Where fingerings are available, 
transporting them to reservoirs usually incurs high fingerling mortality.  

 Producing fingerlings in situ in cages also offers an opportunity for supplying stocking materials, which are vital 
inputs towards a programme of enhancing fish production from Indian reservoirs. 
 
Procedure for cage culture operations 

a. Stocking: The stocking density of fish depends on the carrying capacity of the cages and feeding habits of the 
cultured species. For those species which are low in the food chain, stocking will also depend on the primary 
and secondary productivity of the sites. The optimal stocking density varies with species and size of fish and 
ensures optimum yield and low disease prevalence. 

b. Feeding: Many biological, climatic, environmental and economic factors affect feeding of fish in the cages. 
Growth rate is affected by feeding intensity and feeding time. Each species varies in maximum food intake, 
feeding frequency, digestibility and conversion efficiency. These in turn affect the net yield, survival rates, size 
of fish and overall production from the cage. The shortage of suitable fish feed is a major problem in many 
countries with large scale cage farming. 

c. Farm Management: Farm management must optimize production at minimum cost. Efficient management 
depends heavily on the competence and efficiency of the farm operator with regard to feeding, stocking, 
minimizing loss due to diseases and predators, monitoring environmental parameters and maintaining 
efficiency in technical facilities. Maintenance works are also very vital in cage culture. 

 
Merits of cage culture 

 Installation is easy. 
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 Flexibility of management. 

 Effective use of fish feeds. 

 Less manpower requirement. 

 Better control of fish population. 

 In emergencies it can be shifted from one place to another. 

 Treatment of disease is much simple than that of pond culture system. 

 It requires less investment, because it uses existing water bodies. 

 Controlling the unwanted reproduction of tilapia therefore mixed sex populations can be reared. 

 Close observation and sampling of fish is simple and therefore minimum supervision is needed. 

 Many types of water resources can be used, including lakes, reservoirs, ponds and rivers. 

 Fish handling and harvesting are very easy and helps to maintain the non-seasonal supply of fish. 

 Since the cage is meshed, chances of being attacked by predators are less. 

 They can be used to clean up eutrophicated waters through culture of caged planktivorous spp. 
 
De-merits of cage culture 

 Feed must be nutritionally balanced and kept fresh. 

 Stocked fish simply affected by the external water quality problems like low oxygen levels. 

 Diseases are common problem in cage culture. The crowding in cages promotes stress and allows disease 
spread rapidly. Also, wild fish around the cage can transmit diseases rapidly. 

 Caged fish are unable to get natural food of their choice. 

 During feeding some amounts of fish feed passes out through the mesh, therefore, fish require feeding many 
times a day. 

 The high fish density with the high feeding rates, often reduce dissolved oxygen and increase ammonia 
concentration in and around the cage. 

 There is usually a high mortality rate because of bacterial and fungal diseases in cage culture. 
 
Different design of cages: Cage range in size from one to several hundred cubic meters and can be any shape 
but rectangular, square or cylindrical shapes are typical. Cage shape does not appear to affect production with 
most freshwater species. Cage size depends on the size of the pond, the availability of aeration, and the 
method of harvesting. Small cages are more easily managed than large cages and usually provide a higher 
economic return per unit volume. 

1. Frame: Cage frame can be constructed from wood, iron, and steel. 
2. Flotation: Floating cages require a flotation device to stay at the surface. Flotation can be provided by metal or 

plastic drums, sealed PVC pipe. Floats should be placed around the cage so that it floats evenly with the lid 
about 30 cm out of the water. 

3. Mesh or netting: It is made from wire mesh or nylon netting. Plastic netting is durable, semi-rigid, light weight 
and less expensive than wire mesh. Nylon mesh is inexpensive, moderately durable, lightweight and easy to 
handle. Nylon is susceptible to damage from predators such as turtles and crabs. Mesh size has a significant 
impact on production. Mesh sizes for tilapia cages should be at least 1.5 cm, but 2.0 cm is preferred. 

4. Cage cover: Cages should be equipped with covers to prevent fish losses from jumping or bird predation. 
Covers are often eliminated on large nylon cages if the top edges of the cage walls are supported 30 to 60 cm 
above the water surface. 
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5. Feeding ring: Feeding rings are usually used in smaller cages to retain floating feed and prevent wastage. The 
rings consist of small-mesh (2 mm or less) screens suspended to a depth of 45cm or more. Feeding rings should 
enclose only a portion of the surface area because rings surrounding the entire cage perimeter may reduce 
water movement through the cage. 
 
Environmental impacts on cage culture 
Some of the environmental issues related to cage culture are: 

 Nutrient enrichment of waters that may lead to increased algal growth and downstream impacts. 

 Interactions with wild fish populations. 

 Accumulation of uneaten feed and fish excreta under the cage can become an environmental problem, but this 
can be avoided by selecting a site with good water exchange to install the cage. Generally, the environmental 
impacts of cage culture can be minimized through: 

 Proper site selection and appropriate anchoring or mooring systems. 

 Using extruded feed or stable pellet diets to avoid leaching of nutrients. 

 Keeping feed wastage in low level and higher Food Conversion Ratios. 
 
Water quality required for cage culture 

 Dissolved oxygen: Dissolved Oxygen (DO) level and its availability are critical to the health and survival of caged 
fish. In general, warm water species such as catfish and tilapia need a dissolved oxygen level of 4 mg/l DO (or 
ppm). Dissolved Oxygen levels below 3 mg/l can stress fish. If this level goes below 2 mg/l can increase the 
mortality of fish. 

 Temperature: The most important physical factor controlling the life of a cold-blooded animal like fish is 
temperature. It is critical in growth, reproduction and sometimes survival. Each species of fish has an optimum 
temperature range for growth, as well as upper and lower lethal temperatures. 

 pH: Uptake and release of CO2 during photosynthesis and respiration effect on pH in a pond and due to this, it 
fluctuates daily. The lowest level of pH appears at or near dawn whilst the highest is at midafternoon. The 
desirable range of early morning pH for fish production is from 6.5 to 9. Acid death point of the fish is 
approximately pH 4 and the alkaline death point is approximately pH 11 Slowed growth of fish, reduced 
reproduction, and susceptibility to disease increasing can be caused if the pH is not at the optimum range. 

 Other: Turbidity, Nitrate and Phosphate levels, Alkalinity, and Salinity are also affecting on fish culture in cage. 
 
Feeding strategies for cage culture 
Feeding is the most important management practice that a fish farmer does each day. On the other hand 
improper feeding can be adversely affected to the culture species. In fact, feed may comprise over 60% of 
variable costs. Therefore, most of the Egyptian farmers use low cost feed. Fish feed must be a nutritionally 
balanced which has adequate protein and energy levels, is balanced in amino acids, and in essential fatty acids, 
and is supplemented with a complete array of vitamins and minerals. Feeding fish twice daily at adequate rate 
depending on water temperature, species, size, culture and density is recommended. Caged fish should be fed 
a floating pelleted feed. Floating feed is trapped inside the feeding ring and will allow the fish farmer the 
opportunity to observe the fish. Sinking feed will fall through the cage (unless the cage has a bottom) and not 
be eaten by the fish. In general, warm-water species such as catfish, tilapia and carp can be successfully reared 
from large sized fingerlings on 32% protein complete diets although many fish farmers prefer 36%. Pellet sizes 
normally available include 1.5, 3, and 6 mm diameters. Usually large fingerlings can accept 6 mm pellets. Small 
fingerlings and species with small mouths (e.g., bluegill) may need to be started on 1.5 mm pellets. Good 
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results can be obtained from sinking pellets, but extra care must be taken to ensure they are not wasted. Fish 
will feed most aggressively near their preferred or optimum temperature and when oxygen levels are high (i.e., 
above 60% of saturation). 

 Generally fish will adapt to any feeding time as long as it is consistent. 

 Changes in the feeding schedule should be made gradually. 

 Most studies have shown that fish will grow faster and have better feed conversion if their daily feed ration is 
divided into two feedings given at least 6 hours apart. 

 Overfeeding wastes feed and money, and can cause water quality deterioration leading to stress and increased 
incidence of disease. 
 
CONCLUSION 
Fresh water reservoirs for sure are a major fishery resource but they remain highly dispersed under regimes 
with variable governance and policy support. The reservoirs of India can produce much more fish than current 
production level. Based on average fish yields of over 400 reservoirs, it has been estimated that yields from 
these reservoirs (small, medium and large) is far behind the expected production potential. Intervention of 
cage culture technology at large scale through public private partnership (PPP) mode in these reservoirs can 
boost and bridge the gap between the current 93,700 tonnes production and expected production potential 
which is nearly 1 million tonnes and can contribute immensely to increase overall fish production of the 
country. 
 
REFERENCES 
[1]. DADF 2017. Annual report, Department of Animal Husbandry, Dairying and Fisheries. Ministry of Agriculture, 

Government of India, 162 pp. 
[2]. Das AK, Vass KK, Shrivastava NP, Katiha PK. Cage Culture in Reservoirs in India. (A Handbook) World Fish Center 

Technical Manual No.1948. The World Fish Center, Penang, Malaysia, 2009, 24.  
[3]. FAO 2016. Fishery and aquaculture stastistics 2014. Food and Agricultural Organization, Rome, 204 pp. 
[4]. Gopakumar. G. History of cage culture, cage culture operations, advantages and disadvantages of cages and 

current global status of cage farming. National Training on 'Cage Culture of Sea bass' held at CMFRI, Kochi, 2009. 
[5]. Gunjan Karnatak, Vikash Kumar 2014. Potential of cage aquaculture in Indian reservoirs. International Journal of 

Fisheries and Aquatic Studies, 1(6): 108-112. 
[6]. Halwart, M., Soto, D. and Arthur, J. R. 2007. Cage aquaculture, Regional reviews and global overview, FAO, 

Fisheries Technical Paper, 498. 
[7]. ICAR 2005. Aquaculture technologies for farmers. Indian Council of Agricultural Research, New Delhi. 
[8]. Magdy Soltan 2016. Cage culture of freshwater fish. 
[9]. Masser M. What is Cage Culture? SRAC Publication No. 160, 2008. 
[10]. Masser, M. 2008. What is cage culture? Southern Regional Aquaculture Center, SRAC Publication No.160. 
[11]. NBFGR, 2015. ICAR-NBFGR Vision 2050; 29pp. 
[12]. Olivares, A. E. V. 2003. Design of a cage culture system for farming in Mexico. 
[13]. P. Jayasankar 2018. Present status of freshwater aquaculture in India-A review.  Indian J. Fish., 65(4):157-

165. 
[14]. P. Jayasankar, K.N. Mohanta and S. Ferosekhan 2019. Freshwater Aquaculture in India. 23-49. 
[15]. Pillay TVR, Kutty MN. Aquaculture: Principles and Practices, Second Edition. Blackwell Publishing Ltd, Oxford, 

England, 2005, 624. 

 
 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 365 - 
 

 

Un-scientific dumping yard are becoming great menace to humankind 
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The unscientific management dumping yards of municipal solid waste which is generated from 

metropolitan cities is creating a great menace to humankind directly and indirectly in one or the other way by 
polluting the air or by affection of high concentration of pollutants that too heavy metals leaching to 
groundwater and the same water is used for growing crops with ample heavy metal incorporated water. The 
contaminated polluted liquid wastewater (leachate) from dumping yard is freely let into the nearby water 
channel/ streams (mostly in rainy season), to avoid the extra cost of processing/treatment process and the 
same water is used for domestic purpose and majorly for irrigation of crops especially vegetables, because of 
vigorous growth performance and lustre look. Direct wellbeing dangers concern essentially the labourers in this 
field, who should be secured, beyond what many would consider possible, from contact with squanders. There 
are likewise explicit dangers in taking care of squanders from medical clinics and facilities. For the overall 
population, the fundamental dangers to wellbeing are aberrant and emerge from the rearing of infection 
vectors, essentially flies and rodents. Uncontrolled perilous squander from businesses stirring up with civil 
squanders make potential dangers to human wellbeing. Auto collisions can result from lethal spilt squanders. 
There is explicit threat of centralization of overwhelming metals in the evolved way of life, an issue that 
represents the connection between civil strong squander and fluid mechanical effluents containing substantial 
metals released to a seepage/sewerage framework and/or open dumping locales of city strong squanders and 
the squanders released in this way keeps up an endless loop. The populace in zones where there is no 
appropriate waste transfer strategy, particularly * Pre-younger students, * Waste labourers, *Workers in 
offices creating poisonous and irresistible material. Another high-chance gathering incorporates populace living 
near a waste dump and those, whose water supply has become debased either because of waste dumping or 
spillage from landfill destinations. 

Pollution in aspect of Solid waste in numerous that too without management or improper application of 
technology will create a huge impact on soil, water and air, which is indirectly path to vector bone disease and 
affect the day to day life which indirectly impact on economy of their respective family and poor will become 
poorer and majorly the middle-class population than a rich. Hence scientific-technological adoption is very 
much required at this movement like using of microbes in reduction of waste in a scientific way, use of iron 
nanoparticles to remove heavy metals to the extent of 45-50 % and making of bio compost especially for 
growing population in metropolitan cities with terrace agriculture for family use is a booming way of 
agriculture in cities and which also gives a perfect line Back to polluters. 
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INTRODUCTION 
Pollination is an important aspect of most angiosperms in the world. Nearly three quarters of the flowering and 
wild plant species are fully or partly dependent on insect pollination for reproduction. Perhaps, we can say 
sustenance of the humankind is because of insect pollinators. Among the pollinators not all are social 
honeybees, the fact is that nearly 85 percent of bee pollinators are solitary in nature. Though solitary bees are 
inferior when compared to social honey bees in terms of pollinating efficiency, their importance in the 
ecological system is uncompromised one. The resemblance of solitary bees is not like honey bees instead they 
more look like a wasp, female live solitarily in that it will mate independently and makes the nest of about 10 
brood cells either in the dry soil or the dead wood logs. It forages on several crop plants for its young one, 
thereby it pollinates the crops. The collected nourishment is stuffed into each cell of the brood then it lays egg 
on it (mass provisioning). Nowadays because of anthropogenic activities many of the solitary bees losing their 
natural habitat and their population rate is keep on decreasing and readiness of nesting place looks to be a 
regulating factor for these bees. Indeed, farmers in different region started providing suitable habitat 
provisioning for the solitary bees where the efficiency of pollination by honey bees are found to be a limiting 
factor.  

Major Solitary Bees 
Solitary Bees are mainly residing among the nine families 
of order Hymenoptera,  

 Colleitdae / Membrane bees  

 Andrenidae / Digger bees 

 Halticidae / Sweat bees 

 Megachilidae / Leaf cutter and Mason bees 

 Anthophoridae / Carpenter and Minor bees 

 Meltittidae  

 Oxaeidae 

 Fiedellidae 

 Apidae / Honey bees, Stingless bees, Orchid bees 
and Bumblee bees 

 
From the above figure, (a) Apis mellifera, (b) Alfalfa 
leafcutter, Megachile rotundata, (c) the membrane bee, 
Colletes thoracicus, (d) Alkali bee, Nomia melanderi, (e) 
Cuckoo bee, Nomada luteoloides, named because it lay 
eggs on the other solitary bees nests, (f ) Carpenter bee, 
Xylocopa virginica, (g) Minor bee, Anthophora abrupta, (h) Orchid bee, Euglossa ignita, with long extended 
tongue, (i) Mason bee, Anthidium sp., (j) Digger bee, Andrena carlini, (k) Silk making membrane bee, Hyaleus 
sp. (Source: S. W. T. Batra, 1984) 
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Solitary Bees as a Crop Pollinator 

 Although honeybees are efficient pollinator, not in the case of Queen of forage crops, Medicago sativa. 
Alfalfa is one of the major forage crops being cultivated worldwide. Here, rather than a pollinator, 
honeybee is actually acting as a nectar robber. Because the floral architect of alfalfa will explosively deliver 
their pollen on the honeybee’s head (tripping), when it is trying to sip the nectar from the centre of the 
flower. Apparently, honeybee is not liking the tripping mechanism, instead it tries to steal the nectar from 
the side of the flower to avoid the direct hit by the pollen. In this case alfalfa-leaf cutting bees (M. 
rotundata) and alkali bees (N. melanderi) acts as a good pollinator, they are not minding about the direct hit 
of pollen while collecting the nectar for provisioning. 

 It is interesting that, nearly 8% of flowering plants having poricidal anthers which was effectively pollinated 
by the solitary bees by the mechanism called Buzz pollination or Sonication. Many carpenter bees like 
Xylocopa, rapid contraction of indirect flight muscle will produce strong vibration, this will apply on the 
poricidal anthers of tomatoes, senna, etc. which make the concealed anthers to forcibly expel their pollen 
on the carpenter bees. Thus, this mechanism increases the pollinating efficiency of many crops. Apparently, 
this mechanism is not seen in honeybees.   

 Mason bees (Osmia cornifrons) or Japanese horn face bees and blue orchard bees (Osmia lignaria) are 
commercially used as a pollinator in many apple orchards around the world. Japanese using this horn face 
bee species for pollinator in apple, ever since mid-nineties. Moreover, solitary bees are well adopted to 
pollinate on fruit trees.  

 Being more heat tolerant species, carpenter bees are able to do foraging on high ambient temperatures 
where the honey bees activities are low. By utilizing this ability of the carpenter bee, it can be used as 
pollinator in hot arid areas and also in hot microclimatic polyhouses. 

 Many plants and solitary bees have coevolved over a longer period of time, so that they developed some 
mutualistic relation between this two. For instance, sweat bees pollinates night blooming crops in the 
moonlit which are unusual for honeybees. This activity is aided by their eyes, which are enlarged for light 
gatherings and also many other solitary bees do crepuscular foraging on the evening blooming crops when 
the honeybee activities are low. 

 Compared to other oligolectic solitary bees carpenter bees are rather polylectic as like honeybees and also 
it having long foraging flight activities. So, it is serving as a major pollinator in the area where honey bee 
pollination is ineffective.  

 Solitary bees will normally overwinter during adult stage or pupal stage, by manipulating this activity by 
keeping the cells of brood under deep refrigeration will tend to maintain the bees under dormant stage for 
an extended period of time. These dormant bees can be used whenever the need arises, like in the 
agricultural settings at the time of blooming by providing the nesting habitat in the field. Bringing the brood 
cell to the optimum temperature will facilitate the male to emerge from the dormant state by the very next 
day and after a week or later depends on climatic condition female will emerge from the brood cell.  
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CONCLUSION 
It is understood that changes in agricultural practices, diversification of agroecosystem and removal of forest 
cover by urbanization tremendously threatening the lives of many solitary bee pollinators due to habitat loss. 
This will ultimately reduce the densities of bee population. The solitary bees are utilized as pollinator in many 
areas. However, there is need of enough research for commercial rearing and the captive breeding programs 
for all the major solitary bees which includes controlled selection of genotypes, mating and nest foundation. 
Investigation of additional information about the pathogens and parasites of the solitary bees are found to be 
the fruitful one. 
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Ginger Rhizome rot and its Management 
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INTRODUCTION:- 
Ginger suffers from a wide variety of diseases caused by fungi, bacteria and nematode. Rhizome rot - 

wilt disease complex is a serious disease of ginger causing considerable economic loss to growers in different 
countries. In India, disease complex is prevalent in most of the ginger growing areas and may cause losses to 
the extent of 50% or more. This disease is caused by a complex infection of Ralstonia, Pythium, Fusarium and 
it is enhanced by the presence of nematode in the soil (Debnath et al., 2010) Basal rot caused by Sclerotium 
rolfsii which appears later in the season (Sagar et al., 2008). 

Symptoms:- 
Kulkarni (2011) described symptoms related to rhizome rot of ginger and there pathogen viz., Soft rot, Wet rot, 
Bacterial Wilt, Sclerotium rot, Root knot were explained as follows,  
Soft rot: Soft rot (Pythium aphanidermatum) often infects immature and undifferentiated parts of ginger plant. 
Pre-emergence and post-emergence rot symptoms were seen on undifferentiated sprout, water soaked 
lesions, foliar yellowing was clearly notice starting from lower most leaf and progressed upwards. Later, 
rhizomes get infected, rotten tissues emitted foul smell. Soft rot infected plants came off with a gentle pull. 
Wet rot: Wet rot is caused by Fusarium solani. Infected plants leaves exhibited yellowing, wilting along with 
drying but didn’t fall on the ground in contrast to soft rot. Infected rhizomes show varying degrees of decay 
finally leading to wet rot symptoms. 
Bacterial Wilt: Bacterial wilt (Ralstonia solanacearum) infected plant show water soaked patches / linear 
streaks on collar region of pseudo stem. Oozing of bacterial exudates exhibited form infected rhizome when 
pressed 
Sclerotium rot: Sclerotim rot (Sclerotium rolfsii) infect during December-January, white mycelial growth and 
formation of sclerotial bodies was noticed on rhizomes. 
Root knot:  Meloidogyne arenaria infected plants showed stunted and chlorotic symptoms. Small galls were 
seen alternatively on the roots of infected plants. The galls resembled bead-like structures.  

 
 
 
 
 
  
 

Management:- 

 The management of soft rot disease of ginger and turmeric the various cultural practices like selection 
of healthy planting material, crop rotation, tillage, use of organic amendments, drainage, quarantine practices 
are followed (Le et al., 2014).The biocontrol agent Trichoderma viride in the form of seed treatment as well as 
foliar spray was found to be best antagonistic microbe followed by T. harzianum with 94.97 per cent and 91.26 
per cent inhibition of Pythium aphanidermatum respectively (Rajan et al. 2002). In chemical management, 
Thiophanate methyl and Copper oxychloride was found to be most effective with 93.28 per cent inhibitionof 
Pythium aphanidermatum (Apet et al. 2018). 

Rotted Rhizome 
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at collar region 
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INTRODUCTION: Maize (Zea mays,  Poaceae; 2n = 20) is the second most important cereal crop in the world in 
terms of acreage and is called the ‘Queen of Cereals’ because it has the highest genetic yield potential among 
the cereals. It is one of the third most important cereal crops after wheat and rice consumed as staple food in 
India. Maize crop at the global level utilized as staple food (17.0 per cent), as feed (61.0 per cent) and Industrial 
purposes (22.0 per cent). In India it is cultivated in area of about 9.3 million hectare with a production 28.72 
million tonnes. However, in India it is highly utilized for poultry feed (51.0 per cent) followed by food (23.0 per 
cent) for starch and cattle feed (12.0 per cent each. It accounts for around 10 per cent of total food grain 
production in the country. But at present fall armyworm is the emerging serious insect pest of maize in India. It 
first reported in Chikkaballapur district of Karnataka. But now it reported in more than 20 states of India. NBAIR 
reported that 9-62% damage of maize cause 34% yield loss reported in Karnataka. Fall army worm is an 
emerging key pest of maize and its damage is also most destructive at early growth stage of maize, so proper 
time and stage specific management practices should be adopted to minimize the infestation caused by this 
pest. So integrated pest management is the best way for the effective management of fall armyworm.  

Management of Fall Armyworm 
Cultural control 

 Deep ploughing of land should be done up to a depth of 2-8cm to expose  pupa to the sun light due to varying 
outside temperature, the pupa is desiccate and die. Because fall armyworm larvae undergo pupation below the 
soil. 

 Cleaning of field bunds is an important necessary operation to destroy the host plants fall armyworm. 

 Use of resistant genotype of maize. 

 Before sowing seed should be treated with Cyantraniliprol 19.8% + Thiamethoxam 19.8% FS @ 6ml/kg of seeds. 

 Early sowing should be taken, so crop can escape from the severe infestation. 

 Avoid staggered sowing of maize. 

 Follow Ridges and furrow method of sowing. 

 Maintain weed free condition in crop. 

 Use recommended dose of NPK fertilizer as a basal dose. 

 Add Neem cake 200kg/acre to the field during land preparation. 

 Select suitable legume intercrops with maize like pigeon pea (2:1), cowpea (2:2), green gram (1:2), black gram 
(1:2), soybean (1:2), groundnut (1:2), bean (2:1) etc. 

 Grow 3-4 rows of Napier grass as a barrier crops around the field area it pull the pest from main crop. 

 Grow sunflower, coriander, mustard, bendi, marigold as peri/row/strip trap crops, which attracts many natural 
enemies.  

 Erect bird perches 10/acre to attract predatory birds. 

 Use of sugar and water solution (1:9 ratios) or fish soup for spray at 6-8 leaf stage to attract natural enemies 
and also it acts as ovipositional deterrent. 
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 Go for field scouting in ‘W’ shape to find the egg mass, larvae and to know the severity of damage of plant, so 
we can take proper control measures. 
 
Physical control 

 Make trench around the field to avoid movement of larvae from one field to another field. 
 
Botanical uses 

 Use of NSKE 5% @ 5ml/l of water, when plant shows 5% damage. 

 Use of leaf extracts from plants like Parthenium/Calotropis sps/Cactus sps/Neem leaf/Lantana leaf (3kg) with 
cow dung (3kg) in 20 liter of water and leave 30 days for  fermentation and use the solution in 1:10 dilution for 
spray which acts as a organic liquid manure and feeding deterrent and ovipositional repellent.  
Mechanical control 

 Identification and collection of egg mass of fall armyworm from lower surface of leaves after 15-21DAS and 
destroy the collected Egg mass of fall armyworm by burning or dipped it in kerosene. 

 Install pheromone traps @ 15/acre (Sflure) with the height of 1.5 meter above ground soon after sowing to 
monitor adult moth activity and the lure should be change after a month.(ETL- 1 moth/trap go for spray NSKS 
1500ppm @ 5ml/l of water ) 

 Whorl application of sand and  lime  9:1 ratio or sand and ash, charcoal, detergents, paraffin, oil or whorl 
application of  carbofuran 3G  granules 3-4 granules/plant (10% damage of plant). 

 Install 1 light trap/ha. 
 
Biological control 

 Release of egg parasitoids like Telenomus remus @ 4000/acre or Trichogramma pretiosum @ 50,000/acre @ 
weekly interval. 

 Use of bio pesticides like Bacillus thuringiensis v. kurstaki @ 400g/acre or 2g/l or Metarhizium anisopliae or 
Beauveria bassiana with spore count 1x108 cfu/g(1kg/ha) @ 5g/l or SfNPV (600ml/acre) @ 3ml/l or EPN @ 
4kg/acre @ 20g/l of water. When plant show more than 10% infestation. 

Chemical management 
(Note: Among the following insecticides use only 2 insecticides when the plant show 20% infestation during the 
crop period) 

 Cholrantraniliprol 18.5 SC @ 0.4ml/l. 

 Thiamethoxam 12.6% + Lambda cyhalothrin 9.5 ZC @ 0.25ml/l. 

 Spinetoram 11.7% SC @ 0.5ml/l. 

 Emamectin benzoate 5% SG @ 0.4g/l. 

 Spinosad 45% SC @ 0.3ml/l. 

 Thiodicarb 75% WP @ 1.5g/l. 

 Acephate 75% SP @ 1.5g/l. 

 Use of poison bait for 4th-6 th instars larva, which made up of 10 kg rice bran/wheat bran , 2kg jaggery, 3 liter 
water and keep the mixture 24 hours for fermentation and add 1.5- 2g of Thiodicarb 75 WP (Larvin) to the 
fermented products before half an hour prior to application after make pellets and apply to the whorl of plants. 
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CONCLUSION 

 Synthetic insecticides are most effective in control of emerging pest like fall armyworm but in the economic 
and environmental point of view integrated pest management (IPM) is the best management practice than 
chemical management. 
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INTRODUCTION: Maize is among the world's three most important cereal crops, the other two being wheat 
and rice. There are several factors responsible for maize production like good nutrient management, weed 
management, irrigation management, and pest and diseases management. Some of the most important  
insects that attack maize crops are  cutworms, armyworms, fall armyworm,  earworms, borers, and grain moths 
is the most damaging to maize worldwide, followed by the beetles rootworms, wireworms, grubs, grain borers, 
and weevils. Also some insects acts as a vector for transmitting several diseases to maize there for 
management of these  insect pests is very much necessary to get good yield by adopting good agricultural 
management practices.  

Insect Pest Scientific Name Damaging 
Stage 

Damage Symptoms Management 

Fall 
Armywor
m 

Spodoptera frugiperda 
Noctuidae: Lepidoptera 

Larva The larva feeds on corn 
foliage, stalks and ears, 
entering the base of the 
ears, feeding along the 
sides of the ears and even 
tunneling into the cob and 
feed the developing grains. 

Proper field scouting for 
identification of egg mass. 
 Intercrop with 
cowpea/soybean/black 
gram. 
When plant show 20% 
infestation spray  
Emamectin benzoate 5SG 
0.4g/l or Chlorantraniliprol 
18.5SC 0.4ml/l. 

Army 
Worm 

Mythimna separate 
Noctuidae: Lepidoptera 

Larva Caterpillar of armyworm 
mainly acts as a defoliator, 
it voraciously feed on 
foliage & leaving only the 
midribs later leave only 
plant stem without leaves. 
Under severe infestation, 
the entire young plant may 
be consumed. 

Spray Azadiractin 1500 ppm 
0.5ml/l.  When the plant 
shows 5% damage and 
Spray Thiodicarb 75WP 
1.15g/l @ 20% infestation 
of plant. 

Cutworm Agrotis ipsilon 
Noctuidae: Lepidoptera 

Larva Young cutworms cut maize 
seedlings within 2 inches 
little below ground level & 
make small holes along the 
initial leaves & also feed 
on the foliage and at the 
base of young plants. On 
older plants large 
cutworms feed on the 

Use poison bait made by 
the Bt suspension and 
molasses. 
Spray NSKE 5% @ 5% 
infestation. 
Spray Acephate 75sp 1g/l. 
Spinosad 45SC 0.3ml/l. 
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stems just below the 
surface, leaving cavities 
that cause the plants to 
wilt and eventually die.  

Cob worm Helicoverpa armigera 
Noctuidae: Lepidoptera 

Larva Early instar larva scrape 
the leaves & later 
caterpillar go down into 
the whorl to feed, and by 
the time this injury is first 
seen, most of the damage 
has been done and the 
worms are covered by a 
plug of frass at last stage it 
also feed on grains inside 
the cob. 

Deep summer ploughing. 
Intercrop with cowpea 
(2:2). 
Install pheromone trap 
12/ha. 
Set 1 light trap/ha. 
Spray Spinosad 45SC 
0.3ml/l. 

Corn Leaf 
Aphid 

Rhopalosiphum maidis 
Aphididae: Hemiptera 

Nymph & 
Adult 

Stunted and deformed 
tassels, development of 
black mold on the Plant. 
Aphids excrete honeydew 
on the leaves and silk and 
poor pollination and grain 
development. 

Set yellow or delta sticky 
trap. Encourage natural 
enemies by growing inter 
and trap crop in between 
main crop. Spray 
Imidacloprid 17.8SL 0.5ml/l. 
 

Corn flea 
beetle  

Chaetocnema pulicaria 
Crysomelidae: 
Coleoptera 

Adult White, thin, elongated 
lesions along the upper 
leaf surface, which are the 
result of scratching 
between the leaf and 
small, circular feeding 
holes and bleached out 
spots or stripes on the 
corn leaves veins by the 
beetles. Also worm feeds 
on roots and responsible 
for lodging of plant. It is 
vectors of Bacterial Wilt of 
corn 

Spray Chloropyrifos 20EC 
2ml/l when 5beetles 
observed in plant 

Jower 
Stem borer 

Chilo zonellus 
Crambidae: 
Lepidoptera 

Larva Pin holes on the whorl of 
newly opened leaves and 
dead heart is observed in 
early stage of crop. 

Spray Flubendiamide 20WG 
0.6g/l. 
Spray Chloropyriphos 20EC 
2ml/l. 
 

Maize 
Stem 
Borer 

Chilo partellus 
Crambidae: 
Lepidoptera 

Larva Presence of row of pin 
holes on leaves followed 
by longitudinal mining on 

Intercrop with cowpea 
(8:1). 
Use resistant genotype- 
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leaves and later stage 
presence of boreholes on 
internodes plugged with 
excretory pellets followed 
by reddening of internodes 
and size of cob reduce. 

Deccan 101,103 etc. 
Release egg 
parasitoid Trichogramma 
chilonis @ 
2, 50,000 /ha. 
Spray Chloropyriphos 20EC 
2ml/l. 

Shoot/ste
m fly 

Atherigona varia 
soccata 
Atherigona orientalis 
Muscidae: Diptera 

Maggot The maggot feeds on the 
young growing shoots 
results in dead hearts. 

Use resistant genotype- 
DMR-5, VC-80 etc. Seed 
treatment with 
imidacloprid 70 WS 10 g/kg 
of seeds or Soil application 
of phorate 10%CG 10 kg/ha 
at the time of sowing. 

Leaf 
hopper 

Pyrilla purpusiella 
Lophopidae: Hemiptera 

Nymph 
and Adult 

Upon hatching large 
number of nymph and 
adult colonize on lower 
surface of leaf and suck 
sap continuously as a 
result fading and yellowing 
of leaves, stunted growth, 
and plant appear sick 
blight and large scale 
honeydew excretion leads 
to sooty mould 
development. 

Clean cultivation and 
remove alternative host. 
Use recommended dose of 
nitrogenous fertilizer. 
Encourage natural enemies 
by growing inter & trap 
crops. 
Spray Demeton methyl  
25EC 2ml/l or 
Phosphomidon 100EC 
0.5ml/l. 

Ear head 
bug 

Calocoris angustatus 
Miridae: Hemiptera 
 

 Nymphs and adult suck the 
juice from within the 
grains when they are in 
the milky stage. Grains 
shrink and turn black in 
colour and ill filled (or) 
chaffy. 
 

Spray NSKS 5% when plant 
shows 5% damage. 
Dust the Malathion 5 D 
@25 kg/ha during cob 
emergence or Fenvalarate 
0.4D-20kg/ha. 

Web 
worm  

Cryptoblabes gnidiella 
Pyralidae: Lepidoptera 

Larva Larva first feeds on the 
lemma of the flowers 
scraping the chlorophyll 
later on the milky grains. 
Webbing of maize cobs 
and feeding on the flowers 
and the grains. 

Install pheromone trap 
12/ha for monitoring of 
moth activity. Spray 
Thiodicarb 75WP 0.6g/l. 
Profenofos 50EC @ 1.7ml/l. 

Pink stem 
borer 

Sesamia inferens 
Noctuidae: Lepidoptera 
 

Larva Pink larva enters into the 
stem causing dead heart 
symptom. 

Spray phosalone 35%EC at 
every 20 days interval 
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Ash weevil Myllocerus discolor 
Myllocerus maculosus 
Curculionidae: 
Coleoptera 
 

Grub & 
Adult 

Larva feeds on the 
secondary roots and adults 
on leaves and makes V 
shape notches on leaf 
margin. 

Soil application of Phorate 
10% CG10 kg/ha or Carbaryl 
4% G 20 kg/ha or spray 
Carbaryl 50 WP 1 kg/ha on 
the 20th day of sowing (500 
l of spray 
fluid/ha). 
 

Shoot bug  Peregrinus maidis 
Delphacidae: 
Hemiptera 

Nymph & 
Adult 

Plants become unhealthy 
stunted and yellow. The 
leaves wither from top 
downwards. Honeydew 
secreted by the bug causes 
growth of sooty mould on 
leaves. 

Seed treatment with 
Imidacloprid 70WS 6g/l. 
Whorl application of 
phorate 10G 8kg/ha. 
Spray Thiamethoxam 
25WDG 0.4g/l. 
Imidacloprid 17.8SL  
0.5ml/l. 
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INTRODUCTION 
Apitherapy (Apis- bee, therapia- treatment) means treatment with bees and bee products. Bee product 
includes honey, pollen, beeswax, propolis, royal jelly and venom. These bee products have a heritage of use as 
a remedy. Honey was prescribed as medicine, dating back in 2000 BC. In ancient Egypt and India, people were 
used honey to treat the wounds. Hippocrates listed the beneficial effects of honey that it can cures sores and 
ulcers. He also documented the healing property of bee venom for treating arthritis and other joint problems. 
There are several reports in Veda, Bible and Islam that honey is considered as precious medicine. Bee products 
can cure multiple sclerosis, arthritis, wounds, pain, gout, shingles, burns, tendonitis, and infections. 
 
Honey: Honey is used as readymade medicine than other everyday food. It has antifungal and antibacterial 
properties hence it can be used in microbial control. Traditionally honey and lemon were used to treat sore 
throats. Hence, it inhibits the growth of Streptococcus pyogenes and Helicobacter pylorum which are the causal 
organisms of sore throat and ulcer respectively. Apart from that, honey has a number of constituents and 
properties that can result in healing. Properties include acidity, enzymatic activity, hydrogen peroxide and high 
osmotic potential. It is used in healing skin and drying out wounds, because it has anti-bacterial properties, 
maintaining moist conditions, allowing oxygen to pass. Also, it is good for preventing infections, reducing 
inflammation and promoting rapid healing. 
 
Pollen: It contains 30% protein, including all the amino acids which are essential for human diets along with 
carbohydrates, fatty acids, vitamins and minerals. It gives energy, relieves depression and protects from cold 
and flu. Mostly the fresh pollen is preferable one. If the pollen is dried and stored for some time is thought to 
have a lower therapeutic value. 
 
Bees wax: As a carrier for other ingredients, beeswax also used in medicine. In the modern world, it is used 
extensively in the pharmaceutical and cosmetics industries in ointments, skin creams and pills. Also it has 
antibiotic properties and can be used in the treatment of arthritis and nasal inflammations. 
 
Propolis: It contains gums and resins collected from plants. It has anti-fungal, anti-inflammation and anti-
bacterial properties. Propolis is particularly valued as a remedy for toothache and is sold in toothpaste and 
chewing gums. One possibility is that it works by inhibiting the enzyme glucosyltransferase of the bacterium 
Streptococcus mutans. This bacterium produces lactic acid in the mouth that decays tooth enamel. 
 
Royal jelly: It is produced by the worker’s pharyngeal glands to feed queen bee larvae. It is the major source of 
nutrients, including B complex vitamins, as well as vitamins A, C, D and E and essential fatty acids.  
 
Bee venom therapy 
Bee venom therapy is the form of acupuncture. Austrian physician Philipp Terc initiated the modern study of 
bee venom therapy in his article of “Connection between the Bee stings and Rheumatism" in 1888. "Bee venom 
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therapy" word is coined by the Hungarian physician Bodog F. Beck in 1935. It was practiced in ancient Egypt, 
Greece, and China which are known for their highly developed medical systems.  
 
Importance of Venom Therapy 
The treatment using live bees, applied directly to the patient. Belief is that bee stings are beneficial for the 
treatment of rheumatoid arthritis, injuries, repetitive strain injury and other muscle injuries. It is also given by 
physicians, who use venom in an injectable form and inject it under the skin, rather than live bees. Before the 
treatment begins, the therapist may inject the patient with a weak form of the venom to test for an allergic 
reaction. A bee is held with tweezers up to a part of the body. The stingers are left in for up to 15 minutes and 
then removed with tweezers. For each session, 20 to 40 stings are done and a patient typically gets three 
sessions a week.  

The average life span of honey bee is 4-6 weeks. A healthy female honey bee of 20 days old, usually Apis 
cerana indica is used for the venom therapy. It is the therapeutic application of honeybee venom, through live 
bee stings, to bring relief and healing for various spinal, neural and joint or other musculo-skeletal ailments. 
The bee sting stimulates the immune system of the body and thereby production of cortisol (the natural 
steroid) is stimulated. 

This bee venom is also known as apitoxin contains more than 40 pharmacologically and biologically 
active compounds. Venom is a complex mixture of proteins and amino acids, enzymes, sugars and lipids. 
Melittin, a polypeptide which is a major component of venom and it has the effect of stimulating the adrenal 
cortex to release cortisol, a hormone associated with reducing inflammations and healing responses. 
 
CONCLUSION 
Apitherapy is not only the use of the venom for healing, but the use of all the hive products, and usually a 
combination of them. These products are also sometimes mixed with other ingredients, specifically different 
essential oils dependent on the condition being treated. 
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Aquaponics systems have been utilized as one of the most standard methods for conducting research on fish 
and other aquatic species. In recent years, this system is also used in commercial production for several fish 
species and also different crops, especially fodder crops and green leafy vegetables. With the rapid growth of 
civilization, open field or soil-based agriculture is facing major challenges; like climate change, global 
warming, weather abnormalities, biotic and abiotic stress. Besides this most importantly decrease in per 
capita land availability. In 1960 per capita land was 0.5 ha-1 but presently, it is only 0.25 ha-1 and by 2050, it 
will reach at 0.16 ha-1. The industrialization and urbanization sector has grown very vast, due to which 
agriculture cultivated arable land was decreasing rapidly which is an obvious impact on global warming and 
climate change. On other hand the soil health and water quality status has reached to saturation point and 
productivity is not increasing, further use of chemical fertilizers & toxic agro chemicals, frequent drought, 
unpredictability of climate and weather patterns, increase in temperature, pollution of water bodies, poor 
soil & water management, wastage of huge amount of water in excess irrigation, decline in ground water 
table etc. Due to these conditions, which threaten food production under conventional system. Under this 
circumstance, at present and upcoming future days, it will become highly impossible to meet the food 
production for feeding the entire population by practicing conventional production system. So for this 
purpose aquaponics is becoming more relevant in the present and future scenario, to cope-up with these 
challenges. The present chapter briefly summarizes the current knowledge of Aquaponics cultivation and 
describes the detailed information of growing crops in aquaponics system. 
 
INTRODUCTION 
The aquaponics systems focused on increasing economically and sustainability of indoor and outdoor fish 
farming. In Aquaponics system, different species of fish crops are raised without soil, limited space, water 
conserving and recycling methods and increased food production per unit area. Aspect like sustainability, 
development and economically efficiency improve of farmer health we must reconsider the agriculture 
sciences, by this we understand that we must develops technologies friendly for the environment. Combining 
aquaculture with hydroponics we obtain a new innovation named aquaponics which respects principles of 
sustainable agriculture (waste water bio filtration by plants) and gives us the possibility to increase economic 
efficiency with an additional production (organic vegetables) to produce the nutrient rich food. Populations 
around the world face questions of food security today on a scale that has not been seen in recent human 
history. The evolution of how we feed our populations and the technologies we use to do it have created a 
unique set of circumstances that bring with them unique challenges, and despite significant advances in food 
production and our knowledge of food nutrition and food safety, hunger continues to millions of people around 
the world. It is thought that over a billion people in the world are currently undernourished (World Food 
Programme, 2010). Agriculture’s dependence on healthy soil presents another problem in food production, as 
current estimates are that 38% of global agricultural land is degraded. Soil degradation is the change induced 
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by the natural decrease in the soils’ potential for productive use, and normally results in reduced yields due to 
lack of or insufficient nutrients or water availability. Aquaponics is a type of integrated farming system that 
creates a bridge between traditional aquaculture and hydroponic vegetables, flowers or herb production. 
Aquaponics system can be used as a working model because it is a means of sustainable food production. 
Briefly, we can say that it is an eco-friendly system for food production using aquaculture and hydroponics to 
culture fish and crops without soil. This is a recirculatory system where toxic water from fish culturing unit is 
transferred to the hydroponic system. The water coming from the fish culture unit contains various uneaten 
food material and excretory and metabolic wastes as well as mineral nutrients for plants. Plants utilize and 
absorb those nutrient-mineral from that water and make that water re-usable for a fish-culture unit. So, there 
is no issue of replacement and disposal of wastewater. So, this method consumes only 1/10th of water in 
comparison to other traditional aquaculture techniques. This environmentally friendly and cost-effective 
culture method will be one of the major sustainable ways of food production in a future generation to achieve 
food security. 
 
What is Aquaponics? 
Aquaponics is a type of aquaculture system which combines two different conventional terms. It is the 
combination of conventional aquaculture and hydroponic subsystem. Aquaponics is a system of aquaculture in 
which aquatic animals such as snails, fish, crayfish or prawns are grown in tanks with combination of 
hydroponics in which plants are grown in water in a symbiotic environment. In aquaculture, the aquatic 
animal’s excretions are raised and accumulated in the water, increasing toxicity according to ammonia 
foundation as toxic byproducts for aquatic animals; hence, the aquaculture must be cleaned from that toxic 
material On the other hand, hydroponics is the process of growing plants in the water without soil. Both the 
subsystem co-exists here in a symbiotic interaction with each other. The uneaten foods and excretory products 
which are produced during the rearing of the aquatic animal, that accumulate in the water, increase the 
toxicity of the aquaculture system in case of the traditional aqua-cultural system. But this water also contains 
high amounts of nutrients which are useful for plants. So, if we transfer water from the aquaculture system to 
the hydroponic system, the by-products are broken down into nitrites which are absorbed by the plants. After 
the utilization of nutrients, we can recirculate the water into the aquaculture system. 
 
Why Aquaponics System? 

 Aquaponics system truly depends upon the continuous recycling of nutrient rich water, because of the 
recycling of water, there is much less toxic run-off from either hydroponics/aquaculture system. 

 Any type of culture system may be hydroponics or aquaculture system requires a huge amount of water, the 
supply of water which is a very much crucial among others. But the aquaponics system requires very less 
amount of water than conventional system. 

 An aquaponics system is very much environmentally friendly. So, it can be easily adopted anywhere, like in the 
houses, laboratories, basement or even in a greenhouse. 

 An aquaponics system is more flexible system, so it can be established in limited budgets or cost. The best 
opportunity of an aquaponics system is that plants and fishes both can be harvested from the same system at 
different time. 

 Aquaponics system can be the best solution to fight against climate change and other biotic and abiotic factors. 

 Aquaponics system give continuous income to the farmer from both fish and crops harvested at regular 
intervals. 
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Special Features of Aquaponics 

 Aquaponics systems provide opportunity for people to consume fresh organic fishes and vegetables. 

 Aquaponics systems ensure the nutritional status by production of incredible amounts of plant and animal 
protein yield through very less investment. 

 Aquaponics system does not occupy very big space for its establishment. 

 The construction and maintenance cost of the aquaponics system is very less. 

 Aquaponics systems can provide huge employment opportunities for the surrounding people. 
 

Different Methods Adopted for Aquaponics 
a. Deep Water Culture (DWC) Technique: Deep water culture technique is mainly a raft based growing system. It 

is one of the most appropriate methods for growing green leafy vegetables especially for salad purpose and 
other fast-growing but low nutrient plants. This technique most commonly used in larger commercial 
production systems. In this technique, foam raft is used, which is the floating condition in a channel that is filled 
with fish effluent water. This water has been filtered several times to remove solid wastes. There are many 
holes in the raft in which plants are placed and roots freely immersed in the water. 

b. Media Based Aquaponics Technique: This technique uses some inert planting media such as expanded clay 
material or clay pallets, which provides a synergistic effect because of this result of both filtration systems as 
biological filtration which is responsible for conversion of ammonia to nitrates and mechanical filtration which 
is responsible for the removal of solid wastes from the sediments. This system has many advantages for 
cultivating green leafy vegetables, herbs and other varieties. 

c. Nutrient Film Technique: This system of aquaponics was developed during middle of 1920s in China by Dr. Alan 
Zhang Jr. The efficiency of this system is depends on the use of right channel slope, right flow rate and the right 
channel length. This method is always recommended and practiced because of its design represents a system 
where all the requirement of the healthy plant growth and can be met at the same time. In this system, a 
stream of nutrient rich water is circulated over the roots of the plants through a narrow channel like PVC pipe. 
Few numbers of small holes are drilled in this pipe, through which plants are placed and root are freely dangle 
in the water stream. The plants that need very little support like strawberries and other herbs are the perfect 
selection for cultivation in this type of system. 

d. Vertical Aquaponics System: This technique has the ability to grow a huge amount of food within a very small 
area. Plants are arranged in a tower system or vertical position by placing on the top of each other. 

 
Aquaponics Culture Stages 

a. The first stage of Aquaponics: Fishes are fed normally and intensively to make them achieve their full growth. 
Their normal physiological processes will carry out continuously. They produce an excretory product like 
ammonia into the water. 

b. The second stage of Aquaponics: One pump fitted there to lift the water from the fish tank to the grow bed. 
c. The third stage of Aquaponics systems: This stage is the most vital stage for the proper maintenance of the 

health of the aquaponics system. The water, which comes from fish tank, contains a huge amount of excretory 
products which are toxic for the fish. At the same time, this water contains a large amount of nutrient which 
can be utilized by the plants. So the water coming from the fish tank passes through the porous media filter to 
make it clear and purified. Then the water passes through the roots of the plants before discharging back into 
the tank. 
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d. The fourth stage of Aquaponics systems: The plant roots absorb the water and nutrients that they need to 
grow. So the water becomes clean, clear and purified after absorbing all the nutrients from water by the plants. 
After purification of the water should return back to the tank where fish live, feed and grow. 
 
Aquaponics System and its Different Forms 

i. Home Aquaponics Systems: Home aquaponics systems are a unique way of production of fresh, high-quality 
fish and vegetables for common people for household purposes. This kind of system also provides huge scope 
to fill one’s leisure time with their great hobby of gardening. This technique is very much relaxing and there is 
the immense scope of the year-round availability of the produced yield. Home aquaponics is a natural, 
sustainable and rewarding and contributes to the overall good health and wellness of the common people. This 
technique is highly productive and very easy to operate and ensure continuous harvests. This is totally science-
based design and environmentally friendly technology which ensure a positive return to the investment of the 
common people. Ingredients: Small fish tank, little number of fishes, nice amount of vegetables 

ii. Commercial Aquaponics System: Commercial aquaponics is a growing young sector of agriculture with great 
potential. In spite of less number of total commercial aquaponics systems, the growth of this sector 
exponentially increasing because entrepreneurs deeply realize that, local food production is a profitable 
business, which is very much important for safety and availability of food. These types of system enhance the 
supply of fresh, local and high-quality fresh fish and vegetables throughout the year. Commercial aquaponics is 
science-based highly efficient designs that use high quality Components, so there are no chances of re-
investment. This kind of aquaponics system can fulfill the need of the staple food for the common people of 
the village in a developing country. In most of the commercial aquaponics systems, growers use a greenhouse 
to protect the plants and fish from harsh environmental conditions and pest insects. The production of the 
output can be very high in a commercial system when plant spacing is maximized and fish are fed a proper and 
balanced diet. Ingredients: Huge sized grow-beds, huge amount of growing fishes, great aquaponics food 
production. 

iii. Floating Raft System: Another system that has great potential for commercial use is the floating raft system. In 
this system plants are grown on floating rafts. The rafts have small holes cut in them where plants are placed 
into net pots. The roots hang free in the water where nutrient uptake occurs. A major difference between the 
raft systems and the NFT and media based systems is the amount of water used. The water level beneath the 
rafts is anywhere from 10 to 20 inches deep and as a result the volume of water is approximately four times 
greater than other systems. Following Fish Feed as Followed: Fish are largely respond well to commercial fish 
feed. Their diets need to be well balanced in terms of amino acids, proteins, fats, vitamins, minerals and 
carbohydrates. Expertly formulated feeds that provide all of these components for fish are quite common. In 
natural environments, some wild fish may feed on algae (low in protein) and small animals such as worms (high 
in protein) and small-scale aquaponics growers may choose to feed their fish with a mixture of these materials. 
 
Crops Cultivated and Other Requirements in Aquaponics Cultivation 

 Nutritional Requirements 
All plants may have different nutritional requirements; for instance leafy green vegetable require more nitrates 
than fruiting plants. However all plants in Aquaponic systems need 16 essential nutrients for maximum growth. 
These come in the form of macronutrients, which in addition to carbon, hydrogen, and oxygen, which are 
supplied by water, carbon dioxide, and atmospheric air, include nitrogen (N), potassium (K), calcium (Ca), 
magnesium (Mg), phosphorous (P) and Sulphur (S). There are seven micronutrients necessary as well and they 
are chlorine (Cl), iron (Fe), magnesium (Mn), boron (B), zinc (Zn), copper (Cu), and molybdenum (Mo). 
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 Crop Selection 
Many types of plants can grow successfully in aquaponics systems. Originally it was thought that only leafy 
green vegetable and herb crops could be grown, but it has since been proven that a wide variety of fruiting 
crops, beans, and flowers can be grown effectively. 

 Plant Growing Area 
The growing area is the starting point for a system design because other parameters are based on the area over 
which plants can be grown. A growing area of 6 m2 was chosen for the design arbitrarily, with dimensions of 2 
m in width by 3 m in length. It was chosen because it was thought to be an appropriately sized area for families 
to maintain in a backyard. They were chosen arbitrarily simply because it was known that they were 
appropriate for tropical climates. 

 Fish Stocking and Harvest 
Stocking density in a fish tank is measured in units of fish biomass per volume of water; kilo-grams per meter 
cubed in our case. The stocking density is an important aspect for fish growth for several reasons. Water quality 
decreases proportionally when stocking densities are increased, in part due to a higher production of waste, 
increasing the levels of potentially toxic 
Substances, such as ammonia and nitrite. Another reason fish health is compromised when stocking densities 
are increased is because higher stocking densities result in more consumption of oxygen and a lack of oxygen 
will result in stunted growth and reduced fish health. Under stocking the system however will result in a lower 
feed conversion ratio and reduce the efficiency of the system. 

 Plant Stocking and Harvest 
Higher plant densities often mean that the yield per plant will be lower while producing a higher yield per area. 
Based on experience, a density of 12 plants/m2 will be used for both spinach and tomatoes. The 6 m2 growing 
area will be split evenly between the two plant species with 3 m2 being used to grow 36 spinach plants and the 
other 3 m2 growing 36 tomatoes plants. Based on hydroponic and aquaponics studies, it is assumed Spinach 
can be harvested 12 times a year and tomatoes 6 times a year. 
 
Advantages of Aquaponics Systems 

 Remarkable reduction in the water usage in culture practices: All the water is recycled within a closed system 
in this culture method which is not done in traditional soil methods plant growing Under normal condition, it is 
not mandatory to replace, discard or change any water. It has been documented that, water consumption in 
this type of culture practices 90% less than traditional culture systems. 

 Environmental benefits of aquaponics are really outstanding because of the usage of organic food without 
wastage: Aquaponics systems are environmentally friendly as it provides huge scope to produce fresh 
vegetables and fish organically without the production of waste. In these types of culture techniques, waste 
nutrients of fish or aquatic animals are absorbed and utilized by plant efficiently and properly. 

 Aquaponics system is very cost-effective method: One of the major advantages of an aquaponics system is 
that ensures economical independence throughout life. In this system, fish provides a flow of nutrients to the 
plants. So, there is no need to replace and discharge nutrient solutions. 

 Aquaponics system is a clearer, modified, purified and advanced form of gardening: Many people in the world 
are interested in gardening but sometimes they losses their interests in this practice because of lack of 
facilities. Sometimes they don’t get genuine quality soil in their surroundings. In some cases, they are afraid of 
getting dirty soil, so they do not cherish their habit of gardening. But in the aquaponics system, we don’t need 
soil. It does involve any digging, dirty hands or clothes and suitable for everyone. 
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 Aquaponics system is very much flexible process and very easy to set up: Aquaponics system is very much 
flexible and environmentally friendly. It is a very easy process to set up an aquaponics system. 
 
CONCLUSION 
High demand for food production is increasing as the world population is growing. Meanwhile, the traditional 
farming using soil system will not cover the world's growing demand for food. Thus, developing a new fish 
farming and crop planting system techniques is required to avoid food crisis issue in the future. This study 
aimed to examine an efficient technique for alternative planting system which is the aquaponics or hydroponic 
system.  This system considers as a new developed technique for food development but it is not simple 
technique. However, there is lack of technical background of the new technique among growers and 
horticulturists in many countries and well trained employs are needed. Moreover, most substrates are in 
international markets which are so expensive. Therefore, it is better to look locally available but not expensive 
substrates. The growers can adept the soilless systems according to their needs, the place of the system and 
according to their potential cash. The various researchers around the world have conducted experiment on 
hydroponics system by using statistical experimental design approach to analyze and compare between 
traditional soil system and hydroponic system. The analysis of variance (ANOVA) is used by the researcher to 
test two factor factorial designs with two levels hypothesis, whether the hydroponic system is better than the 
traditional system.  Moreover, this article concluded that aquaponics is the modern, innovative and informative 
technology for fish production and crop cultivation without use of soil. The system is the best plant growing 
technology in many aspects comparing with different cultivation system. The system is quickly increasing 
momentum, popularity and fastest growing sector of modern agriculture. It would be effectively employed in 
various countries for vegetable and fodder production where natural resources are incapable & inefficient. 
Since the findings are based on the research done by various researchers in different scope, still advanced 
research has to be carried out in this aspect for further improvement in technology to tackle food crisis. This 
article briefly summarizes the current knowledge of aquaponics cultivation and also describes the detailed 
information of growing crops in aquaponics system. The present book chapter will be a valuable source of 
information for students engaged in various applications of aquaculture or hydroponics. 
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INTRODUCTION 
Organic agriculture is now a buzz word in development community. Individuals, groups and community as a 
whole are sensitized through various forums, media and dissemination of knowledge and skill on this crucial 
issue is taking place throughout the globe regularly. It is agricultural production system which avoids or largely 
excludes the use of synthetically compounded fertilizers, pesticides, growth regulators and livestock feed 
additives. To the maximum extent feasible organic farming system rely upon crop rotation, crop residues, and 
animal manure, legumes, green manure, mineral-bearing rocks and aspects of biological pest control to 
maintain soil productivity and to supply plant nutrients and to control insects, weeds and other path concern 
for soil health, degradation of natural and physical resources due to no judicious use of chemicals and 
dangerous pesticides is gaining importance within the people. Public awareness is increasing about organic 
fruits and vegetables and even buyers are ready to pay more for these types of commodities. The media 
awareness campaign and mass sensitization regarding the pivotal issue paved the pathway for critical thinking 
for the organic way of agrarian culture. 
            The transfer of technology mechanism is a complex and time taking process through involvement of 
heterogeneous groups and community. The role and importance of extension workers are immensely crucial 
for this stupendous task. The change agents need a strong service support system to translate the technology 
adoption policy to action. Organic agriculture is a need based technology keeping in view of increasing prices of 
production inputs in agriculture and allied sectors. The crucial health issues due to chemical residues in food 
materials gained immense momentum in recent era globally particularly in the developing countries. The 
technology to be disseminated in the social system needs a strong input-output approach of field level 
extension. 

Principles of extension approach 
A. Changing the unfelt need to felt need- In most of the cases the community could not see or feel the bad 

effects of the agri-chemicals on the environment including the human and animal lives. The basic 
principle of extension agents is to see that the client should feel this as a felt need just like the hunger, 
sleep and thirst. A need based approach on the organic food must be perceived by the clients. The 
extension agency should translate the problems faced into the need for the social system. Once the 
clients feel the necessity for the commodity, they will hunch for the ways to fulfill the gap. 

B. Seeing is believing- Large scale interactive demonstrations on the benefits, production technology, and 
productivity on organic agriculture will create a baseline infrastructure for the client system to see and 
believe the technology in field condition. The effect of demonstration by the extension agencies will 
build up confidence and authenticity about the said technology. 

C. Sensitization campaign- The extension agents may initiate periodical sensitization trainings, community 
campaign, media coverage on the issue to motivate the audience for popularizing the technology. 
Campaigns like polio vaccination with its tremendous impact and success rate may be taken as an 
example here. 
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D. Grass root principle- The adoption programme for the organic farming should start from the bottom 
most layer of the community. The rural hamlets, small informal dwelling units, villages and other 
ecological entities of our rural society should be involved in the mission due to predominant agrarian 
occupation of rural community. 

E. Learning by doing- The end user of the technology should learn the application part of the 
recommended technology by doing it on own. The expert and subject matter specialists will help and 
facilitate the method demonstration in an interactive way. 

 
Motivation 
Concept of motivation comes from the root word “ inner urge or motive”. The client should see one inner urge 
for the adoption of the technology. It is the process of stimulating people to actions to accomplish the goals. 
Motivating factors 

1. Inner urge 
2. Need satisfaction 
3. Clear goal 
4. Form of behavior to achieve the goal 
5. Satisfaction ensured 
6. Case studies and success stories 

Technology adoption stages 
1. Awareness generation:- 

                        At this stage an individual becomes aware of some new idea. The individual knows about 
the existence of the new idea but lacks the details about it. 

2. Interest development:- 
                         At this stage an individual wants more information about the idea. He wants to know 
what it is, how it works and what its potentialities are. 

3. Mental evaluation for acceptance of the technology:-  
                          At this stage the individual makes mental application of the new idea to the present and 
anticipated future situations and decides whether to try it or not. The individual judges the worth of the 
innovation. 

4. Trial of technology in limited scale (Situation specific):- 
                         At this stage the individual actually applies the new idea on a small scale in order to 
determines its utility in own situation. It may be considered as practical evaluation of the innovation. 

5. Adoption of the technology:- 
                           At this stage the individual decides to use the idea or technology. On a continued basis. 

6. Confirmation of the technology:- 
At this stage the individual decides to use the technology on a continuous basis. Discontinuance may occur in 
two ways:- 

1) Replacement discontinuance:- The individual rejects the adoption of the technology  to adopt a better 
technology by replacing it. 

2) Disenchantment discontinuance:-  The individual rejects the technology because he or she is not satisfied 
with its performance or results. 

 
Extension methodology 
1. Individual methods:- 
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                        In this method extension agent communicates with the people individually, maintaining 
separate identity of each person. The number of people is very few.Examples- telephone calls, personal 
letters, farm and home visit, etc. 

2. Group methods:-  
                        In this method the extension agent communicates with the people in groups and not as 
individual persons. Examples- Result demonstration, Method demonstration, Group meeting, etc. 

3. Mass methods:- 
                     In this method the extension agent communicates with a vast and heterogeneous mass of 
people, without taking into consideration their individual or group identity. Examples- Farm 
publications, Mass meetings, Campaign, Exhibition, etc. 

 
Diffusion process 
This is the process of spreading the innovation in the society.The elements are- 

1. Need based innovation- Innovation based on felt need of the community. 
2. Communication –Transmission of message 
3. Suitable social system- Intended receiver of the message 
4. Time period for the spreading process-Period of diffusion process 

 
Desirable Character of the technology to be adopted by the community 

1. Relative advantage over the previous technology 
2. Compatibility of the technology with the society 
3. Simplicity of adoption 
4. Observability of the result of the technology 
5. Communicability of the result of the technology 
6. Group action in the community 
7. Need based technology 

 
CONCLUSION 
Extension approaches play a significant role in the diffusion of agricultural technology in rural community. 
Different extension approaches and the principles of extension approaches contributing significantly in the 
diffusion of organic farming technology in rural community have been discussed in details which can be useful 
in effectively conducting extension activities and in dissemination of organic farming technology. Organic 
agriculture is a need based technology and to be disseminated in the social system it needs a strong input-
output approach of field level extension. Through the use of different extension approaches the use of organic 
farming technology can be increased by motivating the farmers to adopt and practice the new introduced 
knowledge. The diffusion of organic farming technology through various extension approaches implies a 
paradigm shift away from conventional reductionist methodologies with a limited scope on certain 
technological improvements to more holistic approaches. 
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INTRODUCTION: 
Coriander (Coriandrum sativum L.) is an important seed spice crop mainly grown in rabi season and belongs to 
family Apiaceae. India is the largest producer of coriander. It is prominently cultivated in Rajasthan, Andhra 
pradesh, Gujrat and Madhya pradesh with scattered pockets in Tamil Nadu, Odisha, Karnataka, Haryana, Uttar 
Pradesh and Bihar. The crop suffers due to a number of biotic and abiotic stresses which are detrimental to 
plant health and seed quality. Several disease causing pathogens are seed borne. They are associated with 
seeds externally, internally, extra embryal, intra embryal, as contaminant and inert matter as well as associated 
with inert matter. Their seed to plant transmission may be local or systemic or both. It is essential to know the 
actual location of the pathogen with seeds for its management. Plant to seed infection and its time of infection 
is a must to plan measures to check it to get pathogen free seed as produce. 
 
Diseases: 
Among disease, Wilt, Powdery mildew, Stem-rot, Stem-gall, Leaf spot, Seedling blight, Leaf blight and Charcoal 
blight are important, causing damage to the crop. 
Wilt disease:  
Fusarium  oxisporum f. Sp. coriandri is a fungus which causes wilt, affect root system of the plants. To prevent 
the crop from infection of fungus, deep ploughing should be done during summer season. Crop rotation may 
also be followed. In those plots, where effect of this disease has been noticed, coriander crop should not be 
taken for 2-3 years. Sowing should be done after seed treatment with carbendazim at 1.5 g per kg seed or 
Thiram 1.5 g per kg seed (Sharma et al., 2016) 
Powdery mildew:  
The pathogen Erysiphe polygoni attacks on coriander plants. It appears as small, white circular patches on 
young parts of stems and leaves. The increases in size, often coalesce to cover extensive areas of leaf surface. 
Affected leaves are reduced in size and distorted. Premature sterility is also common. In serve cases, the 
umbels dry up. Sometimes, the seeds are attached. Attack of this disease is seen during cloudy weather 
condition. White powdery growth Appears on the leaves and bunds during its primary stage. Seed formation 
may not take place in affected plants due to this disease. To control this disease, dusting of sulphur dust at 20-
25 kg per hectare should be done. Spraying of wettable sulphur 0.25 % or karathane 0.05 % can also control 
this disease (Sharma et al., 2016) 
Stem gall:  
Galls appear on the leaves and stems of the plants affected by this disease. Shape of coriander seeds change 
due to affect of this disease. To prevent this disease 2-3 year crop rotation should be done with non-host crops. 
To control this disease, sowing can be done only after treating the seeds with 4 g Thiram and 2 g carbendazim 
per kg seeds. Spray 0.1 % solution of carbendazim when the symptoms start appearing and repeat the spraing 
spraying at an interval of 20 days till the disease is completely controlled. 
Blight: 
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In this disease dark brown spots appears on the stem and leaves of infected plants. To control this disease 
spraying of 0.2 % solution of Mancozeb should be used to control this disease (Sharma et al., 2016) Among 
insect pest, aphids, white fly, leaf eating borer and mite are important, causing damage to the coriander crop. 
Charcoal rot:  
The disease is more prevalent in light soil and dry areas. This is a seed and soil borne disease. The pathogen 
remains in soil associated with crop debris. It is externally and internally seed borne. The root and stem exhibit 
black Sclerotia. It results in seed rot, seedling rot, dry root rot and stem rot. The disease has been reported by 
Mahor et al., (1982). The leaves start yellowing from the base which moves up. The stem exhibits brownish 
discolouration with black Sclerotia. The roots of the diseased plants also turn brown and form black Sclerotia. 
Pycnidia are formed when the conditions are favourable. The disease has been reported from Bulgaria 
Macrophomina phaseolina (Rodeva et al., 2010) caused by. 
Seedling blight: 
Seedling damage is caused by Pythium ultimum. The tender basal parts of seedlings, root, collar, tender stem 
turn water soaked, brown and die. The plants rot in patches. The survived plants remain stunted with yellowish 
leaves. The disease has been reported from Italy also (Garibaldi et al., 2010). 
Leaf blight- Alternaria alternate, Small dark colored circular spots are produced on leaves and green stem. 
Concentric rings are also observed certain times. The disease has its negative effect on yield. High moisture 
favours the disease.  
Leaf spot- Cercospora coriander, The main symptoms are brown spots on leaves circular to angular usually 
three mm in diameter. Conidia are hyaline, acicular, 1-2 indistinct septa (Chupp, 1953). 
Phoma multirostrata:  
The fungus attacks the base of the stem which turns pale brown and later dark brown. The lowest leaves are 
attacked first which develop lesions. The diseased leaves droop down. The pathogen is seed borne as well as 
soil borne. Black pycnidia are formed on diseased parts. 
Seed rot:  
Seeds rot due to seed borne as well as soil borne pathogens mostly under high moisture. Pythium spp., 
Alternaria alternata, Fusarium spp. R. bataticola, R. solani, Sclerotium rolfsii etc. are responsible for seed rot. 
Some bacterial pathogens cause soft rot of seeds. 
 
Insect & Pests:  
Aphids:  
Aphids are major yield reducing factor in coriander crop. The heavy infestation of aphid on coriander occurred 
between Decembers to March and causes the loss of more than 50 % of yield in unprotected crop. During 
flowering stage a population of 55-70 aphids per 5 plants could reduce yield up to 50 %. The population of 
aphids in coriander crop at more than 200 aphids per plants can reduce the yield of 2.0 qt per ha. The 
maximum multiplication of aphid on coriander has found when the existed between 20-25 degree Celsius 
(maximum), 2-6 degree Celsius (minimum) and 60-65 % relative humidity. When the aphid infestation occurs at 
flowering and fruiting stage, the fruits are not formed and, if they formed, they are shrivelled and of poor 
quality. Higher losses in yield could be caused by a small number of aphids infesting the crop at the beginning 
of flowering than by a large number of aphids at the grain filling stage. To control aphid infestation on 
coriander crop, application of neem based commercial formulation like Neemarin at 1 % and seed extract of 
neem (Azadirachata indica), karanj (Pongamia sp.), buken (Melia sp.) and pride of India (Lagerstroemia indica) 
reduce the aphids population by 50 per cent within 7 days of application (Kant et al., 2016). Spraying of 
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Dimethoate 30 EC or Methyl demetone 25 EC 1 l per ha before flowering can control aphid population 
considerably. This spray may be repeated in 10 days intervals (Govt. of Raj., 2014). 
White fly:  
White fly (Bemisia tabaci) a polyphagus pest found serious pest of coriander crop. Nymphs and adults of white 
fly causes damage the crop. They remain underside the leaves and suck the sap. Continuous sucking the sap 
from the leaves results in chlorotic spots and later on leaves coalesce and become brittle and finally drop down 
from the plant prematurely. The honey dew secreted by the pest drop on the upper surface of the lower leaves 
and helps in development of shooty moulds which interferes with photosynthesis of leaves (Kant et al., 2016). 
Spraying of Dimethoate 30 EC or Methyl demetone 25 EC one litre per ha before flowering can control aphid 
population considerably. It remains active during winter with peak activity in March. It is a minute, non -
webbing and swift moving mite and has a tendency to dislodge from the plant which disturbed. The larva, 
nymphs and adults feed on upper as well as the lower surface of leaves, leaf sheaths and floral parts. Infested 
leaves started withering from top downwards. The plants become chlorotic due to loss of cell sap, resulting in 
poor seed formation. Heavily infested plants show sickly yellowish or bronzing appearance. 
 
Future line of action:  
It is essential to give priority to identify sources of resistance to important diseases and to breed to produce 
new varieties resistant to single or multiple diseases resistance with desired qualities of produce. The 
production technology needs further researches on cultural practices which may suppress the pathogens and 
diseases caused by them. On the contrary disease free areas should also be known for production of high 
quality pathogen free seed. Work is needed to develop forecasting system for diseases and pest. Eco-friendly 
management system needs to be developed leading to the integrated approach. 
Table 1: Common diseases of coriander and their pathogens 

Nature of Pathogen Disease name Pathogen 

Fungi Vascular wilt Fusarium oxysporum f sp. Coriander 

 Stem rot Sclerotinia sclerotiorum (Lib) deBary 

 Root rot Rhizoctonia solani, Kuhn, Fusarium solani 

 Charcoal rot Rhizoctonia bataticola (Taub) Butler 

 Seedling blight Alternaria poonensis, Pythium ultimum 

 Stem gall Protomyces macrosporus Unger. 

 Leaf blight Alternaria alternate 

 Leaf spot Cercospora corianderi, Phoma multirostrata 

 Anthracnose Colletotrichum capsici (Syd) Butler and Bisby, C. 
gloeosporioides, Gloeosporium achaeniicola Rostr. 

 Powdery mildew Erysiphe polygoni DC 

 Seed rot Fusarium miniliforme, F. semitectum, F.equiseti, Aspergillus 
spp. 

 Grain mould Helminthosporium, Fusarium, Curvularia, Alternaria 

Bacterial Bacterial blight Xanthomonas campestris pv corianderi, X. translucens Jones, 
Johnson & Reddy 

 Bacterial soft rot Erwinia carotovora (Jones) Bergey et al. 

 Seedling rot Pseudomonas sp. 

Virus Carrot red leaf  
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virus 

Phytoplasma Phyllody  

Nematodes Root knot Meloidogyne incognita Chitwood 
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INTRODUCTION 

The challenge for all disciplines of agriculture is to increases production and improves quality of 
produce. This is applicable to the discipline of plant protection as well. Now with the liberalization in trade over 
the years, movement of agricultural commodities has taken place a lot. The responsibility of plant protection 
also includes addressing phytosanitary issues concerning trade. In the past many diseases are responsible for 
food scarcities including famines. In addition to endemic problems there are many crop pests which are 
entered India from other countries because in earlier years India did not have an effective control measure 
(plant quarantine) system to stop the introduction of exotic pests, diseases and weeds. Cottony cushion scale, 
woolly aphid, San Jose scale, golden cyst nematode of potatoes, the giant African snail are some exotic pest 
introduced into our country and cause extensive damage.  

In view of increases in quantum of import and export of plant commodities during the recent years, 
there is a distinct possibility of moving insect pests and diseases from their original native habitation to new 
location. One of the methods of crop protection is to exclude the pests from entering in to new area. The 
method of exclusion of the pests is enforced through certain legal measures commonly known as Quarantine.  
The term Quarantine as French word literally means 40 day period. Quarantine can be defined “as a legal 
restriction on the movement of Agricultural commodities for the purpose of exclusion, prevention or delay in 
the spread of plant pests and diseases in uninfected areas”. Plant Quarantine regulations are promulgated by 
the national and the state governments to prevent the introduction and spread of harmful pests and 
pathogens.  
 
History of Plant Quarantine in India 

The quarantine measures are of almost relevance to a country like India whose economy is largely 
Agriculture based. The awareness to quarantine measures in India started in early 20th century when the Indian 
Government in 1906, ordered compulsory fumigation of imported cotton bales to prevent the introduction of 
the dreaded Mexican cotton boll weevil (Antonymous grandis). On February 3, 1914 Comprehensive Plant 
Quarantine Act, known as Destructive Insects and Pests Act, (DIP Act) become operative. Over the years the DIP 
Act was revised and amended several times. However it needs to be periodically reviewed and amended to 
meet the growing requirements of liberalized trade under the WTO. In 1946, the Directorate of Plant 
Protection, Quarantine and Storage, under the ministry of Food and Agriculture were set up. 

In 1946, Plant quarantine activity stared with the initiation of plant introduction scheme in the Botany 
Division at Indian Agricultural Research Institute (IARI) New Delhi. In October 1949, the Directorate started its 
quarantine activities at Bombay seaport. On December 25, 1951 the first plant Quarantine and Fumigation 
station in India was formally inaugurated. In August, 1976 the National Bureau of Plant Genetic Resource 
(NBPGR) was created. In 1978, the Division of Plant Quarantine was created with Entomology, Plant Pathology 
and Nematology sections. In October, 1988, the Plants, Fruits and seeds (Regulation of Import into India) order, 
1989 popularly known as PFS order came into force. 
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Plant quarantine methods 
There are number of plant quarantine methods which are used separately or collectively to prevent or 

retard the introduction and establishment of exotic pests and pathogens. The components of plant quarantine 
activities are: 
1. Complete embargoes 

It involves absolute prohibition or exclusion of specified plants and plant products from a country 
infected or infested with highly destructive pests or diseases that could be transmitted by the plant or plant 
products under consideration and against which no effective plant quarantine treatment can be applied or is 
not available for application. 
2. Partial embargoes 

Partial embargoes, applying when a pest or disease of quarantine importance to an importing country is 
known to occur only in well defined area of the exporting country and an effectively operating internal plant 
quarantine service exists that is able to contain the pest or disease within this area. 
3. Inspection and treatment at point of origin 

It involves the inspection and treatment of a given commodity when it originates from a country where 
pest/disease of quarantine importance to importing country is known to occur. 
4. Inspection and certification at point of origin 

It involves pre-shipment inspection by the importing country in cooperation with exporting country and 
certification in accordance with quarantine requirements of importing country. 
5. Inspection at the point of entry 

It involves inspection of plant material immediately upon arrival at the prescribed port of entry and if 
necessary subject to treatment before the same related. 
6. Utilization of post entry plant quarantine facilities 

It involves growing of introduced plant propagating material under isolated or confined conditions. 
Plant quarantine measures:  
Import control:  
Regulations of importing country: 
i.Embargoes: Total prohibition of import of certain kind of infected material from particular region /country. 
This is most effective measure to exclude infected plant material. 
 ii. Inspection of seed lots: The examination of seed samples must be by the most sensitive and reliable method 
for detection of dangerous pathogens. A sample may subject to more than one method. 
 iii. Post Entry Quarantine (PEQ): because it is difficult to detect all types of seed born pathogens by simple 
tests, it may be necessary to subject seeds to PEQ. Seeds are subjected to a period of grow in quarantine 
station under strict supervision in importing countries. 
 
Export control:  
Regulations of the exporting country: 
 i.Field inspection of field crops: The seed crop is inspected regularly for diseases, infected plants are rouged. 
The crop should meet requirements of the importing country. 
 ii. Inspection of seed lots: The seed lot is thoroughly examined for the presence or absence of the 
microorganisms before export. The sample should meet the importing country. 
 iii. Seed treatment: The seed lot should be treated as per the requirements of the exporting country. However 
the treatment should confine to regulations of the importing country. 
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 iv. Phytosanitary certificate: Phytosanitary certificates are issued by the exporting country along with the seed 
as per the international plant protection convention of 1951. 
 
Intermediate quarantine:  

This is an international cooperative effort to lower the risk of introducing a pathogen to one country 
with the germplasm from other by passing this germplasm through isolation or quarantine in a third country 
because either the crop is not grown these or the pathogen, even if it escapes, will not become established 
because of the environment. The third country quarantine locations are Plant quarantine facility, Glenn Dale, 
US sub. tropical Horticultural Research unit, Miami. Kew botanical Gardens, UK. Royal Imperial institute, 
Wageningen, Netherlands. IRAT at Nogentsur Marne, France. The US serves as the third country for the 
international exchange of coffee, tea, rubber and cocoa.  

The Government of India has also approved three other national institutions to act as official quarantine 
agencies, especially for research material. 
1. National Bureau of Plant Genetic Resources (NBPGR) 
The NBPGR in New Delhi and its regional station at Hyderabad in the agency involved in processing of 
germplasm, seed, plant material of agricultural, horticultural, and silvicultural crops of all the institutions of 
Indian Council of Agricultural Research (ICAR) functioning in the country. It is also responsible for quarantine 
clearance of seed and plant material received from International Agricultural Research Centers viz., ICRISAT, 
ICARDA, CIMMYT, etc. ICRISAT was established in 1972 at Patancheru (near Hyderabad) to work on 
improvement of sorghum, pearlmillet, chickpea, pigeonpea and groundnut. The quarantine clearance of all its 
exchanges was handled by Central Plant Protection Training Institute of Directorate of Plant Protection, 
Quarantine & Storage, until July 1986. This authority was later passed on to NBPGR in August 1986. 
2. Forest Research Institute (FRI), Dehra Dun, for forestry plants and 
3. Botanical Survey of India (BSI) for other plants. 
4. National Biversity Board (NBB) for commercial purpose 
 
Certification 
Phyto-sanitary or health certificate is a certificate which should accompany a plant or plant material or seed 
which is to be moved from one place to another place. This certificate indicates or certifies that the material 
under transit is free from pests or diseases.  
 
Agencies involved in plant quarantine 

The authority to implement the quarantine rules and regulations framed under DIP Act rests basically 
with the Directorate of plant Protection, Quarantine & Storage, under the Ministry of Agriculture. This 
organization handles bulk import and export of seed and planting material for commercial purpose. Under this 
organization 9 seaports, 10 airports and 7 land frontiers are functioning. These are the recognized ports for 
entries for import of plant and plant material.  

Under the DIP Act, there is a provision of Domestic Quarantine to restrict the inter-state movement of 
nine invasive pests viz flute scale, sanjose scale, coffee berry borer, codling moth, banana bunchy top and 
mosaic viruses, potato cyst nematode, potato wart and apple scab. Keeping in view the biosafety concerns 
associated with the growing of imported transgenic material, a containment Facility of Level -4 has been 
established at NBPGR, New Delhi for their quarantine processing. 
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Export regulations 
In India the plant quarantine measures for exporting plants and material including seeds have been 

streamlined and rigid inspections are enforced before the material is allowed to be landed into the country. At 
present plant quarantine regulations differ with different countries for major agricultural commodities that are 
being exported out of India. The Central Government has authorized officers of the Directorate of Plant 
Protection, Quarantine & Storage, ICAR Research Institutes, National Institutes like Forest Research Institute, 
Botanical Survey of India, and the Directorates of Agriculture of all States. 

The quarantine authorities have also framed terms and conditions pertaining to inspection, fumigation 
or disinfection of the exportable plants and plant material in India including the following schedule/or fee for 
inspection and issue of phytosanitary certificate, and/or fumigation or disinfection in respect of plants, plant 
material, seeds, and plant products to issue phytosanitary certificate. All the plants and plant material are 
subjected to inspection by officials issuing certificate. Infested materials are given necessary treatment with 
chemicals and fumigated if necessary. 
 
Plant Protection in India – Milestones 

a) Destructive Insects and Pests Act    1914 
b) Locust Warning Organization      1939 
c) Directorate of Plant Protection,     1946 

Quarantine  and Storage 
d) National Institute of Plant Health Management     1966 
e) Implementation of Insecticides Act , 1968   1971 
f) Integrated Pest Management  (Central IPM Centres)  1992    
g) Plant Quarantine Order     2003 
h) Online Registration of Pesticides    2010 
i) Online PQ Services (PQIS)                  2011 

 
Limitations and Constraints 

I. Lack of organized services of PQ at state level,  
II. Lack of inert state border PQ check posts at railway and road links, 

III. Lack of concerned and coercive action at the state Govt. level, 
IV. Lack of rigorous seed/stack certificates or nursery infection. 

 
CONCLUSION 

The PQ measures acts as an important tool in excluding pests from the crop. Effective implementation 
of quarantine is highly emphasized for management of pests, which in turn helps in maintaining the 
productivity of crops. 
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Aquaculture has demonstrated a six and half fold growth over the last two decades, with fresh water 
aquaculture contributing over 95 percent of the total aquaculture production. The production of carp in 
freshwater and shrimps in brackish water from the major areas of activity. Aquaculture in India, in general, is 
practiced with the utilization of low to moderate levels of inputs, especially organic-based fertilizers and feed 
but to increase the output successfully nutritional manipulations and better feeding managements have to 
be followed. As in any aquaculture venture, feed forms the major part of the operational cost so feed should 
be designed scientifically by judiciously formulating the feed composition so that best growth rate can be 
achieved at minimal possible feed cost. For this a sound knowledge of the nutritional requirements and feed 
ingredients should be possessed. In the culture systems producing more than 1 tons/ha/year feed 
interventions are usually required. Further, in semi intensive and intensive culture systems feed becomes 
more important as it is the major source of nutrition in semi intensive culture and the only nutritional source 
in intensive culture. 
 
INTRODUCTION 
Indian fisheries have grown very fast among all the sectors, India is abandoned with natural resources and well 
habituated for development of fisheries sector due to following availabilities. Fisheries resources in the country 
having 8118 km of coastline length, 2.02 million square kilometer of exclusive economic zone, 0.53 million 
square kilometer of Continental shelf, 1547 number of fisheries landing centers and 3477 number of fishing 
villages and approximately 20 lakh active fishers in the country. Similarly area under inland reservoirs accounts 
3.15 million hectares, ponds and tanks 2.36 million hectares, area under brackish water 1.24 million hectares 
and length of rivers and canals 0.19 million kilo meters. India is the 2nd largest producer of aquaculture and 3rd 
Largest of fisheries constituting about 6.3% of the global fish production. Total fish production is 12.61 million 
metric tons in 2017-18. About 71% contributions from inland sector and 29% from Marine. Fisheries sector 
contributes 1.07% to the National GDP and 5.14% to the Agricultural GDP. Fish and fish products emerged as 
the largest group in agricultural exports from India. Export of 13.77 lakh tons in terms of quantity and Rs. 
45,106.89 crores in value 2017-18 annual growth of 11.31%, respectively. Good nutrition in animal production 
systems is essential for economically producing a healthy, high quality product. In fish farming, nutrition is 
critical because feed represents 40-50% of the production costs. Interest in fish and shellfish nutrition has 
increased markedly over the past two decades, largely due to the global increase in aquaculture production. 
Nutritional status is considered one of the important factors that determine the ability of fish to resist diseases. 
Outbreaks of fish diseases commonly occur when fish are stressed due to a variety of factors including poor 
nutrition. The need for proper diets to improve health and prevent diseases of farmed aquatic animals is widely 
recognized. In the past two decades significant advances have been made in establishing the quantitative 
requirements of more than 40 essential nutrients for optimum growth and better feed utilization, as well as to 
prevent deficiency diseases of single or multiple nutrients (NRC, 1993). The production of nutritionally balanced 
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diets for fish requires efforts in research, quality control, and biological evaluation. Faulty nutrition obviously 
impairs fish productivity and results in a deterioration of health until recognizable diseases ensue. 
 
Feed Classification 

I. Classification on the basis of composition: 
Here we look at the constituents of the ingredients and use them accordingly and in proper proportions in the 
feed. 
Protein constituents: Certain ingredients are rich in proteins and are used as per their amino acid profiles. Fish 
meal, soya bean meals are some of the common ingredients used as the sources of proteins in fish feed. 
Lipid constituents: Ingredients like fish oil, coconut oil are used to increase the fatty acid or triacyglyceride 
content of the fish feed. 
Carbohydrate constituents: Ingredients such as Alginic acid, tapioca flour, are included in the feed as 
carbohydrate source. 
Vitamin constituents: Vitamins are required for effective metabolism of animals as they are indispensable part 
of many metabolic enzymes. Their deficiency leads to disorders, diseases and cripples the organism. Vitamin 
mix solutions are added to fish feed to provide fish with a balanced diet. 
Mineral constituents: Any organism would require minerals for ensuring proper functioning of the body. 
Requirement of any mineral above 100 milligrams a day is labeled mineral while trace minerals are required in 
very small quantities (in micrograms).There are about 21 recognized elements which perform essential 
functions in the body. Minerals provide rigidity to the endoskeleton in finfish and exoskeleton on shellfish. They 
are required in maintaining acid-base equilibrium and osmotic balance with the environment, they are involved 
in proper functioning of muscle fibers and neurons, they are involved in endocrine system, they are present as 
components of red blood cells, enzymes and organic compounds in tissues and cells. 
 

II. Classification on the basis of function: 
On the basis of function, ingredients can be classified as: Energy supplements and Non energy supplements. 
a. Energy supplements: These ingredients have more than 20% protein level. They are also called protein 

supplements. Carbohydrates, fats and protein are included in this category. 
b. Non energy yielding supplements: Ingredients that contain less than 20% protein and 18% fibers are 
classified as energy yielding supplements. These include vitamins, minerals which have physiological and 
biochemical roles and important in deciding efficiency of the diet 
 

III. Classification on the basis of source: Feed ingredients can be of animal or plants origin. 
a. Ingredients of animal origin: Feed is the most expensive production function in aquaculture and in feed, 

protein is the most expensive component that determines the cost of feed and hence, determines the cost of 
fish production. Ingredients of plant origin are generally protein contributors. Fish meal, slaughter house waste 
are widely used to increase the protein composition of fish feed. Fish meal is a very important ingredient as it is 
rich in lysine and methionine which are found in deficit quantities in plant derivatives. In addition to this, fish 
processing by-products can be procured cheaply for incorporating into feed. Certain shrimps can be used to 
prepare fish meal which can be added as a protein source in feeds.  But, apart from being very good sources of 
proteins, animal derivatives have certain disadvantages like high bacterial load, low shelf life of raw material 
and hygiene requirements in handling the animal derived raw material and processing it adds up the cost of 
feed production. 
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b. Ingredients of plant origin: Agriculture forms the primary economic sector of India and this country has a wide 
variety of vegetative flora hence it would be wise to use plant derivatives in feed preparation for they will be 
abundantly available throughout the length and breadth of the country. As ingredients of plant origin will be 
available in almost all the seasons and in large quantities, they will be cheaper. Handling such raw materials is 
easy; their shelf life is more than that of the ingredients from animals. Health and hygiene problem in handling 
plant derivatives is less which in turn will reduce the cost of feed production. Rice Bran, wheat bran, oil cakes 
and soya bean meal have been widely used as traditional feed in Indian aquaculture. 
 

IV. General classification of fish feed ingredients, which is as follows 
1. Dry forages and roughages: This include hay, straw, hulls and other products with more than 18% crude fibre 

content. Rice Bran and seed coats are of special mention in this category. 
2. Pastures, range plants and forages fed green: this includes ingredients that may be slightly cured on the stem, 

cut and fed fresh. E.g. Hydrilla, dried Azolla, Colocasia leaves etc. 
3. Silages: this is a category where feed ingredients are reduced in size and then preserved by reducing their pH 

by storing in anaerobic condition in which fermentation will take place. The silage so obtained is added to the 
feed and not fed directly. Grasses, slaughter house waste, fish, grains, roots, tubers are generally preserved in 
this form. 

4. Energy feeds: This includes ingredients with protein content below 20% and fibre content less than 18% (on dry 
weight basis). 

5. Protein supplements: This includes ingredients containing protein level above 20% (on dry weight basis). 
Example: oil cakes, soya bean meal etc. 

6. Mineral and Vitamin supplements.  
7. Additives: The ingredients in this category are added in feed to make it more efficient by enhancing its 

palatability, palatability, attractiveness. These are antibiotics, colouring materials, flavors, hormones, 
medicines, binders etc. 
 
Conventional Feed Ingredients (Agriculture by-Products) in India 
Aquaculture tends to utilize locally available inputs form agricultural by-products and waste is abundantly 
available in one or the other form. These conventional inputs had been used to provide fish mainly with 
proteins and energy. Though these inputs have been successful in supplementing feed with some nutrient 
value and producing fish slightly above the natural carrying capacity of the water bodies. Some of the 
conventionally used feed ingredients are discussed below: 

a. Rice bran: It is the most popular ingredient of the practical diets for fishes especially carps. It has crude protein 
value of 10- 12%, crude fibre 12-18%, total lipids is 7-12%, ash 8-12%. It is a good source of energy and B group 
vitamins. Deoiled rice bran is better in terms of nutritional profile and this also keeps away the problem of 
rancidity.  

b. Wheat flour and wheat bran: It is a good source of energy having crude protein 10-14%, crude fibre 12-18%, 
ash 6-18%. It is a good source of phosphorous, potassium, magnesium and zinc. Amongst vitamins, niacin, 
pantothenic acid and biotin are in good amounts. For prawn feeds, ground whole wheat flour is widely used. 
Inclusion of this in feeds foments gelatinization hence improving the feed stability. 

c. Corn gluten: Crude protein 20-30%; arginine and lysine levels are low; good source of iron and zinc, niacin and 
vitamin. 

d. Sorghum and millet: Crude protein 8-12%; poor profile of amino acids, minerals and vitamins; can be used as 
an energy source. 
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e. Oil cakes and meal: In India oil cakes have been widely used as feed ingredients based upon the type of oil 
seeds in various regions. Some important ones are: 

i. Soybean oil cake: Among the plant sources soybean oil cake is considered as the best source of protein, in 
terms of its protein content and amino acid profile. The energy content varies with the de-oiling extent and de-
oiling process which will have an effect on the fibre content of the meal. Despite its high protein content, it lack 
in methionine, lysine and threonine levels are also less as compared to animal protein source. It also contains 
protease inhibitors, urease enzyme, haemaglutinins and glycosides like Saponin, but all the anti-nutritional 
factors can be destroyed by heat treatment which may compromise some amino acids. Phytates, lipoxidase 
antivitamin-A, antivitamin-D are some other anti-nutritional factors present. About 50% of phosphoric acid is 
present as phytic acid which is rendered unavailable. Among vitamins, choline is found in relatively high 
amounts. Levels of incorporation in feeds for tilapia, carps, channel catfish is as high as 50%; sea bass, grouper, 
trout 10-20%, prawns upto 40%. Protein level is 46-48% in solvent extracted meals while it is 38-42% in 
mechanically extracted forms. 

ii. Cotton seed oil cake: Protein content varies from 29-42% depending upon the amount of hull removed. The 
content as well as availability of lysine, threonine, and methionine is lower than in soybean oil meal. It is a good 
source of thiamine and vitamin E. Presence of phenolic pigment gossypol and cyclopropenoic fatty acids 
adversely affect nutritional value of cotton seed oil cake. 

iii. Groundnut oil cake: Crude protein ranges from 35-42%. It is lower in lysine, tryptophan, threonine and 
methionine in soybean meal cake. It is a good source of magnesium, sulphur and potassium. Good source of 
vitamins, niacin, pantothenic acid, thiamine, and vitamin-E levels are low. It is highly prone to fungal growth 
and mycotoxin (aflatoxin) in humid conditions. 

iv. Sunflower oil cake: Highly deficient in lysine. Methionine and cystine higher than soybean. Vitamin B and 
carotenoids found in good quantities. 

v. Mustard oil cake: used in carp diets. Non detoxified cakes contain erucic acid, glucosinolates. Some other oil 
seed cakes are Safflower oil cake, Rapeseed oil cake and linseed oil cake. 

f. Cereal products: Ground broken rice, wheat, soghum, millets and maize can be used considering their cost, 
availability and carbohydrate content. 

g. Root Crop: Tapioca, sugar beet molasses and meals from potatoes have been used. Hydrocyanic acid content 
should be checked in the tapioca before use. 
 
Non-Conventional Fish Feed Ingredients: 
Non-conventional feed resources refer to all those feed ingredients that are not traditionally used in animal 
feeding and are not normally used in commercially produced rations for livestock. Characteristics of Non-
conventional feed resources: They are end products of production and consumption that not have been used, 
recycled. They are mainly organic and can be in solid, slurry or liquid form. Their economic value is often less 
than the cost of their collection and transformation for use and consequently they are discharged as wastes. 

1. Fisheries by-products: Waste from fish processing industries have found a good use in formulating fish feed. 
They are procured every day from the processing industries in bulk and either used immediately after short 
storage time or can be preserved by ensilage for future use. Some of the by-products are: 

a. Fish meal: this is perhaps the most abundant animal protein source commercially produced and marketed in 
several countries. In fact this fish meal industry is sustaining the world’s largest single fish species exploited by 
man; Peruvian Anchovy (Engraulis ringens). Best fish meals are manufactured by steam cooking. In India, fish 
meal marketed is pulverized fish meal. Though very high in protein levels its cost makes its use sparingly in feed 
for carp but it can be used in good quantities in shrimp and trout feeds. Protein content is 60-75%, fat ranges 
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from 4-20%, ash content depends on the processing level and varies highly ranging from 11-12% in anchovies 
to over 23% in white fish meal. 

b. Fish solubles: This is the water remaining after the oil is removed from the liquid pressed out during the 
manufacture of fish meal. The condensed and dried fish solubles when included in small quantities an aqua 
feed serve as an attractant. It is high in B group vitamin and contains an unidentified growth factor. 

c. Fish silage: It is prepared from trash fish, waste fish head, vicera prawn waste small crabs and mixed with a 
mixture of acids to bring down the pH to 4. This causes liquefaction and prevents bacterial decomposition. 
Biological fish silage is prepared by introducing lactic acid bacteria into ground fish carbohydrate mixture. The 
lactic acid bacteria produce the acid necessary to preserve the fish. The resulting liquid product can be used as 
an ingredient mainly in fish feeds. 

d. Crustacean meals: Meals obtained from small prawns, prawn heads, mantis shrimp, crabs and krill are 
important ingredient for prawn feeds. Fresh crustacean meals are good attractants for prawn. Crude protein 
level varies between 30-50% depending upon size and species. Ash content ranges from 25- 40% and chitin is 
as high as 16%. It is good source of cholesterol, carotenoid pigments, chitin, calcium, iron, manganese, choline, 
niacin, pantothenic acid and cyanocobalamine. Fresh material should be used always. In prawn feeds inclusion 
rates range from 5- 15% and meals from small prawns up to 25%. 

e. Meat meal and meat and bone meal: These are dried mammalian tissue exclusive of hair, hooves, horns, hide 
trimmings, manure and stomach content. Protein content is about 51% for meat meal and 50% for meat and 
bone meal. Fat is about 9.1-9.7% in both. Meat has phosphorus content less than 4.4% while it is above 4.4% in 
meat and bone meal. Calcium content of meat and bone meal is 8.8-12% and in meat meal is less 3%. Both 
have ash content of 27-31%. 

f. Blood meal: It is a dry product made from clean fresh animal blood, exclusive of all extraneous matter. It can 
be prepared by spray drying, flash drying and conventional drying. Its protein content is 85%, lysine is 9-11% 
with lysine over 80%. 

g. Feather meal: It is made from poultry feathers, hydrolyzed under pressure in the pressure of Ca (OH)2 and 
dried. Its protein content is 80-85% and not less than 75% of protein must be digestible by the pepsin digesting 
method. Its use in fish feed is restricted due to its poor digestibility by fish. 

h. Milk by-products: Dried whey, dried whey products, casein and dried skim milk. Dried whey is obtained when 
lactose has been removed. Protein content is relatively low (13-17%), yet are classified a protein supplements. 
Dried skim milk forms a part of larval diet as it digestibility is high and has good amino acid profile. It has about 
34% protein. Casein is the residue obtained by acid or rennet coagulation of defatted milk. It has 80%protein. 

i. Gelatin: it is obtained by partial hydrolysis of collagen from animal skin, tendons and ligaments. It is hard and 
brittle when solid but dissolve in hot water and forms gel when cooled. It is 88-92% protein and contains no 
tryptophan. Used as protein source and binding agent. 

j. Silkworm pupae: used in feeds at low level. Has high levels of chitin, and lipid which is prone to rancidity, 
Solvent extraction of lipids may improve the quality. 

k. Chicken eggs: without shell have crude protein level of about 46% and has 43% lipid content. Ash contributes 
to 4%. It is a good source of amino acids, pantothenic acid, cyanocobalamine, riboflavin, iron and zinc. 
Particularly beneficial in hatcheries and nurseries. 

l. Concentrates: A concentrate is usually described as a feed or feed mixture which supplies primary nutrients 
(protein, carbohydrate and fat) at higher level but contains less than 18% crude fibre with low moisture and 
total ammonia nitrogen over 60% on air dry basis. 

m. Miscellaneous ingredients: Fruit processing waste as from citrus fruits can be incorporated in the diets which 
act as a source of carotenoids and vitamins. 
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n. Single cell protein: The microbes may be of algal (Spirulina maxima, Scenedesmus obliques, Chlorella vulgaris), 
fungal or bacterial origin (Methamonas methanica) resulting from fermentation process. Yeast and breweries, 
sewage, processing waste, wood pulp operation, and petroleum cracking products are some of the substrates 
which are harmful to the environment but can be utilized to produce single cell protein. Yeast, Spirulina are 
some of the examples of SCP having lot of potential in the fish feed manufacture. Yeast may not be used as 
such but is fed to Artemia in which lipid content is seen to rise. Spirulina has crude protein level of 55- 65% with 
good levels of essential amino acids, calcium, and phosphorus. 

o. Azolla as feed ingredient: Recently, the utilization of aquatic plants having high food value is used to 
supplement fish food has taken a new dimension for producing the much required animal protein at low cost. 
Azolla, which grows in association with the blue green algae Anabaena azollae, is perhaps the most promising 
from the point of view of ease of cultivation productivity and nutritive value. Azolla contains 20-25.5% protein, 
3.1% fat, 34.9% carbohydrate, 8.5-11.7% cellulose and essential amino-acids.  
 
CONCLUSION 
All nutrients required for the well-being and normal growth of the fish must be supplied in formulated diets as 
available (digestible) nutrients. Otherwise, the fish cannot utilize the nutrients present in the feed ingredients. 
The formulated diets also must be pelleted and processed in such a manner that they are durable and water 
stable. Proper feeding of a quality diet should be considered as a high priority in the daily routine on fish 
culture stations. Excess feed depletes oxygen levels, causes damage to gills, and supports fungal and bacterial 
growth, leads to disease problems. The main factors influencing feed intake of fish are water temperature, the 
energy content of the diet, and expected growth. Therefore, an estimation of feed intake needed must be 
based on these fundamental factors. With the ever increasing demand of fish it has become very important to 
turn the fish production from aquaculture for which feed inputs would be required to sustain stocks at higher 
densities. Knowledge about feed formulation has to be spread with a thought towards the acceptance pattern 
of the Indian farmers. Cost factor is a major deterrent that keeps farmers away from the formulated feeds so 
techniques should be developed effectively and utilize locally available ingredients for preparation of balanced 
nutritious feed for fishes with minimum production cost, which helps in doubling the farm income of small and 
marginal farmer. 
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INTRODUCTION 
India is leading in the production of food grains in the world. Paramount importance was given for the storage 
of agricultural commodities in our country. At the same time, loss incurred by the pests either in the farm level 
or in godowns is enormous. According to FAO, insect alone causes 10-50 per cent damage which majorly due to 
unscientific storage practices. There is a constant need to protect the commodities against deterioration, 
particularly loss of quality and quantity during storage. Indiscriminate and extensive use of insecticides to 
control insect pests given the way to resistance development in the targeted species and also posed several 
problems like residue effects, environmental hazards and also threaten the non-target biota.   

Irradiation is an alternative to chemical use in India 
As we are in the agrarian country and globalization has led to free and fast trade between the countries. In 
spite of strict quarantine laws, various insects pests has been encountered frequently, these introduced species 
are major threat to bio-security of the nation. Fumigation is the most accepted phytosanitary treatment and 
pest control method in our country. Methyl bromide (MBr) is one such efficient broad-spectrum fumigant, 
which became increasingly preferred for pest control. In 1992, Methyl bromide (MBr) was listed as an Ozone 
Depleting Substance (ODS) under the Montreal Protocol for the protection of stratospheric ozone layer. It is 
used for quarantine and pre-shipment treatment (QPS), to prevent the entry and establishment of quarantine 
pests between the countries. Meanwhile, most phytosanitary uses of MBr were phased out in 2005 by the U.S 
and later about 60 countries. However, there is continuity in use of methyl bromide in some countries including 
India for quarantine and pre-shipment purposes, as there is no strong effective alternative to MBr. There is 
concern over the increasing use of methyl bromide for quarantine and pre-shipment purposes globally which 
increases risk to ozone depletion. But the radiation technology has gained considerable importance in recent 
years. Gamma irradiation is found to be the alternative methods for controlling the insect pests especially in 
stored-products without harming the environment and quality of the produce. 

Regulatory status on the use of gamma irradiation 
More than 100 countries have adopted irradiation technology and different irradiated food products are 
available in the market. The Irradiation of foods has been approved by the following authorities: 

 
 Codex Alimentarius  
 Food Safety and Standards Authority of India (FSSAI)  
 Food Standards Australia New Zealand 
 American Medical Association  
 Institute of Food Technologists  
 International Atomic Energy Agency (IAEA) 
 Food and Agriculture Organisation (FAO) 
 World Health Organisation (WHO) Commercial irradiator 

Source: BARC 
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Gamma irradiation technique 
Gamma rays are a form of electromagnetic radiation, typically have shorter wavelength with highest photon 
energy. The term gamma ray was first coined by Ernest Rutherford in 1903. Irradiation is a process which is 
carried out either to sterilize the target insects (release of sterile adults like fruit fly) or to expose the grains to 
kill the stored product pests in the agricultural commodities. It requires controlled dose exposure and proper 
safety measures as specified by national and international organizations for the operation of the units which is 
of foremost important.  
The gamma rays damage the structure of cell membrane or injuring the critical element in the cell thereby 
affects the metabolic enzyme activity or most often is damage to Deoxyribose Nucleic Acid (DNA) which are 
required for growth and replication of the organisms. Radiation source may be provided with cobalt-60 or 
cesium-137 radioisotopes, electrons generated from machine sources (e-beam), which is commonly used in 
sterilization of insects. Absorbed dose is measured as the quantity of radiation imparted per unit of mass of 
specified materials. The unit of absorbed dose is the gray (Gy) where 1 gray is equivalent to 1 joule per 
kilogram 

Gamma irradiation in pest management 
It is widely used in biological studies and also in agriculture for higher crop production. Moreover, 

irradiation is effective against most insects and mites at standard dose levels that do not affect the quality of 
the commodities. This technology is ideal against quarantine pests especially tephritidae (fruit flies) which is of 
great concern to the majority of horticultural crops. This type of generic treatment is known as Sterile Insect 
technique (SIT), the concept was given by E. F. Knipling in 1937. Gamma irradiation is currently the most 
common method used to sterilize mass reared insects for SIT and the effectiveness of SIT depends greatly on 
the production of good quality sterile insects that are released into target wild populations and the sterility 
doses may vary to species to species. The CODEX and FAO recommends the use of gamma irradiation for grains 
(cereals and pulses) as maximum of 1 kGy for disinfestation.  

As per the existing literatures, the gamma radiation @ 25-1200 Gy can effectively suppress pests viz., 
grain weevil, Mediterranean flour moth, Indian meal moth, cigarette beetle, medfly, onion fly, fall armyworm, 
tobacco budworm, African cotton leafworm. Gamma radiation can eliminate insect pests of stored grains as 
well as field crops more efficiently. It is interesting that, the last instar larvae of fall armyworm, Spodoptera 
frugiperda, when irradiated at the dose of 200 Gy, the pupation rate and adult emergence was reduced 
significantly, adults that emerged were deformed, unable to fly, and died after about 2 hr (Arthur et al., 2016). 
As we experienced that this dreaded invasive pests threaten the food security in several countries including 
India. In this way the irradiation may support in suppressing the pest population.  

Advantages in gamma irradiation 

 It is the important phytosanitary treatment as it reduces the timing of treatment over conventional 
fumigation practices  

 It will not alter nutritional value 

 Reduce the qualitative and quantitive loss of produce 

 Reduce the excess use of pesticide on environment 

 No residual effects 

 Challenges by resistance insects can be overcome  

 Highly target oriented 
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Limitations in gamma irradiation 

 Mass rearing and irradiation require precision process 

 Radiation may affect the human health 

CONCLUSION 
The strategies like cultural, mechanical, biological and chemical control is following to combat the insect pests 
across the nation. Gamma radiation is the technically feasible alternative over conventional methods for 
controlling the stored-product insects. Irradiation of insect pests and related areas are more appropriate in the 
current era for global trade and safe storage. To overcome the sole dependence and ill effects of conventional 
chemicals, this eco-friendly technology is found to be the promising one in the field of insect pest management.  
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Microbial pesticides are difficult for insects to develop resistance, Safe to natural enemies and higher 
organisms, Biodegradable, Economical, renewable and can be handled safely , mostly are compatible with 
insecticides and other agents, residue free but they need specific environmental conditions to germinate and 
cause infection. They have short shelf life , Lack of persistence and low rate of infection under challenging 
environmental conditions, Often slow acting and require high application rate and thorough spray coverage, 
these are the reasons for shifting to genetic improvement of entomopathogens. (Hari Shankar  and Rani, 2018) 
 
Factors hindering the virulence capacity under field conditions 

1. Bacteria- Heavily degrades under sunlight 
2. Virus-Prolonged cooler temperatures can prolong the kill of insect 
3. Fungi-Requires high humidity to bring about kill of an insect 
4. Nematode-Sensitive to U.V. radiation and high temperatures. 

 
Fungal bio agents have a tectonic role among microbials due to their contact mode of action. This renders them 
infective to sucking pests as well. Sensitivity to low humidity is a major setback for entomopathogenic fungi. 
Field persistence and virulence are the major concern in application of fungal pathogens. Though remarkable 
improvement in field persistence can be achieved by befitting formulations, evolutionary development of 
defense mechanism in insects may reduce their efficiency. 
    Genetic engineering  in fungi helps to improve their virulence focuses on reducing lethal conidial 
dosage and lethal time, which are the factors governing their virulence and pathogenicity.  
 
Fungal protoplast fusion: 

• Isolated protoplasts do not fuse with each other because the surface of the isolated protoplast carries a 
negative charge (10 to -30 mV) around the plasma membrane and thus, there is a strong tendency for 
protoplasts to repel one another. 

So this type of fusion needs a fusion inducing system .The electronegativity can be overcome by any of the 
three ways;  Mechanical fusion , Chemofusion, Electrofusion. 
a. Mechanical fusion: 

In this process, the isolated protoplasts are brought into intimate physical contact mechanically under 
microscope using micromanipulator and perfusion micropipette. This micropipette is partially blocked 
within 1 mm of the tip by a sealed glass rod. In this way the protoplasts are retained and compressed by the 
flow of liquid.By this technique occasional fusion of protoplast has been observed.  

b. Chemofusion: 
    Several chemicals have been used to induce somatic protoplast fusion. Like Sodium nitrate, PEG (Poly 
Ethylene Glycol), Calcium sulfate are common chemical fusogens. Chemical fusogens  cause the isolated 
protoplasts to adhere to one another and leads to tight agglutination followed by fusion of protoplast. 
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Recently, high pH/Ca2+ and PEG method have been combined. By this method, the agglutination of protoplasts 
can be brought about using sufficient quantities (0.1-5 ml) of protoplast. 
    Beauve ria sulfurescens is non pathogenic to either European corn borer Ostrinia nubilalis or Colorado 
potato beetle Leptinotarsa decimlineata. According to viaud et. al., (1998 )Hypo virulent strain of Beauveria 
bassiana were made hyper virulent by protoplasmic fusion of B. bassiana with  B. sulfurescens. The fusion 
product was highly pathogenic to O. nubilalis and L. decimlineata with 39% and 73% reduction in LT50 
respectively, when compared to the parent B. b strain. 
    Similarly Wang et. al.,(2007) stated that a scorpion neurotoxin increases the potency of fungal 
insecticide, he stated that High-level expression of an insect-specific neurotoxin from the scorpion Androctonus 
australis in hemolymph by  M. anisopliae increases fungal toxicity 22-fold against tobacco hornworm (Manduca 
sexta) caterpillars and nine fold against adult yellow fever mosquitoes (Aedes aegypti) without compromising 
host specificity. Pre lethal effects include reduced mobility and feeding of the insects targeted. 
    .Shang et. al., (2011) studied and recorded that Insect pathogenic fungi like Beauveria bassiana have 
been developed as environmentally friendly biocontrol agents against arthropod pests. However, restrictive 
environmental factors, including solar ultraviolet (UV) radiation frequently lead to inconsistent field 
performance. To improve resistance to UV damage, Agrobacterium-mediated transformation to engineer B. 
bassiana with an exogenous tyrosinase gene was used. The results showed that the mitotically stable 
transformants produced larger amounts of yellowish pigments than the wild-type strain, and these imparted 
significantly increased UV-resistance. 
    The virulence of the transgenic isolate was also significantly increased against the mealworm Tenebrio 
molitor. This study demonstrated that genetic engineering of B. bassiana with a tyrosinase gene is an effective 
way to improve fungal tolerance against UV damage. Tyrosinases are type-3 copper-containing 
monooxygenases involved in conversion of: L-tyrosine or L-Dopa to form melanin , Melanin absorbs light at all 
wavelengths, especially the UV range. In fungi, tyrosinases are functionally important in the formation, 
browning and pigmentation of spores as well as melanin in defense and virulence mechanisms. 
 
Mechanisms of resistance against Cry proteins by insects 
Alteration in protease activity, Sequestration of the toxin by glycolipid moieties, Alteration in cry toxin 
receptor, Alteration in ABCC2 transporter. 
 
How can the toxicity of cry protein be enhanced?? 

 Chitinase improves accessibility of the toxin to the epithelial membrane, 
 Serine protease inhibitors reduce degradation of Cry or toxin receptors 
 Introduction of intramolecular cleavage sites 
 Expression of hybrid toxin 
 Deletion of helix alpha-1 that induces toxin –oligomerization and skip cadherin interaction 
 Truncated Toxins  
The truncation of Bt toxins has proven to be a useful option for enhancing Bt toxin activity. The goal of this 
strategy is to circumvent the toxin activation step resulting in improved toxicity against target pests. 
Deletion of 42 amino acid residues from the N-terminus of Cry2A domain I resulted in a 4- to 6-fold increase 
in toxicity against the Egyptian cotton leafworm (Spodoptera littoralis), cotton bollworm (Helicoverpa 
armigera), and the black cutworm (Agrotis ipsilon) . It was speculated that the interaction of the N-terminal 
hydrophilic helix within the putative transmembrane domain I could interfere with toxin insertion into the 
membrane, which is required for toxicity enhancement. 
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Table 1: Methods of enhancing virulence of entomopathogenic fungi 

Method used Enhancing virulence of 
fungi 

Targeted insect 

Mechanical fusion of protoplasm  Beauveria. bassiana with  
Beauveria. sulfurescens.  

European corn borer Ostrinia 
nubilalis  
,Colorado potato beetle 
Leptinotarsa decimlineata 

Genetic engineering of B. bassiana with 
a tyrosinase gene( to produce melanin 
pigment which shields from U.V.rays) 

Beauveria. bassiana Mealworm  
Tenebrio molitor. 

Genetic engineering of insect-specific 
neurotoxin from the scorpion 
Androctonus australis in hemolymph of                          
M. anisopliae 

Metarhizium anisopliae Tobacco hornworm (Manduca 
sexta), yellow fever mosquitoes 
(Aedes aegypti) 

(Modified from Viaud et. al ., 1998 , Wang et. al .,2007 , Shang et. al ., 2011). 
 
Table 2: Mechanisms employed by insects against Cry toxins (( Diest et. al., 2014) 

Different mechanisms of resistance adopted by 
insects against Cry toxins 

Insect 

Alteration in Cry toxin activation Spodoptera littoralis 
Ostrinia nubilalis 

Sequestration of the toxin by glycoloipid moieties Helicoverpa armigera 

Alteration of Cry 
toxins  

ALP Spodoptera frugiperda 

APN Spodoptera exigua 

CAD Pectinophora gosypiella 

Alteration of ABCC2 Transporter Plutella xylostella 

 
Table 3: Truncating Bt toxin to enhance toxicity ( Diest et. al., 2014) 

Modification Bt toxin Targeted insect 

Truncated N terminus Cry 2A Spodoptera littoralis 

Cry 11 Spodoptera frugiperda 

Truncated C terminus Cry 4A Culex pipiens 

A study conducted by Strauch et. al.,(2004) stated that , epn Heterorhabditis bacteriophora virulence is 
limited due to its short shelf life and low tolerance to environmental conditions such as dessication , 
dessication occurs due to evaporation at low humidity or hypertonic osmotic conditions, The reduction of the 
nematode metabolism and survival in quiescent stage is induced by moderate dessication. The desiccation 
stress was adjusted by hygroscopic polyethylene glycol (PEG 600) solutions, by lowering the water activity(aw-

value) of this solution, the removal of water from DJs(Dauer juveniles) is enhanced to enhance virulence of 
nematodes. 
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CONCLUSIONS: 
Genetic improvement of microbes can overcome the delimitations by enhancing the virulence capacity , higher 
shelf life , persistence and higher rates of infection under day to day changing  and challenging environmental 
conditions in India. 
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Groundcover or ground cover is any plant that grows over an area of ground. Groundcover provides protection 
of the topsoil from erosion and drought. The term groundcover could also be referring to “the herbaceous 
layer,” “regenerative layer", “ground flora” or even "step over." 

In agriculture, ground cover refers to anything that lies on top of the soil and protects it from erosion 
and inhibits weeds. It can be anything from a low layer of grasses to a plastic material. The term ground 
cover can also specifically refer to landscaping fabric which is like a breathable tarp that allows water and gas 
exchange. Commonly they are potentially suitable for use along roadsides and in public access areas and widely 
visible landscape settings such as airports and city boundaries. 
 
Benefits of ground cover: 

1. It is serve attractive for carpet of foliage that cloak and beautify the landscape 
2. Low cost, less maintenance, permanent in nature 
3. The herbaceous layer can constitute up to 4% of the overall net primary productivity (NPP) of an 

ecosystem, four times its average biomass. 
4. Giving their functional and aesthetic value in landscaping 
5. In aesthetic value, ground covers posses therapeutic value 
6. Prevention of soil erosion, soil compaction 
7. Reduce the leaching of nutrients, weeds 
8. Improve the soil structure and fertility when the used green manure 

Uses of ground covers in gardening: 
1. Vines, which are woody plants with slender, spreading stems 
2.  Herbaceous plants, or non-woody plants 
3. Shrubs of low-growing, spreading species 
4. Moss of larger, coarser species 
5.Ornamental grasses, especially low-growing varieties 

 
Types of ground covers: 

1. Residency species : maximum of 1.5 meters in height, also known as permanently classified as 
herbaceous. 

2. Transient species : capable of growing past 1.5 meters, also known as  temporarily considered 
herbaceous. 

 
Ground covers also refers as foliage 
Common classification: 
1. Evergreen 
2. Deciduous 

PROPAGATION: 

https://en.wikipedia.org/wiki/Vine
https://en.wikipedia.org/wiki/Woody_plant
https://en.wikipedia.org/wiki/Herbaceous
https://en.wikipedia.org/wiki/Shrub
https://en.wikipedia.org/wiki/Moss
https://en.wikipedia.org/wiki/Ornamental_grass
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Groundcover typically reproduces one of five ways:  

1. Lateral growth 
2. Side growth: Branches on the side of the plant extend outwards upon contact with the soil. 
3. Base growth: New plants produced from the base of the origin plant. 
4. Under/Above Ground growth: Produced from rhizomes and stolons 
5. Roots 

Commonly used groundcovers landscaping : 

S.NO Species name Family Propagation Height Foliage colour 

1 Duranta goldiana Verbenaceae Terminal 
cuttings 

60-75 
cm 

Green 

2 Iresine lindenii(Lal 
patti) 

Amaranthaceae Terminal 
cuttings 

15-
30cm 

Red-crimson colour 

3 Alternanthera 
versicolour 

Amaranthaceae Cuttings 15-20 
cm 

Reddish scarlet, orange, 
purple and red colour 

4 Wadelia trilobata Compositae Cuttings and 
Terminal 
cutting 

 Star like yellow coloured 
flowers 

5 Ipomea tri-colour Convolvulaceae Cuttings  Trailing type reflecting 
purplish, yellowish and 
greenish effect 

6. Ipomea charteruse Convolvulaceae Cuttings  Trailing type,golden yellow 
coloured leaves 

7 Cuphea hyssopifolia Lythraceae Cuttings or by 
dividing the 
plants 

30-
45cm 

Purplish flowers Cuphea 
alba produce white colour 
flowers 

8 Zebrina pendula Commelinaceae Stem cuttings   

9 Tradescantia 
flamiensis 

Commelinaceae Stem cuttings  Purplish red colour leaves 

10 Strobilanthes 
scaber 

Acanthaceae Cuttings  Shining dark green leaves. 
The flowers are yellow 
colour. Suitable for shady 
situations 

https://en.wikipedia.org/wiki/Rhizome
https://en.wikipedia.org/wiki/Stolon
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11. Asystasia 
coromandeliana 

Acanthaceae Cuttings  Shady situations, lavender 
coloured flowers 

12 Lantana sellowiana Verbenanceae Cutting and 
seed 

30 cm. Flowers of pink mauve 
colour 

13. Oxalis sp Oxalidaceae Separation of 
bulbs from 
mother bulb 
or by seed. 

15 cm Crimson colour  leaves 

14 Aptenia cordifolia Aizoaceae Stem cuttings.  Rockery and thus requires 
less watering.purplish red 
in colour 

15 Opheopogon 
japonicus 

Graminae Dividing the 
plants 

 Partial shady situations, 

16 Browalia speciosa Solanaceae seeds as well 
as through 
cuttings 

 Small violet flowers, 
sensitive to frost injury 

17 Juniperus 
horizontalis 

Conifereae cuttings 30 cm Railing stem 

CONCLUSION : 
These  are the groundcovers viz., Deadnettle Lily of the valley, Wild geranium, Crown vetch , Canada 

anemone, Strawberries, Woolly yarrow, Rock cress, Hardy ice plant, Sweet woodruff, Creeping phlox ,Sedum, 
Lady’s mantle, Blue star creeper performance better during the period of spring 
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Insect cell culture and its applications in Entomological research 
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INTRODUCTION: 

The isolation of cells from insect tissues and their successful growth in artificial culture situations is 
referred to as cell culture. Building on earlier research, insect cell culture began with the successful 
establishment of one cell line from pupal ovarian tissue. The field has grown to the extent that, now over 500 
insect cell lines have been established from many insect species representing numerous insect orders and from 
several different tissue sources. 

 These cell lines are used as research tools in the virus-vector relationship, mass multiplication of 
bioinsecticides, hemocyte migration and screening programs designed to discover new insecticide chemistries. 
Virology research is revealing fundamentally new information on virus-hosts cell interactions. Research is 
leading to the development of high-speed screening technologies that are essential in the search for new insect 
pest management tools (Smagghe et al., 2009). Hence increasing interest among the scientists for the adoption 
of insect cell culture technologies in the field of Entomology. 

 
Protocol for cell culture media preparation 
 

Culture medium 
 

5.12 gm/100 ml of tissue culture grade water 
NaHCO3

@ 35 gm 
 

Stir and dissolve 
PH 6.2 # 1N NaOH 

 
Supplements 

(Penicillin@10.38 units, Gentamycin 50gm + FBS@10 ml) 
 

Sterilization 
 

Filtration (0.22 8 micron filter) 
 

Sterile bottle 
 

Store @ 2-60 C 
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Protocol for establishing an Insect cell culture 
Disinfection (70% Alcohol or 0.05 % Na-hypochloprite) of isolated insect tissues 

 
Rinse (Distilled water) 

 
Isolation of tissues (EXPLANTS) in a sterile dish 

 
Cell culture medium in Petri dish 

 
Transfer tissue into the culture dish 

 
Make into pieces-micro-scalpel 

 
Seal with Parafilm kept in the plastic box 

 
Incubate @ 17-370 C 

 
Cells grow as a monolayer 

 
Applications in Entomological studies 
Insecticide toxicological studies 

The continuous cell line of the beet armyworm, Spodoptera exigua was tested with different groups of 
insecticides with a different mode of action. From the concentration-response curves, 50 percent inhibition 
concentration (IC50) values were calculated. The most active compound in vitro was pyridaben with an IC50 

value of 0.0083 ppm. They also tested the toxicity of these insecticide groups on third-instar larvae of S. exigua, 
and lethal concentration with 50 percent kill (LC50) values was used in the evaluation of their in vivo biological 
activity. Toxicity bioassays showed that lufenuron was the most toxic (LC50 = 0.098 ppm). To explain the 
discrepancies in biological responses in vitro with insect cells compared with in vivo conditions with third-instar 
larvae, the significance of different detoxifying enzyme systems was tested. P450 monooxygenases, esterases, 
and glutathione S-transferases were measured in third-instar larvae and cells of S. exigua (Decombel et al., 
2004). 

 
Mass production of Entomopathogens 

Three cell lines of Heliothis zea and one cell line of H. virescens replicated the single embedded, nuclear 
polyhedrosis virus (NPV) of H. Zea. (i.e., Baculovirus heliothis) with the concomitant production of polyhedral 
inclusion bodies (PIB). Nearly 20 to 60 percent of the H. zea cells produced PIB, whereas only 3 percent of H. 
virescens cells were found to produce PIB. The H. zea cell lines produced 10 to 20 times more PIB than the H. 
virescens cell line. The PIB from all cell lines produced typical symptoms of NPV infection when, bioassayed 
against larvae of H. zea (Mcintosh and Ignoffo, 1981). 
 
Virus vector interaction studies 
Cell suspensions were prepared from embryonic and ovary tissue of Myzus persicae. They eventually formed 
quasi monolayers in culture. As determined by differential staining, generally 95 percent of the cultured cells 
remained viable for 4-5 days after preparation. A rapid infection method was developed, using purified pea 
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enation mosaic virus (PEMV) which was detected in the cells by use of fluorescein isothiocyanate-labeled PEMV 
antibodies (Adam and Sander, 1976). 

Cell line from the small brown planthopper (SBPH: Laodelphax striatellus) was established to study the 
replication of rice stripe virus (RSV), a tenuivirus. Inoculation of cultured vector cells with RSV resulted in 
persistent infection. During viral infection in the SBPH cell line, the viral nonstructural protein NS3 co-localized 
with the filamentous ribonucleoprotein particles of RSV, as revealed by electron and confocal microscopy. The 
knockdown of NS3 expression due to RNA interference induced by synthesized double-stranded RNAs from the 
NS3 gene significantly inhibited viral infection in the SBPH cell line (Ma et al., 2013). 

 
Recombinant baculoviruses studies 

One of the major problems of their use as biopesticides is their slow speed to kill insects. Thus, to 
address this shortcoming, insect-specific neurotoxins from arachnids have been introduced into the baculovirus 
genome solely aiming to improve its virulence. An insecticide-like toxin gene was obtained from a cDNA derived 
from the venom glands of the theraphosid spider Brachypelma albiceps. The mature form of the peptide toxin 
(called Ba3) has a high content of basic amino acid residues, the potential for three possible disulfide bonds, 
and a predicted three-stranded β-sheet different constructions of the gene were engineered for recombinant 
baculovirus Autographa californica multiple nucleopolyhedrovirus (AcMNPV) expression. Five different forms 
of Ba3 were assessed; (1) the full-length sequence, (2) pro-peptide and mature region, (3) only the mature 
region, and the mature region fused to a (4) insect or a (5) virus-derived signal peptide were inserted 
separately into the genome of the baculovirus. All the recombinant viruses induced cell death by necrosis 
earlier in infection relative to a control virus lacking the toxin gene. However, the recombinant virus containing 
the mature portion of the toxin gene induced faster cell death than the other recombinants. When infected 
cells were subjected to ultrastructural analysis, the cells showed a loss of plasma membrane integrity and 
structural changes in mitochondria before death (Ardisson et al., 2013). 

 
CONCLUSION 

Insect cell lines are convenient and powerful tools in all entomological aspects such as toxicology, virus-
vector relationship, mass multiplication of biopesticides, symbionts associated with insects and genetic 
engineering studies. It also provides knowledge about novel insect pest management strategies such as RNA-
interference and Gene silencing techniques. Hence, there is an urgent need for the development of all major 
insect cell lines for studying various aspects of Entomology.  
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INTRODUCTION: Okra [Abelmoschus esculentus L.] also known as ladies finger, is an annual, herbaceous plant. 
It is an important vegetable crop widely grown in subtropics & tropical part of the world. The crop is attacked 
by more than 72 insect pests which infest the crop from seedling to harvest. Amongst them Whitefly (Bemisia 
tabaci), Leafhopper (Amrasca biguttula), Aphids (Aphis gossypii), Melon Thrips (Thrips palmi), Shoot and fruit 
borer (Earias vittella & Earias insulana), Okra fruit borer (Helicoverpa armigera) are most serious pests. In 
present document the identification, life history, nature of damage, management and various IPM practices 
have been discussed in following text. 
 
1. Shoot & fruit borer (Earias vittella)  

Larva brownish with pale yellow ventrally and white streaks dorsally. Pupal Stage boat shaped and 
brown in a colour. Adults’ forewing are pale with a wedge shaped green band in the middle.  
Life cycle: Female lays eggs which are sculptured shaped and sky blue in colour on flowers buds & tender 
leaves. Eggs hatch in 4-5 days. Pupal period and larval period ranged from 7-10 and 7-15 days, respectively. 
Pupate in inverted boat-shaped silken cocoons. Moth emerges in 5-10 days. Life cycle is completed in about 30-
40 days.  
Damaging symptoms: Affected shoots wither, growing point is killed and side shoots may arise. Damaged buds 
and flowers fall while affected fruits are distorted. Affected fruit show entry hole plugged with excreta.  
IPM practices: Remove and destroy affected shoots, fruits by clipping/ nipping off the shoots below the 
entrance hole. Set up pheromone traps @ 10/ha for monitoring purpose. Spray Bt. Var. gallariae @ 1000-1250 
g in 500 l of water/ha. Release egg parasitoid, Trichogramma chilonis @ 100000/ha. Spray cypermethrin 25% 
EC @ 200 ml in 400 l of water/ha.  
2. Okra fruit borer (Helicoverpa armigera) 

Eggs are creamy white singly spherical shaped, larva shows colour variation from greenish to brown. 
Pupa is brown in colour. Adult males are pale greenish in colour and females are brownish yellow stout moth.  
Life cycle: Female moth laid 300-500 eggs singly on tender parts of the plant. The eggs hatch in 4-7 days. The 
larva becomes full-grown in 17-20 days. Pupation takes place in soil for 10-13 days. There may be as many as 7-
8 generation/ year.  
Damaging symptoms: Large circular holes bore on fruits and rotting premature dropping of fruits. 
IPM practices: Remove and destroy affected shoots, fruits by clipping/ nipping off the shoots below the 
entrance hole. Set up pheromone traps @ 10/ha for monitoring purpose. Spray Bacillus thuringiensis var. 
kurstaki @ 2g/lt or Ha NPV @250-300 LE/ ha. Spray carbaryl 50WP @ 2g/lt or  Profenophos @ 0.05% 

3. Red spider mite (Tetranychus urticae) 
 Eggs are hyaline, globular laid in mass, nymph yellowish in colour, adult stage red coloured small sized. 

Life cycle: Egg period is 2-4 days, it will pass through larval stage & 2 nymphal stage (Protonymph & 
Deuteronymph) before becoming adult. Life cycle is 2-3 weeks.  
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Damaging symptoms: Affected leaves become mottled, turn brown and fall. Mites are found in colonies 
covered by white-silky webs on lower surface of leaves 
IPM practices: Grow nurseries away from infested crops. Keep the field free of weeds. Keep perennial hedges 
such as pigeon peas, they are said to encourage predatory mites. Conserve predators such as hover flies and 
green lacewings. Spraying with wettable sulphur 80WP (2 g/ l of water) or dicofol 18.5 EC (2.5 ml/ l of water) or 
quinalphos 25% EC @ 400 ml in 200-400 l of water.  
4. White fly (Bemisia tabaci)  

Nymphs are oval shaped and greenish yellow in a colour, puparia also oval in shape, present on the 
under surface of the leaves. Adult stage minute insects with yellow body covered with a white waxy bloom. 
Damaging symptoms: The milky white minute whiteflies and nymphs suck the cell sap from the leaves. The 
affected leaves curl and dry. The affected plants show a stunted growth. It is 
responsible for transmitting yellow vein mosaic virus (YVMV). 
IPM practices: Plant tall border crops like maize, sorghum or pearl millet to reduce whitefly infestations (4 
rows). Install yellow sticky traps @ 5/ha for monitoring purpose. Conserve natural enemies like coccinellids, 
lacewings, spiders, wasps, encarsia sp, and chrysocharis pentheus (nymphal) etc.  Release chrysoperla carnea @ 
20,000 larvae/ha. Spray any of the following insecticide phosalone 35 EC @ 2.5 l/ha or quinalphos 25 EC @ 2.0 
l/ha or triazophos 40 EC @ 2.0 l/ha.  
5. Aphid (Aphis gossypi) 

Nymph light yellowish green or greenish black or brownish in a colour. Adults are mostly wingless, but 
few winged forms can also be seen with thin transparent.  
Life cycle: Females directly produce young ones which mature in about a week. Alate and apterous forms 
multiply parthenogenetically and viviparously and give birth to 8-22/ day become adult in 4-7 days. The 
nymphs moult four times. Adult completing the life cycle in 8-10 days. 
Damaging symptoms: Both nymph & adult suck the sap from tender leaves and stunted growth plants lose 
their vitality and curl downwards.  They also excrete honey dew on which a mould fungus develops.  
IPM practices Remove and destroy affected plant parts conserve predators such as green lacewings, spiders, 
coccinellids, syrphids etc. Spray azadirachtin 5% W/W neem extract   concentrate @ 200ml in 400 l of 
water/ha100 ml of imidacloprid 17.5 SL in 500 l of water/ha. Spray 750 ml oxydemeton methyl 25 EC625 ml of 
dimethoate 30 EC 
6. Red cotton bug ( Dysdercus cingulats) 

Eggs are laid in clusters and red coloured nymphs are marked by a row of 3 black spots in the middle of 
the abdomen and 3 white spots on either margin of it. It is black red in colour except eyes, scutellum, anal style 
& antannae which are black coloured.  
Life cycle: Eggs laid in clusters of 80-100 in cracks of the soil or dry leaves near the plants. Nymphs hatch out in 
7days. Adults become in 40-80 days.  
Damaging symptoms: Both nymphs and adults suck the cell sap from leaves and tender shoots. Young fruits 
shrivel and then dry. 
IPM practices: Field should be ploughed to expose eggs to sunlight. Uproot all plants after harvesting and 
destroy wild alternate host. Foliar sprays with diluted neem oil have shown to be effective against this pest. 
Spray 750 ml oxydemeton methyl 25 EC or 625 ml of dimethoate 30 EC or 100 ml of imidacloprid 17.5 SL in 500 
l of water per ha. 
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INTRODUCTION 
 Avian Influenza is caused by a zoonotic virus that occurs in lower animals and birds as well as in 
humans. Influenza viruses belong to the Orthomyxoviridae family of RNA viruses and are constituted of four 
genera. Influenza virus A, B, C and Thogoto virus. These viruses have segmented negative-strand RNA genomes. 
 In lower animals and birds, influenza ‘A’ viruses is of primary concern while influenza ‘B’ virus has been 
reported in seals and influenza ‘C’ virus in swine. So far Avian Influenza epidemics were reported from 63 
countries. Avian Influenza is a highly contagious generalized viral disease that may cause high mortality in 
gallinaceous species of birds in association with respiratory, gastrointestinal and oral nervous signs. 
 Wild aquatic birds like water fowl, ducks, swans and Gheese acts as important reservoirs for avian 
influenza virus. Avian Influenza virus infection may range clinically from an inapparent to a highly lethal disease. 
 
Subtypes based on surface proteins 
 Haemagglutin & Neuraminidase proteins are present on the surface of virus which undergo genetic 
changes by process of antigenic shift & drift. The following subtypes are identified till today are 
Haemagglutinin-'H-1 to H-16' and Neuraminidase- 'N-1 to N-9' out of which H5 and H7 are highly pathogenic, 
without showing clinical signs which causes 100 per cent mortality in birds. 
 
Routes of bird-to-bird transmission include: 
 Airborne transmission if birds are in close proximity. 
 Direct contact with contaminated respiratory secretions or fecal material. 
 The virus multiplies in the intestines of these birds and is shed in saliva, nasal secretions and feces. 
 A single gram of contaminated feces contains enough virus to infect 1 million birds. 
 Birds that survive infection excrete virus for at least 10 days, orally and in feces, thus facilitating 

further spread. 
 
Clinical Signs 
 Sudden death 
 High Mortality,  
 Lack of energy and appetite,  
 Swelling of head, eyelids, comb, wattles and legs,  
 Purple discoloration of the wattles and combs,  
 Nasal discharge,  
 Coughing and sneezing,  
 Diarrhea. 

P.M. Lesions 
 Congestion & various degrees of hemorrhages in URS (larynx and trachea): trachietis Hemorrhages in 
porventriculus, Liver, Thigh muscles and Spleenomegally. 
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Control Measures  
Disease may spread by different means and therefore following measures may be adopted for control of 
disease. 
A. Strict sanitary and Bio security as well as Hygienic measures may be taken. 
B. Control of migratory birds. 
C. Rapid and careful disposal of carcasses of dead birds is essential. For disposal     of birds use burning. 
D. Strict control on movement of poultry and poultry by products. 
E. Routine Sero-Surveillance, Collection of Cloacal/Nasal/Throat swabs. 
F. Strict decontamination, through cleaning and disinfection. 
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Nanotechnology is a scientific and engineering concept that has a large impact on our life. A core piece of 
nanotechnology is the production of nano-materials for electronic, chemical, medical, pharmaceutical, 
agricultural sciences, environmental applications and military. Within the sphere of agricultural sciences, 
nanotechnology application in relation to soil fertility management is in its nascent stage and it is expected 
to grow alarmingly in the coming years 

     Nanotechnology uses in a preparation of nanofertilizers are intended to improve the nutrient use 
efficiency by crops through balanced fertilization besides maintaining the soil and plant health status. Because of 
their small size, nano-materials constitute a major source of surface area in the environment where virtually 
every important chemical reaction takes place on a surface. Furthermore, a high proportion of the atoms in 
nano-particles are at or near surfaces, significantly modifying their properties and resulting in many exposed 
groups and unbalanced surface charges. 

  The concept of nanotechnology was first given by Nobel Laureate physicist Richard P. Feynman in southern 
California in 1959.Nanotechnology is the understanding and control of matter at dimensions of 1-100 nm, where 
unique phenomena enable novel applications. Encompassing nanoscale science, engineering and technology, 
nanotechnology involves imaging, measuring, modeling and manipulating matter at this length scale. 

     Nanotechnology is an emerging field of science being exploited to derive solutions to highly complicated 
unresolved issues in engineering and biological sciences. In agriculture, to address the challenges of imbalanced 
fertilization, it is necessary to think of alternate technology like “nanotechnology” to precisely detect and deliver 
the correct quantity of nutrients required by the crops in suitable quantity and promote productivity while 
ensuring environmental safety.  

  
 Nanotechnology status in India 

 To promote research & development in nanoscience, the G.O.I. has launched a program   Nanomaterials 
Science & Technology Initiative(NSTI) 

 Government of India allocated USD 115 million for R&D in nanotechnology for the period 2006-2011 under 
National Nanotechnology Mission. 

 “India Nano” a global forum–set up for academic corporate, govt. & private labs. 

 Work at Indian Institute of Science, Bangalore has been patented for generation of voltage across a carbon 
nanotube when liquid is passed through it. 

 Mumbai based “Yash nanotech” is aiming to become leading supplier of nanotech tools, products. 
    
Application of Nanotechnology in Agriculture 
  Among the much advancement in science, nanotechnology is being visualized as a rapidly evolving field that has 

potential to revolutionize agriculture and food systems and improve the conditions of the poor.  
 
The important application of nanotechnology in agriculture are: 

1. Nano fertilizers for balance plant nutrition  



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 424 - 
 

 

2. For improvement of crop 
3. Plant protection ingredients (pesticides, herbicides, fungicides) 
4. Plant disease detection 
5. Weed managements 
6. Nano sensors   
7. Food technology  
8. Post harvest technology 
9. Bio synthesized nano particles for agricultural use 
10. Bio sensors for Aquaculture 
11. Nano biotechnology used for analysis of gene expression and regulation 
12. Monitoring the identity and quality of agricultural produce 
13. Precision agriculture 
14. Seed technology 
15. Soil and Water management 
16. Fertilizer use efficiency  
17. Plant growth regulators 
18. Agricultural engineering aspects 

 
Application of nanotechnology would is possible in food processing such as nanocomposites and 

nanobiocomposites for plastic film coatings used in food packaging, anti-microbial nanoemulsions for 
applications in decontamination of food equipment, packaging or food processing. Technological convergence 
across the fields of physics, engineering, chemistry, biology, agriculture and food sciences is the essential core of 
development of nanotechnology especially when it is to be focused not only to the needs of farm but also the 
non-farm sector. Indeed, this extends to a much broader canvas of participants and requires development of 
proper public policy rather than individual attempts of researches. 

    
Nano-remediation  

  The remediation of groundwater contaminated by oxidized pollutants can be significantly enhanced by the use of 
nano-scale zero valent iron (NZVI), a powerful reductant that can be used to dechlorinate or reductively 
immobilize some heavy metals such as Cr(VI) or radionuclides such as U(VI). Pilot field studies have 
demonstrated the feasibility to inject NZVI into contaminated aquifers to create reactive zones or permeable 
reactive iron that intercept and destroy priority pollutants 

     However, as the expansion of production scale and application scope, market price would be reduced 
sharply. Increased cost by slightly higher unit price of the product could be offset by saving per unit area as their 
more than two times higher efficiency compared to conventional equivalents. In general, the use of nano-
agrochemicals starts to evolve as a promising direction offering an excellent means to improve management of 
fertilization and crop protection by reducing significantly environmental threats while maintaining high crop 
yields and good quality. 

 
  Some harmful effect of nano technology in agriculture 

 Nano herbicides will be able to blend with the soil, eradicate weeds and make soil toxic by leaving some 
toxic residues. 

 Encapsulated pesticides could similarly washed away and release their toxins in other environments, or even 
in the stomachs of other living organisms. 
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 Lack of knowledge about how nanoparticles in food are absorbed, transported around the body, 
accumulated or eliminated 

 Soil applied nano particles can be absorbed by earthworms which can be link up with the food chain. 

 There may be problem in handling with this new technology  
 
    CONCLUSION 
      Nano technology consider a novel key to growing agricultural production through implementing 

nutrient use efficiency, improve plant protection practices, soil and water management etc. It has real solutions 
for various agricultural problems like improved crop varieties, plant protection, detect disease and monitored 
plant growth. Therefore, it is just the beginning of a new advanced era and there is a great need of modification 
of agricultural technique to fulfill the requirement of the upcoming generation. Hence, with the application of 
nanotechnology in agricultural purposes should be treated as a novel innovative ideas or focused on ecological 
and environmental benefits.  
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INTRODUCTION 
Type three secretion system (TTSS or T3SS) also known as injectosome or injectisome is a specialized molecular 
machine or protein appendage found in several gram negative bacteria. They are closely related to bacterial 
flagellar apparatus and have needle like structure.Incase of pathogenic bacteria this TTSS inject bacterial 
proteins i.e. effector proteins with the needle like structure into the host cells across bacterial and host 
membrane, which manipulate the host cell function and helps the bacteria to infect them. They are important 
for studying host pathogen interactions and is a means for pathogen specially gram negative bacteria to survive 
and help any immune response of the host plants. These TTSS was first proposed by Rosquist and colleagues in 
1994 in Yersinia pestis. They are very different from other secretion system as they are more complex and is 
conserved at functional and structural level supporting injection into a great variety of host and tissues (Puhar 
and Sansonetti, 2014). Incase of plant pathogenic bacteria the type three secretion system is encoded by 
hypersensitive response and pathogenicity genes (hrp genes) to elicit hypersensitive response in resistant pants 
and cause disease in case of susceptible host (Lindgren et al.,1986). They are found in majority of pathogenic 
bacteria such as Xanthomonas, Pseudomonas, Ralstonia used to secrete virulence proteins leading to leakage 
of plant nutrients to apoplast of infected tissues. Bacteria like Sodalis, pantoea, Rhizobium use the complex for 
general host association (Kiringer et al., 2015; Hu et al., 2017). Salmonella spp. and Shigella use T3SS for 
invasion of host cells. 
 
The TTSS proteins is grouped into three types- 

1. Structural proteins- They makeup the TTSS apparatus i.e. the base, inner rod and needle. 
2. Translocators- Help in translocating effector proteins into the host cell cytoplasm. 
3. Effector proteins- They are tanslocated into the host cell cytoplasm and are virulent factors that 

promote infection, colonization, multiplication and persistence of host. 
4. Chaperones- Help bind effector proteins in bacterial cytoplasm and protect them from aggregation and 

degradation. 
 
Structure and architecture of TTSS needle complex 
It is approximately 3.5 MDa complex with around 25 structural and ancillary proteins which are required for its 
assembly. The needle complex is composed of a base substructure embedded in the bacterial envelope and a 
needle shaped extension which crosses the two membrane i.e. the inner and outer membrane of the bacteria 
and protrudes from the bacterial surface. The part anchored to the membrane is called the base or basal body 
which is approximately 25nm wide and 30nm long consisting of two rings inner membrane rings connecting to 
outer membrane rings. Base is the first structure built in a new needle complex that serve as secretion machine 
and very much structurally similar to a flagellar base. The needle measures around 50-80nm in length and 8nm 
in external width built from bottom to top. Inner rod connects the needle to the base forming a socket like 
structure on the base. In addition to the needle complex there is another structure called needle tip or tip 
complex on the tip of the needle which main function is to sense target cells and to deploy protein tanslocases 
and is the last one added (Galan et al., 2014) (Fig.1).  
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Mechanism of Type III secretion system 
The secretion and delivery of proteins in type III secretion system requires an activating signal that will ensure 
that effector proteins are delivered to target cells not to extracellular space. The tip complex helps in the 
sensing process, these sensing process by tip must be transducted to the cytoplasmic side of the secretion 
machine. Compound like congo red, bile salt that bind the tip complex can also stimulate T3SS. After activation 
it leads to the deployment of translocases on the target cell membrane facilitating attachment of bacteria to 
the target host cell and the passage of effectors through the target cell plasma membrane.T3SS must engage 
the translocase prior to the effectors. Only in absence of translocase effectors proteins can be detected on the 
sorting platform. In another case effector proteins are the first to be delivered to bacterial surface and a 
second step similar to the mechanism of AB toxins, in which the effectors are moved through the plasma 
membrane by protein translocases. There are two energy sources required for this secretion system .One is 
derived from hydrolysis of ATP by conserved T3SS associated ATPase and another is Proton motive force (PMF). 
 
Host pathogen interaction via T3SS 
When bacteria expressing a T3SS injects cells of plants two outcomes of interactions occurs between plant and 
bacteria. If the plant is resistant it will contain resistance gene (R genes) and will recognise the bacterial 
effector proteins which results in activation of protective immune response i.e. R protein dependent defense 
response which limit the growth and spread of the pathogen by rapid death of target cell. Effectors are 
sequestered or bind to nucleotide-binding site leucine-rich repeat (NBS-LRR) proteins which triggers a signalling 
cascade by initiating Effector triggered immunity (ETI) also known as hypersensitive response. ETI causes 
callose deposition, reduced vascularisation of infected tissues, rapid programmed cell death to prevent spread 
of microorganisms. In another case if the host is susceptible there is no specific R proteins that recognise the 
bacterial effectors, so effector will act as a virulence factor and activate a protective immune response 
resulting in promotion of target cell survival thereby altering the target cell physiology to the benefit of 

Fig.1 Structure of T3SS 
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bacteria by acting as transcriptional activators or by modifying host transcription factors to change gene 
expression pattern. They allow the pathogen to multiply and promote disease development. The consequence 
of host bacterial interaction depends on the presence or absence of functional alleles of bacterial effectors and 
plant R proteins (Mondal, 2011) (Fig. 2 and 3). 

 
 

 
 
 
 
CONCLUSION 
T3SS are used for different purpose in different bacteria that have distinct lifestyles. They are widespread in 
nature and are encoded not only by plant pathogenic bacteria but also bacteria that are pathogenic to 
vertebrates and those symbiotic to plants or insects. The main role of T3SS is in pathogenesis making them 
great targets for novel antimicrobial strategies. Understanding the molecular mechanism underlying the 
pathway will help in better disease control. Studying the components of the type III secretion apparatus is 
important for understanding the major protein secretion pathway in Gram negative bacteria, however further 
investigation on the variable components of T3SS in different bacteria will shed some light on various 
sophisticated adaptation mechanism used by various bacteria to disrupt host cells. 
 
 
 
 

Fig.2: Host bacterial interaction in resistant host via T3SS 

Fig.3: Host bacterial interaction in susceptible host via 

T3SS 
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INTRODUCTION 

With a diverse population that is three times the size of the United States but one-third the physical 
size, India has the second largest population in the world. India has the second highest percentage of total 
arable land. According to the World Bank, it has the world’s largest areas under wheat, rice and cotton 
cultivation; it is also the largest producer of milk, pulses and spices. Although current food production is more 
than enough to feed India’s population, millions suffer from malnutrition and hunger. India has just four per 
cent of the world’s total usable resources. Despite impressive growth rates and increased GDP since the 1960s, 
millions of Indians still do not have adequate access to food, clean water and sanitation. India is the world’s 
second-largest producer of rice and wheat, yet 50 per cent of children under the age of five are malnourished. 
Population growth, urbanisation, climate change, greater variability in precipitation and debilitating water 
mismanagement, all form part of the challenge. India now faces to close the gap on hunger and poverty. Over 
the coming decades, feeding a growing global population and ensuring food and nutrition security for all will 
depend on increasing food production. This, in turn, means ensuring the sustainable use of our most critical 
finite source  water. Water is the liquid that falls from the clouds as rain, forms streams, lakes, rivers, seas, 
natural springs and oceans and is a major constituent of all living mater. 

Food Security 
The World Food Summit of 1996 defined food security as existing when all people, at all times, have 

physical, social and economic access to sufficient, safe and nutritious food to meet dietary needs for a 
productive and healthy life.  

Water is key to food security. Crops and livestock need water to grow. Agriculture requires large 
quantities of water for irrigation and of good quality for various production processes. While feeding the world 
and producing a diverse range of non-food crops such as cotton, rubber and industrial oils in an increasingly 
productive way, agriculture also confirmed its position as the biggest user of water on the globe. Irrigation now 
claims close to 70 percent of all freshwater appropriated for human use. Clean, safe drinking water is scarce. 
Today, nearly 1 billion people in the developing world don't have access to it. Yet, we take it for granted, we 
waste it, and we even pay too much to drink it from little plastic bottles. Water is the foundation of life. And 
still today, all around the world, far too many people spend their entire day searching for it. 

Water Scarcity 
Water scarcity is either the lack of enough water (quantity) or lack of access to safe water (quality). The 

problem of water scarcity is a growing one. As more people put ever-increasing demands on limited supplies, 
the cost and effort to build or even maintain access to water will increase. And water's importance to political 
and social stability will only grow with the crisis.  

Water scarcity in India is expected to worsen as the overall population is expected to increase to 1.6 
billion by year 2050. To that end, global water scarcity is expected to become a leading cause of national 
political conflict in the future, and the prognosis for India is no different.  
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Water is important for food security, which is defined as the regular access of people to enough high-
quality food to lead active, healthy lives. This is especially true in developing countries. People who have better 
access to water tend to have lower levels of undernourishment. If water is a key ingredient to food security, 
lack of it can be a major cause of famine and undernourishment, especially in areas where people depend on 
local agriculture for food and income. India is among the 17 countries, which are a home to a quarter of the 
world’s population, facing "extremely high” water stress, close to “Day Zero” conditions the taps run dry. 
Northern India faces severe groundwater depletion, visualised on Aqueduct's maps and included in calculations 
of water stress for the first time. The recent water crisis in Chennai gained global attention, but various areas in 
India are experiencing chronic water stress as well," said Shashi Shekhar, former Secretary of India's Ministry of 
Water Resources, and Senior Fellow, WRI India. 

 

Fig. Recent water crisis in Chennai 

Water Security 
India has an abundance of water within its borders, with 13 major and 46 minor basins. The Ganges-

Brahmaputra is the largest basin, covering 34 per cent of India and contributing approximately 59 per cent of 
the country’s water resources. The major sources of water in India are rainfall and glacial snowmelt 
contributing to river flows from the Himalayan region. Water availability and rainfall in India are dependent on 
two monsoons, the south-west (summer) and north-east (winter). Most rainfall occurs between the months of 
June and September, with the average annual rainfall approximately 1170 mm. There is, however, considerable 
variation between regions. In the desert region of Rajasthan annual rainfall is often lower than 150 mm; while 
on the Khasi hills of the north-east more than 10,000 mm of rain can fall in the space of a few months. 

What can be done? 

If water is a key to food security and poverty reduction, then managing it wisely is essential. Improving 
the management of water resources is a question of getting more “crop for the drop”. These improvements 
hinge largely on raising the water productivity of rainfed and irrigation systems. 
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There are two main ingredients to maximizing agricultural production from a given volume of water: 
people and technology. One cannot go without the other. The best and most innovative technology in the 
world is of no use if people themselves cannot afford it, see no advantage to it, or do not understand it. 

CONCLUSIONS 

There is no simple solution to sustainably feeding 1.37 billion people, especially as many become 
increasingly better off and converge on rich-country consumption patterns. A broad range of options, include 
Closing the Yield Gap, Increasing Production Limits, Reducing Waste, Changing Diets, Expanding Aquaculture, 
needs to be pursued simultaneously. We are hopeful about scientific and technological innovation in the food 
system, but not as an excuse to delay difficult decisions today. 
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INTRODUCTION:  
The developing countries like India are exposed to a rapid surge in the population although the food security is 
severely jeopardized. To render sustainability and improve food grain sufficiency, indiscriminate fertilizer 
application have been catered that have robbed off the inherent fertility status of the soil (Sengupta and Dey, 
2019). This problem of nutrient anomaly accompanied by wide scale leaching of nutrients from agricultural 
soils are responsible for depletion of soil fertility, accelerating soil acidification, increasing fertilizer costs for 
farmers, reducing crop yields, and adversely affecting the quality of surface and ground water.  

The problem of nutrient leaching is substantially contributed by both rainfall intensity and soil 
properties. The problem is particularly severe in light textured soil as these soils have less CEC, so the capacity 
to retain nutrient in such type of soil is less. In case of high rainfall or when excess irrigation is applied, 
nutrients are leached down from soil. The poor and marginal farmers are subjected to severe economic burden 
owing to these nutrient leaching. A number of researches are underway to combat the problem. Researches 
have revealed the role of different slow release coated fertilizers, use of nitrification and urease inhibitors, 
justifiable methods of application of fertilizers, controlling the method and amount of irrigation, biochar 
application etc. as some of the ways to alleviate this problem. The wide scale use of biochar may be a valuable 
alternative (Ferreira et al., 2018) which have been signified here. 
 
Biochar as a multifaceted tool: 
The European Commission comprehensively defined biochar as: “charcoal (biomass that has been pyrolyzed in 
a zero or low oxygen environment) for which, owing to its inherent properties, scientific consensus exists that 
application to soil at a specific site is expected to sustainably sequester carbon and concurrently improve soil 
functions (under current and future management), while avoiding short- and long term detrimental effects to 
the wider environment as well as human and animal health.” (Verheijen et al., 2009) 
 Biochar is the charred product of biomass pyrolisation, characterised by large carbon (C) contents 
(Verheijen et al., 2009), high surface charge density due to different aromatic functional groups (Zimmerman, 
2010), large surface area (Glaser et al., 2002), and a high degree of aromaticity, which results in strong 
resistance against degradation (Wu et al., 2012) with assumed long mean residence times (MRTs) of several 
hundreds to thousands of years (Knoblauch et al., 2011). Many studies have confirmed the soil-improving 
qualities of biochar, including its ability to increase cation exchange capacity (CEC) (Laird et al., 2010), available 
water capacity (Bruun et al., 2014; Laghari et al., 2015), and for its liming effects (Jeffery et al., 2011). 
 
The importance of biochar: 
Among the roles played by biochar, it can act as a soil conditioner or soil amendment to improve the soil 
quality, enhance plant growth by supplying nutrients, and retain nutrients. Nutrient composition and 
availability from biochar depend can vary based on the nature of the feedstock and the pyrolysis conditions 
(Bera et al., 2017). It helps to reduce nutrient leaching and increases crop production. It also provides other 
services such as improving soil physical and biological properties (Purakayastha et al., 2015; Bera et al., 2019).  
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Moreover, biochar can alter the root morphology of crop plants by favouring root proliferation and 
increasing fertilizer use efficiency (Olmo et al., 2016). It also has the capability to improve water retention 
properties of soil and enhance the soil's ability to retain nutrients (Rens et al., 2018). It could alter various soil 
properties through changes in pore size distribution, residence time of soil solution and flow paths of nutrients 
(Major et al., 2012). Overall, biochar can potentially add a holistic dimension for enhancing the soil quality and 
health which sooner or later is believed to impact crop productivity positively (Purakayastha et al., 2019). 
 
Biochar... influences CEC...soil fertlilty: 
The higher CEC of biochar-amended soils was ascribed to the dominance of negatively charged surface 
functional groups, increased specific surface area of the products, adsorption of highly oxidized organic matter 
on biochar surfaces, and the presence of residual volatile matter in the biochar matrix (Lehmann and Rondon, 
2005). The above properties of biochar makes it a suitable candidate for retention of cationic (NH4

+, K+, Ca2+, 
Mg2+ etc.) and anionic (H2PO4

-, HPO4
2-, NO3

- etc.) nutrients in soil. Consequently, various studies have 
documented an increase in crop yields for a wide range of biochars, soil types and regions (Jeffery et al., 2011; 
Xu et al., 2015). 

The CEC of biochar is mainly influenced by the feedstock type, pyrolysis temperature and aging time 
(Bera et al., 2017). Likewise biochars prepared from non-leguminous straws have a higher CEC than those 
produced from leguminous straws (Jiang et al., 2014). CEC is considered as a key indicator of soil fertility, 
buffering capacity, and water holding capacity. However, many contemporary biochars have a low CEC and 
weathering studies have demonstrated that the natural surface oxygenation of biochar develops at decadal 
time scales (Kavitha et al., 2018). Thus, the variability of crop response to biochar-amended soils may be 
attributed to their low CEC (El-Naggar, et al., 2019).  Therefore, biochars with greater CECs are critically needed 
to achieve the mission of biochar as a soil amendment and carbon sequestration agent. Therefore, 
development of tailored made engineered biochar is needed to enhance CEC and the application of which 
could retain nutrients more efficiently in soil. In this respect, ozonisation of biochar (Kharel et al., 2019), 
microwave pyrolysis (Mohamed et al., 2016), chemicals e.g., KMnO4, acid (HCl, H3PO4, HNO3, H2SO4) and alkali 
(KOH, NaOH) treatments (Rajapaksha et al., 2016), ball milling (Lyu et al, 2018) of biochar are reported to be 
effective ways to enhance CEC of biochar. 

Among different feedstock, rice straw is one of the most abundant materials in India and rice straw 
biochar was reported to have higher CEC (Purakayastha et al., 2019). Burning of rice straw in the Indian states 
of Punjab and Haryana is a serious issue which not only causes loss of valuable nutrients in straws but also 
causes huge air pollution throughout the Indo-Gangetic Plains. If these straws are converted into bioenergy, 
biochar can be produced as a by-product which could be used as a valuable amendment for enhancing nutrient 
retention power of light textured soil.  
 
Biochar...soil nutrient dynamics: 
Biochar potentially can improve the retention of macro- and micronutrients in soils, and consequently may 
improve their availability to plants. The amount of water soluble nutrients in biochar except K is usually low 
(Steiner et al., 2010). Since biochar is a C-rich substrate with a high C/N ratio, N availability is seriously 
attributed by priming effect (Blagodatskaya and Kuzyakov, 2008). Increasing pyrolysis temperature also 
decreased the water soluble P content in rice, wheat, maize and pearlmillet residue biochars due to the 
formation of difficultly soluble crystalline P minerals (Bera et al., 2017). Biochar itself is a huge source of K, and 
it can directly take part in the retention of K in the soil because of having a high CEC (Purakayastha et al., 2019). 
Amongst secondary nutrients, S cycle behaves quite similarly as N cycle in the soil (Stevenson and Cole, 1999); 
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thereby having similar influence as N by biochar. Apart from these Ca and Mg are also contributed through 
biochar application. 
 
CONCLUSION: 
Application of biochar to agricultural land for soil amelioration and agricultural productivity improvements is 
not a new phenomenon. A number of benefits have been associated with biochar has been found to improve 
agriculturally significant soil parameters such as soil pH, cation exchange capacity and soil water holding 
capacity. However, the variable application rates, uncertain feedstock effects, and initial soil state provide a 
wide range of cost for marginally improved yield from biochar additions, which is often economically 
impracticable  This uncertainty of application for drawing advantages can be solved through wide scale 
research undertakings that have already been carried out at different levels of different countries to gain its 
widespread acceptance as a soil health manager.   
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Feeding is a universal process by which an organism derives its energy to survive. Insects are not an exception 
to it. There is a unique relationship between mouthpart structure and diet which has been evolving over the 
years. This relation between the morphology of the mouthparts and specific feeding habits of insects is 
significantly pronounced (Snodgrass 1935). As insects have evolved and adapted to new food supplies, they 
have modified their mouth parts accordingly. The mouthparts of insects, have adapted over time to better suit 
the food source and feeding style of the organism. Mouthparts differ from insect to insect and the damage that 
they cause is useful in the classification and identification of the pest. 
 
Structure of Mouth Parts: 
The structure of mouth parts is normally correlated with the type of feeding and digestion of the food by the 
insect. The brown plant hopper (BPH) is a sap feeder and hence its mouthparts are specially modified for the 
intake of plant saps. Stylets are the most important parts of a hopper mouthpart (Sogawa 1973). Three pairs of 
stylets are present in hoppers viz. the outer mandibular stylets and the inner maxillary stylets (2 pairs). They 
are 650-700 µm in length and are interlocked between themselves to form canals. One pair of maxillary stylets 
is joined to form the food canal with well-developed muscles of cibarium or pharynx used for sucking up of the 
plant sap. The second pair of maxillary stylet forms the salivary canal. The salivary canal is generally smaller in 
size. The mandibular stylets are barbed and pointed at the end used specifically for piercing the plant cell. All 
the stylets are held by a stout like structure called the labium. The labium is generally called as the rostrum 
which helps in guiding the movement of the stylets. 
 
Secretion of Saliva:  
There are two types of salivary secretions in brown plant hopper viz. the watery or diffusible saliva and the 
coagulated saliva called the “salivary sheath”. The watery saliva is secreted by salivary glands for hydrolyses 
various chemicals in the plant sap whereas the latter solidifies once secreted and helps in the penetration of 
the stylets. In many cases the salivary sheath remains inside the plant tissue even after the withdrawal of the 
stylets. The sheath materials are produced by special follicle cells present in the salivary gland. These follicle 
cells also secrete quinone which helps in tanning of the saliva resulting in formation of sheath. This reaction is 
similar to the sclerotization of insect cuticle.   
 
Feeding: 
The BPH is a localised feeder which feeds saps exclusively from the phloem of the vascular bundle. The entire 
process of feeding includes various steps viz. orientation to the host, labial exploration, stylet penetration and 
sucking. 
 
Orientation to the host: 
Orientation is the process of manipulating the location of insect based on the stimuli. The BPH is oriented to 
the fresh rice plants. The rice plants contain various chemicals such as methylpalmitate, methyllinolenate, 
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ethyllinolenate, methyloleate and methyllinoleate which act as stimulant in attracting the BPH towards the rice 
plant. 
 
Labial Exploration: 
Before penetration of the stylet, the BPH checks for the best spot to penetrate by subsequent dabbing by its 
labium on the leaf surface. There is a structural difference found between the venal regions and the inter-venal 
regions of the epidermis where the latter is smoother as compared to the former. By labial exploration the BPH 
confirms the stylet penetration at the veins of the epidermis. 
 
Stylet Probing: 

The BPH secretes a coagulable saliva prior to penetration of the stylets. These saliva forms a 
characteristic circular mark on the epidermis of the plant cell called as the “Feeding mark”. This feeding mark 
determines the susceptibility of the plant. For example for a susceptible variety normally feeding marks were 
observed whereas for a resistant variety for than 50 feeding marks were observed. This indicated that the BPH 
tries to change the feeding site more frequently due to unsuitability of the resistant variety.  
The saliva then solidifies and forms a hardened structure called as the stylet sheath. This sheath helps in 
penetration of the stylet. They may be of variable shapes viz. single, branched, curved or beaded. The stylet 
sheath usually penetrates the plant cell at a slanting position from sideward except when the vascular bundle is 
far away from the stylet where the penetration occurs horizontally. 

The stylet probing occurs in two steps: testing and exploratory probing of stylet. In testing, there is a 
spontaneous probing of the stylet only to the peripheral regions of the parenchyma cells. For further 
exploratory probing certain probing stimulants such as salicylic acid and flavonoids like tricin-S-glucoside, 
glucotricin, orizatin, and homoinetin (Kuwatsuka 1962) are required which are present in the rice plant itself.  
These stimulants play a vital role in further probing of the stylet. . Once the stylet reaches the phloem, there 
are no further stimulants available hence the penetration of the stylet stops. 
 
Sucking: 
Continuous sucking is brought about by the thrusting forward of the maxillary stylets beyond the stylet sheath. 
The sucking process takes place along with excretion of sugar and minerals in liquid form. This excreted 
material is called as honeydew. The excretion of sugars and minerals confirms that the sucked sap is phloem 
sap. 
 
Damage: 
Both nymphs and adults suck sap from the plant being confined to the basal portion of the plant. Sucking of the 
plant sap initially causes yellowing of the older leaf blades followed by progressive yellowing of the whole 
plant. The sucking of the sap from the rice plants results in the deterioration of the water content to almost 
80%. This causes wilting of the plant. Slowly, there is browning of the plant, leading to the most typical 
symptom of “Hopper-burn”. 
 
CONCLUSION: 

BPH is not only a deadly pest but also it creates havoc among farmers leading to almost 70 percent of 
crop loss in rice, globally. Hence, a detailed knowledge about the feeding mechanism of brown plant hopper is 
very important so as to develop an effective management. 
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Citrus Tristeza Virus (CTV) is the etiological agent of the enormously devastating viral disease of citrus 

crop known as “Tristeza” which is accountable for destruction of millions of citrus trees worldwide (Ghosh et 
al., 2009, Warghane et.al., 2017a). In India, citrus is the third major fruit crop subsequent to banana and mango 
that contributes significantly to economy of the country. Current estimate reveals that, the total citrus 
production in India is 122.5 LMT from a cultivated area of 9.73 Lakh hectors (NHB, 2018-19).  

Moreira (1945) coined the terminology “Tristeza” for this malady which means “Sadness” in Portuguese 
language. The cause of decline of the citrus scion on sour orange was unknown for many years and was 
thought to be a graft incompatibility between the scion and the sour orange rootstock or a nutrition problem 
(Moreno et al., 2008). Fawcett and Wallace (1964), first time reported that the disease was graft transmissible 
and a virus is the etiological agent involved with this malady. In India, Brown (1920) reported the failure of 
Malta sweet orange on sour orange rootstock that provided the first evidence of flourishing tristeza disease in 
the nation and was also the first report from the Maharashtra state of India (Ahlawat and Pant, 2003).  

CTV is one of the largest known virus infecting to the plants, and belongs to family Closteroviridae, 
genus Closterovirus with flexuous particle having 10-12 x 2000 nm in diameter (Albiach-Marti, 2012). The 
genome of CTV a positive sense single-stranded RNA of about 19.3kb which encodes 12 ORF that potentially 
code nineteen proteins and non-translated 5’ and 3’ terminal regions (NTR) (Bar-Joseph et al., 1989). In the 
nursery, CTV is horizontally transmitted by grafting and budding of infected buds onto the rootstock. Whereas 
in citrus orchards, it is mainly transmitted by the  aphid’s vectors such as Toxoptera citricida, A. gossypii, A. 
spiraecola and Toxoptera aurantii in a semi-persistent mode and among these Toxoptera citricida is the highly 
proficient vector of CTV world-wide. 

Tristeza disease is distributed throughout the world, wherever citrus is grown. CTV infects almost all 
citrus varieties, cultivar and hybrids in the Rutaceae family (Ahlawat, 2012). The only identified hosts outside 
the Rutaceae are certain species of Pambrucus missions, Passiflora gracilis, P. caerulea, P. incence and P. 
incarnate (Muller et. al., 1974). Many methods have been developed for the detection and identification of the 
CTV (Garnesy et al., 2005). CTV causes diverse field symptoms in different citrus cultivars and symptom 
expression depends on virus strain, rootstock/scion combination and environmental conditions. Different 
biological strains of CTV have been recorded worldwide and these strains include stem pitting (SP), quick 
decline (QD), Seedling yellow (SY), mild strain etc. (Ahlawat, 2012).  

 Optimally, methods for detection of viruses should be sensitive, specific, less time consuming and 
should be inexpensive (Shivankar et al., 2014). Availability of diagnostic methods provide greater flexibility, 
sensitivity and specificity of speedy detection of citrus pathogens in disease surveys, epidemiological studies, 
plant quarantine, seed certification and breeding program. The classical diagnostic technique for CTV is the 
biological assay (indexing) where test samples are graft inoculated into Mexican lime (Citrus aurantifolia 
Blanco) indicator seedlings and newly emerged leaves of inoculated plants show characteristic vein clearing 
symptoms within few weeks under controlled condition (Ahlawat, 2012). Reported molecular methods for CTV 
detection include ELISA, electron microscopy, dot immunobinding assay, immuno electron microscopy, RT-PCR, 
nested RT-PCR, multiplex-PCR, RT-LAMP (Alhawat, 2012: Warghane et al., 2017b) etc. In the recent past, 
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utilization of qPCR/real time PCR for sensitive detection and quantification of CTV in infected citrus plants and 
aphid vectors have become very popular among the researchers (Saponari et al., 2008). 

The numerous approaches applied for the control of citrus tristeza virus it includes cross protection, 
vector control, transgenic approach, gene silencing, antisense technology, plant-host interactions for viral 
control. Resistant transgenic plants based on PTGS and self-immunization by scFv expression mechanisms, 
against the specific viral sequences. In addition, engineered mild strain cross-protection demonstrated its 
potential in excluding super infection by severe strains. Despite of all above mentioned approaches we are still 
don’t have the golden bullet to control the CTV. Therefore, more research requisite to control this devastating 
virus.     
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INTRODUCTION 
 Climate change is the most important, and the most complex, global environmental issue to-date. 
Effects of green house gases and climatic changes are already evident from the rising climatic temperature, 
recurrent droughts, erratic rains, flooding and submergence etc. Insects may be the first predictors of climate 
change. Such changes in climatic conditions could profoundly affect the population dynamics and the status of 
insect pests of the crops. As per the last assessment report from the Intergovernmental Panel on Climate 
Change (IPCC), If no climate policy interventions are made there will be an increment in mean temperature 
from 1.1 to 5.4 o C and atmospheric CO2 concentration rise 540 to 970 ppm  @ 2µl/yr towards the year 2100 
(IPCC, 2007). 

 Climate change related factors like rise in temperature, changes in precipitation patterns, milder and 
shorter winters, rise of sea levels and increased incidence of extreme weather events can directly influence 
insects by affecting their rate of development, reproduction, distribution, migration and adaptation. In 
addition, indirect effects can occur through the influence of climate on the insect’s host plants, natural 
enemies and interspecific interactions with other insects. The impacts include changes in phenology, 
distribution and community composition of ecosystem that finally leads to extinction of species (Walther et al., 
2002).  
 
Effects of Climate Change on Insect growth & behavior: 

It has been estimated that with a 2°C temperature increase insects might experience one to five 
additional life cycles per year Eg; 1-30 C rise in temperature causes expansion of European corn borer additional 
generations in all the regions of its occurrence. At higher temperatures, aphids have been shown to be less 
responsive to the aphid alarm pheromone they release when under attack by insect predators and parasitoids 
– resulting in the potential for greater predation. At higher temperature of 36°C, 38°C the net reproductive rate 
was higher and the generation time was shorter compared to 30°C in YSB and BPH respectively (Ramya et al., 
2012). Longer growing seasons with warmer climate will enable insect pests such as grasshoppers to complete 
a greater number of reproductive cycles during spring, summer and autumn. Shorter dry spell lead to higher 
infestation of mites and mealy bug. An increase of 20C will cause reduction in the generation turnover of the 
aphid, Rhopalosiphum padi (L.) For every 10C rise in winter temperatures will reduce the adult mortality of 
green bug, Nezara  viridula by 15%. An increase of 30C in mean daily temperature would cause the carrot fly, 
Delia radicum (L.) to become active a month earlier than at present (Collier et al., 1991).  
 
Climate change effect on migratory insects:  
 Migratory insects (corn earworm in northern parts of the northeast) may arrive in the Northeast earlier, 
or the area in which they are able to overwinter may be expanded. Temperature may change gender ratios of 
some pest species such as thrips potentially affecting reproduction rates. Higher summer temperatures cause 
higher no. of migration in Lepidopteran insects by increasing flight, higher mating and egg production. But 
heavy downpour decreases Lepidopteran population. Potato leafhoppers arrive on an average of 10 days 
earlier than in the early 1950s, and their infestations are more severe in the warmest years. Spring migration in 
aphid, M. persicae advances by 14 days for every 10C rise in temp (Harrington et al., 2001).  
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Climate change effect on insect distribution: 
 More than 1700 Northern Hemisphere species have exhibited significant range shifts @ 6.1 km per 
decade towards the poles (or 6.1 m per decade upward).  In California, 70% of 23 butterfly species now start 
their first flight about   24 days earlier than they used to do 31 years ago  Spruce budworm, Choristoneura 
fumiferana under climate change  they will shift towards the poles. Green Stinkbug, Nezara viridula, expanded 
its range northwards by 85 Km @ 19 Km/decade in Japan with mean increase of 1.3-1.90C temp. in Jan-Feb.  1-
30 C rise in temperature causes expansion of European corn borer distribution upto 1220 Km Northwards.  
Sachem skipper, Atalopedes campestries expanded its range from northern California to washington from 
1950’s to 1990 with a 2-40C rise in temp. Study conducted on 1100 insect species, climate changes due to 
global warming may cause 15-37% of those species to extinct by 2050 (Thomas et al., 2004). 
 
Invasion into new regions: 
 Heliothis armigera- serious pest in Portugal and Spain migrated to Denmark Norway, Sweedan, Slovenia 
and Netherlands during summer by extending it’s range by 590N in Nothern Hemisphere. The African plain tiger 
butterfly, Danaus chrysippes, completely established its population in Southern Spain between 1980 -1990. 
Southern Green Stink Bug, Nezara viridula and Leptocorisa chinensis Tropical and sub tropical countries in the 
world to Northward range shift to the temperate zone. 
 
Climate change-Insect phenology:  
 With increased temperatures, it is expected that insects will pass through their larval stages faster and 
become adults earlier and an increase in the length of the flight period.  

1. Changes in butterfly phenology have been reported in UK, where 26 of 35 species have advanced their 
first appearance. 

2. First appearance for 17 species in Spain has advanced by 1-7 weeks in just 15 years .  
3. Four Mediterranean insect species viz. butterfly, bee, fly and beetle indicated changes in their first 

appearance date over the last 50 years, @ 5.1 days/decade which was correlated with increases in 
spring temperature. (Gordo and Sanz, 2005). 

 
Climate change and pest outbreaks: 
 Changes in climatic variables have led to increased frequency and intensity of outbreaks of insect-pests.  
 Outbreak of sugarcane woolly aphid Ceratovacuna lanigera Zehntner in sugarcane belt of Karnataka and 

Maharashtra states during 2002-03 resulted in 30% yield losses. 
 Increased frequency, intensity and outbreaks of fruit fly in cucurbits particularly due to high temperature 

and high RH.  
 Increased infestation of rice crop by swarming caterpillar, hispa, stem borer and bacterial blight. 
  Mirid bug Ragmus spp. on cotton appeared in epidemic form Dharwar (Karnataka) and Coimbatore (Tamil 

Nadu) on cotton. 
  Spodoptera  litura on soybean  outbreak during 2005 vidarbha region of Maharashtra  

 
Elevated CO2 and Pest Population: 
 Generally CO2 impacts on insects are thought to be indirect - impact on insect damage results from 
changes in the host crop. A rise in CO2 generally increases the carbon to nitrogen ratio of plant tissues thereby 
reducing the nutritional quality for protein limited insects diluting the nitrogen content of the tissues. The 
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expected reactions from herbivores to the increase in carbon to nitrogen ratio are compensatory feeding, 
concentrations of defensive chemicals in plants and competition between pest species. Insects may accelerate 
their food intake to compensate for reduced leaf nitrogen content. 
 Bollworm larvae feeding on elevated CO2-grown pea plants, Pisum sativum at 700 ppm were significantly 

smaller than those reared on plants grown under ambient-CO2 conditions.  
 Eelevated CO2 could prolong the larvae duration and delay the development of cotton bollworm larvae. 
 Egg stage and first-instar larval stage of Frankliniella occidentalis (Pergande), and the pupal duration of 

Cnaphalocrocis medinalis (Guenee) were significantly decreased in an elevated CO2 concentration 
Treatment. 

 Soybeans grown in elevated CO2 atmosphere had 57% more damage from insects (primarily Japanese 
beetle, potato leafhopper, western corn rootworm and Mexican bean beetle) than those grown in today’s 
atmosphere. Increases in the levels of simple sugars in the soybean leaves may have stimulated the 
additional insect feeding (Hamilton et al., 2005). 

 
How changes in precipitation will affect insects? 
 Some insects are sensitive to precipitation and are killed or removed from crops by heavy rains. Other 
insects such as pea aphids are not tolerant of drought. As with temperature, precipitation changes can impact 
insect pest predators, parasites, and diseases resulting in a complex dynamic. 
 It is predicted that more frequent and intense precipitation events may have negative impacts on insect 
pest population. Similar to temperature, precipitation changes can impact insect pest predators, parasites and 
diseases resulting in a complex dynamic manner. Increase in rainfall will largely affect the species particularly 
the beetles with poor dispersal capabilities, which will limit their ability to expand their home. Heavy down 
pour causes reduction in pest population of Lepidopterans. 
 
Effect of Increased ozone on troposphere  
 Enriched O3 atmospheres - increased activity of defense-related plant enzymes, production of phenolics 
controlled by the shikimic acid pathway, such as tannins, and decreasing the production of glycosides due to 
competition between branches of the pathway for substrates. 
Holton et al., 2003 showed that the forest tent caterpillar, Malacosoma disstria (Hubner) (Lepidoptera: 
Lasiocampidae) reared on plants grown under increased O3 conditions were larger and developed faster. 
 
CONCLUSION: 
 The preponderance of evidence indicates that there will be an overall increase in the number of outbreaks 

of a wider variety of insects and pathogens. 
 A complete understanding of the effects of these changes on the interactions between insects and their 

host plants will be achieved only after controlled, factorial experiments can be designed and followed over 
longer periods of time to predict future trends. 

 Predicting the impact of climate change on insects is a very complex exercise and a one that involves a 
great deal of modeling.  

 The best economic strategy for farmers to follow is to use integrated pest management practices to closely 
monitor insect and disease occurrence. Keeping pest and crop management records over time will allow 
farmers to evaluate the economics and environmental impact of pest control and determine the feasibility 
of using certain pest management strategies or growing particular crops. 
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Coconut farmers of south India in danger zone 
Article id: 22734 

K. ELANGO*, P. ARUNKUMAR AND R. SURYA RAJ  
Department of Agricultural Entomology 

Tamil Nadu Agricultural University, Coimbatore -641003 

INTRODUCTION 
The agricultural economy of India is vulnerable to the threat posed from the introduction of exotic 

pests/diseases. Recently, an infestation of yet another invasive species, Aleurodicus rugioperculatus Martin 
(Hemiptera: Aleyrodidae),commonly known as the rugose spiraling whitefly (RSW), was observed on coconut 
palm (Cocos nucifera L) in Pollachi, Tamil Nadu, India. Later, it was found to infest banana plants in Kerala. 
Subsequently, the pest was reported to feed on banana, custard apple, citrus and several ornamental plants in 
Tamil Nadu, Andhra Pradesh,Karnataka and Kerala. Mode of entry of RSW into India is unknown. The host 
range is likely to expand as the species becomes more established and now it is spread into Tamil Nadu. Now 
the farmers of Tamil Nadu are facing a lot of problems due to this infestation of RSW in coconut ecosystem. 
However, it is likely that the pest gained entry into the country through trade in ornamental plants. Having 
been introduced, it may be impossible to contain spread and establishment of the pest in India. 

Invasion of Rugose spiraling whitefly 
Rugose spiraling whitefly (RSW) was first reported from coconut during 2004 at Belize and it had 

threatened coconut palms in Florida during 2009. It is believed to have originated from Central America and its 
incidence limited to Belize, Mexico, Guatemala and Florida in Central and North America .Based on records 
from 2009 to 2015, RSW has been identified on at least 118 host plants which includes edible plants, 
ornamentals, palms, fruits and weeds of both native and non‐native species Therefore, it is the first record of 
its presence in India as well as in the Oriental region 

Distribution 
Selvaraj et al. (2016) also observed 25–40% leaf infestation on banana and total drying of infested 

leaves in several places in Tamil Nadu and Kerala. Shanas et al. (2016) also recorded the rugose spiralling 
whitefly in coconut ecosystems of Kerala. Poorani (2017) reported the occurrence of rugose spiralling whitefly 
in banana at various regions of Tamil Nadu, Karnataka, Kerala and Andhra Pradesh. 

Reason for spread 
Biopesticides and natural weather changes may be the best chance now to contain the spread of the 

destructive insects. Initial observations show that the insect spreads rapidly when the weather is warm and 
humid aggravated this year owing to failed monsoons. The northeast rain bringing down temperatures and the 
imminent arrival of winter may help contain the insect. 

Description of new pest 
 Rugose spiraling whitefly adults are about three times larger (approx. 2.5 mm) than the commonly 

found whiteflies and are lethargic by nature. Although taxonomic identification is required for species 
confirmation, rugose spiraling whitefly adults can be distinguished by their large size and the presence of a pair 
of irregular light brown bands across the wings. Males have long pincer-like structures at the end of their 
abdomen. 
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Biology of the pest 
The pest’s biology is still under study because this species was discovered relatively recently. Scientists at the 
University of Florida have conducted biological studies which show the life cycle is approximately 30 days at 
27°C 

                Egg stage                                               Nymph stages 

  

Nature of damage  
  Infestation of this pest usually does not kill the host plant, but it may interfere with the normal growth 
of its host. Rugose spiraling whitefly can cause stress to the plant by removing nutrients and water The 
immature and adult whitefly by their sucking feeding habit, siphon out coconut sap by selective feeding on the 
undersurfaces of the leaflets. Extensive feeding of the insect leads to the excretion of honey dew excrement, 
which encourages growth of the fungus Capnodium sp. and affecting the photosynthetic efficiency of the plant.  

 Egg spirals of rugose spiraling whitefly on the underside of leaves 
 Presence of heavy white, waxy material 
 Presence of sticky honeydew around the whitefly infested area 
 Black sooty mold formation 
 Leaf damage and early leaf drop (not evident on all types of plants 
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      Egg spiraling                          Congregation of RSW                          Damage symptom 

           

Natural enemies for RSW 
Selvaraj et al. (2016) reported the whitefly parasitoid Encarsia guadeloupaefrom trees infested with 

RSW which can be distinguished by its tiny size, yellow scutellum, and reddish eyes. This tiny wasp lays her eggs 
in the body of immature whiteflies and the grub feeds on the body as they mature. The wasp will complete its 
development within the whitefly and emerge as an adult by chewing the cuticle of the whitefly, leaving an exit-
hole. 

Poorani and Thanigairaj (2017) recorded another parasitoid, Encarsia dispersa Polaszek on this whitefly 
along with E. guadeloupae. Between the two parasitoids, E. guadeloupa ewas more predominant, causing 60–
70% overall parasitism. Encarsia dispersa was found in much fewer numbers compared to E. guadeloupae and 
the extent of parasitism was <5%. It has never been recorded on A. rugioperculatus anywhere in the world so 
far and this is the first report of this new host association for E. dispersa. 

Biological control 
The prevalence of the pest was noticed from the outer whorls and slowly progressing towards the inner 

whorls, whereas, the immature fronds were not infested. We could also observe that, more than 70% of the 
whitefly colonies were found parasitized by the aphelinid parasitoid, Encarsia guadeloupae Viggiani indicating 
the natural buildup of the parasitoids. This is one of the classical biological control strategies and any 
disturbance in the buildup of E. guadeloupae would invariably affect the long term approach in pest bio-
suppression.  In a period of four to five months, parasitism rose to more than 70% in unsprayed coconut 
plantations in Kerala 

                        Parasitized nymph                   Encarsia guadeloupae                                          

 

Green lacewing fly, Chrysoperla zastrowi sillemi is currently effective against Rugose spiraling whitefly 

Management strategies 

 Application of 1% starch solution on leaflets to flake out the sooty moulds.  
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  Setting up of yellow sticky traps/ sheets (3X1ft.) at 5-6feet height to monitor whitefly 

 Release of Chrysoperla zastrowi sillemi eggs @ 1000/ha 

 Stapling leaflets containing parasitised cocoons of Encarsia  guadeloupae on the under surface of the 
infested leaflets 

 Spray neem oil @30ml/lit. or Azadirachtin 1% @ 2ml/lit with sticking agent on under surface of leaf  

 Conserve natural enemies by avoiding insecticide use 

CONCLUSION 
 Being a new invasive whitefly species, the initial spread will be quite rampant. Since the natural 
enemy buildup of E. guadeloupae has been initiated, RSW may not go beyond action threshold as expected. 
Therefore, awareness campaigns are to be followed in all epidemic zones to sensitize the farming community 
about the whitefly pest and the need for conserving the natural enemies and scavenging beetles to ward off 
the pest. Mass production of these bioagents and scavenger beetles is under way.  In a nutshell, advent of the 
parasitoid, E. guadeloupae and the scavenger beetle, L. nilgirianus considerably reduced the pestiferous 
potential of A. rugioperculatus. This could be considered as a biological control and habitat conservation of 
scavenger beetles highlighting the potential of the nature and to avoid chemical pest management options.   
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Role of phytohormones as a signal molecule in response to abiotic stresses 
Article id: 22735 

Lopamudra Behera 
Department of Mycology and Plant Pathology, IAS, BHU, Varanasi-221005 

 

INTRODUCTION: 
 Hormones are chemical messengers, which play a vital role in controlling the entire life process and 
other activities in the plants -like seed germination, ripening, growth, and flowering. The term "hormone" is 
derived from a Greek word which means “to stimulate or to enhance an activity". Phytohormones are naturally 
occurring small endogenous low molecular weight molecules that are not only important for plant 
developmental processes, but also play an integral role as signaling molecules in defense and immune 
responses. Among the phytohormones, Abscisic acid (ABA), Salicylic acid (SA), Cytokinin (CK), Gibberellin (GA), 
Jasmonic acid (JA), Brassinosteroid (BR) and Ethylene (ET) are important. These hormones respond to stress via 
synergistic and antagonistic actions often referred to as signaling cross talk. Apart from defense signaling, these 
phytohormones are also regulators of growth, development, and physiological processes. Under stress 
conditions, the production, distribution, or signal transduction of these hormones is affected leading to 
morphological, molecular, and physiological changes which prepare plants to withstand the stress conditions. 
The phytohormones, being lowest level transducers, lead to the stress signal activation of signaling cascade 
which further initiates the response mechanism. 

Abscisic acid (ABA): ABA is a 15-carbon compound synthesized by mevalonic acid pathway in chloroplast and 
other plastids that plays prominent role in various aspects of plant growth which include germination, 
dormancy and seed development. ABA is also considered as an effective signal molecule in plant defense 
against various abiotic stress conditions. ABA accumulates after infection and can have positive and negative 
effect on defense responses depending on the environmental conditions. ABA promotes stomatal closure as a 
physiological response to various environmental stresses. 
  
Salicylic Acid (SA): SA is a phenolic nature plant growth regulator synthesized from shikimate- phenylpropanoid 
pathway. SA has also been documented to be indirectly involved in germination, flowering and mitochondrial 
electron transport. It has a well established role in abiotic stress by redox regulation, synthesis of heat shock 
proteins and osmotic balance. In plants, SA enhances the resistance against salt, drought, and temperature 
stress. 
  
Cytokinin (CK): CKs are adenosine substituted compound synthesized by two distinct pathways, the de novo 
biosynthetic pathway and t-RNA pathway, playing an effective role in various plant developmental processes as 
well as in stress responses by interacting with other plant growth regulators. CKs are often considered ABA 
antagonists. In water stressed plants, decreased CK content and accumulation of ABA lead to an increased 
ABA/CK ratio. The reduced CK levels enhance apical dominance, which, together with the ABA regulation of 
stomatal aperture, aids in adaptation to drought stress.  
 
Gibberellin (GA): GAs are terpenoid compounds synthesized by methyl erythritol phosphate pathway in 
plastids and also play an important role in various developmental process of plants, i.e., growth, germination, 
dormancy, flowering, senescence, as well as in defense against abiotic stress conditions by enhancing or 
reducing expression of GA genes such as GA2ox and DELLA.  



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 451 - 
 

 

Jasmonic acid (JA): JA, an organic compound synthesized by octadecanoid pathway from linolenic acid known 
to have role in various physiological processes as well as significant role in plants to withstand stress conditions 
like drought, salinity, low temperature and heavy metal stress. ABA, ethylene, SA act as important mediators 
along with mitogen activated protein kinase (MAPKs) in JA signaling and synthesis.  
 
Brassinosteroids (BRs): BRs are a group of polyhydroxy steroidal plant hormones and play an essential role in 
enhancing stress resistance by upregulating the expression of stress marker genes along with plant growth and 
development. BRs play a vital role in mitigating stresses like high temperature, chilling, soil salinity, light, 
drought, flooding, heavy metals and organic pollutants. 
 
Ethylene (ET): ET is a gaseous phytohormone synthesized from methionine, shows increase in its biosynthesis 
in plants under various abiotic stress conditions, which shows its pivotal role in stressed conditions as well. 
Abiotic stresses including low temperature and salinity alter endogenous ET levels in plants. Enhanced 
tolerance is accordingly achieved with higher ET concentrations. ET also plays a major role in the defense 
response of plants to heat stress. ET in combination with other phytohormones such as JA and SA often acts 
cooperatively.  

 
Signal transduction of plant growth regulators in plants 

 
 
CONCLUSION: 

Plant hormones regulate complex signaling networks involving developmental processes and plant responses 
to several environmental stresses. Molecular analysis of signal cascade of phytohormones and their 
interactions play an effective role in understanding the key role of phytohormones in defense. Crosstalk among 
different hormones also opens new insight in the research field. Molecular level understanding of different 
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pathways helps to form transgenic plants that can withstand extreme stress conditions and opens up an 
important aspect in a different area of research. 
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INTRODUCTION 

Soil survey maps and reports are the tools for a system to divide the entire watershed into various 
classes as per soil and land use capability features. The land use capability classification is a system under which 
lands are classified as per their potential ability to produce the yield. This system of classifying the land is based 
on the potential ability of different kinds of soil for agricultural as well as some other purposes. The soil is a 
natural resource on earth. Land use/land cover change also known as land change or can be say it is a general 
term for the human modification of Earth surface. Humans have been modifying the land to obtain food, 
fodder and other essentials requirement. Due to this modification some undesirable changes in the soil.  These 
changes encompass the greatest environmental concerns of human populations today, including climate 
change, biodiversity loss and the pollution of water, soils and air. The natural or human factors are responsible 
for use of land. The land use/land cover change due to increased population and climate change also helps to 
monitor the trend over long period of time. 

Land use change is obviously constrained by environmental factors such as soil characteristics, climate 
condition, topography and vegetation. The importance of land as a key and finite resource for all the humans 
including agriculture, industrialisation, forestry, energy production and water catchment and storage more 
recently, industrialization has encouraged the concentration of human populations within urban areas and 
rural areas, accompanied by the intensification of agriculture in the most productive lands and the 
abandonment of marginal land. All of these causes and their consequences are observable simultaneously 
around the world today. The extent and rate of change in land use and cover can be determined with high 
certainty by using remote sensing and GIS (Baban and Yusof 2001). LUCC is an important factor in 
environmental change, which in turn could contribute to global climate change (Turner et al. 1994, Lambin and 
Geist 2001); hence, the study of LUCC is part of a worldwide research agenda (Chen et. al. 2003; Jia et. al. 
2004). LUCCs, which are driven by both anthropogenic activities and natural phenomena (Meshesha et. al. 
2012), threaten food security, livelihood systems, and global sustainability (Reid et. al. 2000). 

Biodiversity is often reduced dramatically by LULC change. When the land is converted from forest to a 
farm or agriculture field, the loss of forest species within deforested areas. When unaccompanied by apparent 
changes in land cover, similar effects are observed whenever relatively undisturbed lands are transformed to 
more intensive uses, including livestock grazing, selective tree harvest and even fire prevention. Some other 
environmental changes of LULC include the destruction of ozone by NO2 released from agricultural land, green 
houses and regional and local hydrology means construction of dams, roads and urbanization increased 
impervious surfaces. The most important issue for most of Earth’s human population is the long term threat to 
future production of food and other essential goods by the converted of productive land in to non-productive, 
means the conversion of agricultural land to residential or some other purposes.  

The changes in LULC play an important role in the climate change at global scale as well as regional or 
local scales. Global scale LULC change is responsible for releasing greenhouse gases to the atmosphere, thereby 
increasing global warming. LULC change can increase by the release of CO2 to the atmosphere by disturbance 
of soils and vegetation and the major causes of these changes due to deforestation, followed by agriculture, 
and cause the release of soil carbon in response by tillage. 
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Fig.1: Application of RS & GIS 

 
 

 
Fig.2: Component of RS & GIS 

 
The changes in LULC are important factor for water, soil and air. Mining can produce even greater impacts, 
including pollution by toxic metals exposed in the process. The chemicals used in agriculture including 
herbicides and pesticides are also released to ground and surface water by agriculture and in some cases, 
contaminants in to the soil or drinking water. 
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Land management for support of biodiversity covers a wide range of and practices. The basic of these 
techniques are used in areas where human cannot exist or study of these areas where human can not reached.   
Another advantages of RS and GIS based study are preserve the biodiversity. Recently, more efforts by 
government are being made to restore biodiversity habitats on lands stripped of their original habitat and to 
manage existing agricultural and urban lands to enhance their suitability as habitat by practices including the 
planting and the restoration of habitat and managed land. Some of the new land use practices are 
establishment of habitat between existing patches of habitat distributed across landscapes. The important 
practice in response to future changes in climate that will cause the habitat destruction. 
 
Methodology 

This method of LULC change includes RS and GIS; modeling together with the interdisciplinary 
assortment of natural and social scientific methods needed to investigate the causes and consequences of 
LULC. Satellite data of Landsat 4,5,6,7 and 8 can be used for the further analysis. Landsat 8 is the eight satellite 
and 7 is the seventh satellite of the Landsat program and so on. The primary goals of these satellites are to 
refresh the global archive of satellite photos, providing up-to-date and cloudy/cloud-free images. The Landsat 
Program is managed and operated by the USGS, and data collected and distributed by the USGS.  
 
Satellite image data 
 The satellite image of your study area was downloaded from USGS earth explorer website, 
https://earthexplorer.usgs.gov. Download will begin by click on Level-1 Geo TIFF Data Product and save the 
image in zipped data form for further analysis. 
Development of a Classification 

In RS and GIS techniques there are only two image classifications which are employed for LULC 
classification. Means; Supervised and unsupervised; supervised classification is a method of land cover type 
classification using the sample polygons from the known land cover types. Unsupervised classification; can be 
done by, type of land cover classification from the satellite image data. 
Percent change detection of LULC 

To compute the LULC change in percentage (%), final and initial LULC areal coverage was compared 
using the following formula; 

Change (%) =
                                  

              
 X 100 

Planning of watershed management and its prioritization, climate change and LULC change detection on 
watershed level as well as large scale level is important step. The land use/land cover of the any date or year 
can be downloaded were mapped, classified and calculated using remote sensing and GIS.  
 
CONCLUSION 

This RS and GIS based study proves that integration of GIS, and RS technologies are most effective tools 
for land use/ land cover planning, development and management. Recently, RS and GIS are widely applied for 
monitoring changes and land use and land cover observation, its impact to the environment as well as 
agriculture, identifying land cover changes; RS is often combined with GIS techniques. 
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In India Dragon fruit is gaining popularity as a nutritious and medicinal fruit. It is being eaten with a say of 
high nutritional value and therapeutic over various health problems. Dragon fruit is rich in vitamin like 
ascorbic acid, thiamin, riboflavin, niacin, high fibre content, minerals like Ca, Fe, P, less carbohydrates and no 
fats, seeds rich with 50 per cent of essential fatty acids viz. linoleic acid and linolenic acid, which play a vital 
role in human metabolism and cannot be synthesized from other food components by human body. All these 
factors are rendering it beneficial for various diseases.  
 
INTRODUCTION 
Dragon fruit (Hylocereus undatus (Haw.) Bbritton and Rose) is a climbing vine cactus species which has received 
worldwide recognition, first as an ornamental plant and then as a fruit crop. Its fruit is the most beautiful in the 
family Cactaceae with a bright red skin studded with green scales and white and red flesh with tiny black seeds. 
The juicy flesh of the fruit is delicious in taste.  
 In recent years, Dragon fruit introduced as a super fruit in Indian market. Its attaining tremendous 
recognition amongst growers due to its attractive fruit colour and melodious mouth melting pulp with edible 
black seed imbedded inside the pulp, nutraceutical value, excellent export potential and highly remunerative in 
nature as produces yield from 14- 16 months after planting of stem cutting and yield up to 20 years with long 
crop cycle from May – December in different flushes in each and every year. It is also a part of urban 
horticulture because of its beautiful nocturnal showy white flowers, which can be used in moon garden and 
nicknamed as “Queen of the Night” or “Noble Women”. Hylocereus costaricensis, red fleshed pitaya and H. 
undatus, a white fleshed pitaya is two major species growing under Indian condition especially in West Bengal. 
 Dragon fruit grows best in dry, tropical and subtropical climates enduring temperatures upto 40 °C. The 
fruit sets 30–50 days after flowering on the cactus-like trees. The fruit is eaten as fresh fruit chilled by peeling 
away the skin or as dried fruit. It is also used as flavouring agent in drinks, juices and alcoholic beverages 
sorbet, smoothie and pastries.  
 Now-a-days, dragon fruit is gaining popularity in India as a nutritious and medicinal fruit. It is being 
eaten with a say of high nutritional value and remedial over various health problems. The major aim of this 
study is to explore the research evidences for the assumptions that dragon fruit has high nutritive and 
medicinal values.  
 
Medicinal and nutritive value of different part of dragon fruit 
Dragon fruit is considered as a heavenly fruit on the earth with high nutritive and medicinal values. Eating fruit 
is considered beneficial for strengthening bones and teethes, heart tissues, carbohydrate metabolism, healthy 
blood and tissue formation, faster healing of bruises and wounds, strengthening immune system, respiratory 
tract infections and even as a mild laxative due to substantial fibre content. It is considered to lower blood 
sugars in type 2 diabetic patent. Hence, the dried dragon fruit is included in diabetic diet plan. It is believed that 
dragon fruit is able to lower cholesterol concentration, to balance blood sugar concentration, to strengthen 
kidney function and bone, to prevent colon cancer, to strengthen the brain workings, increasing the sharpness 
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of the eyes as well as cosmetic ingredients (Suryono, 2006). The fruit pulp is rich in antioxidents and ascorbic 
acid, polyunsaturated (good) fatty acids, vitamins B, protein carotene and minerals like Ca, Fe, K, Na, etc. 
(Rahmawati and Mahajoeno, 2009). The vitamin C content as high as 6000mg/100 g of fruit pulp. The seeds are 
high in polyunsaturated fats (omega-3 and omega-6 fatty acids) that reduce triglycerides and lower the risk of 
cardiovascular disorders. Even the stem of dragon fruit tree is found possessing medicinal values. As premature 
stem of dragon fruit contains higher ascorbic acid, it may have been helpful in preventing the risk factors of 
certain diseases. Fresh and dried dragon fruit skin both are rich in pectins and betalains making it natural food 
thickener and natural colouring agent. Eating dragon fruit can help the body to maintain such normal function 
as ridding the body of toxic heavy metals and improved eyesight. Lycopene, responsible for the red color in 
dragon fruit, has been shown to be linked with a lower prostate cancer risk (What Is Dragon Fruit Good For?, n. 
d.) Dragon fruit also have some toxic effects on health if consumed excess amounts.  
 
Fruit pulp: 
Earlier studies focus on the nutritional composition of dragon fruit including its antioxidant activities, total 
ascorbic acid (TAA), total dietary fibre (TDF), total soluble phenolics (TSP) and pectin as all were influenced by 
cultivar (Mahattanatawee et al., 2006). Red dragon fruit is assumed having much iron that increase 
haemoglobin and erythrocyte level. A significant effect of red dragon fruit juice on hemoglobin and erythrocyte 
levels in pregnant women and thereby suggesting an alternative treatment to deal with anemia among 
pregnant women have been proved by Widyaningsih et al. (2017). Though not on human experiments on rats 
(Swarup et al., 2010) have proved dragon fruit extract treatment was effective in controlling oxidative damage 
and decreasing the aortic stiffness measured by pulse wave velosity in streptozotocin-induced diabetes in rats. 
 
Seeds : 
Its fruit contains black, small seeds, which embedded in white or pink flesh. Attempts have been made to 
determine the composition of the oil extracted from these seeds of dragon fruit (Ariffin et al., 2009). 
Interestingly, the oil extract of these seeds was found rich with 50 per cent of essential fatty acids namely, 
linoleic acid and linolenic acid – a necessity in human metabolism and cannot be synthesized from other food 
components by human body. Certain studies even revealed that dragon fruit flesh is rich in polysachharides (Xu 
et al., 2016) and mixed oligosaccharides (Wichienchot et al., 2010) that were found capable of stimulating the 
growth of Lactobacilli and Bifidobacteria. Bifidobacteria and Lactobacilli are Gram-positive lactic acid-producing 
bacteria constituting a major part of the intestinal microflora in humans. This gastrointestinal microflora are 
called probiotics and help suppress the growth of gastrointestinal pathogens. Enormously, dragon fruit is 
proving to be a natural probiotic. 
 
Betalains: 
Dragon fruit is also considered good source of food dye or food colouring agent. Food colouring agents are 
required to reimburse the colour losses during processing. Consumers, which are health conscious, generally 
preferred natural food dyes over the synthetic one. Dragon fruit is rich in pigment betalains comprising 
betaxanthins and betacyanins. Rebecca et al. (2008) not only extracted these pigments but reported great 
tolerance of these pigments towards the factors causing colour loss during processing (Harivaindaran et al., 
2008 and Ruzainah et al., 2009). Rodriguez et al. (2016) revealed that the antioxidant, anti-inflammatory, 
antiangiogenic and GST inducing activities of betalains from red dragon fruit peels were enhanced through 
carbohydrate encapsulation. 
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Therapeutic importance of dragon fruit 
One of the most advantageous aspects of dragon fruit is its ability to give a serious boost to your body’s 
defense system. The high level of vitamin C found in dragon fruit is one of the strongest assets to your body’s 
immune system, which stimulates the activity of other antioxidants in the body as well. Dragon fruit is also 
packed with other vitamins besides vitamin C, including the vitamin B complex. The B1, B2, and B3 vitamins 
present in dragon fruit improve everything from blood pressure, skin health, and cholesterol levels to thyroid 
function and carbohydrate metabolism. They actively seek out and eliminate free radicals, the dangerous 
byproducts of cell metabolism, which have been directly linked to potentially fatal conditions like cancer and 
heart diseases. Dragon fruits have a significantly higher fiber content, which means that they can help your 
body bulk up its bowel movements, facilitating smooth passage through the digestive tract, stimulating 
peristaltic motion, and inducing a release of digestive juices. By regulating bowel function with dietary fiber, 
this fruit helps in preventing various conditions like constipation, irritable bowel syndrome, and even serious 
diseases like colorectal cancer (Awang et al., 2011). 
Along with the antioxidant quality of vitamin C that boosts the immune system, dragon fruits also contain other 
sources of natural antioxidants. Carotene, found in dragon fruits has been linked to a number of anti-
carcinogenic qualities. It helps in reducing the size of tumors as well. Basically, dragon fruits boost your immune 
system from every direction, so if you feel like you’re frequently getting sick, feeling under the weather, or 
even if you are at a high risk of developing cancer, dragon fruit might be the answer for you (Aziz and Noor, 
2010). 
The final boost to your immune system from dragon fruit is its antifungal and antibacterial qualities. These can 
help increase the white blood cell count in the body, which defend against toxins and also inhibit the entrance 
or growth of fungal or bacterial infections in the organ systems. You will also find that it stimulates cell 
regeneration and speeds up healing, so wounds and bruises will heal at an increased rate. Dietary intake of 
protein is essential for healthy functioning of our body and dragon fruit is an unusually good source of protein. 
Many of the proteins we gain from fruits, vegetables, and meat are metabolized by enzymes in our body and 
turned into usable proteins that can speed up cell repair, enhance strength and metabolism, and help us lose 
weight and increase muscle mass. Dragon fruit is quite an exotic fruit with a number of unique properties, one 
being that they contain no bad cholesterol and almost no unhealthy saturated fats. By reducing the amount of 
cholesterol in the blood, the chances of developing plaque in the arteries and veins are small, thereby reducing 
the likelihood that you’ll suffer from atherosclerosis, heart attacks, and strokes. By using dragon fruit as a 
source of many other nutrients, you are not negatively impacting your body in any way, hence, the fruit’s 
reputation as a “superfood” is true. Fat is beneficial for your body and the seeds of dragon fruit do contain this 
good fat, which can lead to HDL cholesterol (“good” cholesterol). HDL cholesterol actively decreases the 
amount of LDL cholesterol by inhibiting the receptors that it binds to, on the walls of arteries (Ben-Asher et al., 
2006). 
 
Cosmetics arena 
Eating a dragon fruit with its rich antioxidants can keep the skin tight and young. You can even make a face 
mask using the fruit combined with honey as a natural alternative to anti-aging masks. Dragon fruit juice is an 
excellent agent for treating colored hair. By simply putting the juice or a conditioner containing dragon fruit on 
your scalp, you can protect your chemically treated or colored hair. This will keep the hair follicles open, 
allowing your hair to breathe and remain healthy and smooth. This treatment is not just for teenagers. Rich in 
vitamin C, this fruit becomes a great topical ointment. Turn a slice of dragon fruit into a paste and apply it to 
your reddened areas on your face or skin, then rinse with water. For best results, use twice daily. By combining 
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dragon fruit with cucumber juice and honey, you can create a compound much like aloe that can soothe 
burned skin. Abundant in vitamin B3, dragon fruit can moisturize sunburned skin and release heat from the 
affected area. Like other red fruits, dragon fruit contains lycopene, which helps protect against cancer and 
heart disease. How can all these benefits be taken advantage of in this visually beautiful, exotic fruit? It's best 
eaten chilled, chopped into cubes and added to fruit salad or blended into a refreshing drink or smoothie 
(Cavalcante et al., 2007). 
 
CONCLUSION 
Dragon fruit is an exotic and delicious fruit, which is often considered a tropical “superfood” because of its 
wealth of benefits. This fruit has somewhat “under the radar” quality that makes it less well known than many 
mainstream fruits and health foods. It is also known as “pitaya or pitahaya” which comes from the genus 
Stenocereus and Hylocereus respectively. Dragon fruit has a number of health benefits including its ability to 
aid in weight loss, improve digestion, lower cholesterol, strengthen the immune system, and boost energy 
levels. It also helps to prevent cancer and heart disease, defend against bacteria and fungi, and helps in the 
overall functioning of the body. The health benefits of the dragon fruit are mainly attributed to its antioxidant, 
antibacterial, and nutritional properties. The benefits include a boost to immunity, body metabolism, and a 
smoother digestive process. 
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Insects cause a significant amount of damage to grain each year producing economic losses that affect 
farmers, elevators, managers, and processors throughout the world. Stored grain protection relies heavily on 
the use of chemicals like phosphine and methyl bromide to control pests. Due to the increased concern over 
the use of post-harvest chemicals worldwide, there is much interest in the development and use of non-
chemical treatments such as ozonation to control stored product pests.  

Ozonation is a powerful oxidant that reduces or inhibits mold spore development and kills stored 
product insects, therefore serving as a non-chemical alternative for stored grain protection. Ozone inhibits or 
eliminates fungal spores, it reduces the potential production of mycotoxins that can be toxic to humans and 
mammals when ingested.  

Ozone tends to transform or decay into two molecules of oxygen within 20 to 50 minutes. Therefore, a 
special ozone air delivery and return system design is required for an ozonation treatment of a storage facility. 
A recirculation system is needed so ozone is not wasted once the leading font exits the grain mass and is not 
just exhausted into the environment. The ozone generator needs to be capable of producing ozone at a 
constant rate and at the capacity needed for the grain mass to be 
treated. (Mendez et al., 2003)  
 
Movement of ozone gas through the grain mass 

The initial ozonation treatment of a grain mass takes more time to complete than subsequent 
treatments on the same grain mass. Because ozone reacts with the cell structures of mold spores, insects, 
bacteria and other biological matter attached to the grain kernel surface and contained within the grain mass. 
Completion of the sterilizing ozonation effect depends on the quantity of biological matter to be reacted with, 
the quantity of ozone available to react, and the supply of ozone to complete the reaction process throughout 
the grain mass within a timely manner. After this reaction process, ozone will move faster and more freely in 
the grain mass increasing in concentration. The initial sterilization phase is until the target treatment 
concentration of 50 ppm is reached in the bottom layer of the grain mass. Once the ozone reaches the desired 
concentration of 50 ppm, ozonated air must be moved through the grain mass and kept constant for three days 
to complete the ozonation treatment. A minimum air velocity of 0.03 m/s must move through the grain mass 
to achieve an optimal ozone concentration (Kells et al., 2001) 
 
Factors affecting the toxicity of ozone 

• Body mass: Insect populations with higher body mass would have the capacity for greater mobilization 
of energy reserves for protection against ozone. 

• The temperature of the grain mass: With the rising temperature of the grain mass, the overall 
metabolic rate of insects is increased, resulting in increased oxygen consumption that stimulates ozone 
uptake by the insect. 
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• The life stage of an insect: Ozone toxicity for insects varies depending on the stage within its life cycle. 
For example, larval and pupal stages of Tribolium castaneum are ozone sensitive with sensitivity 
decreasing with age (Erdman, 1980). 

Effect of ozone treatment on storage insect: 
Within the grain processing industry, ozone is employed as a replacement for the existing fumigants 

such as methyl bromide and phosphine for the control of storage pests. Ozone as a fumigant is reported to kill 
stored-grain insects such as Tribolium castaneum, Rhyzopertha dominica, Oryzaephilus surinamensis, Sitophilus 
oryzae, and Ephestia elutella (Sousa et al., 2008). 

Isikber and Oztekin (2009) studied the mortality rate of two flour beetles (Ephestia kuehniella and 
Tribolium confusum) and observed insect mortality during ozonation was not only dependent upon the life 
stages specific for both the species but was also insect specific. They observed a higher susceptibility and high 
mortality for all three larvae, pupae and adult stages of                   E. kuehniella (90– 100%) compared to T. 
confusum (1.3–22.7%) for similar experimental conditions. 

Kells et al. (2001) reported a high mortality rate for maize weevil, red flour beetle, and the Indian meal 
moth exposed to ozone at 50 ppm for three days and 25 ppm for five days. 

 
Advantages of ozonation   

 No residues in food grains: Ozone is a very unstable molecule and has a half-life of 20-50 min, rapidly 
decomposing to diatomic oxygen, a natural component in the atmosphere, leaving no residue on the 
food products or food grains. 

 Efficacy against a wide range of insects and micro-organisms  

 Generally recognized as safe (GRAS) for use in food processing: Ozone has regulatory acceptance by the 
Food and Drug Administration (USA) (FDA 2001) and the Environmental Protection Agency’s (USA).  

 Alternative against phosphine resistant insect pests 
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INTRODUCTION 
 Indian agriculture depends upon rainfed farming as it covers 63% of the arable land contributing to 45% 
of the total agricultural production. Very low average crop productivity of about 1 t/ha from these areas is 
really a matter of serious concern. Even an increase of 0.5 t/ha of productivity from these areas will add around 
50 million tonnes of additional food grains every year. Small and marginal farmer, practicing rainfed farming 
have less than 2 hectares land and dominates the farming community as they constitute 78.2% of total farm 
families and possess 53.7 million ha of arable land. It is estimated that without conservation measures on the 
rainfed lands for soil erosion by wind or water, salination or alkalination, depletion of plant nutrients and 
organic matter, deterioration of soil structure and pollution total productivity loss will amount to 29% and 544 
million hectares of cropland all over the world. The solution for this is to adopt soil and moisture conservation 
practices. Fortunately, many indigenous techniques for conserving natural resources have been in practice for 
number of years. Therefore there is a need to enmesh these practices along with conventional soil and water 
conservation measures for promoting sustainable development of agriculture (Singh and Manhot, 2004). 
 
Indigenous Technical knowledge (ITK) 
 It refers to the art of using natural resources and is passed on generation to generation which is farmers 
friendly as well as socially accepted. It is synonymous to local knowledge and is defined as “A sum total of 
knowledge based on acquired knowledge and experience of people in dealing with problems and typical 
situations in different walks of life”. It is a people derived science and represent peoples creativity, innovations 
and skills (Sinha et al., 2015). The promotion of appropriate technology with indigenous knowledge base is 
gaining importance in the natural resource management for increasing their adaptability and to bring down the 
dependence on cost effective technologies. For the purpose of documentation and analysis of Indigenous 
knowledge “Documentation and Analysis of Indigenous Methods of In-Situ Moisture Conservation and Runoff 
Management” developed by CRIDA through National Agricultural Technology Project (NATP).   

Some of the ITKs were documented under the following specific categories 

1)Agronomic measures : Green manuring, Intercropping etc. 
2)Tillage : Off season tillage, Deep ploughing etc. 
3)Bunding & Terracing : Vegetative barrier, stone bunding,  bench terrace etc. 
4)Land configuration : BBF, Opening up set furrow etc. 
5)Soil amendment/Mulching   :   Application of tank silt, crop residues;  

  pebble mulching etc. 
6)Erosion control and runoff 
diversion structure 

: 
Grassed waterways, gully check etc. 

7)Water harvesting, seepage 
control and ground water 
recharge 

: 
Farm pond, Dug well, Check dams etc. 
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INDIGENOUS TECHNOLOGIES FOR SOIL CONSERVATION 
Earthen Field Bunds: The most accepted soil conservation structure in the country. It is practiced at large scale 
all over India. Earthen field bunds are constructed on agricultural land with the aim of arresting soil erosion and 
improving the soil moisture profile.  
Stone Bunds: These are formed gradually by allowing erosion on the upper parts of sloping fields and arresting 
the soil by creating vegetative/ stone barrier on field boundary. By adopting this practice, land with limited 
depth of soil can safely be put under cultivation without further degradation in sloping areas.  
Stone Wall Terraces (SWT): In some of the high sloppy areas where soil depth is a limiting factor, stone wall 
terraces are very common particularly in those areas where stones are readily available in the area. Like stone 
bunds, the stone wall barriers are also put across the slope for developing terraces on downhill slopes 
Rough Stone Slab Bunds: It is found to be very effective, adoptable, low cost indigenous technology in 
moderately sloping (0-5%) arable lands where the small stone slabs are easily available at or near the site. In 
this system 30-45 cm high bunds of rough stone slabs (5-10 cm) thick and 45-60 cm long are put across the 
slope, uniformly all along the boundaries. Stone slabs are thoroughly embedded in soil one after the other in 
dug out furrows of 15-30 cm depth.  
Rough Stone Bunds: In the absence of the slabs simple stone pieces of 10-20 cm thick, 45-60 cm long and of 
varying widths are also used. In due course of time the small gaps in between two slabs/ stones are being 
covered by naturally occurring grasses; also acting as filter strip. Some of the farmers prefer to have such bunds 
against smaller cross sectional earthen bunds because in this system only a narrow strip of land goes of 
cultivation and maintenance is almost nil. 
Vegetative Peripheral Bunds/ Barriers: This is commonly used indigenous conservation practice in semi-arid 
regions. Established bunds are found to be very effective. Barriers of lantana, jatropha and other small height 
plants are also very commonly used in most of the areas. Stabilization of the periphery of fields situated on the 
banks of big nalla or rivers is the key concept.  
Temporary Sediment Detention Dams: In hilly areas, concentrate eroded soil at appropriate location is the 
construction of temporary sediment detention dams. In such areas most of the badly eroded lands are found in 
deep and narrow valleys, where due to high concentration of runoff, the rate of soil erosion is very high. Under 
these situations construction of Temporary Sediment Detention Dams (TSDD) is adopted by the farmers. 
Suitable locations are those where the possibilities of sediment trapping is more. 
 
INDIGENOUS TECHNOLOGIES FOR WATER CONSERVATION 
Stone Wall for Nallah Bank Protection: This practice is adopted in those conditions where bank erosion is a 
problem particularly in arable lands. This technique is primarily used only in those areas where stones are 
available at sites or very near to sites suitable cross sectional wall of loose stone is constructed all along the 
bank or only at vulnerable sites. Erection of such protection wall is done starting from the bed of nallah, 
keeping appropriate foundation. 
Sand Bag Structure (Bori Bandhan): It is easy to construct. Sand bag structures are constructed during peak 
flow across the drainage line of field with cement bags filled with soil/sand to check the flow of water. The 
runoff water is stored or checks without much seepage loss and stored water is utilized for growing of crops. 
This is practiced on individual basis. It was evolved from the creativity and experience of the farmers of the 
village.  
Village Pond/ Talab: This is common rural rainwater harvesting technology. Pond is constructed at suitable 
sites mainly for domestic use and also for groundwater recharge. Suitable site for an economic viewpoint is 
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selected by the villagers where the largest storage volume is obtained with the least amount of earth fill. 
Surface runoff is the major source of feeding the ponds/ talabs. 
Talai - A Small Water Storing Structure: Talai is an indigenous water harvesting technique creating water point 
for cattle. In this system an earthen embankment of very low height may be of 1-2 m is made at suitable 
location in a nallah/ natural drainage line, where natural depression exists. The earth required in making 
embankment is also taken out from the existing depression for increasing storage capacity.  
Farm Pond (Small Pond): These farm ponds are generally constructed by farmers, whose land remain 
temporarily submerged and after monsoon. In rabi season, crops are sown as tank bed cultivation, when the 
water has evaporated or percolated. Stored water is sometimes drained through some indigenously developed 
surplussing arrangements for sowing of rabi crops. 
Well: This is practiced by all categories of farmers on individual basis. It is an age-old practice. In this system 2-5 
m diameter well is dug manually. The depth of the well varies from 5-12 m depending on the availability of 
groundwater in the superficial aquifer. The adoptability is very good and the users draw water from the wells 
for domestic use and irrigation. 
 
INDIGENOUS TECHNOLOGIES FOR SOIL AND WATER CONSERVATION  
Smaller Cross-Sectional Nali Structure: This is most suitable soil and water conservation techniques. In hilly 
areas, moderately sloping land nali of about 30- 45 cm depth are constructed across the slope almost on 
contours for enhancing in-situ moisture conservation and also for checking soil erosion from arable lands. As 
per the requirements of the area, a provision for safe disposal of excess runoff is also kept. In some of the areas 
these nali like structure are also established for controlling/ stabilizing drain.  
Dry Stone Masonry Pond: In this type of structure the upstream and downstream walls are constructed 3-4 m 
apart by dry stone masonry after excavating a foundation of appropriate depth. The space in between these 
two walls is filled with locally available murrum or soil with proper compaction. The earth fill is kept 10-20 cm 
above the top of the wall to provide an extra provision for natural settling over a period of time.  
 
Commonly used ITKs in different Agro ecology region 

S.No. Name of ITK Purpose Constraints 

1. Farm Pond 
To store water in the pond for ground 
water recharge and / or supplemental 
irrigation  

Siltation of tank 
Repair of bund around the pond 

2. Well 
Domestic and agricultural uses, and 
ground water recharging  

Feasible in areas where water table 
upto 15m. 

3. 

Fencing 
trench as 
recharging 
trench 

To protect field from intruders. To hold 
rain water which conserve soil and water.  

Care is needed to don’t let to fill the 
trench. 

4. 
Brush wood 
structure 

To check soil loss  Availability of brushwood in large 
quantity as trees are cut for this 
purpose. 

5. 
Peripheral 
stone 
bunding 

Soil conservation and runoff management  Availability of stones in large quantity 

6.. Sand bag Soil and water conservation  Non-availability of raw material.  
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structure as 
waste weir 

Safe disposal of runoff and strengthen 
bund  

Location specific. 

7. Borrow pit 
To store rain water and To recharge 
ground water.  

Siltation 

8. Dhodhi 
Harvesting of seepage water.  Usually far away from residential 

location for daily use purpose. 

9. FYM Pit To increase the ground water level  Encroachment of land 

10. Field bund 
To harvest rainwater and conserve soil  Wastage of land in bunding, needs 

regular maintenance 

11. 
Tank silt 
application 

To increase the fertility and moisture 
holding capacity of soil  

Lack of awareness and community 
effort.  
High cost of transportation. 

12. 
Deep 
ploughing 
 

To break down the hard pan and improve 
water infiltration and conserve soil and 
water  

Higher cost of operation. 

13. 
Vegetative 
barrier 

To check soil loss, as well as protection 
against animals  

Regular pruning 

14. Biasi 
To maintain plant population 
 To reduce leaching. To reduce weed 
infestation  

Availability of animal power is scarce. 

15. Utera 

To utilize the residual moisture of kharif 
season  

During broadcasting shattering of 
kernels is serious problems due to 
walking of farmers on field. Weed 
density increases in rabi seasons. Not 
suitable for water logging area and 
bhataland 

Farm pond Well Fencing trench 

Brush wood structure Peripheral stone bunding Sandy bag structure 
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Fig 1: Various ITKs 
 
CONCLUSION 
  Overall it was noted that the all ITK method exists in the study area for moisture conservation and 
rainwater management and soil conservation were found to be excellent method. Many ITKs on in-situ soil and 
water conservation are not adopted everywhere throughout India because of constraints in unawareness of 
the effectiveness of such practices and difficulty in finance the adoption percentage of these ITKs are 
comparatively less. Integration of modern scientific knowledge, proven eco-friendly techniques of moisture 
conservation utilization of naturally available material and implements can made existing ITK economically 
viable. The present documentation process has definite bearing on the future course of action in farming new 
projects. The added advantages will include reduction in soil erosion and increase in ground water level. The 
documentation, refinement and promotion of ITKs should form the basis for implementing natural resource 
conservation technologies on watershed basis. 
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INTRODUCTION  
The development in the recent tools in molecular biology has enhanced and accelerated the detection and 
diagnostics through the automatic purification of nucleic acids and specific proteins from pathogens. 
Conventional methods were followed, which were time consuming, relied on the interpretation of visual 
symptoms, culturing, laboratory identification and required extensive taxonomic expertise. Rapid 
development of genomic techniques has greatly simplified and has revolutionarised research in the area of life 
sciences. Nucleic acid-based detection methods overcome various problem associated with microscopical and 
immunological detection methods. DNA probes are used for the precise and accurate detection of pathogen 
propagules in infected tissue. DNA microarray technology is currently a new and emerging diagnostic 
technology for plant pathogens, when coupled with PCR results in high level of sensitivity, specificity and 
throughput. Dot blot hybridization, microarray, polymerase chain reaction (PCR)-based methods e.g. PCR-
restriction fragment length polymorphism (PCR-RFLP), nested- PCR, multiplex-PCR, reverse-transcription-PCR 
(RT-PCR) etc. are the techniques being employed for the detection of major pathogens viz. tobacco mosaic 
tobamovirus. Introduction of real-time PCR technique has improved and simplified the methods for PCR-based 
diagnosis of plant pathogens. Routine application of real-time PCR and metagenomic analysis may expedite 
entire process of diagnosis of plant pathogens 
 
Polymerase Chain Reaction (PCR) 

The polymerase chain reaction (PCR) is the most important and sensitive technique presently available 
for the detection of plant pathogens. It  is one of the greatest inventions in science by Kary Mullis in 1984 
(Mullis, 1987). With the advent of PCR, DNA based techniques have rapidly become the gold standard for 
detection, and identification of plant pathogens, including bacteria. This is due to the fact that these techniques 
overcome many of the shortcomings due to their sensitivity, greater accuracy, specificity, and more rapid 
results than conventional techniques (Schaad et al., 2001).   

The PCR technique primarily involves three steps in sequential events, namely denaturation, primer 
annealing and DNA synthesis or chain extension with the help of a thermal cycler. It  allows the amplification of 
millions of copies of specific DNA sequences by repeated cycles of denaturation, polymerisation and elongation 
at different temperatures using specific oligonucleotides (primers), deoxyribonucleotide triphosphates (dNTPs) 
and a thermostable Taq DNA polymerase in the adequate buffer (Mullis & Faloona, 1987). The amplified DNA 
fragments are visualized by electrophoresis in agarose gel stained with EtBr, SYBR Green or other safer 
molecule able to intercalate in the double stranded DNA, or alternatively by colorimetric (Mutasa et al., 1996) 
or fluorometric assays (Fraaije et al., 1999).  

The presence of a specific DNA band of the expected size indicates the presence of the target pathogen 
in the sample. Recently, Mondal et al. (2012) demonstrated a rapid and reliable PCR based detection of 
Xanthomonas axonopodis pv. punicae causing bacterial blight of pomegranate.  
 
 
 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 470 - 
 

 

Advantages  
1. PCR-based methods, such as real-time PCR, allow fast, accurate detection and quantification of plant 

pathogens in an automated reaction.  
2. Main advantages of PCR techniques include high sensitivity, specificity and reliability. Moreover, it is not 

necessary to isolate the pathogen from the infected material reducing the diagnosis time from weeks to 
hours, and allowing the detection and identification of non-culturable pathogens.  

3. This characteristic has been especially useful in the analysis of symptomless plants. 
Disadvantages  

1. The frequent presence of PCR inhibitors in the plant tissues or soil can reduce considerably the 
sensitivity of the reaction and even result in false negative detection.  

2. Another disadvantage of the PCR methodology is the occurrence of false positive results due to the 
presence of DNA or PCR products (amplicons) contaminants. For this reason, it is advisable to separate 
physically and temporally pre- and post-PCR analysis.  

3. Another failure of PCR-based methods is the inability to discriminate viable from nonviable fungi or 
fungal structures, which might inform of the real threat for the plant. 

4. Like this, many PCR variants have been developed to improve sensitivity, specificity, rapidity and 
throughput, and to allow the quantification of the fungal pathogen in the plant and the environment. 

 
NUCLEIC ACID-BASED TECHNIQUES 

Nucleic acid (NA) based techniques are widely recognized and powerful plant pathogen detection 
techniques. The target region mostly exploited for bacterial diagnostic is ribosomal DNA, which are present in 
all bacteria at high copy number per genome with highly conserved regions, allowing for very sensitive 
detection (Mondal et al., 2004). Since the specificity of DNA-based techniques only relies on primer and probe 
sequences, such assays are also easy to develop and can be transposed into virtually every pathosystem. 

 Molecular markers like restriction fragment length polymorphism (RFLP), random amplified 
polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), as well as hrp genes, pth gene 
based markers have been extensively employed to detect and identify pathogenic bacteria affecting different 
crop plants. 

The RAPD markers are demonstrated to be useful for determining polymorphisms among 
phytopathogenic bacteria. The utility of random primers for differentiating bacterial blight pathogens in beans, 
Xanthomonas campestris pv. phaseoli and X. campestris pv. phaseoli var. fuscans has been well documented 
(Birch et al., 1997). RAPD based polymorphism comprising Indian isolates of three bacterial pathogens causing 
common blight, fuscous blight and halo blight in grain legumes was studied (Mondal, 2009).  
 
Advantages of NA-based detection techniques  
There is no debate about the value of NA-based techniques to an applied plant pathology programme. The 
main advantages are high sensitivity (Janse, 1988), rapidity, specificity and the quantifiability. Of further note 
are the following advantages: 
(i) Detection and identification of bacterial pathogens in seed and plant samples for post- and pre-entry 

quarantine check.  
(ii) Quantification of bacterial biomass in host tissue or in environmental samples. 
(iii) Identification of bacteria that grow slowly or difficult to grow (fastidious bacteria). 
(iv) Genomic characterization of genus,species, pathovars, 8 Biotechnol. Mol. Biol. Rev. of bacterial 

pathogens. 
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(v) To provide a more dependable diagnosis in the specific cases where the routine diagnostics through 
cultural, morphological and biochemical are not conclusive enough. 

Disadvantages of NA-based detection techniques  
(i)NA-based tests very often yield false positives and false negatives, therefore, plant pathologist should not 
rely exclusively on NA-based test as the sole evidences for new reports, nor for other important samples. 
(ii) Depending on the complexity of the diseased sample, a positive PCR test may not be sufficient evidence for 
a high-confidence diagnosis.  
(iii) Further verification of the identity of PCR amplicons generated using species-specific  primers is sometimes 
required to confirm results. These include analysis of RFLP, sequencing or hybridization to a specie-specific DNA 
probe. This makes the diagnostic protocol more complex, cost and time intensive. 
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The extensive use of pesticides for agricultural and non-agricultural purposes resulted in their residues being 
found in surface and groundwater supplies. The physicochemical properties of pesticide compounds, in 
particular their solubility in water and organic solvents, distinguished by their coefficients of octanol-water 
partition (inversely related to solubility), determine their leaching characteristics in surface and ground water. 

Pesticide: 

 Pesticide means any substance or mixture of chemical compounds of synthetic or natural ingredients 
intended to repel, destroy or control any pest or to regulate the growth of plants. 

 The term ‘pesticide’ covers a wide range of substances, including insecticides, acaricides, fungicides, 
molluscicides, nematicides, rodenticides, and herbicides along with growth regulators etc. 

 
Pesticide residue: 

Residue of pesticides may be described as any substance or combination of substances in agricultural 
commodities, food, or animal feed arising from the application of pesticides and involves any 
pesticide compound left over from parent compound and any specified derivatives such as toxic 
metabolic & degradation products and toxic impurities.  

Surface Water: 
Surface water reservoir includes surface and subsurface or underground water, intercepted water, i.e. the 
precipitation retained by vegetation cover, and water retained in depressions (flooded plains, swamps, pools & 
lakes). 
Sub-surface water: 
It includes the portion of water that penetrates into the soil and stagnates for a short period of time or for 
many years. 

 Saturated zone: It is a two-phase system (solid and liquid) where all pores (macro & micropores) are filled 
with water. 

 Unsaturated zone: It is a three-phase system (solid, liquid and gas) where only a part of the pores may be 
filled with water. 

Input pathways of pesticides into surface and sub-surface water: 
Pesticides can enter water bodies both by diffuse &/or point sources (Carter, 2000). 
 Surface water: 

Point source: Diffuse/Non point source: 

 Farmyard runoff, 
 Sewage plants, 
 Sewer overflows, 
 Accidental spills 

 Tile drain outflow, 
 Base flow seepage, 
 Surface and subsurface runoff, 
 Soil erosion from treated fields, 
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  Spray drift, 
 Deposition after volatilization 

 Ground water: 

Point source: Diffuse/Non point source: 

 Toilet pits/ cesspool 
 Landfill site 

 Leaching 
 infiltration 

 
Point sources of pesticides: 

 Point-source inputs of agricultural pesticides mainly consist of runoff from hard surfaces, mostly farmyards, 
storage facilities or roads. 

 Typically the contamination of hard surfaces arises from filling and cleaning of sprayers, improper handling 
of tank mix leftovers, leaking of faulty equipment, incorrect storage of canisters (dripping from leaking or 
from insufficiently rinsed empty canisters) etc. 

 Accidental spills can occur, e.g. due to breaking or leaking tanks on the road to the field to be treated. 

Tile drain outflow: 
It is a form of drainage system in agriculture that extracts excess water from the soil underneath the surface. 
Base flow: 
It is the portion of stream flow that comes from "the sum of deep subsurface flow and delayed shallow 
subsurface flow" or the non-run-off portion of stream flow resulting from seepage of water flowing from the 
ground into a channel gradually over time. It is the primary source of running water in a stream during dry 
weather. 
Pesticide drift/Spray drift: 

 During pesticide application by spraying, it is regularly observed that a certain portion of the applied 
amount is deposited outside the target area e.g. on soil, plant, and water surfaces. 

 The unintended diffusion of pesticides and the potentially negative consequences of application of 
pesticides including: non-target contamination due to spray drift along with soil/plant runoff.  

 The extent of spray drift losses from the target area depends on weather conditions, technical equipment, 
application method, and target crop. 

Surface runoff and erosion: 

 Pesticides lost in runoff and erosion events leave either dissolved in runoff water or adsorbed to eroded soil 
particles in the field. 

 Losses through runoff are considered more important for most pesticides than losses through erosion, as 
the quantity of eroded soil lost from an area is generally small compared to the volume of runoff. 

Leaching: 

 Leaching is vertical downward displacement of substances (pesticides) through the soil profile and the 
unsaturated zone, and finally to groundwater. 

 Pesticide leaching is highest for 
 weakly sorbing and/or persistent compounds, 
 climates with high precipitation and low temperatures and 
 In soils with either sandy texture with low organic matter (leaching by matrix flow) or soils exhibiting 

macropore flow, e.g. heavy loams and clays. 
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 Groundwater Ubiquity Score (GUS):  
 measure of estimation of potential of pesticides to contaminate groundwater 
 GUS = log10 (half-life) x [4 - log10 (Koc)], where, Koc = organic carbon partition coefficient 
 it is soil/region specific 

 Pesticide leaching potential (PLP): 
 PLP = half-life x rate of application (kg/ha) x F/ Koc, where, F = fraction of pesticide reaching soil 

during application 
 Value lies between 0.0001 to 1000.  
 Higher the value means higher the leaching. 

 Soil leaching potential (SLP): 
 Measures ease with which the soil allows leaching of pesticide, therefore; depends on soil texture, 

pH, organic matter content etc. 
 value ranging between 23 (lowest leaching) to 230 (maximum leaching) 

 
Table 1: Groundwater contamination potential (Hazardous, Risky or Safe) based on combined PLP & SLP 

                           SLP  
PLP   

HIGH MODERATE LOW 

High Hazardous Risky Safe 

Moderate Risky Risky Safe 

Low Safe Safe Safe 

Monitoring and detection: 

 Pesticide residue analysis of surface and ground water both OC and OP pesticides analyzed GC-ECD and GC-
MS. 

 Organochlorine pesticides were analyzed by gas chromatography using electron capture detector (ECD). 

 Organophosphate pesticides were analyzed GC-mass spectrometry (GC-MS) and/or by GC with 
nitrogen/phosphorus detector (NPD). 

 Non-volatile and thermally stable pesticides analyzed by HPLC-MS (phenylureas, carbamates, 
neonicotinoids, benzimidazoles, etc.). 

 Appropriate ionization techniques can identify and quantify a wide range of pesticide pollutants (e.g., 
triazines and chloroacetanilides) etc. 

 
REFERENCES: 
[1]. Carter, A., (2000). How pesticides get into water-and proposed reduction measures. Pesticide 

Outlook, 11(4):149-156. 
[2]. Székács, A., Mörtl, M. and Darvas, B., (2015). Monitoring pesticide residues in surface and ground water in 

Hungary: surveys in 1990–2015. Journal of Chemistry, 2015. 
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Robatic Bees: Future of Crop Pollination 
Article id: 22743 
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Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu, India 
 

Pollination: 
Pollination is the act of transferring pollen grains from the male anther of a flower to the female stigma. 

The goal of every living organism, including plants, is to create offspring for the next generation. One of the 
ways that plants can produce offspring is by making seeds. Artificial pollination occurs when humans intervene 
with the natural pollination process. They carry pollen, or plant sperm, from one flower to another, allowing 
the pollen to fertilize the ovaries and create seeds that will develop into fruits and new plants. 
 
Insect pollinators 
Why bees are important for crop pollination? 

Bees are required for cross pollination, which is the process of transferring pollen from one plant to 
another. The pollen sticks to the bodies of bees when they feed on flowers, and is then deposited on the next 
plant they visit. Cross-pollination has more benefits than self-pollination because it increases genetic diversity 
and improves the quantity and quality of crops. 

As honey bees gather pollen and nectar for their survival, they pollinate crops such as apples, 
cranberries, melons and broccoli. Some crops, including blueberries and cherries, are 90% dependent on 
honey bee pollination. One crop, almonds, depends entirely on the honey bee for pollination at bloom time. 
 

Decline in bee colonies: Bee populations have been rapidly declining in recent years due to “Colony Collapse 
Disorder”, which is thought to be linked to the use of certain pesticides by farmers. Decline of bees are due to 
habitat loss, climate change, and farming methods, including the use of harmful pesticides. From 2015 to 2016, 
there was a 44% decrease in bee colonies.  

To overcome the problem of a decline in bee population, robotic bees can be employed. Eijiro 
Miyako and a team from Japan’s National Institute of Advanced Industrial Science and Technology had created 

Insects 
 

Scientific name 
Pollination 

classes 
Crops 

Percent increase 
in yield due to 

pollination 

Bees 
 
 

Apis cerana indica, 
Apis melifera 

Apis florae 
Melitophily 

Mustard, 
Sunflower and 

lucerene 
42% 

Beetles 
Elacidobins 

kamerunicus 
Cantharophily Oil palms 32-40% 

Syrphid and 
Bombylid flies 

Syrphus sp Myophily Carrot, cotton, pulses 17-19% 

Hawk moths Sphingid  sp Sphigophily Flower crops 10% 

Butterflies Parides iphidamas Psychophily 
Fruits, Vegetables, 

Ornamentals 
38% 

Small moths Tegeticula maculata Phalaeophily 
Fruits, Vegetables, 

Ornamentals 
21-37% 

http://www.themanufacturer.com/articles/japanese-scientists-demonstrate-drone-bee-prototype/
http://www.themanufacturer.com/articles/japanese-scientists-demonstrate-drone-bee-prototype/
http://www.foxnews.com/science/2017/02/21/declining-honey-bee-population-could-spell-trouble-for-some-crops.html
https://www.newscientist.com/article/2120832-robotic-bee-could-help-pollinate-crops-as-real-bees-decline/?utm_source=NSNS&utm_medium=ILC&utm_campaign=webpush&cmpid=ILC%257CNSNS%257C2016-GLOBAL-webpush-ROBOBEE
https://www.newscientist.com/article/2120832-robotic-bee-could-help-pollinate-crops-as-real-bees-decline/?utm_source=NSNS&utm_medium=ILC&utm_campaign=webpush&cmpid=ILC%257CNSNS%257C2016-GLOBAL-webpush-ROBOBEE
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manually controlled drone that mimics a bee’s ability to cross-pollinate crops. A 4cm wide drone with a bottom 
covered in horsehair and a sticky gel to which the pollen sticks to it and is then transferred the next plant. The 
drone was able to successfully cross-pollinate Japanese lilies. The drones would carry pollen from one plant to 
another, using sensors and cameras to detect the locations of the crops. 
 
Robotic bee drone structure: 

The artificial pollinator is made of a 1.6-by-1.6-inch drone equipped with animal hair to mimic the fuzzy 
body of a bee. It was coated with a sticky gel, and flew the remote-controlled drone into the flowers of pink-
leaved Japanese lilies. The drone was able to pick up pollen like a natural pollinator. When drone was flown 
into another flower, releases the pollen grains successfully pollinating the plant. 

 
 
Principle of working: 
Robotic bees fitted with GPS trackers could be used to pollinate crops 
 
Advantage: 

 They are light-weight, safe around humans and are able to fly more efficiently than more traditional 
drone designs, especially at smaller scales. However, until now, these flying robots had not realised this 
potential since they were either not agile enough or they required an overly complex manufacturing 
process. 

 Every flower of Almond tree needs to be pollinated to set the nut. Robotic pollination would help to 
pollinate the crops effectively when there is decline in bee population due to (Colony Collapse Disorder) 
CCD. 

 Species specific bees for pollination of crops would be managed through tiny drones. 
  

CONCLUSION 
We can take action to preserve bee populations. Planting more flowers and leaving more pollinator habitat 
available. Using fewer pesticides will help existing populations stay healthy, and testing bees for diseases 
before they are moved to different locations around the world can prevent bee epidemics. Even if bee robots 
are really cool. There are lots of things we can do to protect bees instead of replacing them with robots. 

 

Horse hair & sticky gel (for pollination) 

Wing pad (for flight) 

https://www.newscientist.com/article/2120832-robotic-bee-could-help-pollinate-crops-as-real-bees-decline/?utm_source=NSNS&utm_medium=ILC&utm_campaign=webpush&cmpid=ILC%257CNSNS%257C2016-GLOBAL-webpush-ROBOBEE
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Soil test crop response for soil fertility management and sustainable crop production 
Article id: 22744 
Arti R. Gabhane 

Soil Science and Agricultural Chemistry 
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola, Maharashtra, 444104 

 
Due to adoption of  multiple cropping and introducting of high yielding varities of principal crops in our 

country. Solis are depleted in nutrients at a much faster rate than in the case of old cropping system. As a 
result, crop production has becomes highly fertilizer oriented. As cost of fertilizers are very  high in our country 
, judicious use of fertilizers are required. Soil testing is one of the accepted methods for the economics use of 
fertilizer but there are many problems in making fertilizer recommendations based only on soil test values. 
 
The initial objectives of the STCR 

 To develop relationships between soil test values and crop response to fertilizers, in order to provides a 
calibration for fertilizer recommendation based on soil testing. 

 To obtain a basis for making fertilizer recommendations for targeted yields. 

 To evaluate various soil test methods for their suitability under field conditions. 
 
Subsequently during the sixth Plan period, the objectives of the project additionally add are: 

 To evaluate the joint use of chemical fertilizers and organic manures for enhanced nutrient use 
efficiency. 

 To derive a basis for making fertilizer recommendations for a whole cropping sequence based on initial 
soil test values. 

Modern approaches of soil fertility evaluation are mainly focused towards increasing fertilizer use efficiency. 
The approaches may be as follows: 

 Soil analysis and correlation 

 Critical soil test level approach 

 Agronomic approach 

 Soil fertility cum soil survey 

 Inductive approach based on soil  test and crop response correlation, 

 Deductive approach based on soil test crop response correlation, and 

 Targeted yield concept approach. 
The purpose of different approaches is to utilize soil and fertilizer nutrients judiciously and effectively in a 
manner best suited to different agro-climatic zones. 
From the soil test, crop response field experiments, it has been possible to derive three basic parameters like 

 Nutrient requirement in kg per quintal of the produce 

 Percentage contribution from soil available nutrients and 

 Percentage contribution  from added fertilizers towards making effective fertilizer prescriptions for 
specific yields. 

The parameters have been calculated as follows: 

 Nutrient requirement in kg per quintal of the produce  = 
Total uptake of nutrient ( Grain + Straw ) in kg/ ha 

yield of grain (q/ha) 
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 Contribution from soil available nutrients  cs ( in percent )  =  
Total uptake of nutrient in control plots (kg/ha) x100 

Available soil test values of control plots (kg/ ha) 

 Contribution from fertilizer cf I(in percent) = 
Total uptake of nutrient in treated plot – (Available soil test value of nutrient in treated plot  x 
CS) 

 Contribution percentages from fertilizer =  
cf x 100 

                 Fertilizer dose applied in kg/ ha 
Decision Support Systems: 
Decision support systems have been developed for the states like Tamil Nadu, Punjab. A computer software 
“DSSIFER” has been developed based on the database of soil test crop response correlation research carried 
out at TNAU and Department of Agriculture in Tamil Nadu, Punjab and Maharashtra. It provides 
recommendations of optimal fertilizer amounts for crops based on initial soil test and crop yield target. 
 
On –Line Fertilizer Recommendations: 
STCR website http://stcr.gov.in/ has been developed in collaboration with NIC, Pune and it provides online 
fertilizer recommendations based on STCR yield target concept. 
 
GIS based district wise Soil Fertility Maps: 
District wise soil fertility maps were prepared for twenty one states of India i.e Andhra Pradesh, Maharashtra, 
Chhattisgarh, Jharkhand, West Bengal, Haryana, Orissa, Himachal Pradesh, Karnataka, Punjab, Gujarat, Tamil 
Nadu, Kerala, Bihar and others using N, P and K index values/ Data at district level. The calculated soil test 
values were incorporated into the developed soil fertility maps. Here, the state boundary maps consisting of 
districts were scanned and imported to ArcGIS system. The percentages area was also calculated as per Low, 
Medium and High categories.  
 
Tehsil wise Soil Fertility Maps: 
Similarly, tehsilwise soil fertility maps were prepared using soil test data for 12 states i.e. Tamil Nadu, 
Karnataka, Maharashtra, Punjab, Haryana, Himachal Pradesh, Chattisgarh, Odisha,  Rajasthan, Uttarakhand, 
Andhra Pradesh and Gujrat.  
 
 
 
 
 
 
 
 
 
 
 
 
 

http://stcr.gov.in/
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Vertical farming in vegetable crops 
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State Horticultural University, Rajendranagar, Hyderabad- 500030. 
 

INTRODUCTION 
Vertical farming is farm up rather than out. New age vertical farm is considered as a revolutionary approach to 
produce high quantities of nutritious and quality fresh food from small area/space all year round, without relying 
on huge labour, favourable climate, high health of soil and water usage. It is considered potential to ensure the 
sustainability of our bulging cities/urban areas by addressing food security to the world’s ever-increasing urban 
population. 

Why vertical farms? 
Proponents of the vertical farm including the convener claim that it would create compact and self-sufficient 
ecosystems that cover multiple functions from food production to waste management and bio-aesthetics as briefly 
mentioned below.  

 Food Security: The logic of vertical farming is simple: produce more food on less land. Since indoor farming 
operates year-round and is independent of weather conditions, it could also provide greater yields and 
perpetual income. Furthermore, indoor farming provides a low-impact system that can significantly reduce 
travel costs, as well as reduce greenhouse gas (GHG) emissions, by cutting down on travel distances 
between distant farms and local market.  

 Climate Change: Vertical farm is generally under controlled environment eliminating the risk of uncertain 
climate. Climate change is continuously contributing the decrease of arable land by frequent flooding, 
hurricane, storms and drought.  

 Urban Density: Vertical farming offers advantages over - horizontal urban farming for the former frees land 
for incorporating more urban activities (i.e., housing more people, services, and amenities). Research has 
revealed that designating urban land to vertical farming results in decreased population density. Needless 
to emphasize lower the population density with urban amenities better is the life. Despommier details 
space efficiency of vertical farms. He suggested that a 30-story building (about 100 m high) with a basal 
area of 2.02 ha (5 ac) would be able to produce a crop yield equivalent to 971.2 ha (2400 ac) of 
conventional horizontal farming. This means that the production of one high-rise farm would be equivalent 
to 480 conventional horizontal farms.  

 Health: Traditional prevalent farming practices repetitively causing soil erosion, contaminate soil, and 
generate excessive water waste and thereby affect environmental health and human health. On the 
contrary growing indoor cropping in a controlled environment would provide the benefit of reducing the 
excessive use of fertilizers, pesticide and herbicide, which create polluting agricultural runoff and affect 
environment and human and animal health.  

 The Ecosystem: It is argued that farming has upset the ecosystem more than any other activity. Forest areas 
have been continuously converted to farming affecting the ecosystem and allegedly contributing to climate 
change. Indoor vertical farming requiring much lesser area and can reduce the agricultural impact on the 
world’s ecosystems by restoring valuable biodiversity and reducing the negative influences of climate 
change. 
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 Economics: Vertical farms located strategically in urban areas are potential to sell produce directly to the 
consumer, reducing transportation costs by removing the intermediary, which can constitute up to 60% of 
costs. Vertical farms also utilize advanced technologies and intensive farming methods that can 
exponentially increase production with desired quality. Researchers have been optimizing indoor farming 
by calibrating, tuning and adjusting a wide-range of variables including light intensity, light colour, space 
temperature, crop and root, CO2 contents, soil, water, air humidity and others. In addition, vertical farming 
provides an opportunity to support the local economy and education to urban children on food production.   

Types of vertical farms 
There are three types of vertical farms.  
 The first type refers to the construction of multi-story structures with several floors containing growing 

beds, often lined with artificial lights. These often modestly sized urban farms have been springing up 
around the world.   

 The second type of vertical farming takes place on the rooftops of old and new buildings, atop commercial 
and residential structures as well as on restaurants, grocery stores and similar buildings/structures.  

 The third type of vertical farms are that of the visionary, multi-story buildings. A number of countries 
including Korea, Japan, China, Germany, the United Arab Emirates, China, France, India, Sweden, Singapore, 
and the United States, had seminars and conferences to discuss vertical farming. They have repeatedly 
endorsed the concept as integral to the long-term sustainability of their cities. The vertical farm is 
considered to promote sustainable agricultural practices more than that by conventional farming, which 
refers to large scale, outdoor agriculture using heavy irrigation, intensive weeding and undesirable excessive 
use of fertilizers, pesticides, herbicides and host of other chemicals.  

Important features of vertical farming  
Vertical farms enable us to: 

 Grow food 24 hours a day, 365 days a year  
 Protect crops from unpredictable and harmful weather 
 Re-use water collected from the indoor environment  
 Provide jobs for residents  
 Minimize use of pesticides, fertilizers, or herbicides 
 Drastically reduce dependence on fossil fuels  
 Prevent crop loss due to shipping or storage or long transportation  
 Stop agricultural runoff  
 Education and training to children in food production  
 Vertical farms can be built in abandoned buildings and on deserted lots, transforming our cities into urban 

landscapes which will provide fresh food grown and harvested just around the corner.  
 Possibly the most important aspect of vertical farms is that they can built by nations with little or no arable 

land, transforming nations which are currently unable to farm into top food producers. 

Advantages of high-tech vertical farming systems   
 Reliable harvests: Controlled indoor environments are independent of outside weather conditions and 

would provide consistent and reliable growing cycles to meet delivery schedules and supply contracts.  
 Minimum overheads: Production overheads would decrease by 30%.  
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• Low energy usage: The use of high efficiency LED lighting technology ensures minimum power use for 
maximum plant growth. Computer management of photosynthetic wavelengths, in harmony with phase 
of crop growth, further minimizes energy use while ensuring optimized crop yields.  

• Low labour costs: Fully automated growing systems with automatic SMS text messaging would require 
manual labour only for on-site planting, harvesting, and packaging.  

• Low water usage: Vertical farms would use around 10% of the water required for traditional open field 
farming.  

• Reduced washing and processing: Vertical farms would employ strict biosecurity procedures to 
eliminate pests and diseases.  

• Reduced transport costs: Positioning of facilities close to the point of sale would dramatically decrease 
travel times, reducing refrigeration, storage and transport costs in the process.  

• Increased growing areas: Vertical farms would supply nearly ten times more growing area than 
traditional farms.  

 Maximum crop yield: Irrespective of external conditions, vertical farms can provide more crop rotations per 
year than open field agriculture and other farming practices. Crop cycles are also faster due to controlled 
temperature, humidity, light, etc.  

 Wide range of crops: The vertical farm would provide a wide range of crops.  
 Fully integrated technology: The vertical farm would be fully monitored, controlled, and automated.  

• Optimum air quality:  The temperature, CO2 and humidity levels of the vertical farm would be 
optimized at all times.  

• Optimum nutrient and mineral quality: The vertical farm would use specially formulated, biologically 
active nutrients in all crop cycles, providing organic minerals and enzymes to ensure healthy plant 
growth.  

• Optimum water quality: All fresh water’s contaminants would be removed before entering the vertical 
farm.  

• Optimum light quality: High-intensity low-energy LED lighting would be specifically developed and used 
for maximum growth rates, high reliability, and cost-effective operations. 

Compatible crops for vertical farming 
Lettuce, Broccoli, Spinach, Chard, Chive, Palak, Mustard greens, Amaranths, Parsley, Chard, Coriander, Mint, 
Chive, Basil, Other herbs (Rosemary, Fennel, Thyme, Oregano and others), Kale, Strawberries, Mushrooms, 
Microgreens and sprouts, Summer squash, Peppers, Eggplants, Tomatoes, Cucumbers, Muskmelon, Algae, Crop 
nurseries, Ornamental foliage and flower plants.  

Vertical farming innovations  
Some of the following revolutionary vertical farming innovations have potential to replace the traditional 
agriculture techniques.   

 Hydroponics – Growing plants without soil  
 Aeroponics – Growing plants with no soil and very little water  
 Aquaponics – An Ecosystem that promotes plants and fish farming together  
 Lokal – Serving fresh food right where it’s grown  
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 AeroFarms – The smart vertical farming innovation- the technology helps growing greens without using any 
sun or soil.  

 Plant scapers – A building that provides food for its occupants  
 Verti Crop – A Sustainable farming technique for urban areas  
 Modular Farms – Produce fresh plants virtually anywhere in the world  
 Cubic Farming Systems – The Next-generation sustainable farming system. It works on the conveyor rotation 

method, automated nutrient delivery system   
 Zip Grow – Vertical farming for the modern farmers- It works on the conveyor rotation method, automated 

nutrient delivery system and LED lighting.  
 Bowery – The most Technologically-sophisticated commercial Indoor Farm in the world. The technology will 

automatically generate ideal conditions for the plants while collecting the data as they grow. The data will 
help in providing the plants with the exact amount of light, nutrients or purified water.  

 Skyfarm – A wind-powered vertical farming tower  
 Sky Greens – The World’s First Hydraulic Driven Vertical Farming. The Singapore-based company Sky Greens 

has developed a revolutionary vertical farming system which is also the world’s first low carbon, hydraulic 
driven farm. The vegetables are planted on shelves that keep on rotating throughout the day. 

 TS COE paves way for Vertical farming  

 

 

 

 

 

   

     Fig: 1 Tower system of Green leafy vegetables at COE, Jeedimetla, Hyderabad 

 According to the Horticulture department officials, Telangana state is facing a shortage of 6.95 lakh 
tonnes of vegetables per annum in terms of cultivation and consumption. Hyderabad market alone is glaring at 
a gap of about 600 tonnes of vegetables per day. To fill the gap the officials are planning to encourage vertical 
farming using the PVC tower system. Individuals can opt this system as part of gardening in their houses (200 
PVC pipes for 100 square yards). The entire system cost for just Rs. 9.41 lakh in an area of 560 square metres. 
Based on crop under cultivation and market prices, farmer can earn their investment within 24 months. The 
vertical farming method developed by TSCOE helps to reduce water consumption by 90 %, water and fertiliser 
usage by 70%. Further scientists were able to reduce expenditure by more than 50% when compared to other 
vertical farming methods under usage. In one of the poly houses covered by a UV-stabilizing film, more than 
800 PVC pipes have been converted into vertical farming towers. Each of these pipes have been filled with a 
mix of cocopeat, red soil, neem cake, vermicompost and micronutrients that help plant growth. Each pipe has 
more than 20 slots from which small branch like extensions emanate, it is in these that green leafy vegetables 
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are grown. Diameter of each PVC pipe is 6 inches. The COE designed and tested such prototypes in December 
2018, approved by the department of horticulture authorities and a technical committee of agriculture experts; 
it has so far grown coriander, amaranthus, bachali (Malabar spinach) and palak (spinach). At the moment, the 
800 plus towers grow spinach. A retail counter near the entrance of the premises sells fresh vegetables and 
greens grown at the centre and it’s a big hit in the neighbourhood. Palak is sold at 40 R/- kg, double the price of 
wholesale market, but there are many takers since these greens are free of chemical pesticides.There have 
been days when the centre sold 400 to 600 bunches of leafy greens. 

 Arka Vertical Garden 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                   Fig. 2 Arka vertical garden developed by IIHR, Bangalore 
 

• The vertical garden structure is useful for safe growing of the selected vegetable requirement of a 
family and can be accommodated in sunlit utility area, balcony and terrace. This structure can also be 
used by anyone who desires to grow vegetables, medicinal and flower crops using vertical space. The 
vertical garden structure has three major sub structure viz.,  

 Base frame,  
 Main central support and  
 Supports for pots/grow bags 

• Pots suitable for growing different vegetables, flowers and medicinal plants can be used with soil or 
soilless (cocopeat) growing medium. Plants like tomato (pot size- 16” dia. and 12” height), chilli, brinjal, 
French bean, peas etc., (pot size- 12” dia. and 10” height) which need bigger size pot, grow to a height 
about 2 feet and require more growing media are placed at the base of the structure. Leafy vegetables 
like amaranthus, coriander, palak etc., (pot size- 26” x 8”x 6” (L x W x H) and medicinal plants like 
brahmi, pudina, pepper mint, amruthaballi, doddapatre, madhnashini, thippali, ashwagandha, shatavari 
etc., (pots size -14” x 8”x6” (L x W x H)) are placed upper levels. A 25litre plastic container at the top of 
the structure with necessary drip laterals, microtubes and drippers are also provided to water the 
plants. Yield of 200 g to 5 kg of produce (depending on the crop) can be harvested per crop cycle.  The 
cost of vertical garden structure is Rs. 22,000.  

• The advantages of this vertical structure are; 
 Can be accommodated in floor area of one square meter,  



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 485 - 
 

 

 Fresh vegetables grown can be consumed,  
 Different sizes of plant pots/grow bags can be accommodated,  
 Consumer also controls the use of fertilizer, pesticide and inspective to its safe limit and he also 

knows what he consumes,  
 Structure suitable for handling in terms of height of reach, mobility, requirement light available 

to all the pots and  
 Effective utilization of maximum area for growing plants.  

Advantages of vertical farming 
• Year-round crop production 
• Elimination of agricultural run-off 
• Significant reduction in the use of fossil fuels for operation of farm machines and transport of crops  
• Reduction in weather-related crop failures 
• Sustainable food supply for all urban centres 
• Conversion of black and grey-water into drinking water  
• Creation of new urban employment opportunities  
• Reduction of the risk of infection from agents transmitted at the human agricultural interface  
• Return of farmland to nature, thereby helping to restore ecosystem functions and services 

 
Disadvantages of vertical farming 

• Limited vegetable crops have been identified for the purpose 
• No varieties/hybrids have been exclusively bred for the purpose of vertical farming 
• As a result, yield and quality of the produce cannot be guaranteed 
• Production technologies and Good Agricultural Practices for these crops have not been standardized 
• Presently, the high-rise inclined buildings are not built to suit vertical farming 
• There is a need to reengineer the existing buildings by providing additional structures to suit the 

purpose. 

CONCLUSION 
Optimally, Vertical farming is required to be:  

a. Cheap and affordable  
b. Resistant and securely operable  
c. Not requiring financial subsidies or external support.  
In case these conditions are met in a dynamic, all inclusive research programs, farming in cities can supply 
many foods for 60% of the population who reside in cities up until 2030. It simultaneously helps to reduce 
poverty, adds to food safety, and increases contextual sustainability and human well-being. 
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PHYTOREMEDIATION 
Article id: 22746 

JYOSTNARANI PRADHAN 
Assistant Professor 

Department of Botany and Plant Physiology 
Faculty of Basic Sciences and Humanities, 
DRPCAU, Pusa, Samastipur, Bihar,  India 

 

Soil, seed and water are three basic requirements for agriculture. In some areas soils possess characteristics 
that make them uneconomical for the cultivation of crop without adapting proper reclamation measures. 
These soils are known as problem soils. The reason may be physical, chemical, biological or nutritional 
properties of soil. For chemically affected soils phytoremediation is a successful method of reclaimation. 
Phytoremediation is a bioremediation process that uses various types of plants to remove, transfer, stabilize 
and/or destroy chemical contaminants from soil and ground water. There are several types of 
phytoremediation. Example of such annual plants are Indian mustard, Indian grass, sunflower etc. and among 
trees willow, poplar, ficus etc.  

1. Rhizosphere biodegradation:- It is otherwise known as phytostimulation. This process includes release of 
natural substances from the roots of host plants, supplying nutrients to micro-organisms in the soil. The 
enhanced microbial activity will result the breakdown of organic contaminants in the soil. 

2. Phyto stabilization:- It involves the reduction of the mobility of heavy metals in soil, rather than degrade 
them. 

3. Phyto accumulation:- famous as phytoextraction and phytosequestration. In this process, plant roots 
absorb the contaminants alongwith other nutrients and water. The contaminant mass is not destroyed but 
ends up with accumulation in plant shoots and leaves. This method is used primarily for metal containing 
soil for phytomining. 

4. Phytovolatilisation:-  Plants in this process, take up water containing organic contaminants and release the 
contaminants into the air through their leaves. 

5. Phytodegradation:- It is otherwise known as phytotransformation. In this process, plants actually 
metabolise and destroy contaminants with in plant tissues. 

6. Hydraulic control:- In this process, trees indirectly remediate by controlling ground water movement. Trees 
act as natural pumps when their roots reach down towards the water table and establish a dense root mass 
that take up large quantities of water. 

7. Rhizofilteration:- it is a process that filters water through a mass of roots to remove toxic substances or 
excess nutrients. The pollutants remain absorbed in or adsorbed to the roots. This process is often used to 
clean up contaminated ground water through planting directly in the contaminated site or through 
removing the contaminated water and providing it to these plants in an offsite location. In either case 
through, typically plants are first grown in a green house under precise conditions. 

8. Phytodesalination:- This technique is used by halophytes (plants adapted to saline soil) to extract salt from 
the soil to improve its fertility. Mangrove plants are proven to be very potent for this technique.  

These processes are having a number of advantageous points. The prime benefit is that, it is a low cost 
technology as compared to the traditional processes both ex-situ and in-situ. Using this technique one can 
ensure the possibility of recovery and reuse of valuable metals. A number of companies are specializing in 
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this, naming it as phytomining. Apart from this, it increases soil health by reducing erosion and maintaining 
the fertility as well as minimizing metal leaching in the soil. This technique is having some limitations. As it is 
a slow process, it is not accepted by the farmers. The survival of these remedial plants is affected by the 
toxicity of contaminated land. Another concern is that, the bio-accumulated contaminants, especially 
metals ultimately pass into the food chain, which will affect mostly the primary consumers. 
Environmentally, it is potentially the least harmful method, because it uses naturally occurring organisms 
and safeguards the surroundings in a more natural state. 

Can plants communicate? 
Plants in this changing environment are facing a number of fitness tests. And ultimately the one who is the 
fittest survives. But during the fitness test 
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Weed management in Pulses 
Article id: 22747 

Siddagangamma, K. R. and A.S. Channabasavanna 
Department of Agronomy, College of Agriculture Sciences, UAS, Raichur (584104) Karnataka.  

  
Redgram, blackgram, green gram and bengalgram are the most important pulses crops grown in Karnataka and 
they are cheap source of plant protein. These are consumed because of body building properties due to the 
presence of various aminoacids. They also have minerals like iron, potassium, magnesium and zinc. They are 
enriched with vitamin-B.  The by-products of pulses like leaves, podcoats and bran are fed to animals in the 
form of dry fodder.Cultivation of pulses improves the physical properties and enrich the nitrogen content in the 
soil. The FAO has declared this year as the pulse year and given all support for cultivation of the crop and 
encouraged to improve the productivity.     

Pulses are cultivated under rainfed and light irrigation in Karnataka.  Its average yield is 600 kg/ha and it 
is far behind as compared to developed countries. The main reason attributed is the weed menace.   
 Weed are referred as the plant out of place. It is defined as unwanted and harmfull plants which 
interferes with agricultural operations, increase labour, added to cost of cultivation, reduce quality and yield of 
the crops. The research studies proved that increased yield could be achieved if the weeds are controlled 
efficiently from the day of sowing.  Among different weeds, Amaranthus viridis, Boerahaavia diffusa, Portulaca 
oleracea, are the importantbroad leaved weeds and Chloris barbata, cynodon dacylon, Digiteria sangulalis, 
Dactyloctenium aegyptium and Denebrare troflexa are troublesome monocot weeds noticed in pulse crop. 
These weeds compete with the crops for water, nutrients, light and space thus reduce the crop height, induce 
chlorosis and finally reduce the yield. Critical period for weeds in pulses is generally from 20 to 60 days and 
weed infestation during this period reduce the yield by 50 to 60 per cent. So it is recommended to keep the 
land weed free by hand weeding from 20 to 40 days and further harrow 2-3 times depending on the crop 
duration. However the hand weeding is a costly input that consumes high cost (Rs. 2000 to 4000 per weeding) 
and also the labours are non-available in time. Further receival of unexpected and continuous rains indicated 
that use of herbicide is most profitable in keeping the weed intensity below economic thresh hold level.  
 Herbicides (selective) are those chemicals, applied in crop-weed mixture to kill the targeted plants 
(weeds) without harming the crop plants. These could be achieved by applying herbicides at recommended 
dose, at suitable time and with proper method.   

Based on the time of application herbicides are divided into pre-plant application,  pre-emergence and 
post-emergence herbicides.    
 
Pre-plant application (incorporation): These herbicides are incorporated in soil before sowing the crop and 
emergence of weeds.  Pulses are generally sown in the month of June after receiving sufficient moisture for 
which they keep the land prepared well in advance.  But due to intermittent drizzling of rains, encourageweed 
germination and interfere with sowing. To overcome the situation incorporate fluchloralin ( basalin) @ 800 
ml/acre into the soil. (Note: exposure of the fluchloralin after application (if not incorporated) is subject to 
evaporation loss).    

The other option is spraying of paraquat 24%  (gramaxone, unigat, paranex) @ 5ml/l on the weeds can 
wipe off all the weeds and sowing is followed in next 1-2 days without loss of any moisture and adverse after 
on sown seed.  Use 200-300 litre of spray mixture depending on the weed intensity.  
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Pre-emergence weed control: The research results indicated that pre-emergence application of herbicides 
followed by inter-cultivation 2-3 times depending on the crop duration was most profitable integrated weed 
control approach.  Application of pendimethalin 30 EC (stomp, pendistar,  pendogon)@ 2.0   l/acre ( 1.2 to 1.5 
lit/acre for black gream, green gram, cowpea and Bengal gram) or pendimethalin 38.7 CS (stomp extra) @ 1.0 
l/acre for redgram ( 700 ml/acre for black gream, green gram, cowpea and Bengal gram) with in three days 
after sowing will take care of weeds that germinate from seeds for 20-25days.  Use 200 litre of water for 
effective control of weeds and see that sufficient moisture prevailed in soil during spraying of herbicide.  
 
Post emergence herbicdes: Use of herbicide more than once is not advocated. However situations like uneven 
and continuous rains may force to go for use of post emergence herbicides particularly in long duration crops 
like redgram. Such situations can be tackled by spraying of imazethapyr 10 SL ( persuit, weed block, fervent or 
vigir) @ 250 to 300 ml on the weeds. Don’t forget to use 200 to 250 of spray mixture per acre for efficient 
control of weeds.  The most optimum time is 2 to 5 leaf stage of weeds that  controls both dicot and monocot 
weeds.   
 Propoquozafop 10 EC (society, agil) or fenoxiprop –p-ethyl 9.3 EC (whip super ) or Quizalofop ethyl 5 % 
(terga super) @ 2 ml/lit of water controls  monocot weeds more efficiently with out adversely affecting 
redgram. 
Note: 

 The redgram is sown in wide rows (more than 90 cm). So use of post emergence herbicides in crop rows 
and harrowing in between rows saves herbicides by 50 per cent.   

 Be sure that rains are not received within four hours of post-emergence herbicide application. 

 Avoid spraying post –emergence herbicides with in 9 am or when dew is deposited on the leaf that 
dilute the herbicide. 

 Avoid spraying post-emergence herbicides to short duration pulses (black gram, green gram and 
cowpea) to avoid residual toxicity.  

 The above mentioned post-emergence herbicides are not recommended for Bengal gram.  
 
Use of herbicides in inter-cropping :  Generally pulses are grown as intercrops. Redgram + black gram,  
Redgram + ground nut,  redgram + bajra and maize + cowpea are the predominant intercrops grown.  

In redgram + groundnut, the above given chemical can be used.  However, avoid using post emergence 
herbicides when groundnut crosses 40 days to avoid phytotoxic effect of herbicide on the pegs which is the 
main yield attributing character.  
In redgram+ black gram, application of pendimethalin 30EC @ 1.2 to 1.5 l/acre or pendimethalin 38.7 CS @ 700 
ml/acre is optimum.  Other post-emergence herbicides can be used. 
 In redgram +bajra and maize + cowpea application of pendimethalin 30EC @ 1.2 to 1.5 l/acre or 
pendimethalin 38.7 CS @ 700 ml/acre is recommended but avoid above mentioned post-emergence 
herbicides.  
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Wheat: The wonder grain 
Article id: 22748 
Vishakha Singh 

 Ph.D. scholar, Department of Food science and Nutrition, Assam Agricultural University, Jorhat 
 

Kernels of cereals used as foods are, from a botanical stand-point, the simple dry fruits of grasses (Triticum). 
The whole grain kernel of wheat, composed of bran (outer layer), wheat germ, and endosperm (innermost 
part), is an immense energy source. wheat is the staff of life for the developed nation, it comes next to rice 
from the developing countries. In India the distinguished wheat eating belt is the northern, western and central 
states, because it was cultivated traditionally in these parts.  Numerous researches have proved the remarkable 
adaptability of wheat crop to be grown under a varied climatic zone. The present world scene is that it is grown 
over such a wide area in the world that this crop is under harvest is one country or the other, all the year 
round.  
 
Types of wheat- The major wheat species grown throughout the world is Triticum aestivum, a hexaploid 
species usually called “common” or “bread” wheat. which is better known as hard wheat or soft wheat, 
depending on grain hardness. Wheat is utilized mainly as flour (whole grain or refined) for the production of a 
large variety of leavened and flat breads, and for the manufacture of a wide variety of other baking products. 
The rest is mostly durum wheat (T. durum), which is used to produce semolina (coarse flour), the main raw 
material of pasta making.  

A major objective of science and technology is to improvement of quality of life.  An important starting 
point is to understand people’s beliefs and practices relating to plants and animals as a source of food. People 
seldom think in terms of food nutrients like proteins, minerals and vitamins, when they think of food; they 
think in terms of taste, smell, colors and culture. In present context, people are learning to eat consciously. 
Nutritious, attractive and flavorful meals are the goal of every one interested in the well being of those who 
depend upon them for food preparation of palatable foods depends upon many factors, one of which is the 
quality of food brought in to kitchen. Usually one selects a food that the family can afford. Broken wheat 
(Daliya), whole wheat flour (atta), refined wheat flour (maida), rava (sooji), vermicelli, noodles, macaroni are 
few familiar forms of wheat which help the cook to prepare delicious dishes like soups, parathas, cakes, 
biscuits, halwas, pudding etc. and to within the affordable range.  

Why Wheat for food processing- Global demand for wheat is increasing due to the 
unique viscoelastic and adhesive properties of gluten proteins. Gluten is an insoluble protein, comprising 
roughly 78 to 85 percent of total wheat endosperm protein, is a complex composed of polymeric and 
monomeric proteins known as glutenins and gliadins, respectively. Glutenins confer elasticity, while gliadins 
confer mainly viscous flow and extensibility to the gluten complex. Thus, gluten is responsible for most of the 
viscoelastic properties of wheat flour doughs and is the main factor dictating the use of a wheat variety in 
bread and pasta making. Gluten viscoelasticity, for end-use purposes, is commonly known as flour or dough 
strength. which facilitate the production of processed foods, whose consumption is increasing as a result of the 
worldwide industrialization process and the westernization of the diet. 

Nutritional security- Like all cereal grains, wheat is mainly composed of carbohydrate which is the most 
important source of energy for the body. Starch is the predominant carb in the plant kingdom, accounting for 
over 90% of the total carb content in wheat. In addition to being a major source of starch and energy, whole 
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wheat also provides substantial amounts of a number of components which are essential for health, notably 
protein, vitamins (notably B vitamins), dietary fiber, and photochemical. Of these, whole wheat is a particularly 
important source of dietary fiber, with bread alone providing 20% of the daily intake 

Health benefit -Diets in industrialized countries like India are generally deficient in fiber. People now should 
know that fibre rich diet, is beneficial for health, not only for regulating bowel movement, by improving 
digestion and promoting the growth of beneficial gut bacteria, but also it assiste in controlling type 2 diabetes 
by interfering with quick absorption of metabolized carbohydrate-glucose, reduced risk of cardio‐vascular 
disease, lower LDL and bad Cholesterol, reduce chronic inflammation, Prevent gallstones and forms of cancer 
(notably colo‐rectal cancer). It is bulky in nature-a boon for obese people, reflecting weight reducing diet. 
Among wheat’s greatest benefits is fiber from the bran and other grain parts, whole grain Wheat alone can 
take care of all these disorders.  

Vitamin and Minerals are important components required by humans in their daily food. All body 
processes depend upon the action of minerals to activate enzymes performing metabolic functions. Deficiency 
of specific vitamin or minerals may lead to various chronic diseases. Due to the high consumption of wheat in a 
variety of food products all over the world, whole-grain wheat is considered as an important source of vitamin 
and minerals. Vitamin E, niacin and zinc present in the whole grain wheat, lowers the risk of macular and 
cataract degeneration. They also help in slowing the progression of loss of vision. Vitamin E and the B vitamins 
help in preventing diseases that cause a mental decline, such as Alzheimer’s disease.  
Whole wheat is the descent source of selenium, manganese, phosphorus, copper and folate. Phosphorus 
belongs among major minerals and vast majority of it is, plays an essential role in the maintenance and growth 
of body tissues, bone teeth,. Copper have adverse effect on heart disese. One of the B vitamins, folate is also 
known as folic acid or vitamin B9. It’s particularly important during pregnancy. These are amazing benefits of 
whole grain wheat. 
 
CONCLUSION:- 
Wheat is used as staple food in developed country and followed by rice in developing countries. Diets in 
industrialized countries like India are generally deficient in fiber Now people should know the nutritional and 
therapeutic property of whole grain wheat, so that they can select whole grain wheat flour instead of refined 
wheat flour. Whole grains have all of the parts of the original kernel—bran, germ, and endosperm. Whole grain 
wheat can fulfill the nutritional demand, healp in maintain the good health.  it is a good source of fiber, a 
healthy plant-based protein, vitamins, minerals, and a variety of photochemical that improve health and 
reduce the risk of disease. Among them fiber is one big reason to eat whole grains.  
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ZERO BUDGET NATURAL FARMING 
Article id: 22749 

Jeebanjyoti Behera 

Ph.D. Research Scholar, Dept. of Extension Education, OUAT, Bhubaneswar 
 

 
INTRODUCTION 

Agriculture has been the mainstay of the Indian economy for centuries. Over half of the country’s 
population, today depends on agriculture and allied services for their livelihoods. Agriculture in India has 
transitioned from subsistence to commercial farming in order to reduce the country’s import-dependence on 
food grains. It has also evolved to meet the diverse nutritional requirements of a rapidly growing population. 

However, due to systemic inefficiencies and high resource-dependencies, the dominant form of 
agriculture today imposes significant negative externalities and presents critical challenges for a range of 
stakeholders – from farmers to consumers, as well as natural ecosystems and biodiversity.  

Agriculture in its prevailing form requires farmers to rely heavily on inorganic external chemical inputs 
such as fertilizers and pesticides. These contaminate groundwater and other water-dependent ecosystems, 
reduce soil fertility over time, and contribute to biodiversity loss in farmlands. The use of such inputs exposes 
smallholder farmers to a high degree of credit risk and traps them in a perpetual cycle of debt. An agricultural 
system with such exposure to risk favours large farming, and adversely impacts the 2.5 billion people who are 
involved in full- or part-time smallholder farming worldwide. Smallholdings are a critical source of livelihoods, 
and smallholders in developing countries produce about 80 per cent of the food consumed. They are also 
integral to addressing the global food security challenge, which will compound multi-fold by 2050.  

Prevailing agricultural practices such as mono-cropping decreases soil moisture content, causing 
tremendous stress on water resources. Agriculture, today, accounts for almost 70 per cent of the world’s fresh 
water consumption. The use of external inputs by the adoption of uniform, hybridized, and genetically 
modified crop varieties erode the genetic diversity of seeds and reduce their capacity to adapt to changing 
climatic conditions. These practices, coupled with widespread farmland degradation, make agriculture a major 
contributor to global greenhouse gas (GHG) emissions, and climate change.  

Alternative low-input farming practices have emerged in pockets across the world promising reduced 
input costs and higher yields for farmers, chemical-free food for consumers and improved soil fertility. Zero 
Budget Natural Farming (ZBNF) is one such low-input, climate-resilient type of farming that encourages farmers 
to use low-cost locally-sourced inputs, eliminating the use of artificial fertilizers, and industrial pesticides. 
Natural farming was first popularised by the Japanese scientist and philosopher, Masanobu Fukuoka, who 
practiced it on his family farm on the island of Shikoku. 

 
Zero Budget Natural Farming 

Zero Budget Natural Farming means for all the crops, the production cost will be zero. In the Zero 
Budget Natural Farming, nothing has to be purchased from the outside. All things required for the growth of 
the plant are available around the root zone of the plants. There is no need to add anything from outside. Our 
soil is prosperous-full of nutrients. How many nutrients do crops take from the soil? Only 1.5 to 2.0 % and the 
remaining 98 to 98.5% nutrients are taken from air, water & solar energy. 

The neo-liberalization of the Indian economy led to a deep agrarian crisis that is making small scale 
farming an unviable vocation. Privatized seeds, inputs, and markets are inaccessible and expensive for 
peasants. Indian farmers increasingly find themselves in a vicious cycle of debt, because of the high production 
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costs, high-interest rates for credit, the volatile market prices of crops, the rising costs of fossil fuel-based 
inputs, and private seeds. More than a quarter of a million farmers have committed suicide in India in the last 
two decades. Various studies have linked farmer’s suicides to debt.  

Debt is a problem for farmers of all sizes in India. Under such conditions, ‘zero budget’ farming promises 
to end a reliance on loans and drastically cut production costs, ending the debt cycle for desperate farmers. 
The word ‘budget’ refers to credit and expenses, thus the phrase 'Zero Budget' means without using any credit, 
and without spending any money on purchased inputs. 'Natural farming' means farming with Nature and 
without chemicals. 

This is where initiatives like Zero-Budget Natural Farming (ZBNF) come in. Begun by Subhash Palekar, an 
agricultural scientist who promotes and actively educates farmers in natural farming techniques, ZBNF involves 
methods that require no cost input from the farmer’s side in terms of pesticides, fertilizers or even irrigation. 
Natural methods are used to retain and improve soil health, control pests, and increase yields. A farmer will 
also be able to produce his own seed, and natural fertilizers are created using cow dung, cow urine, and other 
materials. According to Mr. Palekar, one native cow is all one needs to take up this method of farming on thirty 
acres of land. 

Mr. Palekar hails from the state of Maharashtra and is fondly called the “Krishi ka Rishi” or the farmer’s 
sage! He has trained over 4 million farmers in the last two decades on these sustainable, eco-friendly farming 
techniques. He was honored with the Bharat Krishi Ratna award and the Basava Shri, which includes the Dalai 
Lama and Anna Hazare among its recipients. 

 
The four pillars of ZNBF  

1. Jivamrita/jeevamrutha is a fermented microbial culture. It provides nutrients, but most importantly, 
acts as a catalytic agent that promotes the activity of microorganisms in the soil, as well as increases 
earthworm activity; During the 48-hour fermentation process, the aerobic and anaerobic bacteria 
present in the cow dung and urine multiply as they eat up organic ingredients (like pulse flour). A 
handful of undisturbed soil is also added to the preparation, as inoculate of native species of microbes 
and organisms. Jeevamrutha also helps to prevent fungal and bacterial plant diseases. Jeevamrutha is 
only needed for the first 3 years of the transition, after which the system becomes self-sustaining. 

How to prepare jeevamrutha? 
Put 200 liters of water in a barrel; Add 10 Kg fresh local cow dung and 5 to 10 liters aged cow urine; Add 
2 Kg of Jaggery (a local type of brown sugar), 2 Kg of pulse flour and a handful of soil from the bund of 
the farm. Stir the solution well and let it ferment for 48 hours in the shade. Now, jeevamrutha is ready 
for application. 200 liters of jeevamruta is sufficient for one acre of land.  

Jeevamrutha Application  
Apply the jeevamrutha to the crops twice a month in the irrigation water or as a 10% foliar spray.   

2.  Bijamrita/beejamrutha is a treatment used for seeds, seedlings or any planting material. Bijamrita is 
effective in protecting young roots from fungus as well as from soil-borne and seed-borne diseases that 
commonly affect plants after the monsoon period. It is composed of similar ingredients as jeevamrutha 
- local cow dung, a powerful natural fungicide, and cow urine, a strong anti-bacterial liquid, lime, soil.  

Bijamrita Application as a seed treatment  
Add Bijamrita to the seeds of any crop: coat them, mixing by hand; dry them well and use them for 
sowing. For leguminous seeds, just dip them quickly and let them dry. 

3.  Acchadana - Mulching.  There are three types of mulching:  
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a. Soil Mulch: This protects topsoil during cultivation and does not destroy it by tilling. It promotes 
aeration and water retention in the soil.  Avoiding deep ploughing.  
b. Straw Mulch: Straw material usually refers to the dried biomass waste of previous crops, but as it can 
be composed of the dead material of any living being (plants, animals, etc). Approach to soil fertility is 
very simple – provide dry organic material that will decompose and form humus through the activity of 
the soil biota which is activated by microbial cultures.  
c. Live Mulch (symbiotic intercrops and mixed crops): According to Palekar, it is essential to develop 
multiple cropping patterns of monocotyledons (monocots; Monocotyledons seedlings have one seed 
leaf) and dicotyledons (dicots; Dicotyledons seedlings have two seed leaves) grown in the same field, to 
supply all essential elements to the soil and crops. For instance, legumes are the dicot group and are 
nitrogen-fixing plants. Monocots such as rice and wheat supply other elements like potash, phosphate 
and sulphur.  

4.  Whapasa - moisture: Palekar challenges the idea that plant roots need a lot of water, thus countering 
the over-reliance on irrigation in green revolution farming. According to him, what roots need is water 
vapour. Whapasa is the condition where there are both air molecules and water molecules present in 
the soil, and he encourages reducing irrigation, irrigating only at noon, in alternate furrows ZBNF 
farmers report a significant decline in the need for irrigation in ZBNF.  

 
Important principles of ZBNF and points to note  
1. Intercropping – This is primarily how ZBNF gets its “Zero Budget” name. It doesn’t mean that the farmer is 
going to have no costs at all, but rather that any costs will be compensated for by income from intercrops, 
making farming a close to zero budget activity. Palekar explains in detail the crop and tree associations that 
work well for the South Asian context.  
2. Contours and bunds – To preserve rainwater make the contours and bunds, which promote maximum 
efficacy for different crops.  
3. Local species of earthworms. In case use of vermicompost.  Claims that the revival of local deep soil 
earthworms through increased organic matter is most recommended.  
4. Cow dung- Dung from the Bos indicus (humped cow) is most beneficial and has the highest concentrations of 
micro-organisms as compared to European cow breeds such as Holstein. The entire ZBNF method is centred on 
the Indian cow, which historically has been part of Indian rural life.  
 
Farmers’ Experiences with ZBNF 

The Administrative Training Institute in Mysore has conducted a study on the feasibility of ZNBF and 
how it has helped farmers in Karnataka who adopted it. In its report, it states that before they adopted ZNBF, 
farmers found that conventional cultivation methods were very cost-intensive. By farmers’ own estimates, the 
cost of cultivation of one acre of paddy was Rs.5000-6000, that of sugarcane Rs. 15000-20000, and of banana 
Rs. 25000-30000. After adopting ZNBF, the sample farmers acknowledged it was farmer-friendly and financially 
viable. However, during the initial period of transition to ZBNF, the results will not be encouraging because of 
the lingering effects of chemical farming. The results will become evident only after adequate mulching and 
restoration of biological activity in the soil. Patience and perseverance are required, they said. 

Treatment with Bijamrita and Jeevamrita was extremely encouraging in successful cultivation. Bijamrita 
was noted to give adequate protection to crops from insects and diseases during the initial stages of 
germination and establishment. Mortality in the case of treated crops was negligible. 

http://www.atimysore.gov.in/PDF/action_research1.pdf
http://www.atimysore.gov.in/PDF/action_research1.pdf
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Mulching promotes humus formation, suppresses weeds and greatly reduces the water requirement of 
crops. Live mulching particularly with leguminous crops is a subsidiary source of income and also a safeguard 
against depletion of nutrients by crops. 

Mixed cropping, particularly with short duration legumes, vegetables and even medicinal plants, has 
expanded farmers’ income sources. Vegetables rich in vitamins and minerals are generally marketed after 
adequately providing for home consumption. Some cultivators earned Rs. 15000 by planting Ashwagandha and 
Coleus in one acre as an intercrop with sugarcane. 

 
CONCLUSION 
 Zero Budget Natural Farming (ZBNF), which is a set of farming methods, and also a grassroots peasant 
movement, has spread to various states in India. It has attained wide success in southern India, especially the 
southern Indian state of Karnataka where it first evolved. A rough estimation for just Karnataka puts the figure 
there at around 100,000 farmer families, while at the national level, ZBNF leaders claim that numbers could run 
into millions. This has been achieved without any formal movement organization, paid staff or even a bank 
account. ZBNF inspires a spirit of volunteerism among its peasant farmer members, who are the main 
protagonists of the movement. 
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INTRODUCTION: 
Environmental pollution has become the biggest threat to human life in the present situation. With the 
progression of industrialization, we are continuously polluting our environment. Toxins are continuously 
released into the soil, water and air. Millions of tons of waste products are being thrown into the environment 
and ecosystem every day from the industries. The huge amount of waste generated every day has a clear 
negative impact on the biosphere. So, the proper treatment of these waste products has become a new 
challenge for us. It also demands a lot of energy and manpower. So, the use of solar energy in wastewater 
treatment can be the best alternative. In this article we have briefly discussed how using this natural energy 
source can help to process the waste materials and provide us a clean, pollution-free environment. 
 
Wastewater and its treatment: 
Wastewater can be defined as the cloudy fluid or semifluid that is generated from the municipal, industrial or 
household waste. Generally, it contains 90% water and 10% organic and inorganic matter. Industrial 
wastewater is one of the major contributors to the waste materials. It carries numerous pollutants in it. The 
chemical nature of the pollutants depends upon the nature of the industry, type of raw materials used and the 
processes. Domestic wastewater is another good source. It has been found that the average Indian family 
produces nearly 50 liters of waste per week. The wastewater produced in urban areas is more contaminated 
compared to rural areas. From the agricultural land also a huge amount of waste is produced. Numerous 
pesticides and fertilizers are used nowadays. They are released into the environment from the agricultural land. 
Another source is the medical waste produced as a result of the diagnosis and treatment of diseases. They can 
cause transmission of disease and called infectious waste. All these wastewaters are treated mainly with three 
processes i.e. physical, chemical and biological treatment to remove the physical, chemical and biological 
contaminants. The objective of treating the wastewater is to produce a treated effluent or solid waste that can 
be discharged or reused in the environment effectively. 
 
Why solar energy? 
It is very clear that the treatment of wastewater requires energy and solar energy can be the best option in the 
era of energy crises. There is a global scarcity of energy that can be addressed with this approach. Solar energy 
is abundant and a sustainable source of energy. The sun emits nearly 4×1026 W of energy, out of which 1.7×1017 
W reaches the earth. Solar energy can be used in the treatment of both solid waste and liquid waste. It can be 
used in pyrolysis and solar incineration gasification for solid wastes treatment, solar pathogenic organic 
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destruction, solar photocatalytic degradation, solar distillation and desalination for wastewater treatment. The 
heat from the sun can promote many endothermic reactions and help to photocatalyse.  
 
Solar distillation and desalination of wastewater: 
The first instance of solar distillation was recorded by the Arab alchemists. It is a method that uses evaporation 
and condensation processes and results in physical or mechanical separation. It involves the use of solar energy 
to achieve distillation. It can also be used to make salty water potable which is termed as desalination.  
 
Solar pathogenic organic destruction 
It is a biological treatment protocol that destroys pathogenic organisms. It is actually a disinfection process 
using solar energy. This was actually developed in the 1980s to disinfect water easily to be used for oral 
rehydration solutions for the treatment of diarrhea. In developing countries where a sophisticated water 
purification method is not available, this method is proved beneficial to enhance the water quality at the time 
of diarrhea incidence. The mechanisms behind its effectiveness are UV-induced DNA alteration, thermal 
inactivation, and photo-oxidative destruction (POD) etc. This solar disinfection (SODIS) is currently being used 
by more than two billion people in 33 countries. It is a technology that requires no investment or any technical 
knowledge.  
 
Solar photocatalytic degradation: 
It is a process when light and catalysis are used simultaneously for accelerating of any chemical reaction. This 
method is very much impactful when a large amount of persistent organic pollutant is present. It generally 
occurs when charge separation is induced in a large bandgap semiconductor by excitation with ultraviolet 
radiation. This method can completely destroy the organic pollutants though its action is not easy to use. 
 
CONCLUSION: 
A large amount of waste is generated every day and it should be treated properly to make our environment 
free from pollutants. As the treatment processes require energy, the use of solar radiation can be the best 
solution. It is economical as well as sustainable and offers promises to fight the problems of wastewater 
management. 
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Integrated fish farming is based on the concept that ‘there is no waste, and waste is only a misplaced 
resource which can become a valuable material for another product. In integrated farming, the basic 
principles involve the utilization of the synergetic effects of inter-related farm activities and the 
conservation, including the full utilization of farm wastes. It is assumed that all the constituents of the 
system would benefit from such a combination. However, in most cases, the main beneficiary is the fishes 
which utilize the animal and agricultural wastes directly or indirectly as food. As integrated farming involves 
the recycling of wastes, it has been considered an economic and efficient means of environmental manage-
ment. Raising fish in combination with cattle can doubles family income and produce regular supply of 
balanced nutrition. Since animal waste makes good fertilizer for fish ponds, and about 55-60 percent of the 
cost of fish farming goes for feed, integrating livestock and fish farming makes sense. Practicing combination 
of different animals and crops that best suit to particular agro-climatic zones. Grow vegetables and other 
crops on the pond dykes. Use animal waste to run a biogas plant and then feed the biogas slurry to fish-it is 
better than raw waste as fish-pond fertilizer. 

INTRODUCTION 
India is abandoned with natural resources and well habituated for development of fisheries sector due to 
following availabilities. Fisheries resources in the country having 8118 km of coastline length, 2.02 million 
square kilometer of exclusive economic zone, 0.53 million square kilometer of Continental shelf, 1547 number 
of fisheries landing centers and 3477 number of fishing villages and approximately 20 lakh active fishers in the 
country. Similarly area under inland reservoirs accounts 3.15 million hectares, ponds and tanks 2.36 million 
hectares, area under brackish water 1.24 million hectares and length of rivers and canals 0.19 million kilo 
meters. India is the 2nd largest producer of aquaculture and 3rd Largest of fisheries constituting about 6.3% of 
the global fish production. Total fish production is 12.61 million metric tons in 2017-18. Fisheries sector 
contributes 1.07% to the National GDP and 5.14% to the Agricultural GDP. Fish and fish products emerged as 
the largest group in agricultural exports from India.  

Aquaculture is the fastest growing food production sector in the world with annual growth in excess of 
10 percent over the last two decades. Asia is also perceived as the ‘home’ of aquaculture, as aquaculture has a 
long history in several areas of the region and knowledge of traditional systems is most widespread. 
Furthermore, the integration of livestock and fish production is best established in Asia. In India, the farmers 
maintain different enterprises for their complimentary and supplementary nature & for ensuring sustainable 
livelihood from time immemorial. After the advancement of green revolution in late-1960s and economic 
liberalization in early 1990s, the farmers gradually started focusing on a few enterprises due to several 
imposing factors including shrinking farm sizes, fluctuating commodity prices, loss of soil fertility, degradation 
of land, impact of climate change on agriculture crops and livestock have changed the mindset of the farmers 
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towards livelihood diversification. Similarly shortage of labour during peak agriculture season for example 
sowing operations, weeding and majorly during harvesting of crops.  

Although suggestions are pouring in from experts and leaders of organization for strengthening the 
income base of farmers, the government cannot implement them entirely due to compulsions from socio-
economic and political considerations. However, the Government of India has made an announcement about 
Doubling Farmers’ Income by 2022. So it is only possible when the farmers have to move towards integrated 
farming system. One of the options is to evaluate the potential of age-old integrated farming system (IFS) in 
enhancing income of farm families within the Livestock production and processing generate by-products that 
may be important inputs for fish farming.  The main linkages between livestock and fish production involve the 
direct use of livestock wastes as well as the recycling of manure based nutrients which function as fertilizers to 
stimulate natural food webs. On a global basis, most cultured freshwater fish are produced in India with the 
help of semi-intensive systems of farming that depend on livestock wastes purposely used in ponds. The use of 
livestock wastes is needed even when high-quality supplementary feeds are available in intensive fish farming 
systems. 
 
Livestock-Fish Farming Systems 
Fish farming facilities is extremely safe technology in which the predetermined amount of livestock manure 
obtained by raising cattle is applied to a pond to raise the fish farm without additional nutrient input. The main 
potential links between animal husbandry and fish production are the use of nutrients, in livestock manure for 
fish production. Primarily elements such as nitrogen (N) and phosphorus (P), which act as fertilizers to 
stimulate natural food webs rather than the nutritional use of livestock as food components. The direct use of 
animal waste is the largest and most widely recognized type of integrated agriculture. Production waste 
includes manure, urine and spilled food these are used as fresh inputs or treated in one way or another before 
use.  
 
Objective 

 In Indian condition where, majority of farmers are small and marginal category with a limited income adoption 
of cattle cum-fish-farming, which enhance and bring stability in their livelihood. This system has many 
advantages that are fish and cow milk can be produced with minimum cost at same place and same time. It 
also helps in controlling environmental pollution.  

 Fish-cum-Dairy Farming is considered as an excellent innovation for the use of organic wastes.  
 
Cattle-Fish Culture 
A one-hectare fish pond needs about 10-15 tonnes of dung and urine per year to maintain its fertility. New 
ponds need higher doses of dung and urine. In general, the dung and urine of two cattle are sufficient to 
maintain a one-hectare pond. Watering a fish pond with cow dung is one of the common practices around the 
world. A healthy cow excretes more than 4,000 to 5,000 kg of manure, 3,500 to 4,000 liters of urine per year. 
Instead of raw cow dung, biogas sludge could be used with equally good production. 20-30 t of biogas slurry 
are recycled in a 1 ha water zone to obtain more than 4,000 kg of fish without feed or fertilizer application. 
Cow dung, is a rich source of natural food body and bacteria in the pond. A unit of 5-6 cows can provide 
enough fertilizer for 1 ha-1 of pond and provide about 9,000 lit of milk, along with 3,000 to 4,000 kg of fish ha-1 
year can be harvested.  
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Caution: Your pond water should be brown. If the water suddenly turns dark green because of algal growth, 
stop the inflow of dung and urine until the water turns brown again. Stop the flow of dung and urine during 
persistent cloudy weather (2-3 days of continuous cloudiness). Raising fish and cattle together is quite 
profitable. Although wastes from cattle are not as rich as wastes from poultry and pigs, cattle farmers can still 
use cattle dung and urine to maintain a fish pond. Cattle waste as pond fertilizer if you own cattle, construct a 
shed close to your pond. 
 
Dung and Urine Slurry: As a better alternative, mix dung and urine thoroughly, dilute with water and, using a 
bucket, evenly broadcast the mixture into your fish pond. Dung in the form of biogas slurry is even better. 
Apply 80-120 kg of fresh slurry per hectare of pond each day. 
 
Types of Livestock-Fish Farming: This is a type of integrated farming which can be divided into two groups: 

1. Fishery practice 
This practice is followed in the integration of cattle-cum-fish farming which is also known as “Composite fish 
culture system”. Composite fish culture is very popular in India mostly in Assam. The whole management 
practices followed in case of composite fish culture system can be divided into following; 

 Pre-stocking management: Construction of a new fish farm/ Renovation of an existing fish farm. 

 Site selection: The availability of cheap land and plenty of unpolluted freshwater are the most important 
factors to be considered while selecting a site. Criteria to be followed for site selection are water quality: 
biological, physical and chemical nature of water. 

 Drainage: There should be replacement and recycling facility. 

 Soil quality: Among the physical properties of the soil, water retention capacity, PH and productivity of the soil 
are very important. Soil in its every 100 g should contain 50- 75 mg nitrogen, 6-12 mg phosphorous and 1.5- 2.5 
g organic carbon and soil pH should be 7.5- 8.5. 

 Fish seed: Availability of quality fish and prawn seed. 

 Fish feed: The local availability of fed ingredients as well as their cost is also very important as out of the total 
operational cost of fish farming 60% of the expenses goes for feed alone. 

 Climatic factors: Rainfall, temperature, evaporation rate, flood, cyclones, etc. are the important climatic 
factors. 

 Industrial and agricultural pollution: The insecticides used in agriculture are toxic to fish. Beyond a certain level, 
heavy metals and various chemicals discarded from industries are also poisonous to fish. 

 Construction expenses: The expenses for earth moving, RCC work, spare parts, cost of construction materials, 
like brick, rubble, steel, cement, etc. need to be surveyed and varied from region to region. 

 Pond construction: Scientifically constructed fish farm has 4 types of ponds they are:  
 Nursery pond: Area of nursery pond ranges from 100-500 m2 and the depth of water should be in between 1-

1.5 m. This pond covers 5% area of total productive area of the fish farm. 
 Rearing pond: Area of rearing pond varies between 500-1000 m2 and the depth of water ranges from 1.5-2.0 m. 

This type of pond covers 15% area of the total productive area of the fish farm. Sometimes it may be used as 
stocking pond also. 

 Stocking pond: Area of stocking pond varies between 1000-20000 m2 and the depth of water ranges from 2-2.5 
m. This type of pond covers 60-70% area of the total productive area of the fish farm. 

 Bio pond: Now a day’s special type of pond is also seen in some farms. It acts as a large settling tank, where the 
water used for fish ponds of a farm is purified biologically. The area covered by this pond is 7-10% of the total 
productive area of a fish farm. The above mentioned pond of a fish farm is constructed in 2 ways and they are 
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dug out pond: This is constructed in a plain area by digging soil. Normally small size rectangular pond is 
preferred. But pond may be of any type circular, square, rectangular, etc. 

 Liming and fertilization: The pond is filled with water upto a depth of 2-2.5 m. Then water pH is measured and 
based on the pH value liming is done as mentioned below. After 7-10 days of liming fertilization is done. Both 
organic and inorganic fertilizers can be used. Cow dung contains 0.5% nitrogen, 0.1% phosphorous and 0.5% 
potash. Therefore cow dung act as an excellent organic fertilizer. 

 Removal of aquatic weed: Unwanted aquatic weeds are needed to be removed from fish pond as it reduces the 
pond productivity. These unwanted aquatic weeds could be removed manually, mechanically, chemically and 
biologically. If possible manual removal method is better. Grass carp, tilapia etc. are good biological agent in 
removing aquatic weed from fish pond. 

 Control of algal bloom: some time a thick layer of algal bloom of brown or green colour is seen over the water 
surface of pond. A chemical like copper sulphate @ 0.1-0.5 mg/lit of water or diuron @ 0.3- 0.5 mg/lit of water 
also helps in controlling this bloom. 

 Fish species can be cultured: Rohu (Labeo rohita), Catla (Catla catla), Mrigal (Cirrhinus mrigala), Silver carp 
(Hypophthalmichthys molitrix), Common carp (Cyprinus carpio), Grass carp (Ctenopharyngodon idella), Tilapia 
(Oreochromis mossambica), Magur (Clarias batrachus), Java puthi (Puntius javanicus), Kurhi (Labeo gonius), 
Freshwater prawn etc. Fish fingerling i.e. 10-15 cm size fish seed is the best stocking material in the stocking 
pond. 

 Feeding: Apart from natural food most of the cultured fish species takes artificial feed. Feeding alone can 
increase the production from ponds by 4 times. In general the artificial feed should contain 30-40% protein, 5-
10% fat, 50-60% carbohydrates, less than 5% cellulose, 10% water, vitamins and minerals. Usually Indian 
farmers give rice bran and oil cake in powder form to the Indian Major Carps. But it is a crude method. 
Normally in composite fish culture feed can be prepared by the farmers themselves using the commonly 
available ingredients at their locality as mentioned; Rice bran 49.25 %, oil cake 49.25 %, fish meal 1 % and 
mineral mixture 0.5 %, respectively.  
 

2. Cattle Farming practices 
Normally in these cattle cum fish farming type of integration indirect method is recommended. In this type of 
farming the following management practices is followed: 

 Construction cattle shed: In case of cattle-cum- fish farming cattles are farmed in intensive system. The all 
essential items required for them are supplied in the shed itself. For free air and sunlight along with the shed a 
platform is also constructed. The cow shed is constructed at a stable and elevated site allowing direct sunlight 
to the platform, gutters and mangers of the cattle shed. The floor of the cattle shed should be slightly inclined 
leading to a drain that is connected to a soak pit. Provisions for space may be made for suckling calf, older calf 
and cow. A covered pit may be nearby to store cow dung. The roof of the cattle shed can be constructed with 
tin, asbestos, thatched, etc. But thatched roof is always preferred. 

 Selection of cattle breed and their numbers for farming: In the cattle-cum-fish farming dairy cattle is found 
best. Based on the following criteria a dairy cattle breed is selected for farming with fish. They also should have 
good heat and disease resistant capacity. The mammary vein should be prominent, large tortuous and well 
branching. Depending on the market for milk, space and other facility available in the fish farm the Number of 
cattle may be increase or decrease. But for a fish pond of size 0.1 ha & 1 dairy cattle along with calf is sufficient 
to fertilize the pond water for good fish production. The excess amount of cow dung received from farming 
more numbers of cattle can be used in the production of agricultural crops in the farm. 
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 Introducing cattle into the cattle shed: the cattle shed and other appliances to be used in this farming practice 
and it should be disinfected before bringing the cattle into the shed. The disinfectant like potash, lime may be 
used. Normally the cattle’s are brought to the cattle shed 2 months prior to stocking of pond with fish seed or 
otherwise the cattles are brought to the cattle shed in such a way that the needed quantity of cow dung 2000 
kg/ha as initial dose is kept ready for application in the fish pond before stocking the pond with fish seed. 

 Feeding Management: Farmed cattle are supplied their feed into the cattle shed itself. The required quantities 
of feed of a day is divided into 2- 3 installments and are fed to the cattles in 2- 3 times a day. Along with feed 
sufficient amount of water must be provided. 

 Health Management: The cattle shed and the other utensils that are going to use in the farming of cattle with 
fish should disinfected with disinfectant like- potash or lime, etc. before introducing cattle into the shed. At the 
time of introduction of cattle into the cattle shed they should give bath and they should be given bath now and 
then during the farming period. Avoidance of overcrowding, supply of feed in required quantity and quality 
along with drinking water, protection from heat, and maintenance of hygiene in the cattle shed are some of 
prophylactic measures to be taken to prevent the occurrence of disease among the farmed cattle’s.  

 Cattle should be vaccinated against all viral diseases in time: If any disease is occurring then treatment should 
be given in consultation with a local veterinary expert. 
 
CONCLUSION 
The adoption of multiple farm enterprises in an integrated manner can ensure a substantial income generation 
to sustain the livelihood of farmers over the meager income from self-standing enterprises as revealed from 
this study. The partial budgeting, economic estimation of manure and urine from animal components and 
factors associated with total income from different enterprise combinations have shown the directions for 
policy makers, extension functionaries and progressive farmers to prepare strategies for doubling farmers’ 
income. The packages of practices for fish-cum-dairy have been successfully developed and verified extensively 
for economic viability and feasibility at the farmer’s level. Recognizing integrated farming as a commercial 
system can be adopted by carrying out suitable modifications in the location of different agro climatic regions, 
where water resources, healthy stocks of animals and agricultural land are available. The sustainable integrated 
fish based mixed farming can be remunerative therefore provide livelihood as well as generate employment. 
Only livestock component would provide the facilitating inputs to enhance the income of farm families within a 
short period of five years in a synergistic mode. The adoption of IFS is the right approach in this direction and 
should be supported by universities, research institutes, extension centers, KVK’s, and marketing interventions 
in a system approach, which helps in doubling the income of small and marginal farmers. 
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INTRODUCTION 

In our country, rapeseed-mustard is one of the important oilseed crop. India occupies an important 
position in rapeseed-mustard production in the world and ranks third next to China (22%) and Canada (20%), 
thereby contributing 28.3 percent acreage and 19.8 percent production (Bandhopadhyay et al., 2013). It is the 
second-largest oilseed crop after groundnut covering an area of 6.5 m ha with an annual production of 7.28 m t 
and an average yields of 1208 kg/ha (Kumar, 2015; Sharma, 2016; Bharti, 2016; Rakesh, 2016; Sharma, 2016). 
In the country, Rajasthan (46.49%) and Uttar Pradesh (14.0%) are the major producing states. Rajasthan ranks 
first both in the area (2.92 m ha) and production (3.76 mt) with 1301 kg/ha of productivity, but Uttar Pradesh 
occupies only an area of 1.02 m ha and produces 1.12 m t with an average yield of 1100 kg/ha. Besides these 
states, other significant producers are Madhya Pradesh, Haryana, Gujarat, West Bengal and Assam (Mustard 
Crop Survey Report, 2014-15). The crop is an important source of edible oil, industrial used oil, protein-rich 
products, condiments (seed), vegetable (leaf), livestock feed, and soil amendment (cake) and used primarily as 
a source of cooking oil also in Asia (OECD, 1997). It contains an adequate amount of erucic acid (38-57%), 
linolenic acid (4.7-13%), and linoleic acid (27%). The oil is good for heart patient because it has omega 3 and 
omega 6 fatty acids, rich in natural antioxidants and vitamin E. It has various medicinal properties too and fights 
against infections due to the presence of antifungal and antibacterial properties of substance like glucosinolate 
(Sharma, 2015; Rakesh, 2016). Several factors are responsible for the decline in the production of rapeseed and 
mustard in India. Among them, diseases caused by fungi constitute one of the most important factors which 
are responsible for low yield in these crops. In order of their significance, they are Alternaria blight (Alternaria 
brassicae, A. brassicicola and A. raphani), White rust (Albugo candida) + Downy mildew (Perenospora 
parasitica) complex, Sclerotinia stem rot (Sclerotinia sclerotiorum), Powdery mildew (Erysiphae cruciferarum), 
seedling blight or rot (Sclerotium rolfsii, Rhizoctonia solani), Wilt (Fusarium oxysporum f. sp. conglutinans) and 
Club root (Plasmadiophora brassicae). Among the various fungal diseases occurring on rapeseed and mustard, 
Alternaria blight caused by Alternaria brassicae (Berk.) Sacc. is the most important and destructive disease 
which has been reported to cause 10-70 percent yield losses (Saharan, 1991).   
The Pathogen 

Generally, Alternaria blight of rapeseed-mustard is caused by four Alternaria spp. viz., A. brassicae 
(Berk.) Sacc., A. brassicicola (Schw.) Wiltsh., A. raphani Groves & Skolko, and A. alternata (Fr.) Kreissler.  Out of 
which, A. brassicae is the most destructive species of rapeseed-mustard and occurs more frequently in our 
country. 

 The mycelium of A. brassicae is septate, brown to brownish-gray in colour. The conidiophores are dark 
septate, arise in fascicles, measuring 14-74 ×  4-8 µm. Conidia are brownish-black, obclavate, borne singly or 
sparingly in chains of 2-4, muriform with a long beak, and the overall conidial size ranges between 148-184  ×  
17-24 µm with 10-11 transverse and 0-6 longitudinal septa. The colony color of the A. brassicae varied between 
light olive-gray to olivaceous black on PDA. This species represents slow and rudimentary growth in media and 
forms chlamydospores in less frequency (Kolte, 1985). 
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Symptoms 
All the above-ground parts of the plant, i.e., leaves, stem, and siliquae, can be infected with the disease. A. 
brassicae produced grey color spots while black sooty velvety spots produced by A. brassicicola. However, A. 
raphani produced distinct yellow halos around spots. Symptoms first appear on lower leaves with the presence 
of black points. Later, these spots may enlarge and produce prominent round, necrotic spots with concentric 
rings. The disease may progress to middle and upper leaves when defoliation of lower leaves occurs. Deep 
lesions on the pods cause severe infection in the seeds. This disease reduces the photosynthetic area of leaves 
and causes the formation of the small, discolored, and shrivelled seeds which affects the quality by decreasing 
the oil content in seed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Plate 1. A. brassicae (A) Conidia and (B) Pure culture 

 (A)  (B) 

 (A) 

 (B) 

 Plate 2.  Symptom (A) Leaves, and (B) Stem 

 (A) 
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Management 
No single method is effective and economical for the management of Alternaria blight disease. Different 
methods viz., cultural, biological, host resistance, chemical are used for the efficient management of Alternaria 
blight diseases of Brassica crops. 
 
Cultural methods 
Cultural practices include deep ploughing, crop rotation, green manuring, sanitation, use of disease-free seeds, 
time of planting, and application of balanced nutrients. All these practices are helpful in reducing this disease. 
Bio-control agents 
The use of various bio-control agents is being encouraged due to their antagonistic properties and eco-friendly 
nature. Trichoderma species have been very well known as bio-control agents for the control of plant diseases. 
The bio-control agents like Chaetomium globosum, Trichoderma harzianum, T. koningii, and Fusarium spp. are 
used for the management of seed-borne A. raphani and A. brassicicola in radish (Vananacci and Harman, 1987). 
The spray of Trichoderma viride at 45 and 75 days after sowing could manage Alternaria blight of Indian 
mustard (Brassica juncea) as effectively as mancozeb (Meena et al., 2004). Foliar application of T. harzianum, 
Pseudomonas fluorescens, and Bacillus spp. also provide proper management of Alternaria blight (Patni et al., 
2005; Meena et al., 2011). 
Host resistance 
Host resistance is the best method to manage Alternaria blight. Among the different oilseed Brassica species, B. 
carinata and B. napus showed more resistance than B. juncea and B. rapa to Alternaria blight (Skoropad and 
Tewari, 1977). Sinapis alba L. (white mustard) have also shown resistance to A. brassicae (Hansen and Earle, 
1997). Mustard plants showing resistance against Alternaria blight is due to leaf enzymes related with the 
phenolic pathway, like polyphenol oxidase, peroxidase, catalase, and higher leaf sugar contents (Singh et al., 
1999).  High amount of epicuticular wax in leaf reduces conidia germination by forming hydrophobic surface 
(Saharan, 1992). 
 
Fungicides 
The use of fungicides is one of the efficient method of managing the Alternaria blight disease and to get 
adequate control of this disease, the fungicide should be sprayed at appropriate time and appropriate intervals 
(Kolte and Awasthi, 1980). Spray of mancozeb is effective in decreasing the disease severity of Alternaria blight 
on leaves of mustard (Meena et al., 2004). Iprodione (Rovral) spray has been found effective in reducing silique 
infection due to A. brassicae (Cox et al., 1983). 
 
CONCLUSION 
Alternaria blight is a major disease of rapeseed-mustard due to its destructive nature. It affects the quality and 
quantity of crop. The use of fungicides is the most common method of managing this disease but it causes 
serious health problems to human being. The emphasis should be made by using different strategies of 
managing the disease i.e. use of resistant varieties, biocontrol agents, plant extracts and application of 
fungicides for effective management of Alternaria blight of rapeseed-mustard. 
 
 
 
 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 507 - 
 

 

REFERENCES 

[1]. Bandopadhyay, L., Basu, D. and Sikdar, S. R. (2013). Identification of genes involved in wild crucifer Rorippa 
indica resistance response on mustard aphid Lipaphis erysimi challenge, PL o S One, 8: 73632. 

[2]. Bharti, O. (2016). Studies on Sclerotinia stem rot of Indian mustard (Brassica juncea (L.) Czernj. Cosson) 
incited by Sclerotinia sclerotiorum (Lib) de Bary thesis Submitted totheRajmata Vijayaraje Scindia Krishi 
Vishwa Vidhyalaya. 

[3]. Cox, T., Souche, J. L. and Grapel, H. (1983). The control of Sclerotinia, Alternaria and Botrytis on oilseed rape 
with spray treatments of flowable formulation of iprodione. Abstr. 6th Int. Rapeseed Congr, Paris, France, 
17-19 May 1983, pp. 928-933. 

[4]. Kolte, S. J. (1985). Diseases of Annual Edible Oilseed Crops, Rapeseed-Mustard and Sesame Diseases. CRC 
Press Inc Boca Raton, 2, 135p. 

[5]. Kolte, S.J. and Awasthi, R.P. (1980). Alternaria blight of rapeseed and mustard Assessment of losses and 
chemical control. Paper presented at seminar on “Achievements of Seventies and Future Challenges in the 
Field of Oilseeds and Oils”, 35th All India Convention organized by OTAI at Bombay from Feb. 16-17. 

[6]. Kumar, D. (2015). Effect of levels and sources of sulphur on growth, yield and nutrient removal of Indian 
mustard [Brassica juncea (L.) Czern.and Cosson.] varieties under irrigated condition. Thesis submitted to 
Banaras Hindu University.  

[7]. Meena, P. D., Awasthi, R. P., Godika, S., Gupta, J. C., Kumar, A., Sandhu, P. S., Sharma, P., Rai, P. K., Singh,Y. 
P., Rathi, A. S., Prasad. R., Rai, D. and Kolte, S. J. (2011). Eco-friendly approaches managing major diseases 
of Indian mustard. World Applied Sci J, 12: 1192-1195. 

[8]. Meena, P.D., Meena, R.L., Chattopadhyay, C. and Kumar, Arvind. (2004). Identification of critical stage for 
disease development and biocontrol of Alternaria blight of Indian mustard (Brassica juncea). J. 
Phytopathology, 152: 204-209. 

[9]. Rakesh, Rathi, A. S., Kumar, A. and Singh, H. (2016). Evaluation of fungicides for the control of Sclerotinia 
stem rot of Indian mustard caused by Sclerotinia sclerotiorum (Lib.) de Bary. Journal of Applied and Natural 
Science, 8 (1), 441-444. 

[10]. Saharan, G.S. 1991. Assessment of losses, epidemiology and management of black spot disease of 
rapeseed-mustard. In:Proceedings of the GCIRC 8th Inst. Rapeseed Congress, July 9-11, Saksatoon, Canada. 
Vol. 2, 465-470. 

[11]. Sharma, P., Verma, P. R., Meena, P. D., Kumar, V., & Singh, D. (2016). Research progress analysis of 
sclerotinia rot (Sclerotinia sclerotiorum) of oilseed brassicas thorough bibliography. Journal of oilseed 
Brassica, 1 (2), 45-125. 

[12]. Vananacci, G. and Harman, G.E. (1987). Bicontrol of seed-borne Alternaria raphani and Alternaria 
brassicicola. Canadian J. Microbiol., 33: 850-856. 

[13]. Skoropad, W.P. and Tewari, J.P. (1977). Field evaluation of the epicuticular wax in rapeseed and 
mustard in resistance to Alternaria brassicae. Can J Plant Sci., 57: 1001-1003. 

[14]. Singh, D.N., Singh, N.K. and Srivastava, S. (1999). Biochemical and morphological characters in relation 
to Alternaria blight resistance in rapeseed mustard. Annals Agril. Res,. 20: 472-477. 

[15]. Hansen L.H. and Earle, E.D. (1997). Somatic hybrids between Brassica oleracea (L.) and Sinapis alba (L.) 
with resistance to Alternaria brassicae. Theor. Appl. Genet., 94: 1078-1085. 

[16]. Saharan, G.S. (1992). Disease resistance. In: Breeding Oilseed Brassicas. K.S. Labana, S.S. Banga, S.K. 
Banga (Eds). Narosa Pub. House, New Delhi, India, pp 181-205. 

 
 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 508 - 
 

 

Methods of crop regulation in fruit crops 
Article id: 22754 

Vikas mandloi1 and Dr Praveen kumar singh gurjar2 

1Ph.D. Scholar, Department of Horticulture, RVSKVV, college of agriculture Gwalior (M.P.) 474002 
2Scientist (Hort.), Krishi Vigyan Kendra, RVSKVV Gwalior (M.P.) 

 
INTRODUCTION 

Some of the fruit crops bloom throughout the year without any resting period and produces two or 
three crops (bahar) in a year but yield and quality is not so good in all crop harvest. It is very essential to 
understand the flowering and  fruiting  behavior  of  crops  and  which bahar will give good crop with 
considering all the factors associated with a particular bahar. The acid limes bloom throughout the year but the  
main  blooming  period  is  February  - March, with lean period from July to August. It  is  not  uncommon  to  
find,  particularly  inlime,  flowers  fruitlets, developing  fruits  and mature fruits all at a given time (Rajput and 
Babu, 1985). Mahalle et al.,  (2010) reported in  Hasta  bahar  flowering  (September  and October) of Acid lime, 
two sprays of cycocel 1000 ppm at an interval of one month before initiation  of  flowering that is  in August  
and September  resulted  in  maximum  yield  in terms of number of fruits per tree and weight of  fruits  per  
tree  and  this  treatment  also improved the fruit quality in respect to juice %,  TSS,  acidity,  ascorbic  acid  
content  and peel  %.  

Similarly,  guava  bears  varying amount  of  fruit throughout  the  year.  Guava bloom  thrice  in  a  year:  
Ambebahar, Mrigbahar  and  Hasthbahar.  In  north  India, major crop usually  ripens from  July to  mid-October 
(rainy season). A small distinct crop is produced from November to mid-February (winter  season)  whereas  
two  flowering seasons  have  been  reported  in  the  climatic condition  of  Assam  (Lal  et  al.,  2013). Though, 
the quantum of production is high in rainy  season  (Rathore  and Singh,  1974  and Singh et al., 2000), it offers 
poor quality due to  insipid  in  taste  (Singh  et  al.,  1996)  and infestation of pest  (Rawal and  Ullasa, 1988) in  
comparison  to  winter  season.  On  the contrary,  in  winter  season  quality  fruits  are produced  and  fetch  
high  monetary  returns (Singh  et  al.,  2000).  There  is  a  distinct difference in quality in the fruits produced in 
different season and winter is considered to be more favourable for quality guava production (Rathore and 
Singh, 1974; Pandey et al., 1980 and Singh, 1985). Though rainy season  crop give higher yield, the fruit is often 
infested by many pests  and diseases  (Rawal and Ullasa, 1988) and they are rough, insipid and watery, with  
poor  quality  and  less  nutritive  values (Syamal  et  al.,  1980).  Singh  et  al.,  (1991) studied  the  various  
cropping  pattern  and recommended a single winter crop in one year in order to harvest a highly economical 
crop of the best quality fruits. 
 
Principle of crop regulation   

The  basic  principle of  crop  regulation  is  to manipulates  the  natural  flowering  of  the guava plant in 
desired season that contribute to  increased  fruit  yield,  quality  and profitability. This concept is based on the 
fact that most of the crops’ flowers are borne only on  new,  succulent,  vigorously  emerging vegetative 
growths. These new growth flushes can  be either  on  new  emergences of  lateral bud on  older stems  or 
extensions  of already established  terminals  of  various  size  and vigour. 
Objectives of crop regulation 

The  main  objective  of  crop  regulation  is  to force  the  tree  for  rest  and  produce  profuse blossom 
and fruits during any one of the two or  three flushes.  To  regulate a  uniform  and good  quality  of  fruits  and  
to  maximize  the production as well as profit to the grower. To  reduce  cost  of  cultivation  because 
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uninterrupted  continuous  blossom  would produce light crops over the  whole  year and require  a  high  cost  
for  the  monitering  and marketing.   
 
Methods of crop regulation  

1. De blossoming or Thinning  
2. Withholding of irrigation  
3. Root exposure and root pruning  
4. Shoot Pruning  
5. Chemical/PGRs application  
6. Nutrients application  
7. Shoot bending 

 
De blossoming or Thinning  

Growth regulators and certain chemicals have been  found  very  effective  in  thinning  of flowers and 
manipulating the cropping season NAA, NAD, 2, 4-D carbaryl and ethrel were found successful in reducing the 
rainy season and increasing the winter crop under different agroclimatic  conditions  (Chundawat  et  al., 1975). 
Manual deblossoming of rainy season flowers  at  small  scale,  kitchen  garden  and early age of the plant is 
very effective, but at large  commercial  plantation  it  is  not  in practice which is very cumbersome, laborious 
and  uneconomic.  Flower  thinning  by  using naphthalene  acetic acid  (NAA),  naphthalene acetamide (NAD), 
2,4-dichlorophenoxy acetic acid  (2,4-D),potassium  iodide  (KI),  2-chloroethyl phosphonic acid (ethephon), 4,6-
dinitro-o-cresol (DNOC) and urea have been tried  with  varying  degree  of  success. 

 
 
Withholding of irrigation 

In northern plains withholding irrigation after harvesting of winter crop of guava, results in the shedding 
of flowers and  the  tree goes to rest.  The well  balance manure  and fertilizer along  with  irrigation  is  applied  
June.  After about  20-25  days  the  tree  put forth  profuse flowering  and  fruit  mature  in  winter. Induction  
of  water  stress  by  withholding irrigation from December to June or until the beginning  of  monsoon  
depending  upon  the prevailing conditions has been recommended (Cheema et al., 1954) 

Root exposure and root pruning  
Roots  of  the  plant  are  exposed  to  sun  by removing up  to 7  -10 cm  soil around  40-60 cm radius of 

tree trunk. The water is withheld for  a  month or  two  before  flowering.  As  a result of water stress, leaves 
show wilting and fall  on  the  ground.  Before  one  month  of commence  of  flowering  of  desired  bahar, 
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roots are again covered with a mixture of soil and  FYM  and  irrigated  immediately. Subsequent  irrigations  
are  given  at  suitable intervals.  Consequently,  plants  give  new vegetative  growth,  profuse  flowering  and 
fruiting. However, in light sandy and shallow soils,  exposure  of  roots  should  not  be practiced and mere  
withholding of  water for 2-3  weeks  is  sufficient  for  wilting  and debilitation  of  trees.  It  depends  upon  the 
choice of the grower as to which of the three bahars is to be taken to get maximum profit. 

Shoot pruning 
Terminal portion of the guava up to 20 or 30 cm length  should be pruned  during April  to avoid  

Ambebahar  and  always  avoid  severe pruning. Pruning  the  current  season’s  growth of spring flush to avoid 
the rainy season crop was  advocated.  Pruning  current  season’s growth of spring flush to avoid rainy season 
crop has been advocated in northern parts of the country. The pruning of 25-50% shoots on 20  April, 10  May 
or  30 May  was  found to escape  flowering  in  rainy  season  and encouraged winter season flowering of 
Sardar guava. Pruning the tender’s shoots by about 4 to 5 inch from their tips decreased the flower drop  
percentage  in  guava  trees (Arivindakshan,  1963)  during  rainy  season. 

Chemical/PGRs application 
Desai  et  al.,  (1982)  from  Rahuri, Maharashtra,  India  revealed  that  cycocel sprayed at 1000 ppm 

once on 16th August and once  on  16th  September  to  be  followed  by spray  of  2,  4,  5-T  at  10  ppm  on  
30th September resulted in 58.2 percent flowers as against 16.3 percent in control. Increase in the number  of  
flowers  and  fruits  with  every  increase  in  the  concentration  of  the  chemical were  also  evident.  Babu  and  
Rajput  (1982) noted  that  February  and  June  flowering  was earliest with 2, 4-D at 10 or 20 ppm and latest 
with  GA3  at  25  or  50  ppm.  Duration  of flowering was shortest (22 - 24 days) with GA3 at 50 ppm and 
longest in the controls (30 - 35 days)  whereas  Davenport (1983)  reported that GA3  applied  to  Tahiti  lime  
(Citrus  latifolia Tan.) markedly  inhibited flowering, producing morphologically  typical  vegetative  growth. 

Nutrition application 
To  increase  the  quantum  of  winter  crop  the fertilizer  schedule  should  be  changed  from April-May 

to  May-June that will  induce more vegetative  growth  that  subsequently  increases the winter cropping 
(Boora et al., 2016). Gupta and Nijjar (1978) advocated that application of a  combination  of  NPK@  40,100,  
40  g, respectively.  Singh  and  Singh,  1994 recommended that  10 % urea for better crop of Sardar guava and 
Allahabad safeda during winter under Lucknow and Punjab condition. 

Bending of shoot 
Shoot  bending is  one of  the ways  to produce better quality fruits in the  off-season of guava (Sarker  

et  al.,  2005).  In  case  of  bending  of branch wood tension of branch is increased and phloem  formation  
decreased.  As  a  result photosynthetic  product  pass  slowly  from  the shoots  of  bent  branch  as  to  the  
other  parts, maintaining  increased  C:  N  ratio  and  induce more  flowering  and  fruit  set.  Bending  forced 
dormant  reproductive  buds  into  growth.  The upright  branch  produces  fewer  flowers  and fruits  than  the  
bent branch  (Ito  et  al.,  1999). Bending induces profuse flowering and fruiting, as well as fetches greater 
returns (Ghosh, 2003) and  regulate  flowering  by  bending  of  shoots (Mitra,  et  al.,  2008).  Bending  
consistently increased  the  lipid,  tryptophan,  proline, polyphenol  oxidase,  catalase,  and  peroxidase levels in 
leaves, bark, and fruits, but decreased phenolics  (Eassa et  al.,  2012). 
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Termites are polymorphic social insects belongs to order isoptera and live in large communities. They are the 
most primitive social insects in the animal kingdom and their colony consists of workers, soldiers, 
reproductive queen and king. Termite is the most troublesome pest in household and agriculture crops. 
Termite in household are excellent control by using Bait trap method and Anti termite reticulum system. 
Imidacloprid, Diflubenzuron and Leave extract of L. camara use as wood treatment for termite control in the 
house. In field crops, termite is effective controled by intercropping (fenugreek with ajwain, wheat with 
safflower), organic amendment (castor cake, neem cake, vermicompost etc.), bio control agents 
(Metarrhizium anisopliae, Pusa Nemagel), and insecticides (Fipronil, Chlorpyriphos, Imidacloprid and 
Thiamethoxam).  
 
INTRODUCTION 

Termites are also known as “White ants”. Termites live either underground in soil, in wood or construct 
lofty attractive earthen mounds or carton nests by making colony. More than 2700 species of termite found in 
the world and 300 species recorded in India. Out of 300 species of termites, about 35 have been reported 
damaging agricultural crops and buildings (Rajagopal, 2002). They pose serious threat to a wide range of 
agricultural crops, structures, especially wooden materials and prove themselves a major insect-pest to 
humankind. Termites damage the crops right from sowing to till harvest. A classical case of termite damage was 
reported from a Northern India town where termites damaged currency notes worth Rs 10 M (US $ 222,000) 
kept in a steel chest inside the State Bank of India branch (Sacks, 2011).  Globally, the estimated loss due to 
termite damage is about 50 billion US$ annually (Subektia et al. 2015). In general, termite damage is seen more 
(20-25%) in rain-fed crops than irrigated ones (10%). Perennial crops are usually attacked during dry seasons 
and annual crops towards harvest time (Paul et al., 2008). 

   

Worker Mandibulate soldier Nasute soldier 
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Winged reproductive King Queen 

Plate 1: Various castes of termite 
 

Nature of damage 

   
Wheat Sugarcane Sett filled with soil 

   
Maize cobs Maize stem Groundnut 

Plate 2: Termite damage in Various crops 
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Plate 3: Termite damage in Household 
 

In field crops, viz. cotton and groundnut, taproots of young seedlings are eaten up by termites just 
below the soil surface. The central root portion is damaged and filled with soil. The damaged plants wilt 
overnight and die within few days. Sorghum, maize and bajra plants often topple down due to termite attack at 
the collar region. When the plant lodges, the grains touch the ground, and soil fungi such as Aspergillus spp. 
may invade them. In sugarcane, infestation occurs soon after planting when germinating setts and young shoots 
are affected. Newly planted setts suffer the most serious damage as termites enter through their cut ends or 
through the buds and feed on soft tissues replacing them with soil. 
 
Management of termites 
(1) In household 

The difference methods or techniques are used for application of insecticides to control termite in side 
building or house. Various method like,  
(a) Liquid termite treatment: This is the fastest working method of termite control and acts as an invisible 
barrier for termites.  
(b) Baits Trap Termite Control Method: Termite baiting systems are actually termite monitoring and baiting 
systems. Plastic bait stations containing special type of wood, attractive to termites are placed in the ground 
around the property (Anonymous, 2010).  
(c) Anti-termite Reticulation system: Termite treatment through piping method/termite tubing system also 
known as pipe reticulation system. The reticulation system is a network of underground specially designed 
pipes to induce anti-termite chemical uniformly throughout your Building’s foundations (Rawat, 2019).  
(d) Wood treatment: Wood treatments include surface sprays, injected sprays and foams, and Borate treated 
wood. 
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Plate 4: Various methods or techniques for management of termites in household  
 

Diflubenzuron (2%) in glue line was to be excellent effective against subterranean termite (Kalawate, 
2012). (Kaur and Raut, 2013) reported that termite mortality (100%) in the leaves extract of Lantana camara 
(in petroleum ether), ethanolic leaves extract of Moringa koenigii and methanolic seed extract of C. 
occidentalis. Termite mortality was greatest with spinosad 0.5% treatment in the infested wood (Woodrow and 
Grace, 2007). 
 
(2) In field crops 
Cultural control: 

Gadhiya et al. (2015) reported that the soil application of castor cake, vermicompost and neem cake @1 
tonne/ha at the time of land preparation before sowing were found to be more effective in suppressing the 
termite population. Prajapati et al. (2017) observed fenugreek and ajwain grown in 1:1 ratio had registered the 
least attack of termite (1.91%). Ranjith et al. (2017) reported that wheat intercropped with safflower recorded 
the least number of termites (41.30) followed by mustard intercropped plots. 
Biological control: 

Rana and Kachhawa (2014) found that FYM enriched Metarrhizium anisopliae @ 5x1013 spores/ha was 
the most effective among the entomopathogenic fungus with minimum plant mortality of 3.63% (2012) and 
4.6% (2013) at 90 days in maize. Rathour et al. (2014) found that a single application of Pusa Nemagel reduced 
the termite incidence in wheat and pearl millet as compared to control. 
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Botanical: 
Ranjith et al. (2017) reported that aqueous root extracts of Crotolaria burhia 10% resulted in 73.33 per 

cent mortality of termites and powdered leaf dust of Anacardium occidentale 7.5%  resulted in 56.67 per cent 
mortality of termites. 
Chemical control: 

Gohil (2013) reported that pod damage in groundnut due to termite was found minimum 10.09 % 
(summer) and 9.01 % (kharif) in the seed treatment with Fipronil 5 SC @ 5 ml/kg. Kumar et al. (2017) reported 
that the soil application of neem cake @ 2.5 q/ha along with seed treatment with Chlorpyriphos 20 EC @ 6 ml/ 
Kg of seed had lowest plants damage (3.21%) due to termites in wheat. Kishor et al. (2017) reported that the 
damage of affected tillers/m row in wheat due to termites was found minimum 0.40 and 0.41 percent in the 
Fipronil 5 SC @ 3.0 lit/ha and Imidacloprid 600 FS @ 1.5 lit/ha, respectively. 
 
Future thrust 

 Need to identify soilborne pathogen. 

 Need to develop mating distruption techniques 

 Need to develop location specific strategy 
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Does online marketing completely capture agricultural marketing in India? 
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INTRODUCTION  
 In this digital era, E-marketing is not a new concept. But while talking about agricultural commodities 
there is brief has been discussed about E-marketing. E-marketing is the process of marketing a product or 
service using the internet. E-marketing not only includes marketing through the internet but also includes 
marketing through e-mail and wireless media. E-marketing of the agricultural product means the marketing of 
the agricultural product through online ways from agricultural producers to any business houses or ultimate 
consumers. 
 
Relevance with agricultural marketing in India 

 
  
Indian e-commerce is growing at an annual rate of 51%, the highest in the world. This has opened many 
opportunities in agricultural marketing. A lot of B2B and B2C companies utilize online marketing to channelize 
their products to consumers.  
  In traditional marketing, the price spread was huge and middlemen took away most of the profit earned 
by the farmers. Online marketing was a solution to this problem. But it has still a long way to go, to capture 
complete agricultural marketing in India.   
  It has been successfully used by a few enterprising people in agricultural marketing as well. For instance, 
Big Basket, an online grocery portal, books orders from online consumers and delivers sorted and cleaned 
groceries, vegetables and fruits to them. Giants like Godrej nature's Basket and Grofers are also doing the 
same, while global giants like Amazon are eyeing for the potential in the market. It may though be limited to 
tier one or two cities only. While e-NAM is the government-driven programme that has promoted online 
marketing. 
 
Pros & Cons 
  Other advantages of e-marketing of agriculture produce in India are, It helping in better price discovery 
and provide facilities for smooth marketing of their produce. It provides real-time information on trade and 
price, extended access to markets across the state, information on the quality of commodities. And also 
provide transparent e-bidding and direct online payment. 
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  If we analyze the shortfalls of digital marketing of agriculture produce in India. One of the major 
challenges is the farmer's outstanding loan in financial institutions. Since, in online marketing, traded value is 
directly credited to the farmer's account, the retained earnings would be minimum as banks cut into the 
margin. The majority of the Indian farmers are still illiterate – both educational and financial – to get into the 
platform of online trading. Unawareness and lack of interest in online marketing among farmers is an area of 
concern. Another concern is regarding the delayed payment in e-marketing. Since 86% of Indian farmers are 
small and marginal farmers, any cash crunch would instantly hamper further working capital requirements. On 
the other hand, traditional marketing provides them with instant payment, so farmers are reluctant to adopt e-
marketing  
  Online trading is problematic to leased land cultivators and tenant farmers because they didn't have 
land ownership certification for registration in online trading portals. Only 40% of farmers use smartphones in 
India and integrating them into the e-marketing scenario has still a long way to go. Agri-business firms too face 
the challenge of changing their business models and practices to account for the rapid growth of e-commerce. 
Lesser adoption rate by the farmers remains the main hindrance for the firms to scale up their marketing 
through the online market place. The margin they get is very low due to the lesser participation of farmers.  
  The lack of proper post-harvest storage infrastructure is another factor that limits the online marketing 
of perishable products such as fruits and vegetables. The supply chain management of agricultural products is 
weak in India. Improper network facilities in rural areas is a barrier for rural farmers to get into an online 
marketing platform. In rural areas, farmers have to depend on others for internet facility, this causes for lack of 
interest in online marketing. Traditional farmers have less trust in new technology, they usually have a long-
term relationship and trust in local traders. Also, the traders and middlemen provide farmers financial 
assistance in case of urgency, this makes farmers stick to traditional marketing. 
  The payment through the online platform requires PAN card, which most of the farmers don't have. 
Due to this kind of requirement and other tedious processes involved farmers hesitate to adopt e-marketing. 
Take the example of e-NAM, the flagship program of our government which aims to capture agricultural 
marketing in the online sphere. The e-NAM portal has 1.6 crore farmers and 585 mandis across the country 
registered in it. The numbers are dismal, given that there are 13 crore farmers in India. The case of e-NAM also 
points out another dilemma faced by online marketing of agricultural produce. Since agriculture is a state 
subject, each state has to amend its APMC laws to incorporate electronic trading and auctions as a mode of 
price discovery. Often, this is a cumbersome procedure and delays the implementation.  
  In online marketing, there are no scientific sorting/grading facilities or quality testing machines due to 
which farmers are not able to get the right prices for their products. The infrastructure facilities are still only in 
the nascent stage.  
 
CONCLUSION 
 Online marketing has not transformed into a completely effective platform to integrate buying and 
selling of agricultural products in the virtual space. India has to improve on a lot of fronts to capture agricultural 
marketing through e-commerce. The problem faced by Indian farmers is not low production but low-price 
realization due to inefficient marketing and distress sale. E-commerce, if effectively implemented can be a 
panacea for providing stable prices to farmers and can be the right step in achieving of doubling farmer's 
income of farmers by 2022. 
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Alternaria blight disease and its management of Indian mustard 
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Indian mustard [Brassica juncea (L.) Czern and Cos. is affected by several diseases viz., Alternaria blight, white 
rust, stem rot, downy mildew, powdery mildew etc. Alternaria blight is the most important amongst all the 
major diseases which are responsible for significant losses in seed yield and oil content in Indian-mustard. 
 
Distribution & Economic importance: 
The disease is more damaging and occurs in all mustard growing areas of the world affects most cruciferous 
crops and is one among the important diseases of rapeseed- mustard causing severe yield losses. In India it was 
first reported in 1901 and later it reported all mustard growing states causing 25 to 65% yield loss.  
Causal organism:  The disease is caused by Alternaria brassicae and A. brassicola, the fungus produces dark 
brown, short, septate, irregularly bent conidiophores with a single conidium at the apex, the conidia are long in 
case of brassicae in compare to brassicola. The conidia are obclavate, light to dark brown in colour with both 
transverse and longitudinal septa, with a prominent beak. 
Disease Symptoms: 

Symptoms of the disease start with formation of small spots on lower leaves, at later all the aerial part 
of the plant get affected. Many concentric spots coalesce together to cover large patches showing blightening 
and defoliation in severe cases. The spots produced by A. brassicae are generally gray compared to black sooty 
velvety spots produced by A. brassicola. At later stage circular to linear, dark brown lesions also develop on 
stems and pods. Infected pods produce small, discolored, unhealthy and shriveled seeds. 

 

 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 e-ISSN:  2581 - 8317                 Volume 2 – Issue 1 – January 2020 
   

- 521 - 
 

 

    
 
Disease cycle: 
The Primary infection takes place by means of the pathogen survives in the infected crop debris or weed as 
dormant mycelium. The disease is externally and internally seed born also. The secondary spread is mainly by 
air-borne conidia. Moist and warm weather with more than 75% RH and 12 to 25°C temperature and 
intermittent rains favors the disease spread and development.  
 
Disease Management: 

 Removal and destruction of infected plant debris and weeds. 
 Long (2-3 years) crop rotation with non-hosts such as a small grain, another vegetable, or corn. 
 Practice wider spacing between plants hills and rows to have higher light penetration and air flow. 
 Use disease free or seed treated with Mancozeb @ 2.5g/kg seed. 
 Spray with Mancozeb (@ 0.25%) or Iprodione (0.2%) at 10 days interval. 
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 Projective Techniques are the method of exposing an individual to a situation in which the person in 
giving information tends unconsciously to project a part of his or her personality and the process reveals the 
inner mind. Attention is dedicated to a composite picture of the whole personality rather than on the 
measurement of separate traits. Projective techniques are usually regarded by their exponents as especially 
effective in revealing a covert, latent or unconscious aspect of personality. It is implicit that the projective 
techniques will serve as a screen on which the subject will project his features thought processes, needs, 
anxieties and conflicts. The respondent's character will be projected as a whole unit. It is agreed that projective 
techniques are more useful to assess some inner aspects of Techniques. There are some popular projective 
techniques describe below 
  

1. Rorschach Test (Associative Techniques) 
This is an inkblot test as a means of stimulating and testing imagination. The Rorschach inkblot test is a type of 
projective test that was developed in 1921 by a Swiss psychologist named Hermann Rorschach.  
 
Procedure 
In order to understand how the inkblot test works, it is important to understand what it consists of and how it 
is administered. 
1. The Rorschach test consists of 10 inkblot images, some of which are black, white, or gray and some of which 
are color. 
2. A psychologist or psychiatrist who has been trained in the use, scoring, and interpretation of the test shows 
each of the ten cards to the respondent. in this test, the subject is provided with each of the ten cards, one by 
one. 
3. The subject is then asked to describe what he or she thinks the card looks like. 
4. Test-takers are allowed to hold the cards in any position they may want, whether it is upside down or 
sideways. 
5. The respondents are free to interpret the ambiguous image however they want. 
6. Test-takers can focus on the image as a whole, on certain aspects of the image, or even on the white space 
that surrounds the image. 
7. The psychologist also rates the reactions on a large number of variables such as whether the subject looked 
at the whole image. These observations are then interpreted and compiled into a profile of the individual. 
2. Thematic Apperception Test (Construction techniques)  
 The TAT was developed by the American psychologist Henry A. Murray and Christiana D. Morgan at the 
Harvard Clinic at Harvard University. The TAT is popularly known as the picture interpretation technique 
because it uses a series of provocative yet ambiguous pictures about which the subject is asked to tell a story. 
The Thematic Apperception Test (TAT) consists of 20 pictures which are all black and white. The people 
depicted in the picture are deliberately drawn in ambiguous situations. After showing the picture, a story is to 
be told by the client about the person or people in the picture. They have to say what is happening in the 

http://www.alldstateuniversity.org/
http://www.alldstateuniversity.org/
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picture, what has caused the event and what could have taken place in the past and what would happen in the 
future. 
  The story narrated by the client is interpreted by the psychologist, who tries to look for revealing 
statements and projection of the client’s hidden emotions onto the characters in the pictures. In the original 
interpretation method of TAT scores, the examiner first determines who is the “hero”, the character of either 
sex with whom the respondent presumably identifies himself or herself. The content of the stories is then 
analyzed in reference to Murray’s list of “needs” and “press”. However, TAT has been used extensively in the 
research of personality but the high variations in administration and scoring procedures associated with TAT 
have made it quite difficult to investigate the psychometric properties of the TAT. Nevertheless, the value of 
Thematic Apperception Techniques has been confirmed and also the clinical utility of various versions of the 
TAT both for traditional and specific applications has been established. 
3. The Holtzman Inkblot Test 
  Holtzman et. Al. (1961) developed an inkblot test known as the Holtzman Inkblot Test (HIT). This test 
was developed by Holtzman in order to remove the inherent technical difficulties of the Rorschach like an 
unlimited number of responses, poor scorer reliability, etc. it has two parallel forms (A and B) having 45 cards, 
both colored and achromatic and markedly asymmetric. One answer per card is taken by the respondent. Each 
response is followed by a two-fold simple question: where was the perception represented in the blot and 
what the perception suggests about the blot? All the responses are then classified under 22 response variables. 
It has been found by many researchers that the Holtzman test appears to be better standardized than the 
Rorschach test. Also, the scorer reliability of the HIT is highly satisfactory validity data on HIT have also yielded 
satisfactory results. It has besides overcome the problem of productivity ratio by specifying the number of 
responses. Recently, Holtzman (1988) was also developed a variant of HIT called HIT 25. Consisting of 25 cards. 
This test has been found to be successful in diagnosing schizophrenia. 
 
Advantages of Projective Techniques 

1. If the tests are unstructured it is easy for the respondents to declare their personality. 
2. It is assumed that the projection is greater than the stimulus which is almost the same as the 
respondent. 
3. Each and every response was given by the respondent explains the benefits of personality 
4. Another assumption is that there is an unconscious mind in every person 

Limitations of Projective Techniques 
1. It needs highly qualified and experienced professionals. 
2. It is expensive 
3. Risk of interpretation bias 
4. Respondents engage in unusual behavior. 
5. Unstructured techniques  

CONCLUSION: The projective techniques were developed to obtain the information form the respondents 
indirectly. A person's unconscious operations of the mind are brought to a conscious level in a disguised and 
projected form. The purpose of the test is not specified. Individuals' responses are never taken on the face 
value. It has drawbacks like lack of reliability. 
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INTRODUCTION- 
It is very important to know the investment & Profit plan from Pig Farming. Pig Farming requires a small investment in 
building and equipment. It has an immense potential to ensure Nutritional and Economic Factors. World largest Pig 
Producing Countries are China, Russia, America, Brazil and West Germany. India has also leading country in Pig Production. 
In India Uttar Pradesh is the largest Pig Producing Country. Normal body temperature range for an adult pig is 101.6 – 104 
°F (38.7 – 40 °C). The Gestation Period varies between 115-112 days. 

 
Stages in Pig Farming- 
There are following stages in the Pig Farming- 

(I) Selecting a suitable Land- 
Land in the rural area has been selected as the labor can be obtained easily. Make sure of the availability of sufficient, 
Clean and fresh Water in Selected Land. Accessibility of browsing place for the Pigs. Farming Place should near the Market 
Place. Proper means of Transportation and Veterinary services near the Farm is beneficial. The temperature requirement 
for the pig might have been 20ºC (68ºF) before the move but could well be 25ºC (77ºF) for the first days in the new 
accommodation. 

(II) Selecting a suitable Land - For commercial usage , imported and highly meat productive Pig breeds can be 
chosen, like- American Yorkshire Pig, Berkshire Pig, Tamworth Pig, Chester White Pig, Large Black Pig, Duroc 

Pig, Hampshire Pig, Hereford Pig, Landrace Pig, Spotted Pig etc. 

(III) Feeding- Feeding is very important for Pig Farming. Growth, Animal health and rate of reproduction depends 
upon the quality and nutrients food supply. The ingredients include grains, maize, wheat, rice, sorghum, and 
other millets. Protein supplements like cakes, fish meal and meat meals, vitamins and minerals can be added. 

(IV) Housing- Comfortable house can be constructed for successful Pig Farming . The Housing Provides them not 

only the shelter but also provides from Pollution , Severe Weather, Parasites and Diseases. 

Note- Area and Water Requirement For Boar and Dry Saw- 
For  Dry Saw 

Floor Area Covered Per Pig 
(M2) 

Open Yard Area/ Pig (M2) Water Required Pig (Liters) 

1.8-2.7 1.4-1.8 4.5 to 5 

 

For Boar 

Floor Area Covered Per Pig 
(M2) 

Open Yard Area/ Pig (M2) Water Required Pig 
(Liters) 

6.25-7.5 8.8-12 45.5 
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(I) Care & Management- 
Proper care should be taken to keep them free from all types of health hazards and diseases. Proper care can be taken 
for breeding boar, piglets and pregnant sow’s. To prevent from swine fever , they can be vaccinated at the age of 2 to 4 
weeks. 

(VII) Disease and Control 
Some common Pig disease are Piglet Anemia, swine Brucellosis, Piglet Scours and Leptospirosis. They can be controlled 
by vaccinations and antibiotics. 

(VIII) Marketing- 
A Pig meat has a domestic demand, marketing has become an easier processin commercial Pig Farming in India. As the 
Demand increases , one can easily see the products not only in the nearest market but also target the global market. 

(XI) Cost and Profit Of Commercial Pig Farming- 

Particulars Costs(Rs.) 
Types of Equipments within the Pig Farm 20,000 

Cost of Pigs ( 16 Sows and 4 Boars) 60,000 

Cost of Shed, Furrow Pens 1,50,000 

Medicines and Vaccines 10,000 

Marketing and Transportation 10,000 

Cost of Feed ( Vegetables and Kitchen Wastes) 2,00,000 

Insurance Cost 2,000 

Labour Cost 20,000 

Bio-security and Water Management Cost 40,000 

Miscellaneous 5,000 

Total Cost 5,17,000 

 
Expected Income returns from Commercial Pig Farming- 
Expected Income returns for Pig Farming are high. 

 The Average weight of Boar= 350 Kg. 
 The Cost of 1 Kg. Pork is Rs.- 300 
 Meat Cost from 1 Kg. Boar/ Sow = 350*300= Rs.1,05,000 
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Fresh water aquaculture: An overview 
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Indian fisheries have grown very fast among all the sectors, India is abandoned with natural resources and 
well habituated for development of fisheries sector due to following availabilities. Fisheries resources in the 
country having 8118 km of coastline length, 2.02 million square kilometer of exclusive economic zone, 0.53 
million square kilometer of Continental shelf, 1547 number of fisheries landing centers and 3477 number of 
fishing villages and approximately 20 lakh active fishers in the country. Similarly area under inland 
reservoirs accounts 3.15 million hectares, ponds and tanks 2.36 million hectares, area under brackish water 
1.24 million hectares and length of rivers and canals 0.19 million kilo meters. India is the 2nd largest 
producer of aquaculture and 3rd Largest of fisheries constituting about 6.3% of the global fish production. 
Total fish production is 12.61 million metric tons in 2017-18. About 71% contributions from inland sector 
and 29% from Marine. Fisheries sector contributes 1.07% to the National GDP and 5.14% to the Agricultural 
GDP. Fish and fish products emerged as the largest group in agricultural exports from India. Export of 13.77 
lakh tons in terms of quantity and Rs. 45,106.89 crores in value 2017-18 annual growth of 11.31%, 
respectively. 
 
INTRODUCTION 
Aquaculture is a rapidly growing fisheries sector in India with an annual growth rate of over 7%. Freshwater 
aquaculture contributes over 95% of the total annual aquaculture production of 5.77 million tons. 
Technologies of induced carp breeding and polyculture of the three Indian major carps (Catla catla, Labeo 
rohita and Cirrhinus mrigala) as well as ‘composite carp culture’ with the addition of three exotic carps 
(Hypophthalmichthys molitrix, Ctenopharyngodon idella and Cyprinus carpio) in ponds and tanks brought 
about perceptible upward shift in freshwater aquaculture production. Fisheries sector has been witnessing 
diversification with the inclusion of medium and minor carps, catfishes and murrels. Andhra Pradesh and West 
Bengal are the top producers of freshwater fish through aquaculture. System diversification has resulted in 
optimum productivity of 3-6 t ha-1 year-1. Public and private carp hatcheries produce around 40 billion fry. Fish 
requirement by 2020 is expected to touch 15 million tons, out of which around 9 million tons would need to 
come from freshwater aquaculture. 
 
Globally India stands second in culture fisheries production, Indian aquaculture has demonstrated a six and 
half fold growth over the last two decades, with freshwater aquaculture contributing over 95% of the total 
aquaculture production. India is best owed with 3.15 million ha-1 of reservoirs, 2.36 million ha of ponds and 
tanks as well as 0.19 million ha of rivers and canals. Freshwater aquaculture with a share of 34% in inland 
fisheries in mid 1980s has increased to about 80% in recent years (DADF, 2017). The technologies of induced 
carp breeding and polyculture in static ponds and tanks have brought about remarkable upward trend in 
aquaculture productivity and turned the sector into a fast growing industry. The research and development 
programs of the Indian Council of Agricultural Research (ICAR), as well as the development support provided 
by the India Government through a network of Fish Farmers’ Development Agencies (FFDA) have been the 
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principal vehicles for this development. Additional support has been provided by several other organizations, 
state departments and financial institutions. So far, about 0.65 million ha of water area has been brought 
under fish farming covering 1.1 million beneficiaries. Currently the average annual yield is around 3 t ha-1. At 
the same time, training has been imparted to about 0.8 million fishers (DADF, 2017). 
 
Major States acquired freshwater aquaculture in India 
Andhra Pradesh, West Bengal, Bihar and Chhattisgarh are among the top producers of freshwater fish through 
aquaculture. Andhra Pradesh producing around 15 lakh t of fish of which 92% is supplied to other states and 
West Bengal with a current production of around 13 lakh t of fish and still sourcing fish mainly from Andhra 
Pradesh are the two top producers of freshwater fish in the country (Jayasankar, 2014). Bihar, Chhattisgarh, 
Assam and Jharkhand are also enhancing their stakes in freshwater aquaculture production. Bihar and 
Chhattisgarh together produce around 3 lakh tons; while the former state has negligible dependence on fish 
from other states with about 20% marketed to outside states; the latter gets about 25% from Andhra Pradesh 
for internal market. Assam produces around 2 lakh tons, though still sources around 30% of their fish 
requirement from other states considering high domestic demand.  India is one of the rich biodiversity country 
having two biodiversity hotspots, namely the Western Ghats and the Eastern Himalayas.  
 
ICAR-National Bureau of Fish Genetic Resources (NBFGR) contains 2,868 indigenous species of which 877 
species are found in freshwaters, 113 in brackish water and 1,878 in marine water, which belong to 39 orders, 
225 families and 852 genera (NBFGR, 2015). The Indian major carps namely catla, rohu and mrigal are farmed 
all over the country and they contribute major share of the India aquaculture production, followed by the 
exotics carps such as silver carp, grass carp and common carp. Apart from the 6 major species, there many 
other species having good market demand and consumer preference which can be an alternative to the major 
carps and thus there is great scope for species diversification in India. In recent years, much emphasis has 
been given to diversified species, such as minor and medium sized carps and barbs, pangasius, magur, murrel, 
climbing perch, pabda and prawn. 
 
Table.1 Average productivity of inland fish culture systems in India 

Sl. No Culture System Average Productivity 

1. Composite fish culture 4-6 

2. Carp-Semi intensive culture 3-5 

3. Magur culture 3-4 

4. Pangasius culture (Striped catfish) 10-15 

5. Murrel culture 2-3 

6. Anabas 1-2 

Source: FAO 2014. 
 
Types of Culture Systems in Freshwater Aquaculture 
Based on Culture Operation 
i) Open aquaculture System: Fish culture in pens, cages, long lines and raft system. 
ii) Semi-closed aquaculture System: Fish culture in tanks and ponds 
iii) Closed aquaculture system: Re-circulatory aquaculture systems and raceways. 
Based on Input 
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i) Extensive aquaculture: Culture of fish with minimal control, lower stocking density, lesser input: pond 
culture of fish; 
ii) Intensive aquaculture: Fish culture in controlled condition, higher input, high stocking density: 
Recirculatory Aquaculture Systems (RAS) and Raceways. 
 
Major Constraints in Growth of Aquaculture  
Availability of good quality seed, land leasing tenure, social issues like poaching, water availability, feed 
availability, access to technology at grass root level, climate change and credit facility are the prominent 
constraints of freshwater aquaculture development in India. Others being short supply of water, high cost of 
supplementary feed, high cost of electricity, non-availability of skilled labour, prevalence of disease outbreak 
in culture ponds, poaching, high mortality during culture period, low farm gate price, problem of direct selling 
to buyers, low productivity, poor quality of carp seeds and low net returns. 
 
Important Policies Which Elements the Constraints in Freshwater Aquaculture 

 Policy support to release large tract of unutilized unproductive non-remunerative agricultural lands for the 
development of aquaculture. 

 Supply of good quality feeds with low FCR through indigenous feed technology. 

 Establishment of brood bank and certified hatcheries in order to supply of good quality seed. 

 Encourage growing diversified indigenous species and using diversified culture systems. 

 Use modern technology for increasing production and productivity. 

 Policy support for encouraging credit and insurance agencies in extending adequate lending and insurance 
coverage to the sector. 

 Encourage research and development in innovative technology generation using indigenous knowledge 
according to the needs of the farmers. 
 
CONCLUSION 
Responsible aquaculture and prevention and management of aquatic diseases, organic farming and induced 
breeding are some of the other challenges to be addressed in this sector for improving productivity. It is 
apparent that strategies for increasing fish production from freshwater aquaculture should be directed 
towards horizontal and vertical growth of the sector.  Aquaculture sector in India has to come up with 
different strategies to cope with the future challenges of increased fish demand, preferred consumers’ 
choices, production of safe and quality fish protein. It is even more challenging in upcoming days due to 
increased land and water scarcity, climate change, competition from other agriculture sector, labour shortage, 
and shortage of raw materials. If the country has to achieve its premium goal of Blue Revolution to ensure 
quality fish protein, the researchers and fisheries sectors has to develop by adopting the innovative 
approaches along with technology advancement and more emphasis on utilization of machineries in the 
freshwater sector to achieve sustainable production. 
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Cabbage, cauliflower, brussels sprouts, broccoli, kale, kohlrabi, and turnip are commonly referred to as 
Brassica vegetable crops as they belongs to family Brassicaceae (previously known as Cruciferae). They are 
susceptible to a number of serious diseases that must be controlled to obtain desired quality and good yields. 
The diseases and control measures discussed affect both the home gardener and the commercial producer; 
however, emphasis here will be on disease control in commercial crucifer vegetable crop production. Before 
using any of the fungicides listed for control of various diseases which attack those crops, always read and 
follow label directions. 

1. Alternaria Leaf Spot 
This disease is caused by the fungus Alternaria brassicae, A. brassicicola  
It is widespread and affects all Brassica crops. 
The two Alternaria  species, A. brassicae and A. brassicicola, cause similar symptoms; small, dark specks first 
develop on leaves and later enlarge into circular, tan spots (0.25-0.5 inch in diameter). The spots caused by A. 
brassicicola tend to be darker than those caused by A. brassicae. If conditions are favorable, dark green 
spores of the pathogen will grow on the spots. Such growth causes the spots to have concentric rings in 
them. Old leaf spots become papery in texture and may tear. When the dry tissue falls out, a shot hole effect 
results. 
Symptoms 
On seedlings, symptoms appear as small dark spots on the stems which eventually cause the seedling to 
topple over. Symptoms on the foliage also appear as small dark spots which enlarge rapidly. Within these 
infected areas, large masses of dark spores are produced. The pathogen may attack the heads of cauliflower 
and broccoli rendering them unmarketable. The disease is also a problem in storage of Brassica crops. 

Disease cycle 
The pathogen can overwinter on old, infected plant debris and in seed. The fungus produces masses of spores 
which are easily disseminated by wind, rain, or equipment. Warm, moist weather conditions favor disease 
development. 
Alternaria leaf spot is usually not an economic concern on crops. It occasionally is a problem on cabbage 
during cool, rainy months. The pathogen can also infect Brussels sprouts, broccoli, and cauliflower. Leafy 
crucifers that are harvested for their leaves (red mustard, Chinese cabbage, tat tsoi, and Mizuna mustard) are 
also susceptible to Alternaria brassicae and can be seriously damaged by this pathogen. Disease is favored by 
moist conditions. Spores are spread by winds and splashing water. The fungus does not survive in soil, but is 
carried over in crucifer seed, on weed or volunteer hosts, or on un-decomposed crop residue. 

Control 
 Since the pathogen is carried in the seed, hot water seed treatment is an effective control measure.  
 Application of fungicides such as maneb, chlorothalonil, or copper products will help control this disease 

Begin fungicide application at the first sign of disease and repeat every seven to ten days, according to 
label directions. 

Article id: 22761
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 Use clean seed and practice crop rotation. Fungicides applied as foliar sprays will control this disease. 

2. Downy mildew 
 This disease, which affects all Brassica crops. 
 It is caused by the fungus Peronospora parasitica.  
 Plants may become infected during any stage of growth, but usually the disease is more of a problem on 

early-seeded plant beds or on late-maturing crops. 
 Susceptible hosts include canola, cabbage, broccoli, Brussels sprouts, kale, cauliflower, rutabaga, radish, 

horseradish, Chinese cabbage and mustards, ornamentals such as stock, wallflower and aubretia, and 
many cruciferous weeds. 

 Peronospora parasitica requires cool, moist weather for infection and disease development to take place. 
The pathogen survives between crops on weed hosts or as resilient oospores in crop residue. Spores are 
airborne. This disease is most serious on young seedlings; if cotyledons and the first true leaves are 
severely infected, the young plant may die. 

Symptoms  
 Infection usually takes place on the underside of lower leaves where the fungus produces a white fluffy 

growth.  
 As the disease develops, yellow spots develop on the upper leaf surface which later turn tan in color. 
 When the pathogen attacks cabbage heads, symptoms appear as small, dark sunken spots. Similar 

symptoms can be observed on curds of cauliflower and broccoli. 

Disease cycle 
The fungus overwinters on old crop debris where it produces masses of spores which can be disseminated by 
wind and rain. Cool, moist weather conditions favor disease development. 
Overwintering mainly in crop debris, on cruciferous weeds, and occasionally on crop seed, downy mildew 
fungus becomes a problem in early spring, late summer, and fall during damp, cool weather. Beginning with 
lower leaves, small yellow-brown spots appear which eventually expand and develop grayish black lace-like 
markings. In moist weather, bluish-white downy mold is apparent on the underside of these leaf spots. 
Abundant sporulation and rapid disease development occur at greater than 98% relative humidity, when 
leaves are wet, and at 8-16°C. Downy mildew becomes severe in several days under these conditions 
especially when plants remain wet until mid-morning. In cauliflower and broccoli, symptoms may occur as 
pale brown or greyish discoloration on the curd (flower), or grey to black spots and streaks on the stems 
below the curd. Cabbage heads in storage also may be penetrated by greyish-black discoloration, as well as 
becoming susceptible to secondary rot pathogens. 

Control 
 Fungicides such as maneb, chlorothalonil, aluminum-tris, mefenoxam, or copper products  provide good 

control of downy mildew.  
 Begin application at the first sign of disease and repeat according to label directions. 
 Plant resistant varieties when possible. 

 A few broccoli varieties are available that are resistant to downy mildew.  
 Fungicide treatment of susceptible varieties is needed when the disease occurs on transplants or early in 

crop development in the field; repeated applications may be required, depending on weather. 
 Treatment during early flowering is required on seed crops. 
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 Organically Acceptable Methods 
Resistant varieties and some copper sprays are suitable for organically grown crops. 

3. Black rot 
This is a very serious disease on Brassica crops, especially cabbage, cauliflower, broccoli, turnip, and brussels 
sprouts. Other hosts include kohlrabi, collard, rutabaga, and radish. The disease is caused by the 
bacterium Xanthomonas campestris pv. campestris. 

Symptoms 
Plants may be affected at any stage of growth. The bacterium usually enters through the water pores around 
the leaf margins. Once the bacterium has entered the leaf, the tissue turns yellow. Infection progresses 
toward the center of the leaf, forming a V-shaped pattern. The veins within the yellow-colored tissue turn 
black. The bacterium moves down the leaf and is distributed throughout the entire plant. The infected leaves 
turn yellow and eventually drop off; some plants may be almost completely defoliated. The affected stem, 
when cut crosswise, reveals a black ring where infection has followed the water-conducting tissue (Fig. 1). 
The bacterium is carried on and in seed. When infected seed is planted, the bacteria pass from seed parts 
into the leaves of the small seedling and symptoms develop as previously described. 
Disease cycle 
The pathogen overwinters in and on the seed and in the plant debris left in the field. The bacterium may 
become established in a field by planting infected seed, planting infected transplants, or planting in fields 
where the disease was a problem the previous year. The bacteria are spread by splashing or running water 
and insects. 
Control 
Control practices include (1) planting western-grown, disease-free seed, (2) using a hot water seed treatment, 
(3) applying a fungicide treatment, (4) maintaining good sanitation of planting beds, (5) inspecting plants and 
handling plants carefully, (6) using crop rotation, and (7) planting resistant cultivars when available. 
 Plant only western-grown seed: Seed grown in the western United States is usually free of the 
pathogen, while seed grown in Europe and the eastern United States usually has a low percentage of infected 
seeds. 
 Hot water seed treatment. The grower should request hot water-treated seed. 
 Fungicide treatment. Copper products may help slow the progress of the disease. Refer to Midwest 

Vegetable Production Guide for Commercial Growers, BU-7094-S. 
 Plant bed sanitation. Take care to avoid planting beds that have been used for Brassica crop production. 

Wait at least three years. Drainage water from old compost heaps and old cabbage fields can contaminate 
the soil. If disease-free soil is not available, soil fumigation may be an option. 

 Plant inspection and handling of plants. Inspect the plants thoroughly and look for disease symptoms 
described earlier. Handle plants carefully to avoid injury. 

 Crop rotation. A three-year crop rotation with unrelated crops is required since the bacterium can 
overwinter in the soil for two years. 

Obtaining disease-free seed and transplants is essential for control of black rot It is also important to use 
clean, disinfested containers and planting materials. Crucifer plantings should be located where air and soil 
drainage are good. Cultural practices such as fall tillage hasten the decomposition of infested crop residue 
and will significantly reduce pathogen populations in fields of previously infected crucifer crops. Rotating 
fields out of crucifer crops for 3 years is advisable for both disease management and soil improvement A 
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small amount of late infection is tolerable; the idea is to take every possible precaution to delay infection 
until very late in the season. Spraying fields with fixed copper bactericides may help reduce the spread of the 
bacteria. Copper sprays will be most effective if conditions are not favorable for spread and pathogen 
populations are already low. 

4. Black leg 
This disease, caused by the fungus Phoma lingam, is a major concern in areas involved with Brassica crop 
production because the pathogen can infect a variety of Brassica crops. 
Symptoms 
Plants may become infected in the seedbed or in the field at anytime during the growing season. Usually the 
first symptom is a circular depressed canker that develops at the base of the stem, enlarges, and eventually 
surrounds the entire stem. Yellow spots with gray centers appear on the foliage. The infected tissue on both 
the stem and leaves is marked with small dots. These black dots are fungal structures and indicate the 
presence of the pathogen. Severely infected plants usually topple over as the pathogen destroys the 
supportive stem tissue. 

Disease cycle 
 Of particular importance is the ability of this pathogen to be carried in and on seed. This is how the fungus 

is introduced into greenhouse and field plantings.  
 The pathogen can live in crop debris if such material is not fully decomposed.  
 Cool, moist conditions enhance disease development.  
 Spores are spread with splashing water. 
  A second spore type may occur that can be blown long distances on wind currents 
 The fungus overwinters in the soil on old, infected plant debris for at least three seasons.  
 When infected seed is planted, the fungus infects the seedling and produces spores which, in turn, are 

disseminated to other plants.  
 Rain and surface drainage water spread the pathogen.  
 The disease can spread very rapidly even though only a few plants may be infected initially. 

Control/ management 
The methods needed to control black leg (fungus) are the same as those described for black rot (bacteria) 
control. These control measures include  
 Planting western-grown, disease-free seed 
 Using a hot water seed treatment 
 Applying a fungicide treatment 
 Maintaining good sanitation of planting beds 
 Inspecting plants and handling plants carefully 
 Using crop rotation 
 Planting resistant cultivars. 

Using disease-free seed and transplants from reputable sources is essential for black leg control. In fields with 
a history of black leg, a combination of cultural and chemical control practices can prevent serious losses. A 4-
year rotation out of crucifers should be used because the pathogen may survive for several years in 
association with crop residue. Fall plowing will reduce the over-wintering pathogen population; avoiding 
poorly drained fields will reduce the likelihood of infection. A fungicide (Rovral) is labeled for treatment of 
young plants in fields prone to black leg infection. 
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Black leg can be managed by using disease-indexed seed, by cultural practices, and with foliar sprays. 
Remove cruciferous weeds and volunteer plants that may harbor the pathogen. Plow under debris in 
diseased fields to allow for more rapid and thorough decomposition. Practice crop rotation; rotate infested 
fields out of cruciferous crops for 1 or 2 years. 
5. Club root 
This important Brassica crop disease is caused by the fungus Plasmodiophora brassicae. 
Symptoms 
Infected roots enlarge, become distorted, and resemble clubs, hence the name (Fig. 2). Often disease 
development on the roots of affected plants can be extensive before above-ground portions show any 
symptoms. Leaves on infected plants turn yellow, wilt, and die. 

Disease cycle 
The fungus gains entrance into the plant by attaching to the root hairs. As the fungus begins to develop in the 
roots, it produces spores. These spores are released and can be disseminated by water and infested soil. Acid 
soils and cool wet weather favor pathogen development. The disease is not seed-borne. Club root infects all 
of the Brassica crops, as well as many weeds in the mustard family. The fungus persists in soil as thick-walled 
resting spores that can remain viable for 10 years or longer. Infection is favored by acid soils with adequate 
moisture, but infections do occur above pH 7.0. In the presence of host plant roots, these resting spores 
germinate by releasing swimming zoospores. Such zoospores infect and colonize root hairs. Later, a second 
type of zoospore appears that can infect the main roots. Infection and colonization by this second zoospore 
causes the galling and clubbing of roots. Additional resting spores are formed inside the galled roots and are 
released into the soil when roots decay. The fungus is dispersed from field to field by the use of diseased 
field-grown transplants and movement of infested soil on machinery and surface water. 

Control 
Location of the seedbed is very important in club root control. To avoid local and wide-spread distribution of 
the pathogen, plant in disease-free soil. Hydrated lime incorporated into the soil to raise the pH to 7.2 
reduces club root; however, on muck soils the application of lime is of little value because of the high soil 
buffering capacity. Club root can be reduced by using PCNB fungicides per label recommendations. These 
control programs should be coupled with a long crop rotation. 

Disease control 
 Effective control of club root depends on preventing the pathogen from becoming established in the field. 

It is very important to grow or buy disease-free transplants.  
 A 7-year rotation out of crucifers and an adjustment of field soil acidity to pH 7.2-7.5 are also helpful. It is 

necessary to avoid contaminating clean fields with infested plants by not transferring soil or plants.  
 In cases where crucifers must be planted into fields with a history of the disease, the use of PCNB 

(Terrachlor) in transplant water may reduce disease incidence and severity.  
 Control for seedbed plantings may be maintained by growing plants in a well-drained, uninfected area. 
 Once in the soil, club root fungus remains viable for many years.  
 There is no economical way to eliminate it. Rotation with non host crops generally does not provide 

effective control; however, a 2-year rotation away from crucifer crops and into cereals may be helpful in 
some instances. 

 Minimize the spread of the pathogen by using pathogen-free transplants. It is preferable to use 
transplants that are produced in soil-less rooting mixes in trays.  
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 However, if field-grown transplants must be used, then grow transplants in fumigated plant beds; young 
plants can be infected for some time without indicating infection and cannot always be detected at 
transplanting. 

 Restrict the movement of contaminated soil (on farm implements) from infested to non infested fields.  
 Do not use tail water from contaminated fields to irrigate non infested fields because the fungus can be 

transported in water. 
 Where fields are already infested with the club root pathogen, applying lime to infested fields can help 

create soil conditions unfavorable for spore germination.  
 In general, apply lime if soil pH is lower than 7.2. Annual applications are usually necessary. Not all soils 

respond favorably to this treatment. 
 Organically acceptable methods 

Crop rotation, proper handling of transplants and irrigation water, and liming the field are acceptable 
management tools in an organically certified crop. 

6. White Rust 
Pathogen: Albugo candida 
Symptoms: 
The fungus infects leaves and floral parts, causing distinctive white, raised pustules to form underneath the 
plant epidermis. These blister like pustules sometimes result in twisted, deformed growth of the stem, leaves, 
or flowers. When mature, the epidermis covering the pustule will rupture, releasing powdery white sporangia 
(a type of spore) that can be carried by winds or splashing water onto neighboring host plants. Severely 
infected leaves can wither and die. 

Comments on the disease: 
The white rust pathogen of crucifers infects only plants in this host group, including arugula, bok choy, 
broccoli raab (rappini), Brussels sprouts, cabbage, cauliflower, Chinese cabbage, collards, Japanese or 
Mizuna-type mustards, radish, tah tsai, and turnip. However, economic damage is only found on the crucifer 
crops in which the leaves are marketed. If free moisture and cool temperatures are present, the sporangia 
germinate by producing several smaller motile spores (zoospores) that swim and enter susceptible young 
tissues. Because A. candida is dependent on cool, wet conditions, the disease is consistently more severe 
during winter and early spring months. In addition to sporangia, A. candida also produces a second type of 
spore, the oospore that can resist drying conditions and enable the fungus to survive in a dormant state in 
soil or crop residue. The white rust pathogen exists in the form of distinct races. 

Management: 
White rust resistant cultivars do not appear to be available for the host plants. Reducing leaf moisture by 
avoiding sprinkler irrigation will not prevent white rust, but keeping leaves dry may reduce disease severity. 
For sensitive crops such as arugula and rappini, avoid planting in fields having a history of white rust 
problems; soil borne oospores may result in severe disease. Fungicides may be appropriate in some situations 
on leafy crucifer crops. The same fungicides that control downy mildews are also effective against white rust. 

7. Bacterial Blight 
Pathogen: Pseudomonas syringae pv. alisalensis  
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Symptoms and signs 
Bacterial blight infections start as small, angular-shaped, water-soaked specks on leaves that are often 
surrounded by yellow borders. As the disease develops, specks enlarge and coalesce together into larger, 
irregularly shaped gray-to-tan spots. Leaf spots are visible from both top and bottom sides of leaves. 
Symptoms may resemble those of the more familiar bacterial leaf spot disease. 

Comments on the disease 
Recent research has identified this bacterial disease, which is caused by a pathogen related to, but distinct 
from, the bacterium that causes bacterial leaf spot. For Brassica crops, bacterial blight has been found on 
broccoli, cauliflower, and Brussels sprouts. Other crucifer hosts include rappini, arugula, and rutabaga. The 
pathogen is seed borne and is splashed from plant to plant by rain and sprinkler irrigation. Bacterial inoculum 
may persist for short periods of time in soil. 

Management 
 Plant clean and disease-free transplants.  
 Rotation away from fields where the disease has recently occurred may reduce inoculum levels in soil or 

infected debris.  
 A change from sprinkler to furrow or drip irrigation may limit its spread. 
8. Bacterial Leaf spot 
Pathogen: Pseudomonas syringae pv. maculicola 
Symptoms and signs 
Bacterial leaf spot infections start as small, dark specks on leaves. As disease develops, numerous water-
soaked leaf spots appear. Leaf spots remain small (0.125 inch or 3 mm in diameter). Older leaf spots turn tan 
and may or may not have a purple border around them. Leaf spots are visible from both top and bottom sides 
of leaves. Symptoms on transplants may resemble downy mildew symptoms. 

Comments on the disease 
Bacterial leaf spot is most often seen under greenhouse conditions. Occasionally it also occurs on cauliflower 
in coastal valleys, but its occurrence in production fields is sporadic. The pathogen is seed borne and is 
splashed from plant to plant by rain and sprinkler irrigation. 

Management 
Plant clean seed and disease-free transplants. Rotation away from fields where the disease has recently 
occurred may reduce inoculums levels in soil or infected debris. A change from sprinkler to furrow or drip 
irrigation may limit its spread. Cultivars vary in susceptibility. 

9. Black Rot 
Pathogen: Xanthomonas campestris pv. campestris 
Symptoms and signs 
Black rot symptoms vary depending on the environmental conditions. Early in disease development, typical 
symptoms consist of angular or V-shaped chlorotic lesions along the leaf edges. With time these lesions will 
dry up and turn tan or brown. Black veins are often seen within these tan lesions, though they may not 
always develop. Severely infected leaves may wither and drop off the plant. If systemic infection has taken 
place, the vascular tissues in petioles and main stems can also turn black. If temperatures are cool, however, 
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symptoms may not be expressed. Atypical symptoms, such as small, brown specks, may also occur and mimic 
other bacterial diseases. 

Comments on the disease 
The most severe losses from black rot have occurred in cabbage and cauliflower; crucifers grown for seed 
production crops can also be severely damaged. Black rot development is favored by warm, humid 
conditions. Splashing water from rain or sprinklers spreads the pathogen from plant to plant. Xanthomonas 
campestris pv. campestris is introduced into greenhouse or field situations primarily on seeds. The bacterium 
can also survive in soil if infected plant residues have not decomposed. Many cruciferous weeds are 
important reservoirs of the pathogen. 

Management 
 Because the pathogen may survive in infected plant debris, do not plant a crucifer crop more often than 

every 2 years in any infested field.  
 When possible, implement crop rotations using non hosts. Some resistant cabbage cultivars are available. 
 Many cruciferous weeds host bacteria and must be controlled to prevent continued contamination.  
 Remove weed and volunteer crucifers from production areas.  
 Deep plowing can speed decomposition of infected plant debris, but care must be taken to bury all debris.  
 Avoid sprinkler irrigation wherever possible, and do not plant infested fields during winter and spring 

when heavy rainfall occurs. 
 The bacterium can be carried on or in the seed.  
 Plant seed that is free from the pathogen.  
 Seed should be assayed to determine cleanliness, and it can be hot water treated to reduce infestation; 

however, hot water or other treatments are not 100% effective and may reduce germination. 
  Transplants produced for field planting should likewise be disease-free.  
 Clipping or mowing transplants before planting may result in widespread contamination of transplants. 
 Organically acceptable methods 

Crop rotation, the use of resistant cultivars, weed management in the field and surrounding areas, and 
the use of pathogen-free seed and transplants are acceptable management strategies in an organically 
certified crop. 

10. Phytophthora Root Rot 
Pathogen: Phytophthora megasperma 
Symptoms and signs 
The external surfaces and internal tissues of infected roots are water-soaked and dark in color and are rotted. 
Leaves, especially older ones, first turn purple-red and later yellow and then wilt. The plant may be stunted, 
and with time, the entire plant wilts. The stem near the soil line may turn black and become soft. 

Comments on the disease 
Phytophthora root rot occurs on cauliflower, Brussels sprouts, and other crucifers in the coastal areas. It 
usually occurs only if Brassica crops are planted in poorly draining, fine-textured soils that are kept overly 
wet. Hence, root rot is most often found at low spots in the field or at the tail-end of irrigation runs. The 
fungus is a soil inhabitant that survives in the soil for long periods. 
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Management 
Control is difficult, but soil management that improves drainage, such as planting high, well-drained beds, 
and carefully irrigating to avoid prolonged saturation of the soil, will reduce chances of infection. Because 
drought stress also makes plants susceptible to Phytophthora, ensure an even supply of moisture without 
major fluctuations to help suppress disease development. If a field has a history of Phytophthora disease 
problems, a treatment can be applied at planting. 

11. Rhizoctonia Diseases/ Wire Stem 
Pathogen: Rhizoctonia solani 
Symptoms and signs 
 On Brassica crops, Rhizoctonia causes two types of disease symptoms: damping off (or wirestem) and 

bottom rot. 
 Damping off or wire stem occurs on newly emerged or very young transplants when Rhizoctonia attacks 

the hypocotyl or lower stem tissue in contact with the soil.  
 This results in browning and cracking of the epidermis and the formation of lesions.  
 As infection progresses, the outer stem decays, leaving only the fibrous inner xylem intact (hence the 

name wire stem). 
 Affected plants wilt, turn purple, and remain stunted. Seedlings may break off at the soil line.  
 The pathogen can usually be identified by its coarse mycelia that often cause soil particles to adhere to 

and dangle from diseased stems. 
 Bottom rot is primarily a problem on cabbage, bok choy, and Chinese cabbage. Once head formation 

begins, lower leaves in contact with the soil may become infected with Rhizoctonia.  
 Dark brown, oval lesions develop where soil touches the leaves. Secondary decay organisms may follow 

and make these lesions soft and watery.  
 Infected leaves may wilt, exposing the head. Occasionally the pathogen may grow up into the inner 

tissues of the cabbage head. 

Comments on the disease 
Rhizoctonia solani is a common soil inhabitant that survives for long periods in soil on crop residue or as 
sclerotia. Wet, warm soils favor wirestem development. Seedling susceptibility decreases as plants mature. 

Management 
Prepare good quality seedbeds before planting. If possible, plant when soils are warm because seeds 
germinate faster and seedlings are more vigorous. Avoid excessively wet soils during early stages of seedling 
growth. If transplants are used, do not plant too deep if Rhizoctonia diseases are a problem in the field. No 
other control measures are recommended. 

IDM of Crucifer crop diseases (in general) 
Controlling Crucifer Diseases 

A generalized disease control program for cruciferous crops is as follows: 

A) For producing transplants or direct seeding: 
1. Be sure to use resistant cultivars as much as possible. 
2. Consult your seed catalogues, seed company representatives, and crop specialists for further 

information on available resistant cultivars. 
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3. Use only new vigorous seed with high percent germination. Old, improperly stored seeds germinate 
more slowly, producing weak plants which are more susceptible to disease. 

4. Use seed which is certified free from black-rot bacteria and Phoma, and has been treated with hot 
water and fungicides to control seed-borne diseases. Even though hot-water seed treatment may 
reduce germination, simply conduct your own germination test. Calculate the percentage 
germination after seed treatment, and sow extra seed to supply enough plants for your needs. 
Canola seed treatments are listed in OMAFRA Publication 296, Field Crop Recommendations. 

5. Sow seed in soil which has been fumigated (seedbeds) or sterilized (greenhouse). If fumigation is 
uneconomical, sow seedbeds in land which has grown no crucifers for at least 2 years. 

6. Use only new or sterilized transplant flats and greenhouse equipment. 
7. Be sure seeds are not too dense, and provide optimum conditions of ventilation, watering, fertility, 

temperature, and light for growth (see previous section on damping-off). 
8. Locate field-growth seed beels away from existing crucifer crops to avoid introduction of disease. 
9. Maintain weed-free seedbeds, cold frames, and greenhouses. 
10. Use well-timed applications of insecticides and fungicides, according to recommendations in 

OMAFRA Publications 363 and 296. 
11. Avoid run-off from land currently or previously growing a cruciferous crop, either directly, or 

indirectly in irrigation water. 
12. Inspect the seedlings regularly, removing and destroying localized infections ("hot spots") early. 
13. Avoid dipping plants in water or trimming them before transplanting in the field, as this can easily 

spread bacteria and fungi. 

B) In addition, transplant or direct seed into fields which have: 
1. Warm, well-drained soil, with pH greater than 7.2 if club-root has been a problem. 
2. Adequate, balanced fertility. 
3. Adequate weed control in field and headlands, especially of volunteer cruciferous crops, and 

cruciferous weeds, such as wild mustards, shepherd's purse, pepper-grasses, wild radish [see 
OMAFRA Publication 505, Ontario Weeds for identification of weeds in the Mustard (Cruciferae) 
family]. 

4. Not grown crucifers for at least three crops, and which does not have evidence of former cruciferous 
crop residue on or in the soil. 

5. Continued use of pesticides as necessary for insect and disease control. 
6. Adequate sanitation practices, such as removing infected plants if practical, incorporating diseased 

crop refuse promptly, burying cull piles of rutabagas or other crucifers remotely from growing areas, 
working in the field only when the foliage is dry, avoiding sprinkler irrigation of the diseased fields. 

C) When buying transplants, insist on the following precautions in the contract: 
1. Written verification of seed lot # and source; dates of pulling, shipping and receipt; pest-control 

schedule used in the crop, and the transit conditions. 
2. Certification of disease-free transplants from area where transplants are inspected by regulatory 

authorities prior to and at pulling time, e.g., transplants from southern U.S.A. should have 
certification. 

3. Written statement that transplants were not "topped" with mowing machinery which could spread 
disease and that only new packaging material was used. 
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Managing rotting diseases 
1) Avoiding damping-off begins with the use of vigorous, treated seed, pasteurized soil in new or disinfested 

flats and disinfested equipment and greenhouses. 
2) Avoid overcrowding of the seedlings to improve ventilation and drying-off of the crop and soil. Damping-

off fungi thrive under moist conditions. 
3) Plant seed at the proper depth in well-prepared, moist, warm soil. Retarded seed germination and 

emergence make seedlings more susceptible to damping-off fungi. Seeding outdoors should be no deeper 
than 4.0 cm at a soil temperature of at least 10°C. 

4) Soil amendments such as composted tree bark, when added to the potting mix, have been shown to 
suppress damping-off. 

5) In greenhouses and cold frames, water seedlings only as necessary, with pre-warmed water, ensuring 
adequate drainage. Waterlogged soils promote damping-off. 

6) Maintain optimum growing conditions. Plants which are "leggy" from insufficient light are weak and prone 
to attack by pathogenic fungi. Avoid excessive fertility which promotes succulent growth or salt 
accumulation, both of which favor disease. Banding fertilizer close to the seed may delay emergence. 
Additional management practices are suggested in OMAFRA Publication 363, Vegetable Production 
Recommendations or damping-off and wire-stem. 
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