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A field expeiitnent was conducted foi Ihiee "reasons from 1994 to 1996 to study the 

influence of oiyanic nianuies and inoiganic feitill?Bis (NPK) on the incidence of rjiajoi insect 

pests af)d predators on groundnut in sandy loam soils of Bapatia and Kavui, Guntui distiict of 

Andhra Pradesti The tieatments included farm yaid manure (FYM), vermiconipost FYM + 

vetmicompost, neem cake fJPK + ?iee?n cal^e NF'K with nucleai polyhedrosis virus (NPV) of S 

litiiia at 50 and 75 days after sowing (IMS), NPK with sunflower as a trap crop arrd NPK with 

carbofurarr seed tieatment 

The results showed ftraf the orgarric trianirres recorded lower incrderice of suckirrg pests 

than lire straight fedili^ed Tire srrckirrg irrsecfs F keni and A. craccivora were lowest in neem 

cake The treatments that received organic manufes recorded lower incidence of A nwdicella 

(ompared to straight fertilized treatments NPK with NPV application reduced the inciderrce of 

S liliifa tlian all otirei treatments NPK with ( artiofuran seed treatment showed its superiority in 

recording low incidence of H ainvgera followed t)y ottier orgarrically manured treatments 



The population of natural enemies was low in organically manured treatments compared 

to ttte straight fertilized treatments. The highet pest incidence in straight fertilized treatments 

contributed to higher predator population NPK with seed treatment affected coccinellid and 

spider population. 

Pertaining to the levels of biochemical constituents of groundnut leaves, the organically 

manured treatments recorded lower amounts of nitrogen (N), crude protein (CP), total free amino 

acids (TFAA) and carbohydrates and significantly higher levels of carbon based anfiherbivore 

compounds like phenols and tannins, and the opposite was true in case of straight fertilized 

treatments. 

All the pests and predators (except chrysopids) showed positive correlation with N, CP. 

TFAA, carbohydrates and negative association with phenols and tannins. Higher N, CP, TFAA, 

carbohydrates and lower levels of phenols and tannins in leaves of straight fertilized treatments 

contributed to higher pest incidence and vice versa in organically manured treatments 

Due to non-usage of insecticides as foliar sprays, the natural ener-nies increased Rabi 

seasons recorded higher coccinellid beetles and spider population than khahf season Sunflower 

plants attracted S. litura and also served as perches for predatory birds and contributed to lower 

incidence of caterpillar pests. 

The studies provide insight into the manipulation of host plant ecosystem and tritrophic 

relationships through nutrition to bring induced / ecological resistance in plants. The organic 

manures induce the production of antiherbivore compounds, a protective system developed in 

the plants. The slight alterations in chemistry of the plant may bring desirable effects without 

sacrificing the growth and yield of groundnut crop The results also provide insight into insect 

resistance through organic manures. The present studies without the use of insecticides as 

sprays and organic manures as nutrient sources focus on the search for alternatives to straight 

fertilizers. The studies reduce the cost of inputs towards fertilizers and insecticides through 

organic farming and promote the ecological balance and stress the need for ecological / organic 

farming to attain sustainable plai\t protection 
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INIROUIKHON 

Groundnut {Arachis hypogaea Linn) is an itnportant oilseed crop in India and tanks first 

in woild in area (8.35 m ha) and production (8 85 mt) Atnong ttie states. Andhra Pradesh 

occupies first place in area (28.4%) and production (22 2%) (DES, 1993) with an average yield of 

1054 kg ha '. During rabi, groundnut is grown in large areas in coastal sands of Andhra Pradesh 

as a major crop or in rice fallows. 

Insect pests are recognized as yield reducers Of more than a hundred species of insect 

pests that live in groundnut crop, a few are economically important in India, Sucking pests such 

as aphids, jassids and thrips are occasionally important as direct pests, but their importance is 

increasing as vectors of viral diseases Defoliators such as Spodoptera litura Fab, leaf miner 

Aproaerema modicella Dev and gram pod borer Helicoverpa amiigera Hub are gaining 

importance in South India S litura is attacking the crop every year and in some instances there 

was total failure of the crop (ICRISAT, 1994). The annual loss caused by these insect pests in 

groundnut was estimated to be US $150 millions (Ghewande et al, 1987). 

Groundnut farmers till recently, were dependent on insecticides to over come the pests 

Despite heavy application of insecticides the farmeis are not getting satisfactory control of S. 

litura which has become a serious menace in coastal distiicts and now spread to Rayalaseema. 

More over the indiscriminate use of insecticides has lead to serious outbreak of S litura and 

many farmers suffered serious losses The usage of insecticides is becoming counter productive 

in that they cause resurgence of pest population by arousing insecticide resistance and upset the 

ecological balance, through elimination of beneficial species of insects. The indiscriminate use 

of nitrogenous fertilizers is also one of the reason for build up of pests The pesticide induced 

health concern has further helped to popularize organic farming The consumer in many 

1 
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developed countries willingly pays a premium price for such authentic products The export of 

agricultural commodities to developed countries has also suffered a set back due to pesticide 

contamination 

As we enter an era of potential food and energy shortage, the challenge to the scientists 

is to develop a technology that will permit higher yielding cropping patterns or maintenance of 

current production levels without creating conditions that will favour increased pest population 

pressure. Furthermore, management programmes should be economically feasible and should 

strive for minimal depletion of the resources Such technology is the Integrated Pest 

Management (IPM) - the planned mafupulation of the processes that relate to poteritial economic 

loss due to pests. How an IPM become? a reality ? Progress will be very slow if we rely on 

empirical (trial and error) approaches Instead, we need a better theoretical base that can be 

addressed by priority experimentaliot). The IPM tactics then could move from a mode of trial 

and error to one of analytical optimization based on sound theory. 

Organic manures supply both macro and micro nutrients and buildup resistance of the 

plant to insect attack (Tirumala Rao, 1994). The experience of the last three years by the 

scientists of Acharya N G Ranga Agricultural University (ANGRAU) and International Crops 

Research Institute for the Semi Arid Tropics (ICRISAT) give credence for relying more on control 

measures other than chemicals to achieve better cotitrol of the pests paving the way for 

sustainable plant protection and inturn sustainable agriculture 

Keeping the above problems and avenues available in view, the present studies were 

designed for development of pest management strategies by manipulation of the plant through 

nutrition, encouraging the biological agents without using insecticides as a spray and other 

cultural practices which reduce the cost of inputs, with the following objectives 
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REViKVV OF [J I ERAIDRE 

Host plant, ttie key cotnponent in the insect ecosystem, determines the dimensions of 

insecl-plant-predator interactions called the tritrophic relationships Fertilizer application, which 

influences host plant growth, also exerts cotisiderable influence on plant feeding insects and 

their natural enemies. Several earlier workers have reported the influence of varying levels of 

soil fertility on insects feeding on the evolutionary primitive plants (McKey et a/, 1978) and the 

present herbaceous advanced cultivated species (Fletcher, 1929; Thomas and Dunham, 1931; 

McGarr, 1943; Isley, 1946; Butt et al, 1946 Kennedy, 1953 & 1958: Adkisson, 1957; 

Mittler,1958; Muller, 1958) Since it is the first attempt to study the effect of organic manures on 

groundnut pest complex, the dearth of literature on groundnut necessitated to review the work 

pertaining to organic farming, soil fertility influence on plant resistance and the interconnected 

tritrophic arena of relations in other crops as well 

Every attempt has been made to collect and review the literature pertaining to the 

related studies and presented under three sections, namely fertilizer and manurial influences on 

insect pests and natural enemies; interrelationship between soil fertility and biochemical 

constituents of plants and insect herbivory and natural enemies in relation to plant biochemical 

constituents 

2.1. INFLUENCE OF MANURES AND FERTILIZERS ON THE INSECT PESTS AND NATURAL 

ENEMIES 

Host plant nutrition through fertilizers or manures influence the injury to a crop from 

arthropod pests, primarily through alterations in crop growth or nutritional level. 

1 



2.1.1. Influence of Organic Manures on Pests and Natural Enemies 

Although the organic manures do not have direct influence on pests, they influence 

the plant growth which inturn influences the pest on the crops (Painter, 1951) The natural 

enemies are at ttie third trophic level. 

Plants grown on rich organic soil, without use of chemical fertilizers, will not be attacked 

by insects because such plants are not palatable to insects, says Robert Rodale in his "Organic 

Gardening and Farming Magazine' (Roger, 1976) This claim does sound less than credible 

at first, but seeing is believing, he suggests "down through decades organic gardeners and 

farmers have made that claim because they saw with their own eyes that such plants often 

enjoyed an almost mysterious immunity to insect attack Neighbouring growers would have to 

spray several times a season, while organic gardeners and farmers could keep insects well 

under control by using few agents of biological control plus some old fashioned hand-picking of 

beetles and insect egg clusters (Roger. 1976) He claims that organic soil grows healthy plants 

and healthy plants resist insects, in his classic work "Organic Plant Protection" He also claims 

that healthy plants in healthy environment attract natural enemies 

Organic manures add nutrients to the soil, reduce the total dependency on fertilizers 

and energy (Tirumala Rao, 1994) and protect the crops from pests and diseases (Jackson, 

1988). Pests on organic farms were controlled by crop rotation, tillage, crop spacing, 

intercropping, mulching and biological agents (USDA, 1980) Fonesca et al (1988) found 

significantly less larva! growth and development of Spodoptera frugiperda Smith on Italian 

millet that received poultry droppings than on those received straight fertilizers Treatments 

which received NPK as chemical fertilizer resulted in an increase in the number of chrysomelid 

larvae (10 40 larvae per 10 seeds) on maize Diabrotica speciosa Germar compared to the 

treatments that received cow manure (4.40 larvae per 10 seeds) (Vardasca et al.. 1989). 

Similarly, Fratello et al. (1989) observed significant difference in population densities of 

different arthropod groups between plots treated with organic and mineral fertilizers However, 



G 

no significant difference in tfie damage caused by Heliothis zea Boddie was observed on maize 

tfiat received straigfil and organic fertilizers (Osuna et al. 1989). Tele and Salunkhe (1994) 

reported ttie efficacy of organic materials on the contiol of sweet potato weevil. Higfier yields 

of tiealttiy tubers were obtained in the plots tieated with cakes of mohuva and karanj and 

leaves of nirjundi and clerodendron. 

2.1.1.1. Farm yard manure (FYM) 

Rossi et al. (1988) reported that larval weight, larval development, pupal length and 

pupal width of S. frugiperda were the lowest when it was fed on the plants that received FYM 

than the inorganic fertilizers 

Farm yard manure releases nutrients slowly Into the soil and continuously throughout 

the crop period. Thus plants which are devoid of succulency in earlier stages of crop growth 

deter the pest attack (Tirumala Rao, 1994) Minimum populations of aphids, mites, thrips, 

whiteflies and fruit borer, Helicoverpa armigeia Hub were observed in the plots applied with FYM 

than in the straight fertilized control plots in chillies (Varma. 1994) 

Recent studies on influence of FYM on the incidence of pests of pigeonpea and rice at 

the Agricultural college farm, Bapatia indicated that the pest populations were significantly less in 

the plots applied with FYM than with fertilizers Among the different NPK sources, FYM was 

the most effective in reducing the incidence of gram caterpillar, H. armigera, spotted pod borer, 

Maruca testulalis Geyer; plume moth, Exelastis atomosa Meyr; blister beetle Mylabris 

pustulata Thunberg and pod bug, Clavigralla gibbosa Spin (Dayakar et al., 1995). The incidence 

of rice pest complex was significantly less in the plots received FYM than in the straight fertilized 

control plots (Bhagyanakshatram, 1995). 



Application of cow manure to cotn fields increases predatory efficiency of a 

mesostigrnatid tnite on corn root worm larvae. Diabrotica longicornis Say and D virgifera 

Leconfe (Chiang, 1970). 

The beneficial effects of FYM on the pod yield of groundnut have l)een reported by 

several workers (Survase et a/., 1986. Dhane et al. 1996) 

2.1.1.2. Vermicompost 

Vermicompost has recently emerged as a plant nutrient suppliei, and literature 

pertaining to its suitability as manure and its influence on pests is meagre 

On application of vermicompost to the agricultural lands, the native earthworm 

population in the soil make the soil fertile by improving the soil structure (Madan et al 1987) 

The key role of earthworms like Eisenia foetida Sav in improving the soil fauna, and fertility 

is well known since long (Chandana, 1981; Kale and Krishna Moorthy, 1981) Earthworms have 

also been instrumental in transporting minerals and subsoil compounds from deeper layers to 

surface layers of soil (Jain, 1993) Vermicastings are a rich source of macro and micronutrients, 

vitamins, enzymes, antibiotics and growth hormones (Kale et al.. 1987; Bhawalkar, 1991; Kale, 

1994). 

The role of vermicompost in the control of nematodes and in mitigating toxic effect of 

pesticides have been adequately documented (Gaur and Prasad. 1970; Gaur et al.. 1975; 

Bhatnagar and Palta, 1996) Bhawalkar and Bhawalkar (1991) claimed that plants develop pest 

resistance by balanced nutrition provided by vermicompost and soil microorganisms including 

earthworms. Similarly, Bhide (1993) also mentioned that vermicompost provides resistance to 

pest buildup Varma (1994) reported minimum populations of aphids, mites and fruit borer 

from the plots received vermicompost than from those applied with straight fertilizers Similarly, 

Bhagyanakshatram (1995) and Kishore Kumar (1996) reported that the incidence of major 



insect pests of rice like green leaf hopper (GLH), Nephotettix virescens Dist: brown plant 

hopper (BPH), Nilaparvafa lugens Stal; leaf folder. Cnaphalocrocis medinalis Guenee and stem 

borer, Scirpophaga incertulas Wlk was significatitly less In the plots received vernilcotTipost 

than the straigtit inorganically fertilized plots 

The biotic interactions between soil nematodes and live and dead earthworm tissues 

were studied by Senapati (1992). The dead worm tissues were reported to enhance 

microbivore nematode activity and inhibition of plant parasitic nematodes The plots applied 

with vermi-compost showed superiority over untreated control in suppressing the root-knot 

nematode, Metoidogyne incognita (K & W) Chitwood populations in tobacco nurseries (Swathi, 

1995) 

The vermicompost application increased the root and shoot length in rye grass (Springetl 

and Syers, 1979), height of the plant, number of branches, thickness of leaves and number of 

leaves per plant of grapevine (Bhide, 1988) Higher yields were recorded in vermicompost 

applied plots than in the straight fertilized plots as reported by Dhane et al (1996) in 

groundnut. Kale and Bano (1986) in rice, Jambhekar and Bhide (1991) in grape, Bhawalkar 

(1992) in coconut and Bhide (1993) in banana 

Vermicompost, in addition to recording the lowest pest population compared to straight 

fertilized control, has recorded higher population of beneficial insects in rice 

(Bhagyanakshatram, 1995 and Kishore Kumar. 1996) 

2.1.1.3. Neem cake 

Recognizitig the fact that the wild plants derive adequate protection against insect 

herbivores from a chemical 'umbrella', and that plant compounds are exploited to protect 
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susceptible crop plants, a search was rnade to identity effective and environmentally safe plant 

chemicals. Chemicals isolated from some tree species belonging to the genus Melia (Kraus 

et al, 1993) have in the recent past received particular attention from applied entomologists, 

because several of them showed an almost ideal combination of properties suggesting that they 

migtit be excellent insect control agents (Schrruitterer. 1990, Ascher, 1993) Thus they are 

among the strongest feeding deterrants known (Mordue (Luntz)and Blackwell, 1993), act after 

ingestion as growth disruptants in many insect species (Schmutterer, 1987), reduce food 

conversion efficiency by interfering with digestive processes (Timmins and Reynolds, 1992), and 

affect other physiological processes as well (Mordue (Luntz) et al.. 1985: Azambuja ê  al, t991). 

Neem cake contains high per cent of nitrogen (N) (5.2%), sulphur (1 36%), 

triterpenoids, amino acids, sterols, flavanoids sugars and an active repellent principle 

azadirachtin which was found highly effective against gypsy moth, Japanese beetles, aphids, 

tobacco budworm and boll weevils (Ketkar and Ketkar, 1985) 

Residual toxicity of neem cake lasts for four weeks after its application (Dutta, 1974) 

and it is good antifeedanf against S. litura and H annigera (Rajasekharan and Jayaraj, 1990). 

Azadirachtin is known to have systemic adion. being translocated through xylem and is 

available to plant system for a reasonable period (Kareem et a/, 1988). 

Neem cake is having nitrification inhibition properties and thus it will release or permit in 

solution only small quantities of N at a time which can be utilized by plants and this reduces the 

chances for loss of N in nitrate form (Ketkar 1976) 

Application of neem cake as a fertilizer and repellent proved its effectiveness against 

many pests. As early as 1929, Hussain recommended soil treatment of wheat plots with 

neem and arsenic @ 165 lbs/acre The attack of termites was reduced to 0.4% as against 

7 5% in the untreated check. Tirumata Rao (1952) tested the efficacy of neem cake along with 
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kerosene and crude oil emulsion in controlling the larval population of paddy loot weevil, 

Echinocnenius oryzae Marshall It was obseived that neein cake witti tobacco refuse and 8:5 

mixture of superphosphate and ammonium sulptiate checked the larval population when applied 

to the soil. Many such investigations were carried out since then and neem cake as tjasal 

dose proved fatal to many insects which inckjde termites (Dutta, 1974), soil insects of potato 

(Khound, 1975), crop pests - like singhara aphid, Rhopalosiphum nympheae (Goyal et al, 

1971), Piehs brassicae Linn (Atwal and Pajni, 1964 Ruscoe, 1972; Hans and Ferenzkoln, 1972), 

Heliothis virescens Fab and Dysdercus fasciatus Sign (Ruscoe, 1972; Hans and Ferenzkoln, 

1972), Plutella xylostella L (Mong Ting Tan and Sudderuddin, 1978), Argyroploce leucapsis 

Meyr (Mallik and Vaidya, 1979) and Phyllocnistis citrella Staint (Batra and Sandhu, 1981) 

However, it was reported that when neen) cake and other cakes like mohuva and karanj 

were used to control whitegtub, there was no insecticidal or repellency effect (Sachan and Pal, 

1974) and neem cake @ 200 kg ha ^ proved least effective in reducing the damage of leaves 

due to rice leaf folder (Ambethgar. 1996). 

2.1.1.4. Neem cake mixed with fertilizer 

Mallik and Lai (1989) found that the plots received a mixture of fertilizer and neem cake 

had the lowest infestation (20 18%) of okra fruit borei, Earias vittella Fab. as against 26 83% 

with neem cake alone and 44.97% with fertilizer alone Many reports are available stating that 

neem cake mixed with urea or neem cake coated urea at different rates according to the 

situation have paved the way for better pest control in rice (Tab. 1). 

It is reported that although there was initial reduction in population of spiders and 

mirids in neem treated plots, there was better recolonization of predators (Mohan et al.. 1991) 

Many reports conclude that neem cake application to plants is relatively safe to the natural 

enemies like spiders and mirids (Krishnaiah and Kalode. 1985; Wu,1986; Saxena et al.. 1989: 
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Mohan e/a/.. 1991; Jayaraj, 1992) and coccinellid. Coccinella sepiumpunctata L.(Singh ef al, 

1985). However, it was reported that maximum number of spiders was recorded in untreated 

control (5.7) than in neem treated plots (Muthukrishnan ef al, 1994) 

Tab. 1 : Effect of neem cake mixed with straight fertilizers on pest complex of rice. 

Pest 
1. Brown plant 

hopper 

2 White backed 
plant hopper 

3 Green leaf 
hopper 

4. Pink borer 

5 Whorl maggot 

6 Earhead bug 

7. Leaf folder 

8 Pest complex 

Effect 
Less food consumption l)y females, 
reduction in growtti and 
development 
of hoppere. 
Reduction in population 

Reduction in population 

Reduction in population 

Reduction in population 

Reduction in population 

Reduction in population 

Reduction in population 

Reduction in population 

Reference 
IRRI, 1982, 
Saxena et al. 1984 

Sasmal, 1986 
Viswanathan and Kandiannnan 1990 

Sasmal, 1986 

Sexena, 1986; Velusarny ef a/. 1987 
David, 1986; Viswanathan and 
Kandinnan, 1990 

Ho and Kibuka, 1903 

David, 1986 

Velusamy et al., 1987 

David, 1986 

Ravindrababu, 1995 
Kishore Kumar, 1996 

2.1.2. Influence of Inorganic Straight Fertilizers on Pests and Natural Enemies 

2.1.2.1. Pests 

The plants respond to different fertilizer treatments by providing varying degrees of 

growth and as a result some plants were more attractive to the female moths than others 

Enhancement of succulent cotton growth through ferlilization renders the crop more attractive 

to population of the cotton aphid,/\p/i;'s gossypii Glover (McGarr, 1943; Isley, 1946), cotton 

bollworm moth, Heliothis obsoleta Fab. (Gaines, 1933; Fletcher, 1941), cotton leaf hopper (Butt 

ef al., 1946), cotton fleahopper, Pseudatamoscelis seiiatus Reuter (Adkisson, 1957) and cotton 

bollworm H. zea (Adkisson. 1958) Hence higher rales of inorganic fertilizer by encouraging 



rapid plant growth, produce a more attractive environment for oviposition ttian the slower 

growing checks (Adkissoii. 1958). The increase in incidence of bollworrn on cotton plants was 

found to be associated with the rate of inorganic N application (Bishara, 1969). The stem boier, 

Chilo zonellijs Swinhoe and Sesamia inferens Walker on corn are influenced by fertilization 

practices. Populations have been shown to increase significantly with rate of N application. 

Similar effect has not been observed with variable rales of phosphorus (P) (Singh and 

Shekhawat, 1964). Different types of fertilizers exerled little influence on stern borer of rice, 

Tryporyza incerfulas Wlk while significant increase in the incidence of stem borer was noticed 

with increase in level of fertilization on rice (Michael Raj and Moraclian, 1973) 

In short duration crops, increasing levels of soil fertility delay the fruiting period of the 

crop, thereby reducing the potential to escape from boll weevil injury (Walker et al. 1976 & 

1977) Increase of soil fertility of both winter and spring wheat resulted in increased wheat stem 

saw fly injury, due to the presence of ovipositing female on large and succulent wheat plants. 

According to Chaudhary and Kashyap (1987) there was significant difference in 

cicadellid numbers and incidence of Leucinodes ort)onalis Guenee between the fertilized and 

unfertilized plots. An increase in the dose of N and P resulted in heavier infestation of both the 

species There was more larval growth of S frugiperda on Italian millet in NPK, NP and NK 

applied plots (Fonesca et al., 1988) and more population densities of different arthropod groups 

of insects in plots treated with mineral fertilizers (Fratello et al., 1989) Chillie pod borer 

incidence increased with the application of higher doses of nitrogen (Venkateswara Rao 

et al, 1989 and Varma, 1994) 

Modification of soil fertility through fertilizer, influenced the arthropod pests of soybean 

(Rfioads and Barnetl, 1990). Funderburk et al (1991) evaluated influence of phosphorus (P), 
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potassium (K) and n)agnesiurn (Mg) levels uv population dynaniics of velvet bean caterpillar, 

Afiticarsia geminatalis Hub and southern gteen stinkbug. Nezaia viridula in soybean crop 

following winter wheat. The populations weie affected by P atid K levels and over-

fertilization increased the pest outbreak Such modifications of soil fertility levels can alter 

survival and development of insects (Heizog and Funderburk, 1986). Purohit and Despande 

(1991) stated that the incidence of whilefly on cotton was lower in the unfertilized plots than in 

the plots applied with inorganic fertilizers Rote and Puri (1992) also got similar results Purohit 

and Despande (1994) reported ttiat the inorganic sources of NPK application increased the 

bollworm complex of cotton Inorganic form of NPK application was less effective than organic 

form of NPK application in maintaining the population of gram caterpillar spotted pod borer, 

plume moth, bli-ster beetle and pod bug of pigeonpea Pod damage by pod borer complex and 

seed damage by pod fly were reported to be high in plots applied with inorganic straight 

fertilizers in pigeonpea (Dayakar et al., 1995) 

2.1.2.2. Natural enemies 

Soil fertilization modify foliage habits where many pests and natural enemies reside 

during atleast a pari of their life cycle (Rhoads and Bamett, 1990) 

Populations of some predators of bollworms in cotton increased by the application of 

N,P and K (Adkisson, 1958) It was reported that lady bird beetle populations of Hippodamia 

convergens G.M. and Orius insidiosus Say were influenced by fertilizer treatments and showed 

no influence on Nabis and Chrysopa species. Tfie population of A. gemmatalis and N viridula 

were either directly affected by P and K influence on soybean nutrition and growth or indirectly 

by natural enemy populations (Funderburk et al 1991) Funderburk and his associates 

(1994) reported that spider density estimates were greater at higher P levels but not at K or Mg 

levels. Fluctuation in the number of cicadellids were accompanied by a corresponding increase 

or decrease in the number of spiders (Araneae) on groundnut (Singh et al.. 1991). 
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2.1.3. Seed Treatment 

2.1.3.1. Pests 

Many researchers have shown that seed treatment with systemic insecticides had given 

satisfactory control of sucl<.inc] insects like greenbug on sorghum and corn (Dahtns and Wood, 

1957; Daniels, 1960), aphids and liessian fly or) wheat (Wilson et al., 1960) and aphids on 

barley and oats (Hard Wood and Bruehl, 1961; Depew, 1964) 

Groundnunt seed treated with carbofuran gave good results against early sucking pests 

like jassids upto 30 days after sowing (NARP, 1982) Venkata Reddy (1988) reported that 

under field conditions, groundnut plots treated with carbofuran protected the crop against 

early sucking pests like jassids (24.33/20 plants) leaf miner (4.27%) upto 30 days when 

compared to control (59.33 jassid.s/20 plants: 11 51% of leaf miner, respectively). 

The seed treatment with carbofuran was also having phytotonic effect (Reynolds 

et al., 1957; Apple, 1971; Pless et al.. 1972; Ramainoorthy, 1986; Subramanyam et al. 1988). 

Carbofuran 300 ST (@ 0.9 kg a.i ha ') as seed treatment was effective in reducing 

green bug, Scliizapliis graminum Rondanni and corn leaf aphid, Rfiopalosiphum maidis Fitch 

infestations on wheat (Guerra-Sobrevilla, 1988) 

Granular insecticides like isofenphos 5 G @ 2 or 5 kg a i. ha ', carbosulfan 10 G 

@ 4 kg a.i ha ^ were found to be significatly more effective in suppresing Aproaereina modicella 

Dev infestation (Rajagopal and Gowda, 1992) The granular insecticides have striking effects 

on populations of noctuids, H. zea and S. (rugiperda (Mack, 1992) 



15 

2.1.3.2. Natural enemies 

The activity of natural enemies sucti as insect parasites and pattiogens of A. modicella 

was not affected by the granular insecticide treatment (Rajagopal and Gowda, 1992) However, 

Panda and Khush (1995) reported that carbofiiran ieduced major predators of plant hoppers, 

such as spiders, mirid bugs and rove beetles 

2.1.4. Sunflower as a trap crop 

Many farmers use plants that are tiighly attractive to pests to lure them away from 

valued crops, since long The traps can be set either around plantings or between rows (Batra. 

1982) Trap crops can also serve as breeding grounds for parasitoids and predators The 

survival and composition of natural enemies of crop pests are enhanced by manipulating the 

composition and abundance of other plants growing near or among the crop plants (Roger 1976; 

USDA, 1980; DeBach, 1974; Souttiwood and Way, 1980) Adjacent trap crops can t)e managed 

to supplement pest or alternate prey populations, thus providing food sources for natural 

enemies during periods of prey parasite asynchrony or low population density (Stary, 1970) 

Wightman et al (1990) reported that farmers in India grow castor plants in groundnut 

fields to attract ovipositing Spodoptera moths The moths preferentially lay eggs on the leaves 

of castor where the eggs or larvae are easier to findout and destroy Observations on farmers 

fields with sunflower as intercrop/mixed crop in post-rainy season groundnut of 1993 

demonstrated its advantage as trap crop (Ranga F?ao et al., 1995; ICRISAT, 1994: Wightman 

ei al., 1994). Sunflower or castor as trap crop around the boundaries in the field at 3 to 5 metres 

distance in groundnut was reported to be useful for trapping Spodoptera egg masses and aid in 

easy destruction of the pest. Ranga Rao et al (1995) reported that soybean can successfully 

be used as border or intercrop with groumlnut to reduce leaf miner incidence 
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Unielafed plants, when giown among crops, provide physical or chemical barriers 

that interfere with host location by phytophagous insects and their predators (Root and 

Tahvanainen, 1969). 

Sivasubramanian and Palanisamy (1983) reported less incidence of jassids and leaf 

miners in groundnut plus cowpea intercropping system Leaf miner and leaf hopper incidence 

was low when groundnut was intercropped with pearlmillet (Kennedy et al.. 1990; Kennedy and 

Raveendran. 1989) or blackgram (Muthiah et al. 1991) Spodoptera incidence was less when 

groundnut was intercropped with blackgiam (Muthiah et al. 1991). Groundnut intercropped with 

pearlmillet significantly increased coccinellids like Coccinella sp. and Menochilus sexiriaculatus 

Fb. per plant compared to groundnut monocultiires (Kennedy et a/.. 1990) 

2.2. INTERRELATIONSHIP BETWEEN SOIL FERTILITY AND BIOCHEMICAL CONSTITUENTS OF 

PLANTS 

Insects present their greatest threat to plants in nutrient rich, productive environments 

and their attack is focussed upon tissues of high nutritional value. Plants growing in rich 

productive environments are usually fast growing and have relatively short lived soft leaves 

with high concentration of N and other nutrients (Grime, 1979) For any given life form-herb, 

shrub, tree etc. species that are adaptively stress tolerant tend to have lowest N levels and 

slowest growth rates. Evergreenness is a clue that a species is nutrient stress tolerant 

(Janzen, 1974) 

The effect of nitrogen stress on plant secondary compounds have a great importance to 

the herbivores, since optimal growth conditions and high soil N levels are known to favour 

maximal alkaloid synthesis (Robinson. 1974, Williams, 1972). Most N-based secondary 
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compounds are in a stale of continuous recycling in plants (Seigler, 1977: Seiglet and 

Price, 1976) wtiereas most phenolic compounds appear to be rattier soluble end products 

(Walker, 1975) 

Feililizafion seems to have the greatest effect on tfie levels of soluble N conipounds 

Fertilizers increase arninoacid and amide levels (Catlin and Priestley, 1976; Hoff et al. 1974, 

Weissman, 1964) and inorganic N levels sometimes increase (McDole and McMaster, 1978: 

Nielsen and MacDonald, 1978: Smith 1978: Stark 1965) Build up of proteins and soluble N 

compounds, however, depend greately on the amount and form of N used for ferlilization as 

well as the normal uptake mechanism of the plants 

The association of toxic allelochemicals (TA) with Nr ich plants and tissues is interesting 

because many of the toxins are N-based. eg. alkaloids, various proteins and non-protein amino 

acids. The digestibility reducing allelochemics (fDRAs). on the other hand, are basically not 

N-based, eg phenolics, tannins and the various terpenoid compounds (Harborne, 1977) 

N-rich plants and plant tissues employ mainly N-based allelochemics, whereas the N-

poor plants and plant tissues employ mainly non-N-based allelochemics (McKey, 1979). The 

legumes have N-fixing symbionts, and therefore, have a vast battery of N-based 

allelochemics In contrast, the N-poor plants, which occupy impoverished substrate contain an 

amazing variety of non-nitrogenous allelochemics such as of phenolic and terpenoid derivatives 

(Janzen, 1974). 

The "availability" hypothesis suggests that N based allelochemics ought to occur where 

N supplies are large relative to the amount needed for growth. In contrast, the non-N-based 

allelochemics ought to occur where carbon supplies are large relative to theii demands, 

presumably because, N availatjility is low (Mattson. 1980) 
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Plant species exhibiting single, mote or less synchronised growth fluslies often contain 

some N-based allelochemics in expanding tissues, while levels of non-N-based atlelochemics, 

like phenols are usually nominal until tissue growth is neady complete. After this point such 

compounds begin to accumulate markedly As individual leaves complete growth there is 

little change in their phenolic levels. (Dement and Mooney, 1974: Feeny, 1970; Haiikioja 

et al, 1978; Rhoades and Gates. 1976). 

Several authors have mentioned the effect of nutrition on the amount of polyphenols in 

plants (Davies et ai, 1964). Stiff et al (1946) showed that Lespedeza cuneata produced 

significantly greater quantifies of tannins when grown on poor' soils Vogel (1931) states that the 

tannin content of trees is affected by the soil, though he makes no reference to the effect 

produced. The relationship of specific deficiencies in nutrition to a high polyptienol content has 

been recorded, e.g N deficienc-y appears to increase polyphenol biosynthesis in the plant. Heller 

(1948), using tissue culture, found that N-deficient medium gave a high level of anthocyanin in 

Virginia Creeper; Swaby (1958) found that N deficiency, induced in subterranean clover by lack 

of symbiotic organisms, was responsible for anthocyanin formation. Peach (1950) noted the 

accumulation of a red pigment in the leaves, stems, and roots of N-deficient Graminae 

seedlings Bonner (1950) states that many nutrient deficiencies parficullarly N and P. are 

associated witfi increase in anthocyanin content. Davies et al. (1964) opined that growing a 

number of plants in sand produced high content of polyphenolic substances, which was attributed 

to lack of N or P. The study of McKey ef a/.. (1978) provides support for the hypothesis that 

vegetation on low-nutrient soils contains relatively high concentration of polyphenolic compounts 

deterrant to herbivores and pathogens 

Increasing plant N through fertilization has lowered levels of phenolics and lignins 

(Jones, 1976; Kiraly. 1976; Trolldenier and Zehler, 1976), whereas reducing plant N through 
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culturing soils that are N and P-poor has raised levels of phenolics (Davies et al 1964; 

Forrest, 1975: McKey et al. 1978; Reader 1979 Szweykowska, 1959). 

The best known DRAs are those (tannins and phenols) that directly interfere with N 

availability by complexing with profeiris, enzymes and carbohydrates (Gates and Rhoades, 

1977; Harborne, 1977; Mayer and Hatel. 1979; Rhoades and cates, 1976: Swain, 1977) It has 

also been hypothesized that tannins are rather broad-spectrum anti-herbivore compounds that 

block protein availability by affecting digestive enzymes and/or the plant proteins themselves 

(Feeny, 1975 & 1976). 

It has been suggested that the high concentration of carbon based secondary substances 

found in plants of nutrient poor habitats are not primarily defensive, but rather a metabolic 

consequence of nutrient deficiency. According to the "nutrient stress hypothesis" (Tuomi 

et al., 1984 & 1988), carbon is allocated to new grov/th when the supply of mineral nutrients is 

adequate for new cells, but surplus carbon may be converted into allelochemicals. 

Levels of damage or performance of herbivores on different plants or plant parts can be 

correlated with tannin levels It was also suggested that correlation between insect 

performance and dietary tannin levels in their food plants may be positive or absent (Faeth, 

1985; Fox and Macauley, 1977; Lawson et al.. 1984) 

Availability of soil nutrients had a profound influence on the production of phenolics 

including tannin in many plant species (Waterman and Mole, 1989) Nitrogen fertilization of 

Populus tremuloides led to a reduction in tannins to less than one-fifth of the levels found in 

unfertilized control trees (Bryant et al., 1987) Higher levels of phenolics including tannins 

are associated with nutrient poor soils (Bryant et al.. 1983; Coley ef a/, 1985) and showed 
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slow growth lates when plants are giown In poor soil, suggested as a cause of higher levels of 

taiKiin (Bryafrt el al, 1985). Also, nitrogen fertilization of particular plant species has been 

shown to cause a decrease in their production of tannins (Bryant ef a/., 1987) Haslam (1988) 

has indicated that in tannin producing species, tannin involvement in lignification could be very 

important. 

2.3. INSECT HERBIVORY AND NATURAL ENEMIES IN RELATION TO PLANT BIOCHEMICAL 

CONSTITUENTS 

2.3.1. Insect Pests 

Phytophagous insects are very sensitive to nutritional changes in host plants These 

changes are accomplished by regulating the cultural practies like fertilization, irrigation, etc. 

which is called induced resistance or pseudoresisfance (Kogan, 1982). The potential effect of 

fertilization upon pseudoresisfance in plants to insects was documented earliei. Fertilizers 

applied to enhance the growth and yield of crop plants is a cultural method of modifying the 

environment of flie pest (Kogan and Paxton, 1983) The fertilizers induce changes in 

concentrations of the primary and secondary metabolites of the plant and ultimately result in 

grov/lh and dynamics of the insect pe.sts that harbour such plants In general, all the 

phytophagous insects have similar qualitative nutiitional requiremerjts but it is the quantitative 

factor that play a decisive role in insect host plant interactions (House, 1969). Changes 

induced in the cottcentrations of plant metabolites affect the insects ^i the nutritional level and 

may alter behavioural response towards plants (Bernays and Chapman, 1977, Rhoades. 1979) 

Van Emden and Wearing (1965) had suggested that reduced rate of multiplication of 

insects such as aphids on particularly resistant varieties should result in a magnification of plant 

resistance in the presence of natural enemies. 
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2.3.1.1. Nitrogen (N) 

Nitrogen is the primary constituent of plant metabolic systems and every system of ttie 

plant depends on nitrogen. Ttiere are different studies wfiich correlated ttie susceptibility of ttie 

pests to plant N content 

Differences in N content of varieties was correlated to growtti rate in pale western 

cutworm, Agrotis orthogonia Morrison on wfieat (Kasting and McGinnis, 1959). Fecundity and 

reproductive rate of green peacti aphid. Myzus persicae Sulzer are depre,ssed in brussels sprouts 

t)y reductions in soluble N levels in ttie crop's phloem (Van Emden and Wearing, 1965) Low N 

or high K levels in the soil induce this modification in physiology of brussels sprouts Rodriguez 

and Campbell (1961) while working with mites on apple, Tetranychus telatius Linn and 

Panonychus ulmi Koch, Honeyborne (1969) with aphids, Aphis fabae Scop on broadbean and 

Brevicoryne brassicae on brussels sprouts and Chadha and Arora (1982) with mustard aphid 

Lipaphis erysimi Kalt. recorded changes in pest populations following changes in the 

concentrations of total N content in the plants Sorghum varieties or lines less susceptible to 

delphacid, Peregrinus maidis Ashmead and aphid, Melanaphis sacchari Zehnter recorded 

lower amounts of nitrogen (Mote and Shahane, 1994) Groundnut lines susceptible to groundnut 

leaf miner, A. modicella recorded lower amounts of amino nitrogen (Ranga Rao, 1991) and vice 

versa (Visalakshi, 1994) However, Kasting et al (1958) and McGinnis and Kasting (1961) 

observed that comparisons of N concentrations in pith and stem walls of wheat varieties 

disclosed varietal and plant developmental differences but no correlation with resistance 

against insects. 

2.3.1.2. Protein 

Non-preference of Jasminum auriculatum Vahi by Dialeurodes vulgaris Singh was 

attiibuted to low leaf protein content (Sundararaj and David, 1990). The requirements of 
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europeari com borer larvae for proteins was found to ctiange during growth, but no evidence 

could be accounted for such nutritional l)asis (Beck, 1956) 

2 3 1 3 ^i^i'^t^ acids 

Cutworm {Agroiis ipsilon Hfn) larvae were more sensitive to aminoacid imbalance in 

wheat (McGinnis and Kasling. 1961) The work of Auclair and his associates on the importance 

of amirro acids in the resistance of peas to the aphid, Acyrthosiphon pisum Harris is well known 

(Auclair and Cartier, 1960; Maltais and Auclair, 1952 & 1962) It was found that resistant 

pea varieties were deficient in amino acids, and aphids on resistant varieties grow more slowly 

tfian normal and secrete less honeydew and produce fewer progeny Not only structural amino 

acids, but also essential amino acids proved to be deleterious if they are ingested in excessive 

quarjtities or if they are not in balance with other amino acids (Janzen, 1977). Higher amounts 

of amino acids make the plant either attractive or detractive to pest attack High amounts of 

amino acids in castor made it more preferred by the whitefly Trialeurodes rara Singh (David and 

F'aul, 1973) and Jasminum multiflorum Andr by D vulgaris (Sundararaj and David, 1990) 

2 3.1.4. Carbohydrates 

The earlier reports suggested that carbohydrates in plant had no influence on pest 

population Larval requirements r)f european corn borer for sugar change during growth but no 

evidence was obtained that plant resistance could be accounted for such a nutritional change 

(Beck, 1956). Lopatecki et al (1962) and Kasting and McGinnis (1961) reported that there was 

no correlation between varietal growth differences due to soluble carbohydrates to insect 

resistance. 

The literature of the past twenty years, however, showed that pest population changes 

could be correlated to carbohydrate levels in tlie plants Ehatia (1975) claimed that low 
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found lfiat ttio resistant yronndout line'-, trad hiotier arriourits of tola! solnt»ip suqai":: r-'i essive 

acnmrilation of sugars in liost plants rnal-es llif^rn less aftracfive for D wigans (?=:rjirdararaj 

and (3avid. 1990) Low levels of sugars tiave t)eerr correlated with grorriidniit le^f niirrer 

resistance in ttip resistatrl tull ivnrs (VisalaKshi 1994) and P iriaidis and M. sacchaii rpsisfance 

on sorplnini (Mote and 5: haliano, 1994) 

2.3.1 5. P!«enals 

Higher ('iants possess a vvidf variety of |iliPnolir coinpo'rnds, whirl i ate ainnusfir. in 

natiDO, and possess one or' more phenolic liydroxy grnnp- The phenyl profianoicts are tlie most 

widely disttitxited and are found in all tiigher plan's l i re pherryl pirparroids fnrm a 

fiiosynlhefically liomogeneoirs qiorip formed atlea.st irr part via the sfrikrmale pathway The 

plienyl (irofianes are generally denoted as CrC< corrrpounds (Panda and Kfiush 1995) 

The phenolic constiirients of cotton loaf whictr show antit^iolic ac'ivity against isjsect 

pesfs. are (>iosyntl)r:tically prodiice(t through eithei a';elate ot shikimic acirl pa'hway (Chan 

et a!. 1978) f l ienol ic level-; irrcrease fol!o**/ing the damage hy lygns tjrrq to Chinese cahhage 

and sirgartjeet (Mori arrd Allay, 1980) an I r;o!ion C^-riena 1981). Fven at)rasions on tfie (dtlon 

colyiedorif: Iransf.'orted spcoiulasy compoonds into tlif^ l(>ayrs sys'emicaliy (Kartvan and f aiev, 

1984) 7he application of Azospinilltiiv (bioferfiliier) to sorgliurn seeds and soil imparted 

resistance to sorghum against soighum sttootfly whictr was due to tiigtier level of ptienolics in 
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the treated crops (Mohan et al. 1987) Phenolic substances of cotton plant reduce the 

consumption and digestiliiiity of S. lituia and H annigera (Ananthakrishnan et al. 1990) 

Sundararaj and David (1990) reported that high amount of ptienol (21 238 mg g ^ leaO 

make the Jasminum pubescens Wilid plants less attractive to D. vulgaris Mote and Shahane 

(1994) reported that varieties less susceptible to delphacids and aphids showed high 

amounts of polyphenols High amounts of polyphenols also induce resistance in groundnut 

to leaf miner (Visalakshi, 1994). 

2.3.1.6. Tannins 

Tannins are compounds with an astringent taste, and are protein binding agents. 

Tannins are present in all plant materials. These are polyphenolic compounds, divided into two 

main groups - hydrolysable and condensed tannins Hydrolysable tannins contain a polyhydric 

alcohol, glucose esterified with hexahydroxydiptienic acid Condensed tannins are mostly 

flavonols and are polymers of fiavan 3-ol (catechin) and these cannot be hydrolysed to simple 

components. Among the ceteals, sorghum t)as been found to contain tiigher amounts of 

polyphenols (Watlerson and Butler, 1983) The plant par1s having tannins in higher quantities 

display impaired nutritional tjuality, lower digestit)ility and reduction of food consumption 

(Sadasivam and Manickam, 1992) 

Tannins play an important role in plant defense against herbivory. Insects tend to avoid 

astringent food, which affects their digestion because of the coagulation of mucoproteins in their 

oral cavity (Bernays et al, 1989). Recent evidence suggests that post-absorptive inhibition, 

rattier than inhibition of digestion, is the primary factor responsible for poor insect growth caused 

by dietary tannins (Butler, 1989). Herbivory can be reduced by increasing leaf toughness by 



accumulation of palatability reducing compounds (Coley 1983; Grubb. 1986: Waterman and 

McKey, 1989) 

Tannins have striking effects on insect tierbivory. There were many studies which 

reported that increase in tannins reduce herbivory of E vittella (Sharnia and Agarwal, 1982 

a,b: Sharma et al.. 1982; Sharma and Agarwal. 1983). H. virescens, H. zea. Pectinophora 

gossypiella Saunders (Chan et ai, 1978: Shaver and Parrot, 1979) and H. armigera and S litura 

(Ananthakrishnan ef a/, 1990) 

2.3.2. Natural Enemies 

Painter (1951) feels two general ways in which plant resistance can influence the perfor­

mance of natural enemies. First, reduction in prey populations may affect the success of some 

predators and parasites if prey density falls below the optimum searching capacity of the 

natural enemy Secondly, host plant-mduced changes in prey physiolosy and behaviour may 

modify the success of natural enemies Allomonal or toxic resistance factors and morphological 

defense mechanisms also limit populations of beneficial arthropods that come into physical 

contact with the host plant or that use the plant for incidental feeding (Bergman and Tingey, 

1979). 

Plants provide nutrition to the natural enemies in the form of pollen, nectar and 

extrafloral nedar directly or indirectly through their insect hosts (Smiley, 1978) Three 

hemipteran predators of H zea viz O insidiosus Say, Geocoris paHens Stal and Nabis 

americoferus Carayon consume juices and pollen of corn and cotton (Dick and Jarvis, 1962; 

Ridgway and Jones, 1968) 
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Numerous studies, however, indicate that predatoi and parasite perfoirnance may be 

altered by the host plant of the prey (Flanders 1939 & 1942; Smith. 1957; Gerling, 1966; Kiio, 

1977) Biological control and plant resistance are considered compatible pest management 

strategies (Casagrande and Haynes, 1976; Pimental and Wheeler, 1973, Starks e/a/ , 1972; 

Kennedy et al., 1975; Schuster and Starks, 1975; Shuster et al.. 1976 a,b). There are also a 

number of instances where the chemicals (of plant) imparting resistance to host plant have 

affected natural enemies adversely (Thurston and Fox. 1972; Barbosa et al., 1982 Obryckiet 

etal. 1983; Smith, 1988). 

Nutritionally inadequate diet impairs the ability of prey to encapsulate developing 

endo-parasites (El-Shazly, 1972), and adversely influence the development, fecundity and 

longevity of parasites (House and Badow 1961; Zohdy. 1976) A major impact of plant 

resistance in predator and parasite density is resulting from reduced prey populations 

(Pimental and Wheeler, 1973; Kennedy etal 1975. Casagrande and Haynes, 1976) Kousalya 

(1994) reported that the level of parasitization of sorghum midge did not follow a definite 

pattern with susceptibility or resistance of the host plant to midge 
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IMAJFRIAI S VNI) Ml I HODS 

Tlie investigation oti ttie "Influence of organic and inorganic sources of host plant 

ntifiition on the incidence of major insec,t pests of groundnut {Arachis liypogaea Linn )" weie 

carried out for tl i iee seasons in tfie sandy soils of the Auiicultural college faun, t3apatla and 

Prof N G Ranga Krishi Vigyari Kendra. Kavur, Guntur district of Andhra Pradesli. from 1994 to 

1996 

3.0.1. Seasons of Study 

The experiment (Plate 1) was caii ied out toi ttiree seasons viz. rabi 1994-95: khahf. 

1995 and rabi 1995-96 (Tab 2) The two labi crops weie iriigated at regular intervals and the 

kharifanp was rainfed but iirigated wlienever the soil moisture was found wanting. 

Tab. 2: Seasons of study 

SI. No 

~ ' ] 

2. 

3. 

Season 

'RahT" 

Kharif 

Rabi 

Year 

1994-95 

1995 

1995-96 

Date of sowing 

08 12 T994 

04 08 1995 

08 12 1995 

Date of harvesting 

05.04 1995 

01.12 1995 

06.04 1996 

3.0.2. Variety of the Crop 

iCGS-44 was selected for the study It is a semi-dwarf variety with spreading 

branches.The duiation of the variety is 120 days and Ifie variety is not known for its resistance 

against the pests of groundnut Ttie seed was procured from Prof N G Ranga Krishi Vigyan 

Kendra, Vinayashram, Guntur district. 

u7 
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Plate 1; Experimental plot. 
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3.0.3. Layout of the Experiment 

The experiinent was lakl in a raddomised block (Jesign (R B D) with nine heatments and 

three replications {Fig 1). The plot size was 5 x 8 metres 

Fig. 1 Lay-out of the experiment ( R B D) 

IRRIGATION CHANNEL 
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3.0.4. Cultural Practices 

The groundnut kernals in all the treatments were treated with Indofil M-45 @ 3 g kg 

seed three days before sowing as a seed protectant against soil borne pathogen infections. 

The groundnut kernals were sown @ 2 per hill with a spacing of 30 x 10 cm and irrigated. 

Subsequent irrigations were given at 10 day interval during rabi. The irrigations during khaiif 

were, however, given when the soil moisture was found deficient Timely weeding operations 

were taken up and the crop was kept free from weeds The crop was irrigated one day before 

harvest to facilitate easy pulling of pods from the soil and harvested plot wise The yield was 

recorded plot wise and expressed in kg ha ' 
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3.0.5. Application of the treatments 

All the Uealnients (Tab. 3) were applied as a basal dose The treatments having oiganic 

nianures (T? to Jp) were applied a week prior to sowing and thoroughly incorporated into the soil 

to facilitate decomposition of farm yard manure (FYM), vetmicomposl and neem cake The 

straight fertilizers (NPK), in the form of urea, single super phosphate and muriate of potash, in 

different treatments (T,, TQ, T?, TB and Tn) were applied in furrows on the day of sowing. 

Tab. 3: Treatments 

Treatment No. 

T, 

T? 

T, 

T4 

Tfl 

T9 

Treatment 

NPK (straight feililizer) alone (§40-60-40 kg ha 

Farm Yard Manure (FYM) alone (g 8 t ha ' 

Vermicompost alone @ 3.75 t ha ' 

FYM @ 4t ha ' + vermicompost @ 1 875 t ha 

Neem cake alone @ 770 kg ha ' 

NPK (Straight fertilizer) @ 20-30-20 kg tia ' + Neem cake @ 385 kg ha ' 

NPK (Straight fertilizer) @ 40-60-40 kg ha ' and Nuclear Polyhedrosis virus 
(NPV) application @ 250 LE ha ' at 50 & 75 DAS 

NPK (Straight fertilizer) @ 40-60-40 kg ha ' and planting sunflower plants at a 
distance of 2-3 m in the plot as a trap crop to S litura 

NPK (Straight fertilizer) @ 40-60-40 kg ha ' and seed treatment with 250 g 
carbofuran 3G kg^ .seed. 

Treatments : 9 
Replications : 3 
Design : Randomized Block Design (RBD) 

Crop : Groundnut 
Variety : ICGS~44 
Plot size : 5 X 8 m 

The nuclear polyhedrosis virus (NPV) in the 1? was applied at 50 and 75 days after 

sowing (DAS) @ 250 LE ha \ The NPV solution (250 LE) was mixed in 12 L of water and 

sprayed uniformly on the foliage of the crop during the evening hours 
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In the Tn, sunflower seeds were sown at a distance of 2 to 3rn within and t)etween the 

crop rows synchronizing with the sowing of groundtuit such that a niinirnum of 6 plants were 

available in ttie respective plots as a trap crop (Plate 2) for oviposition of Spodoptera litura 

Fab Ttie egg nriasses were collected whenever noticed on the sunflowei leaves and were 

destroyed. The birds attracted to the heads of sunflower alighted on the plants and picked up 

the caterpillars during the later stages of the ciop 

In the T9, the groundnut seed was treated with carbofuran 3G First, 375 g of carbofuran 

3G was added to 1 5 L water in a vessel to which 1.5 kg Indofil M-45 treated groundnut seed was 

mixed and the seed was soaked for one fiour Later the seed was sown in the respective plots 

In all the treatments no insecticide was applied but two sprays of a mixture of fungicides 

dittiane M-45 @ 2 g L ' and carbandazim @ 1 g L ' were applied at 75 and 90 DAS against tikka 

leaf spot. 

3 1 RECORDING OF DATA 

The data pertaining to insect pests and natural enemy populations were recorded at 

weekly intervals from 21 DAS, till the harvest of the crop 

3.1.1. Insect Pests 

Data pertaining to five important insect pests of groundnut (Tab 4) were recorded 

according to the procedures described below 
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Plate 2: Siintlower as trap crop in groundmil 



•J-'i 

Tab. 4: Groundnut insect pests under study 

Pest 

Jassids 

Aphids 

Leaf miner 

Tobacco caterpillar 

Gram pod borer 

Scientific Name 

Empoasca kerri Pruthi 

Aphis craccivora Koch 

Aproaerema modicella Dev 

Spodoptera litura Fab 

Helicoverpa armigera Hub 

Family 

Cicadellide 

Aphididae 

Gelichiidae 

Noctuidae 

Noctuidae 

Order 

Homoptera 

Homoptera 

Lepidoptera 

Lepidoptera 

Lepidoptera 

3.1.1.1. Jassids 

The nymphs of jassids on the three terminal leaves of ten randomly selected and tagged 

plants from each plot were counted at weekly intervals (Amin and Mohammad, 1980). 

3.1.1.2. Aphids 

The population counts of aphids per plant on ten randomly selected and tagged plants 

were recorded per plot at each count (AICORPO, 1978). 

3.1.1.3. Leaf miner 

The leaf miner larvae (Plate 3) on ten leaflets per plant on ten randomly selected and 

tagged plants were recorded per plot at each count (AICORPO, 1978). 

3.1.1.4. Tobacco caterpillar 

The number of larvae (Plate 4) per plant were recorded on ten randomly selected and 

tagged plants per plot at each count (Amin and Mohammad, 1980). 
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Plate 3: Damage caused by A. riuxlicclUi larva 



:î  

Plate 4; Ŝ". litiim early instar (upper) and late instar (lower) larvae 
feeding on groundnut leaflet. 
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3.1.1.5. Gram pod borer 

The number of larvae (Plate 5) per plant on ten randomly selected and tagged plants 

were recorded per plot at each count (Amin and Mohammad, 1980). 

3.1.2. Natural enemies 

The data pertaining to the following natural enemies of pest complex of groundnut viz. 

coccinellid beetles, spiders and chrysopids (Tab. 5) were recorded on whole plant basis. The 

population of these natural enemies per plant on 10 randomly selected and tagged plants 

were recorded 

Tab. 5: Natural enemies. 

SI. No. 

1. 

2. 

3. 

Natural enemies 

Coccinellid beetles 

Spiders 

Chrysopids 

ScientiFic Name 

a. Coccinella transversalis Fab 
b. Verania vincta Gorhm 
c. Menochilus sexmaculatus Fab 

a. Oxyopes salticus Hentz 
b. Pardosa pauxilla 
c. Lycosa pseudoannulata 

a. Chrysopa camea Stefans 
b. Chrysoperia sinica 

Family 

Coccinellidae 
Coccinellidae 
Coccinellidae 

Oxypopidea 
Lycosidae 
Lycosidae 

Chrysopidae 
Chrysopidae 

Order 

Coleoptera 
Coleoptera 
Coleoptera 

Araneae 
Araneae 
Araneae 

Neuroptera 
Neuroptera 

3.2. BIOCHEMICAL ANALYSIS OF GROUNDNUT LEAVES 

Groundnut leaves were analysed for their biochemical constituents at three growth 

stages of the crop viz. 21, 49 and 77 DAS coinciding with the flowering (Plate 6), peg 

penetration (Plate 7) and pod formation stage (Plate 8) respectively. The fourth leaf from tip 

downwarels was plucked from 50 groundnut plants per plot (Bhargava and Raghupathi, 1993) 

for the analysis. The leaves thus collected were made into two sets of 25 each, and one set 

was taken in a polythene cover and kept in a deep freezer for the estimation of phenols and 

total free amino acids. The other set of leaves was collected in a paper bag and dried in an 
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oven at 40" C for 24 hours. The diied san)ples were powdered to estimate nitrogen (N). crude 

piotein (CP), carbohydrates and tannins 

3,2.1. Analysis of Fresh Leaves for Totat Free Amino Acids (TFAA) and Phenols 

One day after plucking, 500 mg of deep free^ed leaf meterial was taken out and 

homogenised in a mortar and f)esfle with 10 inL of 80% ethanol The homogenate was 

centrifuged at 10,000 rptn for 20 minutes and the supernatant was collected. The residue was 

reextracted with 5 mL of 80% ethanol centrifuged and the supernatants were pooled up and 

made upto a known volume The supernatant was used for estimation of phenols and total 

free aminoacids (Plate 9) (Sadasivam and Manickam, 1992) 

3-2.1.1. Total free amino acids (TFAA) 

The alcohol extract, 0.1 mL was taken in a test tube and 1.0 mL of fleshly prepared 

ninhydrin solution (prepared by dissolving 100 mg ninhydrin in 100 mL acetone and 4 mL glacial 

acetic acid) was added. The volume was made upto 2 0 mL with distilled water and the 

contents were heated in a boiling water bath for 20 minutes The test tubes were then taken out 

from water bath and 5.0 mL of diluent solvent prepared by mixing equal volumes of water and 

n-propanol, was added and kept for 15 minutes for colour development. The intensity of the 

purple colour developed in the sample was read at 570 nrn against a reagent blank in a 

Spectronic 20. Reagent blank was prepared by taking 0 1 mL of 80% ethanol instead of the 

sample extract 

The standards were prepared by dissolving 100 mg leucine in 100 rnL distilled water in 

a volumetric flask. The stock solution was further diluted by taking 10 mL and making it upto 

100 mL with distilled water for preparation of working standard solution. A series of 

concentrations of working standards 10 /g , 20 /;g 30 ..t) 100 ;;g mL ' were prepared by taking 



Plate 9: Alcohol extract of fresh leaf samples for estimation of 
phenols and amino acids. 
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0.1 mL, 0.2 niL, 0 3 rriL 10 rnL of the workitig standard solution and making up ttie volume 

to 1.0 mL with distilled water in all the test tubes The leagents were added to these standards 

as that of the sample and proceeded for colour development The standard graph was drawn 

by plotting concentration of leucine on x axis and atjsorbatice on y-axis By using the standard 

graph, the coricenliation of the total free aminoacids in the samples were calculated and 

expressed in mg g ' fresh leaf (f^oore and Stein, 1948) 

3.2.1.2. Phenols 

The alcohol extract, I) 5 mL was pipetted out into a test tube and the volume was made 

upto 3 0 mL with distilled water to which 0 6 niL of F'olin ciocalteau reagent was added and kept 

for 3 minutes Then 2.0 mL of 20% Na^CO, was added to ttie contents of the test tube and 

the contents were mixed thoroughly and ttie test tubes were kept in a boiling water bath for one 

minute and cooled for colour development The absorbance was measured at 650 iim against a 

reagent blank prepared by faking 0 5 mL of 80% etharrol instead of the sample extract 

The standards were prepared by dissolving 100 rT)g catechol in 100 niL distiled water It 

was further diluted t)y taking 10 mL of ttie stock solution and making the volume irpto 100 mL 

A series of concentrations of working standards 10 in.]. 20 /.-g, 30 /.^g. .100 /xj mL ' were 

prepared by faking 0 1. 0.2, 0 3 . 1 0 mL of the working standard solution and making the 

volurTie in all the test tubes to 10 nrL with distilled water The reagents were added to the test 

tubes as that of the sample and proceeded for coloirr development The standard graph was 

prepared and ttie phenols in the leaf sample were estimated using standard grapti and 

expressed in mg g ' fresh leaf (IVIalick and Singh. 1980) 
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3.2.2. Assay of Dry Leaf Samples for Estimation of Nitrogen (and Crude Protein), 

Carbohydrates and Tannins 

3.2.2.1. Nitrogen 

The nitrogen content of leaf samples was analysed t̂ y microkjeldtial method by taking 

100 mg of powdered leaf sample in a striall test tut)e to whicti 3.0 mL of cone H-SOi was 

aitded. The mixture was left overnight for digestion To the digested sample, hydrogen 

peroxide was added drop by drop t)y keeping the test tube on a flame until it was converfed 

from black to colourless solution The colourless solution was ttien transferred to the 

microkjeldhal flask for distillation (Plate 10). 25 mL of 4% t)oric acid (40g in 1.0 L of water) was 

taken in 150 mL beaker to which 1 to 2 drops of mixed indicator (3 parts of bromocresol green 

plus 2 parts of methyl red) was added. The tip of the condenser was dipped into the soUrtion 

15 nrL of 40% NaOH (400 gm in 10 L) was added ittto the distillation flask and the reaction 

was continired till all the ammonia was released 

The contents in the tweaker were titrated against 0 1 N H7SO4 The N conterrt (%) in the 

sample was obtained by using the formula, 

Titre value x 0.0014 
N% = X 100 

weigtit of the sample 

3.2.2.2. Crude protein (CP) 

In general, the nitrogen content is multiplied tiy the factor 6.25 to arrive at the 

percentage of crude protein which is based on the assumption that nitrogen constitutes 16% of 

a protein. However, the nitrogen per cent varies with the aminoacid composition of ttie 

proteins For more refined expression of protein percentage in ttie sample, different factors 

were used. These factors were arrived at by the aminoacid composition. Such factor for 
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Plate 10: Microkjeldahl apparatus for estimation of leaf nitrogen 
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groundnut was 5 46 Nitrogen content was multiplied by the factor 5.46 to get ttie crude 

protein content of groundnut leaves (Sadasivam and Manickam, 1992). 

3.2.2.3. Carbohydrates 

The carbohydrates present in the leaf samples were estimated by anthrone method 

(Hedge and Hofreiter, 1962). 100 mg of the dried leaf sample was placed in a test tube. The 

sample was hydrolysed by keeping it in boiling water bath for 3 hours with 5.0 mL of 2.5 N HCI 

and cooled to room temperature. Solid sodium carbonate was added to it to neutralize until the 

effervescence ceases and the volume was made upto 100 mL and centrifuged. From the 

supernatant 1.0 mL of aliquot was taken for analysis. Simultaneously the standards were 

prepared by taking 0.2, 0.4, 0.8 and 1.0 mL of the working standard (Stock solution-100 mg 

glucose was dissolved in 100 mL distilled water; working standard-10 mL of the stock diluted 

to 100 mL with distilled water). The volume in each tube was made up to 1.0 mL including the 

sample tubes by adding distilled water. After adding 4.0 mL of anthrone reagent (dissolving 

200 mg anthrone in 100 mL of ice cold cone. H2SO4), the tubes were heated for eight minutes in 

a boiling water bath. The tubes were cooled rapidly for development of green to dark green 

colour and the intensity of colour was read at 630 nm. The standard graph was prepared using 

analar glucose. From the graph the amount of carbohydrate present in the sample was 

calculated and expressed in mg g^ dry leaf. 

3.2.2.4. Tannins 

The tannins in the leaf samples were estimated by Folin-Denis method (Schranderl, 

1970). 500 mg of the dried leaf sample was transferred into a 250 mL conical flask (Plate 11). 

After adding 75 mL distilled water to it, the flask was heated up for 30 minutes. The contents 

were then contrifuged at 2000 rpm for 20 minutes and the supematant was made upto 100 mL. 

The sample extract, 1.0 mL each, was transferred to 100 mL volumetric flask containing 75 mL 
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Plate 11: Extraction of dry leaf samples for tannins in 
groundnut leaf 



distilled water Folin-Denis reagent, 5 0 m l , was added to the contents in the voliimetrir flask 

Folin Denis reagent was prepared t)y dissolving 100 g of sodium tungsfale and 20 g 

phosphomolybdic acid in 750 mL distilled water in a suitatjie flask and 50 rriL of phosphoric acid 

was added. The mixture was lefltixed for 2 hours arrd the volume was made upto 10 L with 

distilled water and the reagerrt was protected from exposure to light Then 10 mL of Na^CO. 

solution was added and diluted to 100 mL with distilled water. The Na^COi solution was 

prepared by dissolving 350 g of Na;>CO în 1.0 L distilled water at 70-80" C and filtered and used 

after allowing it to stand overnight. The absorbance was read at 700 nm after 30 minutes. lire 

blarrk was prepared by using water instead of the sample 

The standards were prepared by dissolving 100 mg tannic acid in 100 mL water It 

was fiHttier diluted by faking 10 mL and making the volume upto 100 mL to prepare working 

standard solution. A series of concentrations i e , 10 ng. 20 iig. 30 /;g . 100 iig tannic acid 

mL ' were prepared t)y taking 0.1, 0 2, 0 3. 10 mL of Itie woikirrg standard solution and the 

volume in all the test tubes was made up to 1.0 mL with distilled water The colour was 

developed in all the test tubes as that of the sample and standard graph was prepared FrorTi 

the standard graph, the amount of tannin in ttie samples was calculated and expressed in mg g ' 

dry leaf. 

3.3 STATISTICAL ANALYSIS 

The data pertaining to insect pests and predators collected at weekly intervals in all the 

three seasons from 21 DAS to harvest of the crop was evaluated at three stages The I stage 

evaluation was based on the single observation made at 21 DAS (3rd week) The II stage 

evaluation was done with the data recorded at weekly intervals from 28 DAS fo 49 DAS (4. 5. 6 

and 7 weeks). Similady, III stage evaluation was done with the data recorded from 56 DAS to 77 

DAS (8, 9, 10 and 11 weeks). The overall evaluation included all the weekly observations taken 

during the crop period To reduce the variation, the data pertaining to pest and predator 

population was subjected to square root transformation (X+1)'^ Transformations were not done 
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for the data perlaining to biochemical constituents of leaves The data thus obtained was 

analysed statistically duly consulting the statistical procedures of Snedecor and Cochran (1967). 

The data pertaining to bioctieinical constituents of leaves analysed at 21. 49 and 77 DAS 

synchronising with the three stages of pest and predator evaluation was also analysed 

Simple correlations were calculated between biochemical constituents of leaves 

collected at three stages and the pests and predators collected during all the three seasons The 

data of the three seasons was analysed statistically to know the influence of season on pests and 

natural enemies 
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The present studies pertaining to ttie influence of plant nutrition on the incidence of 

major insect pests of groundnut, Atachis hypogaea L were carried out for three successive 

seasons from rabi 1994 Ttie results showed that there was no significant influence of season on 

the two rabi crops studied i e. rabi 1994-95 and rabi 1995-96 The results are presented in three 

sections. First section deals with the influence of tteatments on the five insect pests viz jassids, 

Empoasca kerri Pruthi; aphids, Aphis craccivora Koch: leaf miner, Aproaerema modicella Dev; 

tobacco caterpillar, Spodoptera litura Fab, and gram pod borer, Helicoverfja armigera Hub and 

three predators viz coccinellid beetles, spiders and chrysopids. The second section highlights 

the influence of treatments on biochemical constituents of leaves and the last section deals with 

the relationship between the biochemical constituents of the plant and the population of pests 

and predators 

4.1. INFLUENCE OF TREATMENTS ON THE INCIDENCE OF INSECT PESTS AND THEIR 

PREDATORS ON GROUNDNUT 

4.1.1. Insect Pests 

The data pertaining to five differefit insect pests under study were recorded from third 

week after sowing (WAS) of the crop till the incidence became insignificant. The results are 

presented at three stages of the crop growth in each season synchronizing with the biochemical 

analysis of leaves done at flowering (21 DAS) peg penetration (49 DAS) and the pod formation 

(77 DAS) stages of groundnut, seasonwise for the three seasons under study. 

4.1.1.1. Jassids, E. kerri 

Kharif, 1995 

The incidence of jassids was noticed from 3rd WAS and increased gradually upto 10th 

WAS (Appendix 1) The incidence started to decline from 11th WAS and by 14th WAS the 

.]H 
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jassid population was neyligible. Howevet. duiiny 4th week ttie jassid population disappeared 

due to heavy rain 

The lesuits presented in Tab 6 pertaining to the average jassid population at the end of 

3rd WAS indicated that NPK with seed treatment and FYM recorded the lowest jassid population 

(8.0/10 Plants) among all the treatments and were also on par with neem cake (9 33) NPK + 

neem cake (10.66), vermicompost (12 0) and FYM + vermicompost (13.33) The treatments, 

corrtrol (16), NPK with sunflower as a trap crop (18 66) and NPK with NPV (20 0), were on par 

and recorded comparatively higher jassid population among all the treatments 

The tieatments influenced significantly the jassid population during stage II (Tab 6; 

Fig 2). Among all the treatments, neem cake recorded the lowest jassid population of 17 33 per 

10 plants and was closely followed by FYM (17 66), NPK with seed treatment (19 99) NPK + 

neem cake (21.77), FYM + vermicompost (22 66), and vermicompost (23 55) all being on par 

with neem cake Significantly higher population of jassids was recorded in NPK with sunflower 

(33.33), control (35.33) and NPK with NPV (36.88). being on par. 

During the III stage (Tab. 6; Fig 2), neem cake (82.66) and FYM + vermicompost 

(83 75) recorded lower jassid population per 10 plants among the treatments followed by FYM 

(90 75). The Ireatments, NPK + neem cake (96.66), vermicompost (104 08). NPK with seed 

treatment (106.33), NPK with sunflower (107.16) and NPK with NPV (115 75) recorded higher 

jassid population. Among the treatments, control (134 75) recorded the highest population 

The overall influence of treatments (Tab 7 Fig. 2) on the incidence of jassids showed 

distinct variation. Neem cake and FYM recorded fess than 40 jassids per 10 plants (35.66 and 

39.0) and were on par, compared to other treatments Among the other treatments FYM + 
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Ô  

'c 
2̂  

t 

^ > 

3 ĉ  
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Tab. 7: Overall influence of treatments on jassid, E. kerri population (nymphs / 1 0 plants) 
on groundnut. 

T" 
Treatment 

T, NPK (Control) @ 40-60-40 Kg ha ' 

T. F Y M @ 8 t h a ' 

T. Vermicompost @ 3.75t tta ' 

T^ FYM @ 4t ha ' + Vermicompost 
@ 1.875tha' 

T;, Neem cake @ 770 Kg ha ' 

Tp NPK @20-30-20 Ka ha ' + neem 
cake @ 385 Kg ha 

T. NPK @40-60-40 Kg ha ' NPV 
@ 250 LE fia ' 

TB NPK @ 40-60-40 Kg ha ' with 
Sunflower 

Tg NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0 05) 
SEm 
CD 

K/iar/f1995 

V> ')()'' 

46 4 S ' 

41 8 7' 

42 84'' 

=•6 I I 

SO 84 

4 r 7 2 

2 !79 

3.045 

Rabi 1994-95 

24 8'=;" 

|[,7(f'' 

12 18* 

n :i(r''' 

10 '!4' 

16 07 

2 1 % ' 

24 (n' ' 

14,72'" 

I 472 
1122 

Rabi 1995-96 

2'> 87̂ ^ 

14 27' 

15 22"'" 

16 n ' 

I I 66" 

18»')' 

28 6')' 

M).2'r" 

16 80'" 

I 926 
4 085 

Means followed by same letters are not significantly different (P=0 05) by DMRT. 
NS - Non-significant * Significant at 5% level 
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vennicornpopt (4187), MPK and neerti ral'.e (42 04), fJPK with sundowei (50 84) recorcied 

nioderale levels of ja,ssid population, langiinj between 41 87 and 50 84 and weie significantly 

su|)eiior to NPK witti l^l'V (56,1 I) AnioriQ the lieatinenis contiol (61 84) recorded the liighest 

JHSsid popdialion and was found to be significantly inferior to all the treatments, in checking the 

build up of jassids 

Rabi, 1994-95 

Duiing labi 94-95 the incidence of jassids started from 3fd V/VAS and increased upto 9th 

WAS arid declined gradually latei (Appendix 1) Ihe data furnished in Tab, 6 revealed that neem 

cake recorded no population duiing stage I However, the next treatment NPK with seed 

treatment rer;orded 1,33 jassids/10 plants which was also on par with neem cake The treatments 

that followed were FYM and NPK + neem cake (2 66/10 plants each), vermicompost and FYM + 

vermicompost (4 0/10 plants, each) with low population of jassids. The other treatments vi? NPK 

with NPV (8,0), NPK witli sunflower (9 0) and control (9 0) also recorded lew jassid po|)ulation of 

less than 10 per 10 plants. 

During stage II (Tab, 6 Fig 2) there was significant diffeience in jassid population 

among the treatments. Significantly lower population was observed irr neerii cake and NPK with 

seed treatment (5,33 / 10 plants each) The troatnierrts that fol l twed were FYM (9 91), 

vermicompost (10,66). FYM + vermicompost (11 33), NPK * neem cake (13 08) which also 

recorded lower populations of jassids and all were on par with each other. Among the treatments 

higher population was observed in NFK with sunflower (17.33), NPK with NF'V (20 83) and 

control (21 16). 

Third stage (Tab. 6: Fig 2) evahration of jassid population did trot show significant 

difference among the treatments. However, the lowest population was recorded in FYM (21.3 7) 



5^ 

followed by vermicompost (21,73), neem cake (22 11), FYM + vermicompost (24 24), NPK with 

sunflower (32.22), NPK -* neem cake (30 63), NPK with seed treatment (32.26) and NPK with 

NPV (45 23) The highest population being obseived in control with an average jassid population 

of 47,58 per 10 plants. 

The overall influence of treatments on jassid population during rabi 94-95 piesented in 

Tab 7 and Fig. 2 indicated that neem cake recorded the lowest mean jassid population (10 34) 

followed by FYM (11.7), veimicompost (12 18), and FYM + vermicompost (13.3) which were also 

on par with neem cake NPK with seed treatment (14 72) and NPK + neem cake (16 07) 

recorded higher population but were also on par with FYM + vermicompost Among the 

treatments significantly higher population of jassids was recorded in NPK with NPV (23 96), 

NPK with sunflower (24.03) and control (24 85) 

Rabi, 1995-96 

During rabi 95-96, the incidence of jassids started frotn 3rd WAS, increased gradually till 

9th WAS and declined thereafter (Appendix 1) The results presented in Tab, 6 indicated that 

among all the treatments, during stage I FYM recorded the lowest mean jassid population (10 

jassid/10 plants) but it was on par with vermicompost (1,3) and FYM + vermicompost (2 0) The 

other treatments that followed were neem cake. NPK + neem cake, NPK with seed treatment, 

with a mean jassid population langing between 2 3 and 3 0/10 plants. Significantly higher jassid 

population was noticed in control, NPK with NPV and NPK with sunflower (7 0, 7 0 and 7 6 per 

10 plants, respectively). 

During II stage evaluation (Tab, 6: Fig, 2) there was significant difference in jassid 

population among the treatments, with the mean population ranging between 6 91 to 23 75 per 

10 plants . Among the treatments, neem cake (691) and NPK with seed treatment (7 16) 



recorded significantly lower jassid popiilatioif FYM(11 16), vermicompost (12 33), FVJ^ + 

veiinicoinpost (12.83), NPK + neetn cake (15 08) recorded moderate population of jassids 

among the treatments and were on par witfi each ottrer Significantly higher population of jassids 

was noticed in control (23,21), NPK with NPV (23 08) and NPK with sunflower (23,7,5) 

Third stage evaluation of jassid population (Tab 6; Fig, 2) indicated lowest population in 

neern cake (22,5 per 10 plants) followed by FYM (25,25), vermicompost (27,16), FYM + 

vermicompost (28,91) all being on par NPK + neem cake (35.41), NPK with seed treatment 

(37,16) recorxjed moderate jassid population Among the treatments significantly higher jassid 

population was noticed in NPK with NPV (54 08) NPK with sunflower (57,66) and control 

(58,08), 

The data furnished in Tab 7 and Fig, 2 showing the overall influence of treatments on 

jassid population indicated that all the organically manured treatments, NPK with seed treatment 

and NPK + neem cake were superior in recording low levels of jassid population than the 

straight fertilized plots Lower mean jassid population was recorded in neem cake (11 66/10 

plarUs) which was closely followed by FYM (14 27) and vermicompost (15 22) being on par 

However, moderate levels were observed in FYM + vermicompost (16 13), NPK with seed 

treatment(16,80) and NPK + neem cake (18 99) with mean jassid population ranging between 

16 33 and 18.99 per 10 plants NPK with NPV(28 69). control (29,87) and NPK with sunflower 

(30 27) were on par and recorded significantly higher jassid population among the treatments 

4.1.1.2. Aphids, A. craccivora 

The incidence of aphids was observed from 3rd WAS with gradual increase upto 8th 

WAS and declined from 9th WAS, From 15th WAS to harvest, aphid infestation was not 

observed during all the three seasons (Appendix 2) 
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Kharif, 1995 

The data pertaining to mean aptiid population during kharif 1995, at ttie ttiree stages of 

crop growth are presented in Tab 8 & Fig 3 The results revealed that, there was significant 

difference among the treatments in affecting aphid population During stage I, significantly lower 

population of aphids was observed in NPK with seed treatment (13.2 per 10 plants), FYM (14.0), 

neem cake (14.0), FYM + vermicomposl (14 6) and vermicompost (16.0). all being on par. 

NPK + neem cake recorded moderate population with a mean of 33 2 aphids per 10 plants. NPK 

with sunflower (46.6), control (46.6) and NPK with NPV (48.0) were on par and recorded 

significantly higher population than the other treatments with a mean jassid population ranging 

from 46.6 to 48 0 per 10 plants 

The treatments showed significant differences in aphid population during II stage also 

Significantly lower population of aphids was observed in NPK with seed treatment (26 88 per 10 

plants), FYM (27.76), neem cake (29.32), FYM + vermicompost (29.98) and vermicompost 

(30.88) being on par. Moderate population of aphids was observed in NPK + neem cake (43.1). 

NPK with NPV (57.32), NPK with sunflower (60 20) and control (62.44) recorded significantly 

higher population of aphids among the treatments 

During III stage evaluation (Tab 8; Fig 3). neem cake recorded the lowest aphid 

population (47.0 per 10 plants) followed by FYM (48 32), FYM + vermicompost(49 0) arid 

vermicompost (52.66) all being on par. NPK + neem cake came next with mean aphid population 

of 55.66 per 10 plants but was on par with the last three among the preceding treatments Higher 

f)opulation of aphids was noticed in NF'K with sunflower (67.5), NPK with seed treatment 

(69.82), control (76.0) and the highest in NPK with NPV (76 32) 
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The overall influence of tieatments on the mean population of aphids depicted in 

Tab 9 & fig 3 revealed that once again all the treatments that received organic manures and the 

treatment NPK w\\\^ seed treatment were effective in recording significantly lower population than 

the treatments which received NPK through straight fertilizers. The lowest population of aphids 

was recorded in neem cake (26.34) which was closely followed by FYM (26.40) FYM + 

vermicompost (27.16), vermicompost (29 02) aH being on par and significantly superior to the 

other treatments. The treatments that recorded moderate levels of aphid incidence were NPK 

with seed treatment (33 92) and NPK + neem cake (35.02). Among the treatments NPK with 

NPV (45.14) and NPK with sunflowei (45 5) recorded higher population but were superior to 

control which recorded the highest population (48.9 per 10 plants) 

Raw, 1994-95 

The results pertaining to the influence of treatments on aphid population during stage I 

(Tab. 8; Fig 3) indicated that neem cake (20 66). NPK with seed treatment (22.0) and FYM(28.0) 

were on par and recorded lower aphid population among the treatments. FYM + vermicompost 

(31 32), vermicompost (32.66) and NPK + neem cake (34.66) recorded moderate population of 

aphids ranging between 31 32 and 34.66 per 10 plants and were on par with FYM. Significantly 

higher population of aphids among the treatments was observed in NPK with NPV (66 0), control 

(71.32) and NPK with sunflower (72.66) being on par 

During II stage evaluation, significant difference among the treatments was observed 

(Tab 8; Fig 3). The lowest aphid population was recorded in neem cake (39.66) and was 

followed by NPK with seed treatment (45 0), FYM (46 16), vermicompost (48 0), FYM + 

vermicompost (48 5) all being on par with each other Moderate population of aphids was 

observed in NPK + neem cake (71.5). Significantly higher population of aphids was seen in NPK 
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Tab. 9: Overall influence of treatments on aphid, A. craccivora population (adults /10 plants) 
on groundnut. 

Treatment 

T, NPK (Control) @ 40-60-40 Kg ha 

1; FYM @ 8t ha ' 

T , Vermicompost @ 3.75t ha ' 

T, FYM @ 4t ha ^ + Vermicompost 
@ 1.8751 ha' 

T' Neem cake @ 770 Kg ha ' 

T,; NPK @ 20-30-20 Kg ha ' + Neetn 
cake @ 385 Kg ha ' 

T,- NPK @ 40-60-40 Kg ha ' atid NPV 
@ 250 LE ha ' 

TB NPK @ 40-60-40 Kg ha ' with 
Sunflower 

Is NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0 05) 
SEm 
CD 

K/jar/f 1995 

)9 02' 

11 li'' 

26 W 

4^ 14 

4S W 

W 9?' 

* 

127K 

Rabi 1994-95 

l7w54^~" 

58 22' 

5(, 96"' 

60 06" 

52 98' 

70.4(l'' 

98 M 

1_, 

102 54" 

59 08" 

4 2 V, 
8.984 

Rabi 1995-96 

89 92"' 

5=i 9 8 ' 

5S 9(1' 

^7 *>()'' 

6 ! 80"' ' 

()5 } ' ' ' ^ 

85 22'' 

8^ 50 

6t 14' 

* 
^ 27 

(> 9.̂ 6 

Means followed by same letters are not significantly different (P=0 05) by DMRT. 
NS - Non-significant * Significant at 5% level 
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wiJh NPV (109 32), NPK with sunflower (117 5) and control (132 1) which showed their inferiority 

over all the other treatments in checkiny the buildup of aphid population. 

During III stage evaluation (Tab 8; Fig 3). ttie lowest aphid population was ot)served in 

neem cake treatment (79.8 per 10 plants) The treatments that followed were vermicompost 

(84.74), FYFW + vermicompost (88.40) and FYM (89 56), all being on par with neem cake. 

Moderate level of population, however, was recorded in NPK with seed treatment (98 58) and 

NPK + neem cake (100.92) which were on par with the preceding three treatments Higher 

population of aphids was noticed in control (120 30), NPK with NPV (134 36) and the highest in 

NPK with sunflower (140 80). 

The overall influence of treatments (Tab 9. Fig 3) during rabi 1994-95 on aphid 

population indicated that, the treatrnerits which received organic manures and NPK with seed 

treatment showed superiority in recording significantly lower population of aphids than the 

straight fertilized treatments. The lowest population of aphids was observed in neem cake 

(52.98) but it was on par with vermicompost (56.96). FYM (58.22), NPK with seed treatment 

(59.08) and FYM + vermicompost (60 06) The next treatment that recortled moderate 

population was NPK + neem cake with a mean population of 70.4 aphids / 10 plants Signifi­

cantly higher population of aphids was observed in NPK with NPV (98.34), NPK with sunflower 

(102 52) and the highest population was noticed in control (109.54). 

Rabi, 1995-96 

The data presented in Tab 8 & Fig. 3 revealed that during I stage evaluation, FYM + 

vermicompost recoitled the lowest aphid population (26.6 per 10 plants) among the treatments 

but was on par with FYM (28.0) and vermicompost (32,6) The treatments that followed were 

NPK with seed treatment (48,0), neem cake (52.0) and NPK + neem cake (66.0) Among the 
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treatments, significantly higtier population of aphlds was observed in NPK wiffi sunflower (98.6), 

NPK Witt) NPV (104 0) and control (116 0), all the Ituee being on par with eacfi other 

Second stage evaluation of aphid population (Tab 8; Fig. 3) revealed that all the 

treatments which leceived organic manures and NPK with seed treatment showed their 

superiority in recording lower population of aphids with the mean ranging between 83 32 and 

94 66, than the straight fertilized treatments, with the mean population ranging between 130.82 

and 141.5 per 10 plants Among the Ireatmetits. significantly lower population of aphids was 

observed in NPK with seed treatment (83 32), veimicompost (83.66). FYM (84.66). FYM + 

vermicompost (86), neem cake (90 50) and NPK +• neem cake (94 66) all being on par with each 

other. NPK with sunflower (130 82). NF̂ K with NPV (132 66) and control (141.5) recorded higher 

population of aphids, among the treatments 

The treatments did not influenced much, flie aphid population during III stage (Tab 8; 

Fig. 3). However, among the treatments tfie lowest population of aphids was observed in FYM 

+ vermicompost (58.56 per 10 plants) which was closely followed by FYM, vermicompost, neem 

cake, NPK + neem cake, NPK with seed treatment, NPK with sunflower and NPK with NPV with 

a mean population ranging between 58.68 and 76.74 per 10 plants. The highest population of 

aphids was observed in control (78.62). 

The overall influence of treatments (Tab, 9, Fig 3) on the aphid population during rabi 

1995-96 indicated that the population of aphids was the lowest in vermicompost (55.84 per 10 

plants) which, however, was on par with FYM (55 98), FYM + vermicompost (57.84) and neem 

cake (61,8). The treatments that showed moderate infestation were NPK with seed treatment 

(63 14) and NPK + neem cake (65,22), Among the treatments, significantly higher population of 

aphids was noticed in NPK with sunflower (83 5), NPK with NPV (85.22) and control (89.92) 

being on par with each other. 
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4.1.1.3. Leaf miner, A. modicella 

Kharif, 1995 

The data pertaining to ttie leaf miner population (Appendix 3) indicated ttiat the 

incidence was noticed from 3rd WAS and increased gradually upto 7th WAS and declined during 

the later weeks. No incidence was ob.served after 11th WAS 

Ttie data regarding the leaf miner population dunng 1st stage presented in Tab 10 & 

Fig 4 revealed that lowest population was recorded in NPK with seed treatment (8.6 per 10 

plants) but was on par with FYM(92), neem cake (100). FYM + vermicompost (106), 

vermicompost (12.0) and NPK + neem cake (17 2) The treatments that followed were NPK with 

NPV (23.2), NPK with sunflower (23.2) and control (24 0) but were on par with preceding 

treatments 

During II stage evaluation (Tab 10; Fig. 4). the organically manured treatments showed 

their superiority over straigtit fertilized treatments in recording lower leaf miner population NPK 

with seed treatment recorded the lowest (12.44 per 10 plants) population followed by FYM 

(12 88), neem cake (14.66), FYM + vermicompost (15 32) and vermicompost (16.66), being on 

par Significantly high population, however, was observed in NPK + neem cake (24.88). NPK 

with NPV (29.98), NPK with sunflower (34 22) and control (35 1) 

During III stage (Tab 10: Fig 4), lower levels of leaf miner population was observed in 

neem cake (15.32) followed by FYM (15.82), FYM + vermicompost (16.0), and vermicompost 

(17 0), being on par NPK + neem cake (20.16) recorded moderate population Significantly 

higher population was noticed in NPK with NPV (24 0). NPK with sunflower (24 16). control 

(25.5) and the highest being recorded in NPK with seed treatment(27.82). 
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The overall influence of treatments duiing kharif. 1995 (Tab 11; Fig 4) indicafed tfiat the 

treatments which received organic manures and NPK with seed treatment were superior over 

straight fertilized treatments by recording lower number of leaf miner larvae. The lowest leaf 

miner population was recorded in FYM (10 66) but it was on par with neem cake (11 02), FYM + 

vermicompost (11 38) and vermicompost (12 42) The next best treatment was NPK with seed 

treatment (14 96) and if was superior to the remaining treatments. The treatments NPK + neem 

cake (18.6), NPK with NF'V (20.6), NPK with sunflower (21.02) were on par and recorded 

significantly higher population of leaf miners. Among the treatments control recorded the highest 

population (22 84) but it was on par with the last two of the preceding treatments. 

Rabi, 1994-95 

The data pertaining to leaf miner population trend during 1994-95 indicated that the pest 

incidence was noticed upto 14lh WAS with peak populatiofi during 11th WAS (Appendix 3) 

The population of leaf miners increased from stage I to stage III (Tab. 10. Fig. 4) NPK 

with seed treatment showed zero population during stage I The treatments with very low level of 

population were neem cake (1.32 per 10 plants), FYM (2 66), vermicompost (2 66) and FYM + 

vermicompost (4 0) which were on par The population of leaf miners was 5 32 per 10 plants in 

NPK + neem cake which was also on par with its preceding three treatments All the treatments 

that received straight fertilizers (except NPK with seed treatment) viz control (12.0), NPK with 

sunflower (12.0) and NPK with NPV (13.32) were on par and recorded significantly higher 

population of leaf miners among the treatments 

During second stage (Tab. 10; Fig 4) neem cake recorded significantly lowest 

population of leaf miners (3.83 per 10 plants) The treatments that followed were FYM (5 66), 

NPK with seed treatment (5.83), vermicompost (6.5) and FYM + vermicompost (7.16) being on 
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fab. 11: Overall influence of treatments on leaf miner, A. modicella population (larvae /10 
plants) on groundnut. 

Treatment 

T, NPK (Control) @ 40-60-40 Kg ha 

T; F Y M @ 8 t h a ' 

IT, Vermicompost @ 3.75t ha ^ 

T, FYM @ 4t ha^ + Vermicompost 
@ 1.8751 h a ' 

T. Neem cake @ 770 Kg ha ' 

Tf NPK @20-30-20 Ka ha ' + neem 
cake @ 385 Kg ha 

T NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

TB NPK @ 40-60-40 Kg ha ' with 
Sunflower 

T9 NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0 05) 
SE(n 
CD 

Raw 1995-96 

29 48' 

I .̂  48' 

16 10' 

16.72' 

IS S4' 

,'0 52" 

26 42' 

26 82 

16 54 

I '̂ (m 
1 20 

Means followed by same letters are not significantly different (P=0.05) by DMRT 
NS Non-significant * Significant at 5% level 
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par and significantly supeiior to NPK + neem cake (9 5). Significantly fiigtier population of leaf 

miners was observed in NPK witti NPV(16 5). control (18.16) and NPK witti sunflower (18 83), all 

ttie tfiree being on par. 

During III stage (Tab. 10; Fig. 4) FYM recorded ttie lowest pest population (1746) 

followed by verrniconnpost (18.5), FYM + vermicompost (19.83), and neem cake (20.50) all being 

on par witti eacti otiier. Moderate population was observed in NPK with seed treatment (24.80) 

wtiich was on par with neem cake but superior to NPK + neem cake (27.5) NPK with NPV 

(34.82), control (37.5) and NPK with sunflower (37 52) which recorded significantly higher 

population of leaf miners among all the treatments 

The overall influence of treatments during rabi 94-95 on leaf miner population (Tab 11. 

Fig. 4) indicated that all the organically manured tieatments and NPK with seed treatment were 

significantly superior in recording lower population than ttie other treatments. The lowest 

population being recorded in FYM (11.48) followed by veiTnicompost (11.76), neem cake (11.76), 

FYM + vermicompost (13.22) and NPK with seed treatment (13.26), all being on par with each 

other NPK + neem cake recorded a moderate population of 16,88 leaf miner larvae per 10 

plants Among the treatments, NPK with NPV (23 1), NPK with sunflower (24 34) and control 

(24.60) were on par and recorded significantly higher population of leaf mineis 

Rabi, 1995-96 

The data pertaining to the leaf miner population collected at weekly intervals indicated 

that the population during the eariier weeks of observation i e upto 8th WAS was higher when 

compared to the previous rabi crop and started to decline from 9th WAS and by 14th WAS the 

population disapeared (Appendix 3). 
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The data presented in Tat) 10 & ficj 4 revealed significant difference in leaf miner 

population among the treatments All the oiganically manured treatments and NPK with seed 

treatment in stage I recorded significantly lower population of leaf miners over the stiaight 

fertilized plots, with a mean population langing t^etween 4 6 and 8 0 per 10 plants Among the 

treatments, NPK with seed treatment recorded the lowest leaf miner population (4 6) but was on 

par with vermicompost (6 0), neem cake (6 4), F YM (6 6), FYM + vermicompost (7 2) and NPK + 

neem cake (8 0). Significantly higtier population, however was noticed in NPK with sunflower 

(14.0), NPK with NPV (14 66) and control (14.66), which were on par with each othei 

FYM recorded the lowest pest population (17 0) during stage II (Tab. 10; Fig 4) followed 

by vermicompost (18.82), NPK with seed treatment (18.82), FYM + vermicompost (20.16), which 

weie on par. Neem cake with 21 0 leaf miner larvae per 10 plants came closely behind and was 

also on par with the earliei treatments except FYM. NPK + neem cake recorded moderate 

population (26 66) but was significantly supeilor to NPK with NPV (34 66) and NPK with 

sunflower (37.16). The highest population of leaf miners was observed in control with 41 5 

laivae per 10 plants but was on par. with NPK with sunflower. 

During stage III (Tab 10; Fig. 4), the lowest population was recorded in neem cake 

(19.31) followed by vermicompost (22 66), FYM + vermicompost (22.82) and FYM (22.82) which 

were on par. The treatments that came closely behind were NPK with seed treatment (24 66) and 

NPK + neem cake (27 24) both being on par with the former treatments except neem cake 

NPK with sunflower (34 46), NPK with NPV (36.1) and control (37.62) were found inferiot and 

recorded significantly higher population of leaf miners, among all the treatments. 

The overall influence of treatments (Tab 11; Fig 4) on leaf miner population during rabi 

1995-96 revealed distinct variation among the treatments in affecting the population. Once 
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again all the organically manured tieatmenis and NPK + seed treatment recorded significantly 

lower incidence of leaf miners than the straight fertilized treatments Among the treatments FYM 

(15.48 leaf miners per 10 plants) recorded the lowest population and it was on par with neem 

cake (15,54), vermicompost (16.10), NPK with seed treatment (16.54) arid FYM + vermicompost 

(16 72). Moderate leaf miner population was observed in NPK + neem cake with 20 52 larvae 

per 10 plants Among the treatments NPK with NPV (26.42), NPK with sunflower (26 82) and 

control (29.48) were on par and recorded significantly higher population of leaf miners 

4.1.1.4. Tobacco caterpillar, S. litura 

Kharif, 1995 

During kharif, 1995 the incidence o1 S lituia was low and the population was moderate 

upto 9th WAS and declined during the latter weeks From 11th WAS S litura was not found 

damaging the crop. The incidence of S litura was not observed upto 4th WAS in some 

treatments and even during 5th WAS the treatments received vermicompost and FYM + 

vermicompost even recorded zero population (Appendix-4). 

The data presented in Tab 12 & Fig 5 clearly indicated the absence of the pest during 

stage I During stage II the population of S. litura was very low Among the treatments, FYM 

(0.88 larvae per 10 plants), vermicompost (0 88), FYM + vermicompost (0.99), NPK with seed 

treatment (1 10), and neem cake (1.21) recorded significantly lower population of S, litura and 

were on par with each other Significantly higher population was noticed in NPK + neem cake 

(1 99), control (2.32), NPK with sunflower (2 55) and NPK with NPV (2.66) all being on par with 

each other. 

Stage III evaluation of S litura population (Tat). 12; Fig 5) also revealed the same trend 

The population of the pest was low in FYM (2.88), vermicompost (3.21), FYM + vermicompost 
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(3 21), neem cake (3.22) and NPK with seed treatment (3 22) all being on par Higher population 

among the treatments was noticed in Nf'K + neem cake (4 44), control (4.99), NPK with NPV 

(5.32) and NPK with sunflower (5.66) 

The overall influence of treatments on the incidence of S. litura (Tab 13: Fig 5) vividly 

showed that the treatments which received organic manures and NPK with seed treatment were 

on par and recorded significantly lower S. litura population ranging from 1.03 to 118 larvae per 

10 plants, indicating their superiority over all other treatments. Higher population among the 

treatments of S. litura was r^bseived in NPK + neem cake (1.75), control (1.99), NPK with NPV 

(2.18) and NPK with sunflower (2.24) which were on par with each other. 

Rabi, 1994-95 

The incidence of S. litura started from 3rd WAS and increased gradually reaching 

maximum levels by 7th and 8th WAS and declined later (Appendix 4) 

During I stage evaluation (Tab 12; Fig 5) no distinct variation was observed in the 

incidence of S. litura However, among the treatments the lowest population was recorded in 

NPK with seed treatment (3.3 larvae per 10 plants) and the highest in NPK with sunflower (8.0) 

The remaining treatments recorded a mean population varying between 4.0 and 7.6 larvae per 

10 plants. 

During II stage, the lowest population of S litura was noticed in NPK with seed treatment 

(5 0 larvae per 10 plants) but was on par with neem cake (5 25), FYM (5.41), vermicompost 

(5.58), FYM + vermicompost (5.91) and NPK + neem cake (6.66). Significantly higher population 

of S, Wura was recorded in NPK with sunflower(9 91), NPK with NPV (10 25) and control (10.83), 

all being on par 
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Tab. 13: Overalf influence of treatments on tobacco caterpillar, S. litura population 
(larvae / 1 0 plants) on groundnut. 

Treatment 

T , NPK ( ^ n t r o i y @ ' 4 0 - 6 0 - ^ Kg iia '̂  

T; FYM @ 8t ha ' 

T, Vermicompost @ 3.75f ha ' 

T^ FYM @ 4f ha ' + Vermicompost 
@ 1 875t ha ' 

J., Neem cake @ 770 Kg ha ' 

If, NF'K @20-30-20 Ku ha ' + neem 
cake @ 385 Kg ha 

T^ NF^K @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

TR N P K @ 40-60-40 Kg ha ' with 
Suoflowei 

Tg NPK @ 40-60-40 Kg ha ' and 
carbofurati 3G ST @ 250g Kg ' seed 

F Test (P=0.05) 
SEm 
CD 

K/iar/f 1995 

1 9<)')' 

I (X ' 

I 0')' 

I I M • 

) 1X1 ' 

1 7 > r 

2 181 

2 241 

I I'll 

* 

0 24S 

0 511 

Rabi 1994-95 

I I 69V 

«688 ' ' 

8 8^/'' 

8 144'"' 

7'52"-

8 222 ' " ' 

6 (14' 

7 (V' 

7,91'-"' 

* 
0 504 

1 ()69 

Raw 1995-96 

9 sF 

(•) 81"' 

I) 67'"-

7 ^8 •' 

(. 2l'' 

7 n 

r l V 

8 ( ) 9 ' 

7().V' 

(1414 

0,878 

Means followed by same letters are not significantly different (P=0 05) by DMRT 
* ~ Significant at 5% level 
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Significant differences in pest population, among the treatments were obsen^ed during 

stage III. NPK with NPV recorded the lowest population of S. litura (3.05 per 10 plants) and was 

significantly superior to all the other treatments The next best treatment was NPK with 

sunflower (6 75 per 10 plants) The treatments that followed were neem cake (10 17) and NPK + 

neem cake (10.41) t)eing on par and significantly superior to FYM + vermicompost (11 85) and 

NPK wiffi seed treatment (12 91) Higher population of S litura was noticed in vermicompost 

(13.35) and FYM (13.67) Control (16 41) recorded the highest population amorrg all the 

treatments 

The overall influence of treatments (Tab 13: Fig 5) on S litura drrring rabi 1994-95 

indicated that the treatment which received straight ferlilizer plus NPV recorded the lowest 

population (6.04 larvae per 10 plants) among the treatments showing its superiority over all other 

treatments The treatments that followed were NPK with sunflower (7.33). neem cake (7 75) NPK 

with seed treatment (7.91), FYM + vermicompost (8 14), NPK + neem cake (8.22), FYM ( 8.08) 

and vermicompost (8.85) which recorded a mean population ranging between 7.33 to 8 85 larvae 

per 10 plants Control plot recorded the highest population (11.69 larvae per 10 plants) which 

showed its inferiority among all the treatments, in checking the build up of S litura population 

Rabi, 1995-96 

The incidence of S. litura was noticed from 3rd WAS till the end of the crop growth 

(Appendix 4). During stage I evaluation the treatments did not significantly affected the S litura 

population. However, ttie lowest population was recorded in NPK with seed treatment (2 0) and 

the highest being observed in control and NPK with sunflower (5 0) (Tab. 12; Fig 5) 

During stage II evaluation (Tab. 12: Fig 5), NPK with seed treatment recorded the lowest 

population of S litura (4.27) followed by neem cake (5 1). FYM (5.47), NPK + neem cake (6.16), 
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vermicompost (6.16), and FYM + veimiconiposl (6.47) all being on par Higher population of S 

littira was however noticed in NPK with NPV (3 234). control (3,32) and NPK with sunflower 

(10.83), 

During III stage, there were significant differences among the treatments NPK with NPV 

recorded the lowest population of S litura (3 33) among the treatments and once again was 

significantly superior to the treatments in checking the build up of pest population The other 

treatments in the descending order of efficacy were NPK with sunflower (8.61) < neem cake(9 4) 

< vermicompost (10,36) < NPK + neem cake (10 58) < FYM (10.96) < FYM + vermicompost 

(11.76) < NPK with seed treatment (12 51). The highest population was however, noticed in 

control (13.09) but was on par with NPK with seed treatment (Tab. 12; Fig. 5) 

The overall influence of treatments on S litura population (Tab. 13; Fig 5) revealed that 

NPK with NPV application proved its effectiveness in recording the lowest S litura population 

(5.13) than all the other treatments The next best treatments with a moderate population are 

NPK with neem cake (6.22) vermicompost (6 67), FYM (6.81) and NPK with seed treatment 

(7.03) being on par, NPK + neem cake (7 13), FYM + vermicompost (7.38) and NPK with 

sunflower (8,09) came closely behind. Among all the treatments the highest population was 

observed in control (9.51) 

4.1.1.5. Gram pod borer, H. armigera 

The incidence of H. armigera during kharif. was almost negligible, however a moderate 

population was observed during the two rabi seasons under study. During kharif 1995 the 

incidence of H. armigera was observed from 5fh WAS and declined to a negligible population by 

7th WAS (Appendix 5). 
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Kharif, 1995 

There was negligible or no iticidence of H armigeta during kharif crop during the I and 

III stages of observation (Tab. 14, Fig. 6) Though the pest incidence was noticed during stage II, 

it was not significant. However, among the treatments lowest population of H. arrrvgera was 

observed in NPK with seed treatment (0.97 larvae per 10 plants) followed by neetn cake, 

vermicompost, NPK + neem cake, FYM + vermicompost with an average population ranging 

between 1.25 and 1 52 laivae per 10 plants Slightly higher population, among the treatments, 

was noticed in NPK with NPV, control and NPK with sunflower with the population ranging 

between 2 22 and 2 49 larvae per 10 plants, 

Rabi, 1994-95 

Insignificant levels of H armigera population was noticed during rabi, 1994-95 in stage I 

in all the treatments (Tab. 14; Fig. 6) During stage II NPK with seed treatment and the 

treatments that received organic manures recorded significantly low levels of H. armigera with a 

mean population ranging from 1 41 to 2 16 larvae per 10 plants. Lowest population was observed 

in NPK with seed treatment (1.41) followed by neem cake (15) FYM (1.58), vermicompost 

(1.75), FYM + vermicompost (1 75) and NPK + neem cake (2.16) all being on par with each 

other NPK with NPV, NPK with sunflower and control recorded higher population among the 

treatments with the mean ranging between 3.41 and 3 58 larvae per 10 plants 

Stage III evaluation indicated that, the lowest population of H. armigera was observed in 

neem cake (4.5 larvae per 10 plants) followed by vermicompost (4.91), FYM (4.92) and NPK + 

neem cake (5.15), being on par However, NPK with NPV recorded 6.79 larvae per 10 plants 

and was on par with the preceding one treatment and the succeeding treatments viz FYM + 

vermicompost (7.14), control (7 37), NPK with seed treatment (8.24) and NPK with sunflower 

(8.65) (Tab. 14; Fig. 6). 
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Tab. 15: Overall influence of treatments on gram pod borer, H. armigera population (larvae / 
10 plants) on groundnut. 

Treatment 

T, NPK (Control) @ 40-60-40 
Kgha^ 

T. FYM@8tha ' 

T, Vemicompost @ 3 75t ha 

T4 FYM @ 4t ha ' *- Vermicornpost 
@ 1,8751 ha ' 

Is Neem cake @ 770 Kg ha ' 

Tp NPK @20-30-20 Kq ha ' + neem 
cake @ 385 Kg ha ^ 

T; NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

Ta NPK @ 40-60-40 Kg ha ' with 
Sunflower 

T9 NPK @ 40-60-40 Kg ha ' and 
carbofuian 3G ST @ 250g Kg ' seed 

K/iar/f 1995 

F Test (P=0 05) 
SEm 
CD 

Rato/1994-95 

4 18'' 

?61" 

2 7(V" 

? 45" ' 

1 My' 

; '>! ' " 

vw'" 

4 M'' 

' 41 

• 

0 26 
0 5b 

— 

Rab/1995-96 

2 7?"' 

2 77"" 

5 18"-' 

2 42 ' 

1 1)8' 

?,75'' 

} 46"' 

2.}y' 

0 M) 
0 64 

Means followed by same letters are not significantly diffeieni (P=0 05) by DMRT. 
* - Significant at 5% level 
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The overall efficacy of treatrnenis on the H a/migera population during rabi, 1994-95 

(Tab. 15; Fig 6) indicated lowest population in neem cake (2.30) followed by FYM (2 61) and 

vermicompost (2.70) all being on par The treatments that followed were NPK + neem cake 

(2 91), NPK with seed treatment (3.41) and FYfi/l + vermicompost (3 45), being on par. The 

treatments NPK with NPV (3 99) control (4 18) and NPK with sunflower (4 37) were found 

inferior but non significant in their efficacy in reducing the H. armigera population when 

compared to the other treatments 

Rabi, 1995-96 

As observed during the previous rabi crop, the treattnents did not showed any significant 

variation on the incidence of H. armigera population during stage I (Tab. 14: Fig 6) Though the 

pest populatior) was noticed in II and III stages, it was low 

During stage II (Tab. 14; Fig 6), NPK with seed treatment recorded the lowest H. 

armigera population (2.08) followed by neem cake (2 5), FYM (2.91), NPK + neen) cake (3.16) 

and vermicompost (3.25), and were on par. However the last two treatments were also on par 

with all the succeeding treatments viz. FYM + vermicorTipost (3.41), NPK with NPV (3 91), NPK 

with sunflower (4 08), control (4.25). 

During III stage evaluation (Tab. 14: Fig, 6) NPK with seed treatment (4.23) recorded the 

lowest population and was followed by FYM (4 5), vermicompost (4.56), neem cake (4.6), NPK + 

neem cake (5.25). NPK with sur)flower (5.47) and FYM + vermicompost (5.55) all being on par. 

Slightly higher population of H. armigera was recorded in NPK with NPV (6.35) and control 

(6.90) both being on par with preceding two treatments 



H2 

During rabi 95-96, the overall influence of treatments (Tab 15) on H. armigera indicated 

that NPK with seed treatment recorded lower population (2.35) followed by neem cake (2.42), 

FYM (2 72). vermicompost (2.77), NPK + neem cake(3.08), FYM + vermicompost (3 18), NPK 

witti sunflower and NPK witti NPV (3 75) The control plot that received straight fertilizer 

recorded the highest population of H armigera (4 27 per 10 plants) among all the treatments 

(Tab. 15; Fig 6). 

4.1.2. Natural Enemies 

The results pertaining to natural enemy population collected at weekly intervals are 

presented in Appendices 6 to 8 and the data pertaining to evaluation at the stages are presented 

in Tables 16 to 21 & Figures 7 to 9 

4.1.2.1. Coccineilid beetles V. vincta, C. transversalis, M. sexmaculatus 

Kharif, 1995 

The occurrence of coccineilid beetles during Kharif was low and their numbers hardly 

reached 2.5 per plant and from 12th WAS no coccineilid predator population was observed 

(Appendix 6) 

It was found from the Tab. 16 & Fig. 7 that the treatments failed to influence the predator 

population in kharif crop There was no significant difference among the treatments in affecting 

the coccineilid beetles at the three different stages of evaluation, as well 

All the treatments recorded negligible number of coccineilid beetles during stage I with 

an average population of 0 33 to 0.66 beetles per 10 plants Insignificant levels of population 

were observed in stage II, with a mean population ranging between 2.11 to 3.77 per 10 plants in 

all the treatments During the stage 111 also, there was no significant variation in the population of 
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coGcineiiid Deetles among the treatrT)ents However, (he lowest population was observed In NPK 

+ neem cake (11.75) and the highest in vertniconipost (15.08) (Tab. 16; Fig 7) 

The overall influence of treatments (Tab 17: Fig 7) on coccinellid beetle population was 

also non significant. All the treatments recoided less than 7 beetles per 10 plants and the mean 

population ranged between 5 2 and 6.18 beetles per 10 plants 

Rabi, 1994-95 

Higher number of coccinellid predators were observed during rabi 94-95 during 10th 

WAS and declined during the latter stages of the crop growth (Appendix 6) 

Significant treatmentai influence was observed on the coccinellid population during the 

three stages of evaluation (Tab. 16; Fig 7) (During stage I, the lowest number of beetles were 

observed in NPK with seed treatment (5 66 per 10 plants) The treatments that followed with 

higher number of coccinellid predators were neem cat̂ e (9 0), FYM (9,66), vermicompost (9 66), 

NPK with NPV (9.66), FYM •» vermicompost (10 33) control (11 0) and NPK + neem cake 

(11.66) all t>eing on par with each other The highest member of beetles were recorded in NPK 

with sunflower (13.33 per 10 plants), showing its superiority over all other treatments in 

harbouring coccinellid population 

Durirrg stage II also the lowest population of beetles was observed in NPK with seed 

treatment (14.41 per 10 plants) The remaining treatments recorded higher population and all 

were on par with each other, with an average population ranging between 28.33 and 33 5 The 

ascending order of the predator population was FYM (28.33) < neem cake (28.41), NPK + neem 

cake (28.66) < vermicompost (31 66). < NPK with NPV (33 5) (Tab 16; Fig. 7) 

) 



Tab. 17: Overall influence of treatments on coccinellid beetle population (adults / 1 0 plants) 
on groundnut. 

Treatment 

T1 NPK (Control) @ 40-60-40 
Kg ha ' 

T;> FYM @ 8t ha ' 

T i Vermicompost @ 3 75t ha ' 

T^ FYM @ 4t ha ' + Vermicompost 
@ 1.875tha' 

I s Neem cake @ 770 Kg ha ^ 

Te NPK @20-30-20 Ka ha ' + neem 
cake @ 385 Kg ha 

T/ NPK @40-60-40 Kg ha ' with 
NPV @ 250 LE ha ' 

TR NPK @ 40-60-40 Kg ha ' with 
Sunflower 

Tq NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0 05) 
SEm 
CD 

K/ ra / i f 1995 

i> f i 1 

S <M9 

<i IS \ 

^ 727 

=i 6^6 

^ 211 

^ 90S 

S48 

5 =i|8 

ffabi 1994-95 

NS 

44 66'' 

49 49'' 

47 <)4'' 

48 11' 

44 ()6'' 

48 VV' 

48 Ô"' 

7̂ 1<)" 

Rabi 1995-96 

S 1 4() 

.1 

2 4 U 
T 161 

44 

48 

49 

94' 

•\x"-

S2' 

48 6 1'' 

49 5r' 

4994 

V4.9r' 

19 49 ' 

I 8^7 
:i.939 

Means followed by same letters are not significantly different (P=0 05) by DMRT 
NS - Non-significant 
* - Significant at 5% level 
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niyi iei popuiaiioii uf coGcinellPt) beetles vvas observed during Stage 111 (Tab 16; Fig 7) 

when compared to the other two stages of evaluation Among the treatments the lowest number 

of beetles was seen in NPK with seeiJ treatment (65 25 per 10 plants) and it was followed by 

FYM (71.58), FYM + vermicompost (73.08) and NPK + neem cake (73.41) all being on par. 

Higher population of beetles was seen in NPK with NPV (74.91), vermicompost (76 75), NPK 

with sunflower (78.0) and neem cake (78.25) all being on par with each other. The highest 

number of beetles, however was noticed in control (90 16) among all the treattnents 

The overall influence of treatments (Tab 17; Fig 7) on predator population indicated 

that the lowest population of beetles was observed in NPK with seed treatment (37 19) Higher 

number of beetles, however were recorded in all the remaining treatments VIZ. NPK + neem 

cake (44.66), FYM (44.66), FYM + vermicompost (47 94),neem cake (48.11), NPK with 

sunflower (48.30), NPK with NPV (48.33). vermicompost (49 49), all being on par Control 

(55.91) recorded the highest beetle population among the treatments. 

Rabi, 1995-96 

The coccinellid beetle population in labi 95-96 was higher reaching more than 100 

beetles per 10 plants in some treatments during the later stages of the crop growth when 

compared to previous rabi season (Appendix 6) 

During the first stage evaluation the treatmental variation pertaining to the beetle 

population was non significant. However, the lowest population was observed in NPK with seed 

treatment (11.3 beetles per 10 plants) and the highest in NPK with NPV (18.0) (Tab 16; Fig 7). 

NPK with seed treatment in stage II (Tab 16) as well, recorded the lowest coccinellid 

beetle population (14.66) and the highest being observed in NPK with sunflower (28.91) The 
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remaining treatments recoided a mean population ranging between 14 66 and 28 91 per 

10 plants. 

During III stage evaluation (Tab 16; Fig 7) NPK with seed tieatment once again 

recorded the lowest population (69 3) among the treatments The treatments with higher number 

of beetles were vermicompost (82 15), FYM (83 85) NPK with NPV (84 5), NPK + neem cake 

(86), FYM + vermicompost (86.82), neem cake (91.6), and control (90.57) and all were on par 

The highest population of beetles were recorded in NPK with sunflower (96 98) but it was on par 

with the preceding two treatments. 

The overall influence of treatments (Tab 17. Fig. 7) on coccinellid population indicated 

the lowest beetle population in NPK with seed treatment (39.49), while moderate number of 

beetles were observed in FYM (44.94), vermicompost (48 38) and neem cake (48.61) being on 

par The treatments that followed were FYM + vermicompost, NPK + neem cake (49.52 each), 

NPK with NPV (49.94) and contiol (51 46) all being on par with preceding two treatments NPK 

with sunflower recorded the highest population of beetles (54.97) among the treatments 

4.1.2.2. Spiders 

The spider population recorded during the three seasons indicated low population levels 

during kharif. 1995 (Appendix 7). The kharif ciop recorded less than 25 spiders per 10 plants 

while it was around 50 pei 10 plants during the two rabi seasons 

Kharif, 1995 

Although spider population was low in kharif (Tab. 18. Fig. 8), the treatments showed 

differences in spider population. The lowest spider population was observed in neem cake (1.0 

per 10 plants) and it was closely followed by NPK with seed treatment (13) The treatments that 
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remaining treatments recorded a mean population ranging between 14.66 and 28 91 per 

10 plants. 

During III stage evaluation (Tab. 16 Fig 7) NPK with seed treatment once again 

recorded the lowest population (69 3) among the treatments. The treatments with higher number 

of beetles were vermicompost (82 15), FYM (83 85). NPK with NPV (84.5). NPK + neem cake 

(86), FYM + vermicompost (86.82), neem cake (91.6). and control (90 57) and ail were on par 

The highest population of beetles were recorded in NPK with sunflower (96.98) but it was on par 

with the preceding two treatments 

The overall influence of treatments (Tab 17: Fig 7) on coccinellid population indicated 

the lowest beetle population irr NPK with seed treatment (39 49), while moderate number of 

t)eetles were observed in FYM (44 94), vermicompost (48 38) and neem cake (48.61) being on 

par The treatments that followed were FYM •+ vermicorrrpost NPK + neem cake (49.52 each), 

NPK with NPV (49.94) and control (51 46) all being on par with preceding two treatments NPK 

with sunflower recorded the highest population of beetles (54 97) among the treatments 

4.1.2.2. Spiders 

The spider population recorded during the three seasons indicated low population levels 

during kharif, 1995 (Appendix 7) Ttie kharif crop recorded less than 25 spiders per 10 plants 

while it was around 50 per 10 plants during the two mbi seasons 

Kharif, 1995 

Although spider population was low in kharif (Tab 18 Fig. 8), the treatments showed 

differences in spider population The lowest spider population was observed in neem cake ( 10 

()er 10 plants) and it was closely followed by NPK with seed treatment (1.3) The treatments that 
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followed were FYM + vciniiuonipost, NPK + 066111 (ake, vermicompost, control, FYM and NPK 

with sunflower whicti recorded an average spider population ranging between 2.3 to 3 3 per 10 

plants The highest number of spiders was observed in NPK with NPV (4.0), among the 

treatments 

During stage II (Tab. 18; Fig. 8) the lowest population of spiders was recorded in NPK 

with seed treatment (2.66) but it was ort par with neem cake (3.10). The treatments NPK + neem 

cake (4.10), vermicompost (6.44) FYT;/I + vermicompost (6 77), control (7 11). NPK with 

sunflower (7.33) and FYM (7.44) recorded a moderate populatiorr The highest population of 

spiders was recorded in NPK with NP\/ (8 44) but it was on par with the preceding two 

treatments 

Third stage evaluation of spider population (Tab 18; Fig. 8) revealed no significant 

difference between the treatments However, the lowest population was recorded in NPK with 

seed treatments (16.16) and the highest in NPK with sirnflower (18 08) 

The data pertaining to the overall spider population observed durirrg kharif^ 1995 (Tab. 

19; Fig. 8) indicated that NPK with seed treatment recorded ttie lowest population (7 27) 

followed by neem cake (7.39) and NPK + neem cake (7 87) being on par. The treatments that 

followed were FYM (8.42), FYM + vermiconrpost (8 66), vermicompost (8.87), corrtrol (8 3). NPK 

with NPV (9.36) and NPK with sunflower (9 45) 

Rabi, 1994-95 

Very low levels of spiders were observed during stage I (Tab. 18, Fig 8) The 

treatments that recorded low population density of spiders were NPK with seed treatment and 

neem cake (1.0 each). NPK + neem cake (1.3), FYM (2.0). vermicompost (3.0) and control (3 3) 
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Tab. 19: Overall influence of treatments on spider population (adults /10 plants) on 
groundnut. 

Treatment 

11 NPK (Control) @ 40-60-40 
Kg fia ' 

Ty FYM@8tha ' 

T3 Vermicompost @ 3.75t ha ' 

T4 FYM @ 4t ha ' + Vermicompost 
@ 1.875f ha ' 

T., Neem cake@ 770Kg ha ' 

Tfi NPK @20 30-20 Kg ha ' + neem 
cake @ 385 Kg ha 

T7 NPK @4G-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

TR NPK @ 40-60-40 Kg ha ' with 
Sunflower 

T9 NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0.05) 
SEm 
CD ___.___.! 

Kftarif 1995 

8.4.?'"' 

S87"' 

H 67' ' 

7 40 ' ' 

7 sr'" 

<, H , ' 

9 4 V' 

7 ?"'" 

(I >^ 

Raft/1994-95 

2') 10' 

27.8(r 

27,46"' 

27 6(1"' 

22 74'' 

2.1 2V' 

25.77' 

26 24 

19 96' 

I 14 

2 2 4 

Rabi 1995-96 

19 44 

I«24 

18 30 

18 66 

17 10 

16 44 

19 ;?0 

I 9 .•> S 

16 02 

Means followed by same letters are not significantly different {P=0.05) by DMRT 
NS - Non-significant 
' - Significant at 5% level 

; J 
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all Deiiig Ofi wltn each other The treatments FYI\/1 + vermicompost (3 3), NPK with NPV (4 6) and 

NPK with suntlower (4.6) recorded higher levels o* spidei population among the treatments 

During stage II (Tab 18; Fig. 8) NPK with seed treatment recorded the lowest spider 

population (4.91) followed by neem cake (5 83) being on par The succeeding treatment NPK + 

neem cake (6.50), came closely behind and was also on par with neem cake Higher population 

of spiders was observed in NPK with NPV (17 33) NPK with sunflower (17.83), vermicompost 

(17.83) FYIVI + vermicopost (18.16), f\M (19.08) and control (19.5),all being on par with each 

other and significantly different from the earlier three treatments 

During III stage (Tab. 18; Fig 8), alfhougti the treatments recorded higher spidei 

population, there was no significant difference. The spider population was lowest in NPK with 

sunflower (36.75 per 10 plants) and the highest in control (52 5). The other treatments with 

increasing population were NPK with NPV (37.91), neem cake (39.25), F\M + vermicompost 

(40.0), NPK with seed treatment (40.5). vermicompost (41,25), FYiy/l(41 66) and control (42.5) 

The overall spider population presented in Tab 19 & Fig 8 during labi 94-95 revealed 

tliat NPK with seed treatment recorded significantly lowest spider population (1996) The 

treatments that followed were neem cake (22.74) and NPK + neerTi cake (23.25) Significantly 

higher population of spiders were, however, observed in NPK with NPV (25.77), NPK with 

sunflower (26.24), vermicompost (27.46), FYM + vermicompost (27.6) and FYM (27.80) and all 

being on par . The highest population of spiders was noticed in control (29.1) but it was on par 

with the preceding three treatments 



Rabi, 1995-96 

During stage I the population of spiders was much less and the treatmental variation was 

also insignificant (Tab. 18. Fig 8) However, the lowest population was recorded in NPK with 

seed treatment (1.30) and the highest in NPK with sunflower (4.30) 

Lowest populatioti of spiders was obsefved during stage II (Tab 18: Fig 8) in NPK with 

seed treatment (7.16) and it was followed by neern cake (7.5), NPK + neem cake (9 16) all being 

on par with each other. A moderate level of population of spiders was recorded in vermicompost 

(10 25), FYM (10.58) and FYM + vetmicompost (11.33). Higher population was noticed in NPK 

with sunflowei (12.5), NPK with NPV (12 75) and control (12.83). all being on par 

During III stage (Tab. 18: Fig 8) also the predator population between the treatments 

was non significant. However, higher number of spiders was observed in all the treatments. 

Among the treatments the lowest nutnl)er of spiders was recorded in NPK + neem cake (30 41) 

and the highest in NPK with sunflower (36 16) The treatments within this range were NPK with 

seed treatment (31.75), neem cake (33 25), FYM (33 75), NPK with NPV (34.50), vermicompost 

(34.75), control (35.25), NPK with sunflower (36 16) and FYM + vermicompost (36.58) 

The overall influence of treatments on spider population during the rabi 95-96 (Tab 19: 

Fig. 8) revealed no significant difference among the treatments. However, the lowest number of 

spiders were recorded in NPK with seed treatment (16 02) and the highest in NPK with sunflower 

(19.55). The treatments in between in ascending order of spider population were NPK + neem 

cake (16.44), mean cake (17.1), FYM (18 24), vermicompost (18.30), FYM + vermicompost 

(18.66), NPK with NPV (19,3), control (19.44) 
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4.1.2.3. Chrysopids 

The data pertaining to chtysopids indicated that the population was very low in all the 

treatments during ttie three seasons under study (Appendix 8) and the population counts were 

also not significantly different among the treatments (Tab. 20 & 21; Fig. 9). 

Kharif, 1995 

During stage I, the treatments viz , veimicompost, NPK with NPV and NPK with seed 

treatment recorded zero population of chiysopids and almost negligible numbers were recorded 

in the remaining treatments During stage II evaluation, the lowest population was recorded in 

vermicompost (2.55 per 10 plants) and the highest in NPK with sunflower (3.88), During III stage 

as well, ttie lowest population was recorded in FYM • vermicompost (5.5) and the highest in NPK 

with NPV(6.55) (Tab. 20; Fig. 9) 

The overall influence of treatments on chiysopids indicated the presence of very low 

population density in all the treatments wtiich ranged between 2 75 and 3,42 per 10 plants 

(Tab. 21; Fig. 9) 

Rabi, 1994-95 

Comparatively higher population of chrysopids were observed in rabi than in kharif crop. 

But the treatments showed no significant variation during all the stages of evaluation (Tab 20; 

Fig. 9). During stage I the lowest population was recorded in NPK with seed treatment (10) and 

the highest in FYI\/I (3.0) During the stage II as well, NPK with seed treatment recorded lowest 

chrysopid population (5.16) and the highest in vermicompost (6.75) 

The chrysopid population evaluated during stage III (Tab. 20; Fig 9) among the 

treattnents was also non significant but the population was higher when compared to stage II 
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Tab. 21 : Overall influence of treatments on chrysopid population (adults / 1 0 plants) on 
groundnut. 

iil 

Treatment 

T1 NPK (Control) @ 40-60-40 
Kg ha^ 

T. FYM @ 8t ha ' 

T i Vermicompost @ 3.75t ha ^ 

T, FYM @ 4t ha ^ + Vermicompost 
@ 1 8 7 5 t h a ' 

Tr, Neem cake @ 770 Kg ha ^ 

T,; NPK @20-30-20 Kg ha + neem 
cake @ 385 Kg ha 

Jr NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

Tg NPK @ 40-60-40 Kg ha ' with 
Sunflower 

T9 NPK @ 40-60-40 Kg ha ' and 
c.arbofuran 3G ST @ 250g Kg ' seed 

Kharif 1995 

F Test (P=0 05) 
SEm 
CD 

1 06 

^ I ' 

2 K ' 

' IS 

? 7> 

? 0.> 

^ 4, ' 

7 ' M 

NS 
0.00 
o.oo 

Rato/1994-95 

11 81 

II 94 

II 80 

11 (.1 

II :̂S 

II 80 

I I 5 5 

I I f.(. 

10 44 

f?abi 1995-96 

NS 
0.00 
0 00 

7 61 

7 80 

721 

7 10 

7 s^ 

7.^8 

7(»8 

7 |<) 

7 69 

NS 
0 00 
0.00 

NS Non-significant 
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However, the lowest population was recorded in NPK with NPV (18.08) and the highest, 20.16 

per 10 plants, in FYM + vermicornpost The population of chrysopids in the remaining 

treatments in ascending order was NPK + neeni cake (18.16), neem cake (18.75). NPK with 

seed treatment (18.83), control (1891), verfnicotnpost (19.23), FYM (19.58) and NPK with 

sunflower (19 66). 

The overall influence of treatments (Tab 21 . Fig 9) on chrysopid population indicated 

that all the treatments recorded a population ranging between 10 to 12 per 10 plants and all were 

on par with each other 

Rabi, 1995-96 

During the second rabi crop as well the population of chrysopids recorded in different 

treatments was insignificant during all the stages of evaluation The population observed during 

stage I and stage II, ranged between 5 25 to 6.08 chrysopids per 10 plants in all the treatments. 

Among the treatments in stage III lowest population was noticed in NPK with seed sunflower 

(11.08) and the higtiest in NPK with seed treatment (13.41) (Tab. 20; Fig. 9). 

The overall chrysopid population during rabi 1995-96 indicated that all the treatments 

were on par pertaining to the chrysopid population with a mean population ranging between 7.08 

arrd 7.80 per 10 plants (Tab. 21 ; Fig 9) 

4.2. INFLUENCE OF TREATIWENTS ON BIOCHEMICAL CONSTITUENTS OF GROUNDNUT LEAVES 

The influence of treatments on the bioctiemical constituents of leaves viz nitrogen (N), 

crude protein (CP), total tree amino acids (TFAA), carbohydrates, phenols and tannins esti­

mated at the three different stages of crop growth viz flowering period (21 DAS, I stage), peg 

penetration (49 DAS, II stage) and pod formation (7? DAS. Ill stage) are presented season wise 

in Tables 22 to 33 and Figures 10 to 15 
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4.2.1. Nitrogen (N) 

Kharif, 1995 

The treafmenls showed significant difference in the nitrogen content of leaves (Juring I 

and II stages The data (Tab. 22. Fig 10) revealed that the nitrogen content decreased from 

stage I to III in all the treatments indicating higher content of nitrogen in leaves during flowering 

stage. Among the treatinents, during stage I, neem cake recorded significantly lower quantity 

of nitrogen (3 07%) followed by FYM (3.20%) being on par with each other F-YM was also on 

par with its succeeding treatment, verrnicompost (3 26%) Among the remaining treatments, 

FYM + vermicompost (3.53%). NPK ^ neem cake (3 69%) and control (3 70%) recorded higher 

content of nitrogen in leaves and were on par The other straight ferlilized treatments NPK with 

NPV (4.03%), NPK with seed treatment (4 26%) and NPK with sunflower (4.49%) recorded still 

trigher levels of nitrogen than the organically manured treatments 

During stage II (Tab 22; Fig 10) the lowest nitrogen content of leaves was once 

again recorded in neem cake (2.24%) The treatments that followed were FYM (2.67%), 

vermicompost (2.74%), NPK + neem cake (2 74). FYM + vermicompost (2 86%), NPK with 

NPV (2.90%), NPK with seed treatment (2.90%). NPK with sunflower (2.91%) and control 

(3.02%) 

During stage III. there was no signifif;ant difference in nitrogen content of leaves in 

different treatments and its range varied between 1 86% (FYM + vermicompost) and 2 3% 

(NPK with NPV) (Tab 22: f'ig 10) 

The overall influence of treatments (Tab 23, Fig 10) showed that the lowest nitrogen 

content of leaves was recorded in neem cake (2 61%) followed by FYM (2.65%), vermicompost 

(2.73%) and FYM + vermicompost (2 75%) being on par with each other. The next treatments 
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Tab. 23: Overall influence of treatments on nitrogen content (%) of groundnut leaves. 

Treatment 

Ti NPK (Control) @ 40-60-40 Kg ha 

T, FYM @ 81 ha ' 

T, Veimicompost @ 3.751 ha 

r.i FYM @ 41 ha ' + VertnicorTiposl 
@ 1.8751 ha ' 

T; Neem cake @ 770 Kg ha ' 

Tr, NPK @20-30-20 Kg ha ' + neern 
cake @ 385 Kg ha 

T NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

T., NPK @ 40-60-40 Kg ha ' with 
Sunflower 

I t , NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0.05) 
SErn 
CD 

K/Jarif1995 

2 <) S S' ' 

? 6=i')' 

1 7 r/'' 

,' 7.so'' 

' ( . I 7 ' 

^ OK'' 

' I H ' 

i IO(V'' 

(lOX! 

0 1718 

Raw 1994-95 

4 lor ' 

1 I6H' 

^ .S()(,''' 

^ (HI" 

f 4=i67"'' 

Raw 1995-96 

4( )5V 

I K I d 

•̂  75.?' 

(12.54 

0 .5.^85 

4 464 

1 088 ' ' " ' 

' 47=^' 

1 (.87' ' 

! ( 1 i • ' • ' ' 

! 70?' ' ' 

4 ?8()'" 

4 1 8 ? ' ' 

4 , ' ! ( . • ' ' 

0 257',' 

0 54<)9 

Means followed by same letters are not significantly different (P=0 05) by DMRT 
Significant at 5% level 
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in the ascending order of N content of leaves were NPK + neern cake (2.85%) and control 

(2.95%) Among the treatments the N (X)ntent of leaves was higher in NPK. with NPV (3.08%), 

NPK with seed tieatment (3.10%) afid NPK with sunflower (3 18%). all toeing on par with one 

another. 

Rabi, 1994-95 

The organically manured treaftnents duiing stage I (Tab. 22; Fig 10) recorded lower N 

content of leaves than the treatments which received straight fertilizers The lowest N content of 

leaves was seen in neem cake (3 63%) ai\d it was followed by NPK + neem cake (3.91%), FYM 

(3.94%), all t)eing on par. The treatments vermicompost (4 19%), FYM + vermicomposf (4 48%) 

recorded the next higher levels of N and we?e also on par Among the treatments, the straigtit 

fertilized treatments viz. NPK with sunflower (4 76%), NPK with seed treatment (4 96%), NPK 

with NPV (4.98%) and control (5.26%) recorded higher levels of N content in the leaves, all 

tjeing on par 

Significantly lower amounts of N content in the leaves was noticed during stage II (Tab. 

22; Fig. 10) in neem cake (3 13%) and FYM (3.37%) and were also on par NPK + neem cake 

(3.66%), vermicompost (3.72%), FYM + vermicompost (3.87%) followed the earlier treatments 

and were on par with each other NPK with seed treatment recorded 3 95% N conterrt in leaves 

Once again the straight fertilized treatments, NPK with sunflower (4.26%), NPK with NPV 

(4.43%) and control (4.48%) recorded significantly higher N content of leaves, all being on par 

with each other 

During the third stage there was no clear distinction between straight fertilized and 

organically manured treatments with regard to N content of leaves (Tab. 22; Fig. 10). Among the 

treatments, lowest leaf N was recorded in FYM + vermicompost (2 16%) followed by FYM 
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(Z.23%), neem cake (2 33%) and NPK with seed tieatnietit (2.36%). The tieatftients that 

followed were NPK with sunflower (2 40%), control (2 56%), vermiconiposi (2.66%) and NPK 

with NPV (2.73%) which recorded slightly higher levels of N content of leaves. The highest N 

was recorded in NPK + neem cake (2.80%) 

The overall influence of treatments (Tab 23: Fig 10) on N content of the leaves showed 

lower levels in neem cake (3 03%) and FYM (3 16%) followed by NPK + neem cake (3 45%), 

FYM + vermicompost (3.50%) and verrnicompost (3,52%) all being on par. Higher N content of 

leaves was recorded in NPK with seed treatment (3 75%), NPK with sunflower (3.81%), NPK 

with NPV (4.05%) and control (4.10%), all being on par 

Rabi, 1995-96 

The N confer)! of leaves decreased from stage I to stage III (Tab. 22; Fig. 10) as observed 

in the earlier two seasons Lower amount of leaf N was recorded in vermicompost (3.6%), NPK + 

neem cake (3.70%) and neem cake (3 78%) all being on par during stage I Moderate levels of 

leaf N was seen in FYM + vemiicompost (4.2%) and FYM (4 26%) Significantly higher levels of 

N content in leaves was seen in straight fertilizer treatments viz NPK with sunflower (4 74%), 

NPK with NPV (5 01%) , and NPK with seed treatment (5 05%). The highest leaf N was 

observed in control (5.52%), among the treatments 

During II stage as well (Tab 22; Fig 10) all the organically manured treatments recorded 

lower levels of leaf N with an average ranging between 3.69% and 4.10% than the straight 

fertilized treatments with an average ranging between 4.15% and 4 44%. FYM + vermicompost 

(3.69%), vermicompost (3.81%) , FYM (3.88%) and neem cake (3.92%) recorded lower levels of 

N content and all were on par with each other Moderate level of N was noticed in NPK + neem 
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cake (4.10%) while cornparatively higher amount of N content was recorded in NPK with 

sunflower (4 15%), NPK with seed treatment (4 16%). control (4.29%) and NPK with NPV 

(4.44%), among the treatments 

During III stage, tl)e lowest leaf N was noticed in vermicompost (3.01%) and was closely 

followed by FYM + vermicompost (3.17) the two beifig on par The treatments that followed 

were neem cake (3.21%). FYM (3.28%), NPK •• neem cake (3.30%), NPK with NPV (3.41%) and 

NPK with seed treatment (3.44%). Among the treatments control (3 58%) and NPK with 

sunflower (3.66%) were on par and recorded comparatively much higher N content in the leaves 

(Tab. 22; Fig 10). 

The overall influence of treatments on N conterit of leaves (Tab. 23; Fig 10) revealed 

that the treatments which received organic inanuies recorded lower amounts of N content in the 

leaves than those that received straight fertilizers The lowest leaf N was seen in veirnicompost 

(3.47%) and was closely followed by neem cake (3.63%), FYM + vermicompost (3.68%). 

NPK + neem cake (3.70%) and FYM (3.80%) all being on par Higher amounts of N content in 

leaves among the treatments was recorded in NPK with sunflower (4.18%), NPK with seed 

treatment (4 21%). NPK with NPV (4.28%) and control (4.46%) 

4.2.2. Crude Protein (CP) 

Kharif, 1995 

The treatments showed significant difference in the crude protein (CP) levels in leaves 

during I and II stages and no such significant variation was observed during III stage The data 

(Tab. 24; Fig. 11) revealed that the CP content decreased from stage I to III in all the treatments 

indicating that higher content of CP present in leaves during flowering stage Among the 

treatments during stage I, neem cake lecorded significantly lower quantity of CP content 



lu 

> 
ra 
at 
+-» 
3 
C 
TJ 
C 
3 
O 
w 

c 
c o 
( J 

c 

o 
0) 
•a 
3 

C 
O 

c 
0 ) 

E 
•-• 
n 
a> is 

c 
3 
C 
c 

si 
re 
H 

f 

I 

CO 

ad 2? 
en f i 
CO 

<D 
O I 
TO 

to 

Cn 
iS 
to 

CO 

to 

a> 

to 

(LI 

cm 
TO 

to 

42 
c 
w 

re 
(U 

CD 
X I 

o 
I 

o 
I 

o 

c 
o 
O 

I 
-1-

22 ^. 

—• r 1 

30 r I 
— ' *f t 

ON 

- 1 -

on 

r I O 

3C 

r 

r 1 
r i 

I -

m 
x: 
CO 

@) 
5 
> 

TO 

x : 
i/5 

@) 

o 
ex 
E o o 

E 
> 

o 
Q . 

E o o 
E 
1^ 
a> > 
+ 

5'^ 
^ i S 

@)fe 
:§ -

i@ 

TO 

a i 

a 

@) 
!D 

TO 
O 

E 

E 

+ 
03 

XT 

O ) . 

^ TO 

o - c 

6 ^ 
M un 
o '^ 

@)@ 
Y : 03 

Q. 
Z 
x: 

r I 

CT! 
C 

m 
^ 
o 
-̂  
o 
CD 

o 
' t 

<8) 
5<: 
tL 
7 

CO 

x:' 
UJ 
._l 
o 
in 
( M 

m 
h- \~ (-

I 
cr 
D) 
it: 
o 

I o 
CD 

CD 1 -
•5»- 0 ) 

@ ) | 

Q- =1 
2 CO 

r 
O r 1 

\ 0 ~ 

DC 
oc 

»J^I 

oo tr\ 

r-i 
- t 
f 1 

0 0 

' r i 

V 

C7̂  
r\ 
f^, 
r l 

TD 
C 
TO 

CD 
XT 

o 
• * 

cf) 
CO 

o 
T f 

(§) 

Q. 
z: 

xs 
0) 
<u W) 

a> 
^ 
O) 
o 
i n 
(M 

@ 
h-
to 
o CO 

c 
CO 
L. 
3 

-e 

iri 
00 

* c 

" 

5o 
— 

h-

" 5 ^ 
0 ) C 

t - UJ Q 
LL to O 

Ct 
5 — 
Q % 

i n m 
o ^ 
o ^ 
M * ; 

0) -2 ' 
i t CO 
T3 , 

_>< 
C » 
m 
o 
c 
C31 

o c 
a> 
ro 
lo 

CU 

E 
(/) 

• D 
0) 

•i 
o 
o 
1/5 
CJ 
Ct! 
(l> 

^ 

to 
O 

u— 

r-
O ) 
I/) 

c 
o 
7" 

' CO 
z 



11) li 

Hii i l i i i t i fal i i l f t inrS^WiltSifsrt i i l ,, 

tknitij^jiitntaian'intsf ki:: 

nititttiftimitttnskmni 

,(, Q, ' ( I I I " • I I I - t 

jeai ut iiiaio-id spru3 ;/ 

^aimrtitgi^rtiBgntm « 

-MUnUIUiUfXfBI 

fjittiviiuntatiiasi 

^.jBm'tfuiiiiuui'iirx 

ruilUUIVUIIUlUAfl 

- ~ T - — ' T """"?• -

j ea i 111 ui-cuoad spiUD % 

SH 

Dl 

Himiisinn'nuitniiii 

t»»«ym»TOrnrratii mra 

}P^ i ui- uiaioJif i a p n j : 

tmtMMJiaamwrtmiB 

iiiiiBrnTf 11BI iMi Mmmm 
! txnzrn.—-rz—ixr=:—' 

ttmniahiiHtiinnrBBBBBntg 

rtinnjninEaRksfinJnnfi 

rmmiiunitautiknttE 

i;|ri nnmtuminiirnnn 
cnrntrnnmunnnnH 

j P B l u i i i ia : ;Qad apnao 

*" 
«3 

> 
O 

f-

00 
V-

t 

t- en 
<XJ 

t^ 
H 

-̂

f 0) 
'/ 

i 
n: 

ill 
K 
lA 

a 

V 

> 
Q) 

r-4 

:3 

c 
-a c 
o 
W) 

o 

a» 
-U 
c 
o 
o 
c 

• H 
0) 
u 
o 
u 
a, 
d) 

X3 
;3 
V-j 

o 
(U 
xi 
u 
c 
o 
w 

* 
u 
<} 
tr 

111 
S 

i 
b 
a 

1 1 
V 
'J 

11 

-U 

c 
CD 
E 
-U 
ra 

u 

l-M 

o 
cu 
u 
c 

r-l 
<4-4 

c 
1—4 

<-H 
r•^ 

0) 
\-4 

7i 
0 0 

• H 

u. 



mi) 

(16.77%) followed by FYM (17.50%) which were on par with each other. FYM was also on par 

with its succeeding treatment vemiiconipost (17 83%) Among the remaining treatments, FYM + 

vermicompost (19 29%), NPK + neem cake (20 14%), control (20.23%) recorded higher levels of 

CP and on par. The other straight fertilized treatments viz NPK with NPV (22.02%), NPK with 

seed treatment (23.29%) and NPK with sunflower (24 53%) recortfed higher CP content among 

the treatments 

During stage II (Tab 24; Fig 11), the lowest CP content of leaves was once again 

recorded in neem cake received plot (12.23%) The freatmerrts that followed were FYM 

(14,57%), vermicompost (14.99%), NPK + neem cake (14 99%), FYM + vermicompost (15.61%), 

NPK with seed treatment (15.83%), NPK with sunflower (15.90%) and control (16 52%) 

During stage III. there was no significant difference in CP content in leaves in different 

treatments arid its range varied between 10 16% (FYM + vermicompost) and 12.56% (NPK with 

NPV) and do riot follow a trend (Tab 24 Fig 11) 

The overall influence of treatments (Tab.25; Fig 11) showed that the lowest CP content 

of leaves was recorded in neem cake (14.28%) followed by FYM (14.51%), vermicompost 

(14.94%) and FYM + vermicompost (15.01%) being on par with each other. The treatments in 

the ascending order of CP content of leaves were NPK + neem cake (15.58%), control (16 13%) 

Among the treatments the CP content of leaves was higher in NPK with NPV (16 8%), NPK with 

seed treatment (16.95%) and NPK with sunflower (17 37%) all being on par with each other 

Rabi, 1994-95 

The organically manured treatments, during stage I (Tab. 24: Fig. 11) recorded lower CP 

content in leaves than the treatments which received straight fertilizers. The lowest CP content 
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Tab. 25: Overall influence of treatments on crude protein content (%) of groundnut 
leaves. 

Treatment 

Ti NPK (Control) @ 40-60-40 Kg ha 

T. F-YM @ 8t ha ' 

T i Vermicoinpost @ 3 75t ha ' 

TA F Y M @ 4t ha ' + Vermicoinpost 
@ 1.875t h a ' 

r., Neem cake @ 770 Kg ha ' 

T,i NPK @20-30-20 Kg ha ' + neem 
cake@ 385 Kg ha 

F; NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

If, NPK @ 40-60-40 Kg ha ' with 
Sunflower 

Tq NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ^ seed 

? Tesr(P"=^0T05) 
SEm 
CD 

K/)anf 1996 

h . I V ' 

14 --1 

i I >>4"' 

! > ( ' ! ' 

1-1 2K 

1^ S8'-

K>Kr'" 

17 r,'-

I) 44.' 
0,938 

RabM 994-95 

?,.? 40'' 

17 2')' 

IV 25' ' ' 

I'J 14'" 

1(. 54' 

18 87'* 

22 12" 

20 m 

20 48''"' 

1 ^86 
2 94 

Radi 1995-96 

24 <7-

'0 79"''"' 

18 97 '̂ 

70 ! V'" 

19 8S"' 

20 21' '" 

2^ 40'" 

22 8V"''' 

2 1 O l " ' " ' 

1 4081 
2 986 

Means followed by same letters are not significantly diffeieot (P=0 05) by DMRT 
* - Significant at 5% level 
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wa.-i seen in neem cake (19 84%) followed by NPK + neetn cake (21 36%), FVM (21 54%) all 

being on par The liealments vennicompost (22 89%), FYM +• verniicompost reconied the next 

higher levels of CP and were also on pai Among the treatments, straight fedil i /ed treatments 

viz NPK with sunflower (26.02%), NPK with seed treatment (27 0%), NPK with NPV (27 22%) 

and control (28.75%) recortted higher levels of CP content in the leaves and all being on par 

During II stage (Tab, 24, Fig, 11). significantly lower amounts of leaf CP was noticed in 

neem cake (17,08%) and FYM (18,41%) applied treatments and were on par The treatments, 

NPK + neem cake (19 98%), verrtiicompost (20 34%), FYM + Vermicompost (20.65%) and NPK 

with seed treatment (21 56%) followed the trend and were on par with each other Among the 

treatments, NPK with sunflower (23.29%) and contiol (24.47%) recorded significantly higher CP 

content in leaves and all were on par with each other 

During third stage, there was no clear distinction between straight fertilized and 

organically manured treatments with regard to CP corrtent of leaves (Tab 24: Fig 11) Among 

the treatments, lowest CP was recorded in FYM + vermicompost (11 79%) followed by FYM 

(12 18%), neem cake (12 72%) and NPK wrth seed treatment (12 88%) The treatments that 

followed were NPK with sunflower (13.10%), control (13 98%). vermicompost (14.52%) and NPK 

with NPV (14 9%) recorded higher levels of CP content The highest CP was observed in NPK + 

neem cake treatment (15.29%). 

The overall influence of treatments (Tab. 25: Fig 11) on CP content of leaves showed 

that lower levels were recorded in neem cake (16 54%) and FYM (17.29%) followed by NPK + 

neem cake (18.87%), FYM + vennicompost (19 14%) and vermicompost (19 25%) all being on 

par Higher levels of CP content in leaves was recorded in NPK with seed treatment (20 48%), 

NPK with sunflower (20.8%). NPK with NPV (22.12%) and control (22.4%) all being on par 
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Rabi, 1995-96 

The CP contenl of leaves was decreased from stage I to III (Tab 24. Fig 11) as 

observed in the two earlier seasons Lower amounts of CP was recorded in vermicompost 

(19.66%), NPK + neem cake (20.2%) and nee^n cake (20.64%) all being on par during stage I. 

Moderate levels of CP content of leaves was seen in FYfWI + vermicompost (22 93%) and FYM 

(23 26%). Significantly higher levels of CP content was seen in straigtit fertilized treatments viz 

NPK with sunflower (25,88%), NPK with seed treatment (27.57%). The highest CP contenl was 

recorded in control (30.14%) among the treatments 

During II stage as well (Tat) 24; Fig 11). all the organically manured treatments 

recorded lower levels of CP content of leaves (ranging between 20.14% to 22 38%) than the 

treatments which received straight fertilizers (22 65% to 24.24%). FYM + vermicompost 

(20.8%), FYM (21.18%) and neem cake (21 4%) recorded comparatively lower levels of CP arrd 

all being on par with each other. Moderate levels of CP among the treatments was seen in 

NPK + neem cake (22.38%). while comparatively higher amount of CP was recorded in NPK 

with sunflower (22.65%), NPK with seed treatrTient (22 7%). control (23 43%) and NPK with NPV 

(24.24%). 

During III stage(Tab. 24: Fig. 11t, the lowest CP was noticed in vermicompost (16 47%) 

and was closely followed by FYM + vermicompost (17.32%) the two being on par The 

treatments that followed were neem cake (17.54%), FYM (17.94%), NPK + neem cake (18.05%) 

NPK with NPV (18.63%) and NPK with seed treatment (3 44%) Among the treatments, control 

(19.54%) and NPK with sunflower (19.98%) being on par and recorded comparatively much 

higher CP content in ttie leaves 
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The overall influence of treatments on the CP conlenl of leaves (Tab 25, Fig 11) 

revealed ffiat the treatments wtiicti received organic manures recorded lower amounts of CP 

content in ttie leaves ttian tfiose ttiat received straigtit fertilizers. Ttie lowest CP content was 

recorded in vermicompost (18.97%) and was closely followed by neem cake (19 85%), FYM + 

vermicompost (20,13%), NPK + neem cake (20 21%) and FYM (20 79%) and all were on par 

Higtier amounts of CP was tiowever, recorded in NPK witti sunflower (22.83%), NPK witti seed 

treatment (20.01%), NPK witti NPV (23 40%) and control (24 37%). 

4.2.3. Total free amino acids (TFAA) 

tOiarif, 1995 

Ttie total free amino acid content present in leaves at 21 DAS of groundnut crop is 

presented in Tab. 26 and Fig. 12 Ttie data revealed that the lowest quantity of TFAA content 

was recorded in neem cake (1.47 mg g^ fresh leaf) followed by FYM (152 mg ) and 

vermicompost (1,52 mg) being on par with each other The treatments that followed were 

FYM + vermicompost (1.67 mg ), NPK + neem cake (174 mg) NPK with NPV (1 74 mg), NPK 

with seed treatment (1.91 mg) and NPK with sunflower (19 3 mg) being significantly different 

from control (2 31 mg) which recorded the highest TFAA 

The TFAA content in groundnut leaves estimated at 49 DAS (Tab 26, Fig 12) were on 

higher side when compared to 21 DAS However among the treatments, lower amounts were 

recorded in neem cake (2.41 mg g ^ fresh leaf) followed by FYM (2 44 mg) FYM + 

vermicompost (2 58 mg), vermicompost (2 47 mg) and NPK + neem cake (2,58 mg) all being on 

par. Higher amount of TFAA content was recorded in straight fertilized treatments viz, NPK with 

seed treatment (2 84 mg), NPK with NPV (2,98 mg) control (3 11 mg) and NPK with sunflower 

(3 24 mg) and were on par with each other 
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The TFAA conteiif estimaled a( 77 DAS ( fab 26 Fig 12), showed that in general, the 

amounts were lower compared to 21 and 49 DAS The lowest quantity of TFAA content was 

recorded in neetn cake (0 5 mg g ' fresh leaf) and was significantly different from other 

treatments. The treatments that followed were vermicoinpost (0.75 mg), FYM (0.75 mg), FYM + 

vermicompost (0.78 mg) and NPK + neem cake (0 83 mg) Higher amount of TFAA content 

among the treatments was recorded in NF'K with seed treatment (0.93 mg), NPK with sunflower 

(0 96 mg), NPK with NPV (1 03 mg) and control (1.07 mg), the last three t)eing on par 

The overall influence of treatments on TFAA content (Tab. 27; Fig. 12) in leaves 

revealed that the lowest quantity was recorded in neem cake (1 46 mg g ^ fresh leaf) but it was 

on par with FYM (1.57 mg), vermicompost (1 61 mg) and FYM + vermicompost (1.64 mg) all 

t)eing on par with each other. The treatments that followed were NPK + neem cake (1 71 mg), 

NPK with seed treatment (1.89 mg) but were on par with NPK with NPV (1 9 mg) The highest 

TFAA cotitent was recorded in control (2 16 mg) but it was on par with NPK with sunflower 

(2 04 mg). 

Rabi, 1994-95 

The data furnished in Tab 26 revealed higher arnount of TFAA content in leaves during 

peg penetration (49 DAS, II stage) while very low quantities were seen during pod formation (77 

DAS, ill stage) stage The TFAA content was the lowest in vermicompost (1.53 mg g ' fresh 

leaf) at 21 DAS and was followed by FYM + vermicompost (1.60 mg), NPK + neem cake (1 66 

mg) and FYM (1.70 mg) all being on par with each other and significantly different from other 

treatments. Neem cake (1.76 mg) was the next treatment with sligtitly higher TFAA content in 

the leaves. The treatments NPK with seed treatment (2 14 mg), NPK with NPV (2.26 mg) and 

NPK with sunflower (2.33 mg) were on par and recorded higher amounts of TFAA content among 

the treatments, while control (3.23 mg) recorded the highest TFAA content 



117 

Tab. 27: Overall influence of treatments on the levels of total free amino acids (TFAA) 
(mg g^ fresh leaf) of groundnut. 

Treatment 

T, NPK (Control) @ 40-60-40 Kg ha ' 

T? FYM @ 8t ha ' 

r, Veimicoinpost @ 3 75t ha ' 

T^ FYM @ 4t ha ' + Vermicomposf 
@ 1.875t h a ' 

']r, Neem cake @ 770 Kg ha ' 

T„ NPK @20-30-20 Ka ha ' + neem 
cake@ 385 Kg ha 

F; NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

Ta NPK @ 40-60-40 Kg ha ' with 
Sunflower 

Tq NPK @ 40-60-40 Kg ha ' ami 
carbofuran 3G ST @ 250g Kg ^ seed 

FTest (P=0.05) 
SErn 
CD 

K/iarin995 

7 l ( i^ 

I ^ V l ' 

I (.1'. ' 

I (.4 I • 

I 4bn' 

1 717 

:> 1)4 V 

f?abi 1994-95 

2 148' 

I V^l' 

) 281 ' 

I siV'= 

1 (',17' 

I ^82'"' 

1 782' 

1 ')()•• 

I 767'' 

().l()2 0071 
OJJ68 I i^Jj^ii 

Rabi 1995-96 

2 H>V-' 

I 78 V' 

I 750"' 

l.'MO'• 

1 606' 

1,786'' 

> 518"' 

2 UV" 

2 4^0'' 

0 2801 

Means followed by same letters ate not significantly differetil (P=0.05) by DMRT 
* - Significant at 5% level 



ni^ 

The data pertaining to the TFAA content of leaves at 49 DAS (Tab. 26; Fig 12) indicated 

lowest quantity in FYM (2.09 mg g fiesti leafi but it was on par witti vermiconipost (2 13 mg) 

The treatments that followed were, NPK with seed treatment (2.36 mg), FYfW + veimicompost 

(2 42 mg), NPK with sunflower (2.50 mgi, neetn cake (2.52 mg), NPK + neem cake (2.54 mg) 

and control (2.58 mg). The highest TFAA content was recorded in NPK with NPV (2 60 mg). 

The TFAA corifent estimated at 77 DAS (Tab 26; Fig 12) indicated that vermicompost 

and FYM recorded sigtiificantly lower amounts of TFAAs (0.18 and 0 198 mg g ' fresh leaf 

respectively) among the treatments. NPK + neem cake (0 442 mg). NPK with NPV (0 475 mg), 

FYM + vermicompost (0.521 mg) and neem cake (0 56 mg) recorded higher levels of TFAA 

content. Though non significant, mucti higher levels of TFAA content was recorded in control 

(0.621 mg), NPK with seed treatment (0.796 mg) and NPK with sunflower (0.866 mg) among the 

treatments, all being on par. 

The overall influence of treatments on TFAA content (Tab, 27; Fig 12) indicated that 

the organically manured treatments recoided lower aniounts of TFAA content (128 to 

1 61 mg g ' fresh leaf) compared to the straight fedilized treatments (1 76 to 2.14 mg) Among 

the treatments lower quanlitity of TFAA was lecorded in vermicompost (1.28 mg), FYM 

(1.33 mg) and NPK + neem cake (1 38 mg), being on par Slightly higher quantitity of TFAA 

content among the treatments was recorded in FYM + vermicompost (1 51 mg) and neem cake 

(1 61 mg). The straight fertilized treatments NPK with seed treatment (1 76 mg), NPK with NPV 

(1 78 mg) and NPK with sunflower (1 90 mg) recorded much higher quantity of TFAA content 

and were on par The highest was recorded in control (2 14 mg) which was significantly different 

from all the other tieatments 
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Rabi, 1995-96 

The tieatments showed significant variation in the TFAA content in leaves at 21 and 49 

DAS as indicated by the data presented in Tab 26 Estimation of TFAA content in leaves at 21 

DAS sliowed that significantly lower TFAAs were iecorde<l in organically manured treatments 

(1 32 to 1 92 mg g^ fresh leaf) than the straight fertilized treatments (2 372 to 2 87 mg) The 

lowest quantity of TFAAs among the treatments was noticed in NPK + neern cake (1 32 mg) and 

was closely followed by neem cake (1.42 rng), FYM + vemiicornpost (1.54 mg) and 

vermicompost (1 60 mg) all being on par FYM recorxled next higher level of TFAAs (1 92 mg). 

NPK with sunflower (2 37 rng). NPK with NPV (2 59 mg), control (2 75 mg) and NPK with seed 

treatmerrt (2.87 mg) recorded much higher levels of TFAA content compared to organically 

manured treatments 

The treatments significantly varied witti respect to TFAA content in leaves at 49 DAS 

(Tab 26; Fig 12) Each treatment significantly different from the other treatments However, 

lower amounts of TFAA content was recorded in the treatments that received organic rrranures 

(2 30 to 2 99 mg g ' fresh leaf) than the straight fertilized treatments (3 34 to 3 86 mg) The 

increasing order of TFAAs irr different treatmerrts was FYM (2 30 mg) and neem cake (2 30 mg) 

< vermicompost (2.44 mg) < NPK + neem cake (2 83 mg) < FYM + vermicompost (2 99 mg) < 

NPK with seed treatment (3 34 mg) < NPK with sunflower (3 42 mg) < NPK with NPV (3 53 mg) 

< control (3.86 mg). 

At 77 DAS there was no significant variation in TFAA content among the treatments. 

However, the organically manured treatment, neem cake recorded the lowest (1 10 mg g ^ fresh 

leaf) TFAA content and the straight fertilized NF'K with NPV recorded the highest TFAA content 

(1 43mg)(Tab 26; Fig 12) 
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The overall influence of treatmenfs (Tab 27: Fig 12) showed variation in TFAA content 

of leaves in different treatments. The treatments that received organic manures recorded 

comparatively lower amounts of TFAA content than the straiglit fertilized treatments Neem 

cake (1.60 mg g ' fresh leaf), vermicomposf (1 75 mg), FYM (1 78 mg), NPK + neem cake (1 78 

mg) and FYM + vermicomposi (1 93 mg) recorded lower amounts of TFAA content and were on 

par with each other Control (2.26 mg), NPK with sunflower (2 37 mg), NPK with seed treatriient 

(2.49 mg) and NPK with NPV (2.51 mg) recorded higher quantities of TFAA content among the 

treatments, being on par with each other 

4.2.4. Carbohydrates 

Kharif, 1995 

Estimation of carbohydrate content of leaves at 21 DAS (Tab 28: Fig. 13) showed that 

significantly lower quantities were recorded in NPK + neem cake (51.3 mg g ^ dry leaf) followed 

t)y neem cake (52 3 mg). FYM (53.3 mg). vermicomposf (54 0 mg) and FYM + vermicompost 

(54.3 mg), all being on par. Among the treatments higher carbohydrate content was recorded in 

control (60 0 mg) t)ut was significantly different frorm" NPK with sunflower (73.3 mg) and NPK with 

NPV (77.0 mg) The highest carbohydrate content was recorded in NPK with seed treatment 

(79.3 mg). 

The carbohydrate content of leaves estimated at 49 DAS (Tab. 28: Fig. 13) showed that 

FYM (55.3 mg) and FYM + vermicompost (610 mg) being on par, recorded significantly lower 

arTiounts (55 3 and 61 mg) than all the other treatments The carbohydrate content in leaf in 

ascending order was vermicompost (72.0 mg) < control (78.0 mg) < NPK with sunflower 

(79.6 mg) < NPK with NPV (84 3 mg) < neem cake (89.3 mg). Among the treatments, NPK with 

seed treatment (96.0 mg) and NPK -* neem cake (98 6 mg) recorded significantly higher 

carbohydrate content. 
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The leaves attalysed af 77 DAS (Tab 28; Fig 13) revealed that lowest carbohydrate 

content in FYI\/1 <- veimiconipost (42.0 nig) Neem cake (46.3 mg) , NPK + neem cake (47.3 

tng), NPK wHU NPV (47 3 mg), control (49 6 mg). NPK with sunflower (50 6 mg), FYM (510 mg) 

and vemiicompost (53.0 mg) recorded higher carbohydrate content in leaves among tlie 

treatments. The highest carbohydrate content, was observed in NPK with seed treatrTient 

(59.0 mg) 

The overall influence of treatments (Tab. 29, Fig 13) on total carbohydrate content of 

leaves revealed that, FYM + vermicompost (52 44 mg) and FYM (52.22 mg) recorded 

significantly lower quantities among ttte treatments The treatment vermicompost (59 6 mg) 

came next, while control (62.44 mg), neem cake (62.66 mg), NPK + neem cake (65 77 mg) and 

NPK with sunflower (67.88 mg) were on par with higtier carbohydrate content. NPK with NPV 

(69.55 mg) recorded nruch higher levels of carbohydrate content. The highest cartrohydrate 

content was recorded in NPK with seed treatment (78.10 mg) 

Rabi, 1994-95 

The leaf carbohydrate content was low in neem cake (55.3 mg), vermicompost (56 0 

mg), NPK with seed treatment (57 66 mg) and FYM (58.6 mg) among the treatments, all being 

on par at 21 DAS. The other treatments that recorded higher quantities of carbohydrate content 

were control (60 66 mg), NPK with NPV (68 mg). FYM + neem cake (72 mg). NPK with 

sunflower (80.3 mg) The highest quantity of carbohydrate content was recorded in NPK + 

neem cake (108.66 mg), among the treatments (Tab 28; Fig 13 ) 

Analysis of leaves at 49 DAS (II stage) (Tab 28; Fig 13) indicated that significantly 

lower amounts of carbohydrate was seen in FYM + vermicompost (88.66 mg). The treatments 

with next higher quantity of carbohydrate content were neem cake (101.66 mg), NPK + neem 

cake (101.66 mg), vermicompost (109 0 mg), NPK with NPV (115.66 mg) and FYM (120 33mg) 
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Tab. 29: Overall influence of treatments on carbohydrate content (mg g ' dry leaf) of 
groundnut. 

Treatment 

T, NPK (Control) @ 40-60-40 Kg ha 

T. F Y M @ 8 t h a ' 

T. Verinicotnpost @ 3.75t ha ^ 

T i FYM @ 4t ha ^ + Vennicoinpost 
@ 1.8751 h a ' 

Tr, Neem cake @ 770 Kg ha ' 

T,; NPK @20-30-20 Kg ha ' + neein 
cake @ 385 Kg ha 

T,- NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

Tfl NPK @ 40-60-40 Kg ha ' witfi 
Sunflower 

Tq NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0.05) 
SEm 
CD 

K/?af/f 1995 

62 44 

5 ^ 2 ' 

•=52 44 

6 I 6() 

(>S 77' 

67 HS'' 

78 10' 

1 ,">() 

2 7;5 

Rabi 1994-95 

8*) 77' 

80 ^t 

7 1 •=;<;•' 

70 >5' 

69 21" 

87 77' 

80 77' 

8') 7 V 

78 22' 

1 '64 
2 892 

RabM 995-96 

89 70' 

6=;2)7' 

65 12' 

S2 84' 

70 20"'' ' 

98 ')")" 

. ) ( ) > . ) • ' 

87,06'"''" 

') 807 

20.787 

Means followed by same letters are not significantly different (P=0.05) by DMRT. 
* - Significant at 5% level 
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veiy iijgn levels of carbohydrate content was obseived in NPK with sunflower (122.33 mg) and 

NPK with seed treatment (124.6 mg). Among the treatments, the highest carbohydrate content 

was recorded in control (137.6 mg g ' dry leaQ 

During III stage analysis of leaves collected at 77 DAS (Tab. 28; Fig. 13 mg) 

vermicompost, neem cake, FYM + vermicompost and NPK with seed (reafmenf recorded 

significantly lower amounts of carbohydrates among the Ireattnents, ranging between 49 7 to 

.52 3 mg g ' dry leaf and all were on par with each other Higher levels of carbohydrate content 

among the treatments was seen in NPK + neem cake, NPK with NPV, FYM and NPK with 

sunflower ranging between 58.0 to 65.33 mg g ^ dry leaf Highest carbohydrate content among 

the treatments, was recorded in control (71 0 mg g ' dry leaf) 

The overall influence of treatments on [he levels of carbohydrate content in leaves 

(Tab.29) revealed that neem cake (69 21 mg), FYM •» neem cake (70.55 mg) and vermicompost 

(71 55 mg) recorded significantly lower quantity of carbohydrate content among the treatments 

and were on par with each other. Moderate levels of carbohydrate content, however, was 

recorded in NPK with seed treatment (78 22 mg) FYM (80.33 mg) and NPK with NPV 

(80 77 mg). Among the treatments significantly higher quantity of carbohydrate content was seen 

in NPK + neem cake (87,77 mg), NPK with sunflower (89 33 mg) and control (89.77 mg) being 

on par. 

Rabi, 1995-96 

The data pertaining to the analysis of leaves for carbohydrates at three different stages 

of crop growth revealed that the carbohydrate levels increased upto 11 stage and decreased later 

(Tab 28; Fig. 13). The treatments that received organic manures recorded lower levels of 

carbohydrate content than those that received slraigtit fertilizers during all the stages of crop 
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giowtn. At I stage analysts of leaves, neem cake tecorded the lowest teat caibotiydraie content 

(44 27 rtig g ' dry leaf) and was followed by F YM »- vetrnicotTipost (45.05 nig), vermlcoiTipost 

(49.14 mg), NPK + neetn cake (51 18 rng) and FYM (53 3 mg) Higher quantities of 

carbohydrates were recorded in conttol (56.12 rng) NPK with sunflower (65 32 mg) and NPK 

with seed treatment (76.13 mg) Among the treatments, the highest carbohydrate content of 

leaf was recorded in NPK with NPV (81.29 mg) 

During II stage (Tab 28 Fig. 13) as well the trend was same Neem cake recorded ttie 

lowest carbohydrate content among the treatments (55 42 mg g ' dry leaf) It was followed by 

FYM (80.13 mg), NPK + neem cake (87 57 mg) and FYM + vermicompost (87 62 mg) all being 

on par with each other. Vermicompost (93,53 mg) and NPK with seed treatment (94 16 mg) 

recorded slightly higher quantity of carbohydrate content and were on par The treatment that 

followed was NPK with sunflower (121.2 mg) Among the treatments, control (132 28 rng) and 

NPK with NPV (133.91 mg) being on par. recotxJed significantly higher quantities of 

caibohydrate content 

During III stage (Tab 28 Fig 13) lowest carbohydrate content was seen in 

vermicompost (55.14 mg g ^ dry leaf) and the highest in NPK with sunflower (84 37 mg) among 

the treatments The remaining treatments that recorded intermediate levels of carbohydrate 

content were neem cake (58.85 mg) < FYM + vermicompost (62.72 mg) < NPK + neem cake 

(71 87 mg) < FYM (73 5 mg) < NPK with seed Iteatmenf (78.9 mg) < control (80.7 mg) < NPK 

with NPV (81.8 tTig) 

The overall influence of treatments on the carbohydrate content of leaves (Tab 29, 

Fig. 13) showed that neem cake (52 84 rng). FYM + vermicompost (65 12 mg). vermicompost 

(65.93 mg), FYM (68.97 mg) and NPK + neem cake (70 20 mg) recorded lower carbohydrate 



r^'/ 
i;ontent among the tiealriients and all were nn par with each other Higher ciuantities of 

carbohydrate content in leaves, among the Iteattnents was recorded In NPK with seed 

treatments (83.06 mg), control (89.7(1 rng), NF'K with sunflower (90 29 mg) and NPK with NPV 

(98 99 rng) and all were on par 

4.2.5. Phenols 

Kharif, 1995 

As observed from the data (Tab 30: Frg 14), the phenolic content in groundnut leaves 

Increased with the growth of the plant and higher amounts were observed at 77 DAS The 

resitlts are expressed in nig g ^ fresh leaf [)uring all the three stages, the straight fertilized 

treatments recorded significantly lower quantity of phenols in leaves when compared to all the 

organically manured treatments In kharif. 1995 

The treatments that received straight fertili/ers were significantly inferioi to the 

treatments that received organic manures t)y recording lower levels of phenols. The treatments, 

control (1.17 mg), NPK with NPV (1 17 mg), NPK with sunflower (1.28 mg), NPK with seed 

treatment (1.34 mg) recorded significantly lower ariiounts of phenols among the treatments and 

were on par with each other Vermicompost (2.05 mg), FYM + vermicompost (2.09 mg), FYM 

(2.14 mg), neem cake (2 28 mg) and NPK + neem cake (2 28 mg) recorded significantly higher 

amounts of phenols ranging between 2 05 to 2 28 mg g ' leaf and were also on par with each 

other (Tab 30, Fig 14) 

The phenols estimated at 49 DAS (Tat) 30; Fig. 14) Indicated that once again the 

treatments which received straight fertilizers recorded significantly lower amounts of phenols 

than those which received organic manures Among the treatments, NPK with NPV (1 41 mg), 

NPK with sunflower (1.58 mg). control (1 73 rng) and NPK with seed treatment(1 80 mg) 
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recorded significantly lower quantifies of phenols Tfie treatments viz. neem cake (2.46 mg), 

NPK + neem cake (2,5 mg), FYM (2.55 mg) veriTiicoinpost (2 60 mg) and FYM + vermicompost 

(2 61 rng) recorded significantly tiigtrer amounts of ptierrols among tfie treatments and were on 

par witti eacfi other 

During the III stage (Tab 30; Fig 14 rng) as well, the straight fertilized treatments viz 

NPK with sunflower (1 76 rng), NPK with NPV (1 8 mg), NPK with seed treatmerrt (18 mg) and 

control (1.86 mg) recorded siginificantly lower amounts of phenols among the treatments, all 

being on par with each othei Significantly higher amounts of phenols were recortled in the 

treatments that received organic manures viz FYM (2 63 mg), vermicompost (2 66 mg), FYM + 

vermicompost (2 78 mg), NPK + neem cake (2 80 mg) and neem cake (2.86 mg), all being on 

parwiU\ each other 

The overall influence of treatments on the leaf phenolic content (Tab 31: Fig 14) 

revealed Itiat, the treatments which received straight fertilizers recorded significantly lower 

amounts of phenols than those which received organic manures Among the treatments NPK 

with NPV (1.46 mg), NPK with sunflower (1 54 mg), control (1 59 mg) and NPK with seed 

treatment (1.64 mg) recorxjed significantly lower quantities of phenols and all were on par with 

each other The treatments that received organic manures viz. Vermicompost (2 44 mg). FYM 

(2 44 mg), FYM + vermicompost (2.49 mg), NF'K + neem cake (2,52 mg) and neem cake (2 53 

mg), however, recorded significantly higher amounts of leaf phenols and were on par with each 

other 

Rabi, 1994-95 

Among the treatments, control (110 mg), NPK with sunflower (1 27 mg), NPK with seed 

treatment (1.44 mg). and NPK with NPV (1 61 rng) showed lower amounts of phenols at 21 DAS 



Tab. 31: Overall influence of treatments on the levels of phenols (mg g" fresh leaf) in 
groundnut. 

un 

Treatment 

T, NPK (Control) @ 40-60-40 Kg ha ' 

T , FYM @ 8t ha ' 

T ^ Vermicompost @ 3.75f ha ' 

T^ FYM @ 4t ha ' + Vermicompost 
@ 1.875f h a ' 

T., Neem cake @ 770 Kg tia ' 

T„ NPK @20-30-20 Ka ha ' + neem 
cake @ 385 Kg ha 

Tj NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

Tp NPK @ 40-60-40 Kg ha ' with 
Sunflower 

Tfl NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0.05) 
SEm 
CD 

Kharif 1995 

I ."i'M • 

I 44 V' 

? 44" 

2.41H' 

' 52*>'' 

I 4(.' 

I •=145' 

I 64f) 

0.10] 

RaOi 1994-95 

1 >84' 

2/^47'' 

2 8(11''"' 

M)17'' 

' 6 2 ^ ' ' 

2 ">')!"' 

I 779' 

I 720' 

1 847' 

0 IHl 

0 .<85 

Rabi 1995-96 

1 49 ! " 

2 427 ' 

2 C65'" 

2 828 

2 9.̂  V 

2 H52'" 

I 82')' 

I 8 M ' 

i 7')8'' 

0 228 
0485 

Means followed by same letters are not significantly different (P=0 05) by DMRT 
* - Significant at 5% level 
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and were on par with each other The tieatinerils that followed with Increasing levels of phenols 

were neem cake (2.17 nig), FYM (2.28 mg), FVM + vermicompost (2 61 ing) and veimicompost 

(2.63 mg). The highest quantity of phenols were noticed in NPK + neem cake (2 88 rng) but it 

was on par witti ttie last three treatnier\ts (Tab 30 Fiy 14) 

The phenols estimated at 49 DAS also ie\/ealed that among the treatments viz control, 

and NPK with sunflower, NPK with NPV and NF'K with seed tieatrnent recorded significantly 

lower amounts of phenols rariging between 1.48 to 1 86 rng g ' fresh leaf 7 he other treatments 

with increasing order of phenols were FYM < neern cake < vermicompost < NPK + neem cake 

which recorded 2 55 to 2 98 mg g ' fresh leaf The highest quantity, among the treatments, was 

lecorded in FYM + vermicompost (3.07 tng) but It was also on par with ttie last two treatments 

(Tab. 30; Fig 14) 

During the third stage analysis as well (Tab 30: Fig 14), lower amounts of phenols were 

recorded in the straight fertilized treatinents vi? NPK with NPV, control, NPK with seed 

treatment and NPK with sunflower ranging between 1 99 to 2.36 mg g ' fresh leaf, all being on 

par with eacti other The organically mafiured treatments (in the increasing order) were FYM, 

vermicompost, neem cake, FYM + neem cake and FYM + vermicompost recorcted the higher 

amounts of phenols with an average ranging between 2 80 to 3 36 mg g ' fresh leaf 

The overall influence of treatments (Tab. 31: Fig 14) on the leaf phenolic content 

indicated distinct variation among the treatments Control (1 58 mg), NPK with sunflower 

(1 72 mg), NPK with NPV (1 78 mg) and NPK with seed treatment (1.84 mg) recorded 

significantly lower amounts of phenols among the treatments and were on par with each other 

Evidently higher quantities of phenols were recorded in the treatments that received organic 

manures viz. FYM (2 54 mg), neem cake (2 63 mg). vermicompost (2.80 mg) and NPK + neem 
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cake (2 99 mg) Among the tieatinents, ttie highest quantity of phenols was recordeit in FVM +• 

veriTiiconipost (3 01 mg) but if was also on par with all the othei organically tnanured treatments 

Rabi, 1995-96 

The tiend pertaining to the plienolic content of leaf in groundnut during 1995-96 was 

more or less similar to that of rabi 1994-95 and khahf 1995 Again the straigtit fertilised 

treatments showed their inferiority over the organically manured treatments in recording signifi­

cantly lower amounts of phenols at 21 DAS (Tab 30; Fig 14) Among the treatments control 

(1.19 mg). NPK with seed treatment (1 42 rrig), NF'K with NPV (1 56 mg) and NPK with sunflower 

(1.56 mg) recorded significantly lower amounts of phenols and were also on par with each other 

The treatments with significantly highei amouf)ts of phenols weie NPK + neern (;ake {2.22 mg), 

neem cake (2.29 mg), vermicompost (2 32 iTig), FYM (2 39 mg) and FYM + vermicompost 

(2.47 mg), all being on par with ear:h other 

The leaf analysis at 49 DAS (stage II) (Tab 30: Fig 14) once again indicated that control 
and 

(1 51 mg), NPK with sunflower (1 65 mg), NF^K with seed treatment (1.65 mg),NPK with NPV 

(1 78 mg) recorded significantly lower arnourrts of phenols among the treatrTients and were on 

pai with each other. Moderately higher quantity of plienols was recorded in FYM (2 38 mg) The 

treatments with increasing order of phenols were vermicompost (2 87 mg), FYM + vermicompost 

(3 06 mg), neem cake (3 15 mg) and the highest being recorded in NPK + neem cake 

(3 41 mg). 

The analysis of leaves at 77 DAS (stage III) (Tab. 30: Fig 14) also indicated that the 

lowest quantity of phenols in r^ontrol (1 76 mg g ' fresh leaf) and tfie highest in neem cake 

(3 35 mg) The other treatments that fell in between the two extremes were NPK with NPV 

(2 14 mg), NPK with sunflower (2 27 mg). NPK with seed treatment (2.31 mg), FYM (2.5 mg). 

vermicompost (2.8 mg), FYM + vermicompost (2 95 rrrg) and NPK + rreem cake (3.04 mg) 
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The overall Influence of treafments on Ihe leaf pfienollc content clearly indicated ttiat 

significantly lower amounts of ptienols among the treatments were noticed in all the straight 

fertilized treatments viz control (1.49 mg) NPK with seed treatment (1 79 mg), NPK with NPV 

(1.83 mg) and NPK with sunflower (1 83 mg), all t)eing on par with each other. The treatments 

that received organic manures, FYM (2.47 rrrg). vermicompost (2 66 mg), FYM + vermicompost 

(2.82 mg) and NPK + neem cake (2 85 mg) recorded significantly higher arrrounts of phenols and 

all were on par The highest quantity, trowever was recorded in neem cake (2 93 mg) which was 

also on par wilti the last three treatments among the organically manured (Tab 31; Fig 14) 

4.2.6 Tannins 

Ttre leaf tannins estimated at 21. 49 and 77 DAS in different treatmerUs indicated lower 

quantities during flowering stage (21 DAS) and higtier amounts during pod formation stage (77 

DAS) (Tab. 32 & Fig. 15) 

During the three seasons under study, higher quarrtities of leaf tannins were observed in 

both the rahi seasons than in khaiif The leaf tannin content was expressed in mg g ' leaf on dry 

weight basis. 

Kharif, 1995 

The tannin content present irr leaves was fourrd to be significantly influenced by the 

treatments. The treatments that received organic manures were found significantly superior to 

the treatments applied with straight fertilizers in recording higher amounts of tannins during all 

the three stages of leaf arralysis (Tab. 32 . Fig 15) 
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During stage I (Tab. 32: Fig 15) NPK wifti NPV (5 01 mg g^ dry leaf) NPK with 

sunflower (5.7 mg), NPK with seed treatment (5 85 mg) and control (6.12 mg) recorded 

significantly lower amounts of leaf tannins Higher amounts of leaf tannins were observed in 

neem cake (7.21 mg), NPK + neem cake (8.52 mg), FYM (8,79 mg). and vermicompost (8 81 

mg). FYM + vermicompost recorded the highest quantity of leaf tannins (9.60 mg) but was also 

on par with last two treatments 

During second stage leaf analysis (49 DAS) (Tab 32: Fig. 15), as well, the straight 

fertilized treatments NPK with NPV (6 06 mg), NPK with sunflower(6.26 mg), NPK with seed 

treatment (8.19 mg) and control (8.37 mg) recorded significantly lower amounts of leaf tannins 

ranging between 6 06 to 8.37 mg g ^ dry leaf However, the first two treatments were on par and 

showed significantly lower quantities of tannins than the latter two The treatments that recored 

higher tannin content in leaves were vermicompost, FYM + vermicompost, NPK + neem cake 

and FYM with an average leaf tannin content ranging between 111 to 12 0 mg g ' dry leaf. The 

highest amount was noticed in neem cake (12 74 mg) bu\ it was also on par with the last two 

treatments. 

During the III stage as well (Tab 32, Fig 15) the organically manured treatments 

dominated with higher levels of leaf tannins The four straight fertilized treatments viz. NPK with 

NP\/(9.2 mg), NPK with sunflower (9 41 rtig), NPK with seed treatment (9.83 rrrg) and control 

(11 22 mg) were on par and recorded lower amounts of leaf tannins among the treatments, while 

higher quantities were recorded in vermicompost (14 73 mg), FYM + vermicompost (15 46 mg), 

NPK + neem cake (15.6 mg), FYM(15.66 mg) and neem cake (16.2 mg), all being on par with 

each other 
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The overall Influetice of treatments(Tab 33, Fig 15) on the tannin content of leaves 

indicated distinct variation among tlie treatments The treatments that received straight 

fertilizers viz NPK with NPV, NPK with suiiflowet, NPK with seed treatment and control were 

significantly inferior in recording lower amounts of tannins (6 75. 7 12, 7,96 and 8 57 mg g ' dry 

leaf respectively) than the organically manured tieatments, vermicompost (11 54 n>g) NPK + 

neem cake (12.02 mg), neem cake (1205 mg) FYM (12 15 mg) and FYM + vermicompost 

(12 28 mg). 

Rabi, 1994-95 

During rabi 1994-95 also, higher ainounts of tannins were recorded in the treatments 

applied with organic manures compared to those applied with straight fertilizers At 21 DAS 

(Tab. 32; Fig. 15), among the treatments, control, NPK with seed treatment, NPK with sunflower 

and NPK with NPV recorded significantly lower amounts of tannins ranging between 6 08 to 7.54 

mg g ' dry leaf Moderate quantity but distinct from other treatments was. however, recorded in 

neem cake (9.33 mg). The other organically manured tieatments viz FYM, NPK + neenr cake, 

FYM + vermicompost and vermicompost recorded significantly higher tannin content in leaves 

(11.40 to 13.3 mg) among the all the tieatments 

The analysis of leaves at 49 DAS (Tab 32; Fig 15) also revealed that the treatments 

NPK with seed treatment, NPK with sunflower, NPK with NPV and control recorded significantly 

lower amount of tannins ranging between 7 68 to 9 60 mg g ' dry leaf as compared to the others 

Higher content was recorded in FYM + vermicompost (14 0 mg) and NPK + neem cake 

(14.29 mg) being on par. The highest levels of tannin content in leaves was recorded in 

vermicompost, neem cake and FYM(16.12, 16.34 and 17 53 mg g ' dry leaf respectively! being 

on par with each other. 
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lab. 33: Overall influence of treatments on the levels of tannins (rng g ^ dry leaf) in 
groundnut. 

Treatment 

T, NPK (Control) @ 40 60 40 K^ ha ' 

T, FYM @ 8t ha ' 

T, Vermicornpost @ 3.75t ha ^ 

T.i FYM @ 41 ha ' + Vermicompost 
@ 1.875t ha ' 

Tr, Neern cake @ 770 Kg ha ' 

Tr, NPK @20-30-20 Kg ha ' + neem 
cake @ 385 Kg ha 

T/ NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

TR NPK @ 40-60-40 Kg ha ' with 
Sunflower 

T., NPK @ 40-60-40 Kg lia ' and 
carbofuran 3G ST @ 250g Kg ' seed 

K/)af/f 1995 

F Test (P=0 05) 
SErn 
CD 

H V7! 

I ' M 

I I vt 

I ' 28 

6 7S' 

7 '*6 

(I >>)9 
I J 70 

Rabi 1994-95 

8 40' 

M 2^ ' 

14 75'" 

14 16' 

8 9 1 ' 

'} 20' 

8 40' 

0,582 
1 2 U 

Rafo/1995-96 

14 87' 

I ! 9 7' 

14 ')>' 

1^ n 

14 I',)' 

') 78' 

8 8(.' 

8 84' 

0( ->^2 

Means followed by same letters aie not significantly diffeient {P=0,05) by DMRT 
* - Significant at 5% level 
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During the third stage analysis as well control. NPK with NPV, NPK with seed treatment 

and NPK with sunflower recorded significantly lower tannin conetnl (9.53 to 10 89 mg) all being 

on par with each other. Once again tiigtier content was seen in the organically manured 

treatments (14 19 to 18.5 mg) all toeing on par with each olhei. 

The overall irrfluence of treatments on leaf tannin content (Tab 33; Fig 15) also 

indicated distinct grouping among the treatments All the organically manured treatments viz 

FYM + vermicompost, t>JPK + neem cake, neem cake, vermicompost and FYM recorded 

significantly higher quantities of leaf tannin which ranged t)etween 13.68 to 15.66 mg g ' dry leaf 

The straight fertilized treatments viz control, NPk with seed treatment, NPK with FYM and NPK 

with sunflower recorded significantly lower quantity of tannin coritenf ranging between 8.40 to 

9.2 mg g ^ dry leaf 

RabI, 1995-96 

The first stage analysis of leaves pertaining to tannin content (Tab. 32; Fig 15) indicated 

that NPK with sunflower and NPK with NPV lecorded lower levels of tannin content (6 81 and 

7 04 mg g ' dry leaf) being on par and were closely followed by control and NPK with seed 

treatment (7.24 and 7.47 mg) also both being on par The tannin content in all the four 

treatments was significantly lower ttian the other treatments Moderate level of leaf tannins was 

recorded in NPK + neem cake (10 69 mg) Among ttte treatments significantly higher quantities 

of tannin was seen in vermicompost, FYM and FYM + vermicompost (11,58, 11.61 and 11 9 mg 

respectively) while neem cake recorded 15 14 mg g ' dry leaf, the highest in the treatments 

During II stage analysis of leaves (Tab 32: Fig. 15) once again all the organically 

manured treatments (NPK + neem cake < vermicompost < FYM + vermicompost < neem cake < 

FYM) recorded significantly higher tannin c;ontent in the leaves ranging tjetween 13 55 to 
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15 08 mg g ' dry leaf and all were on pat with each olher Significantly, lower quantities were 

observed in straight fertilized treatments wifli an average tannin content ranging between 8 52 to 

10.66 rngg ' dry leaf. 

During the III stage as well (Tab 32; Fig 15). the same tiend was observed The data 

indicated that the straiglif fertilized treatments (NPK with seed treatment NPK with sunflower, 

NPK with NPV aruj control) showed their inferiority in recording lower amounts of leaf tannin 

(8 84 to 9.85 mg g ^ dry leaf) over organically mairured vi? vermicotnpost. NPK f neem cake, 

FYM. FYM + vermicompost and neem cake with a leaf lannin content between 13 97 to 

15.11 m g g \ 

Ttte overall influence of treatments on the tannin contents of leaves (Tab 33; Fig 15) 

showed distinct seggregation of treafmenfs as seen under phenol content of leaves The 

treatments which received NPK through inorganic means viz. NPK with seed treatment 

(8 84 mg g ' dry leaf) NPK with sunflower (8.86 mg), NPK witti NPV (9.78 mg) and control 

(9.85 mg) recorded significantly lower amounts of tannins than those which received NPK 

fhorugh organic means viz, vermicompost (13 97 mg), NPK + neem cake (14 19 mg), FYM 

(14.87 mg), FYM + vermicompost (14 95 mg) and neem cake (15.11 mg). 

4.3. RELATIONSHIP BETWEEN BIOCHEIVIICAL CONSTITUENTS OF GROUNDNUT LEAVES AND 

PESTS AND PREDATORS 

The pest population evaluated at three stages of crop growth was correlated with the 

biochemical constituents of leaves analysed at flowering (21 DAS, I stage), peg penetration (49 

DAS, II stage) and pod formation (77 DAS, III stage) (Tab 34 to 36) 
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The five itisect pests viz £ keni, A. aacrivora. A inodicella. S liltna and H armigera 

showed in yeneial. positive correlation with t̂ l. CP. TFAA and carbohydrates; and negative 

correlation with phenols and tannins duiing three seasons under study 

4.3.1. Jassids, E. kerri 

The relation between £ keni and the six t)iochernical constituents of grourrdnut leaves 

viz. N, CP. TFAA, carbohydrates, phenols and tannins are presented in the following sections 

4.3.1.1. Nitrogen/Crude Protein (N/CP) 

Duiing the three seasons, the relationship between N/CP and £. keni was found 

positive. It was significant during stage I ot botli the rati seasons (0 7326* and 0 7415*). during 

stage II of kharif. 1995 (0,6721*) and rabi 94-95 (0 8223**) and during stage III of tabi 95-96 

(0.8581**) (Tab 34). The overall relationship t:)etween N/CP and £. ketri was positive and 

significant in the three seasons viz kharif. 1995 (0.6736*), rabi 94-95 (0.8836**) and rabi 95-96 

(0.8062**) (Tab 36). 

4.3.1.2. Total free amino acids (TFXVA) 

As observed in N/CP, the relationship between TFAA and jassids was found positive 

and it was also significant during stage I of both the rabi seasons (0.7118* and 0 6728*) Highly 

significant positive relation was found during stage II and III of kharif 1995 (0 8592** and 

0.8519**) and significant during II and III stages of rabi 95-96 (0 7225* and 0.7780*) (Tab 34) It 

was clear from Tab 36 that TFAA and jassids were associated positively and the relationship 

was significant at 5% level in rabi 94-95 (0 7920*) and 1% level in kharif 1995 (0.9014**) and 

labi 95-96 (0.8108**) (Tab. 36) 
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4.3.1.3. Carbohydrates 

The association between carbohydrates and jassids was positive and it was significant 

in stage II (0.8956**) and III (0.8286**) of labi 95-96 (Tab.34). The overall relationship was 

positive and significant during tabi 94-95 (0 7645*) and tabi 95-96 (0.8944**) and non­

significant but positive during kharif 1995 (Tab 36) 

4.3.1.4. Pherjols 

The lelationship between phenols and jassids was negative and significant during ail 

ttie three stages of kharif 1995 (0.6682*: -0 7971*: -0 7785*); III stage of rabi 94-95 (-0 800**) 

and I (-0.8232**) and III stage (-0 8142**) of rabi 95-96 (Tab. 35) Significant negative 

overall correlation was found between phenols and E kerri during the two rabi seasons (-

0.7834* and-0.7851*)anditwashighly significant ill W)a;# 1995 (-0.8122**) (Tab 36) 

4.3.1.5. Tannins 

Like phenols, tannins also showed negative correlation with jassids during ttie three 

seasons. It was significant (-0.7829*) in stage I of rabi 95-96; stage II of kharif 1995 (-0 8261**) 

and stage III of all the three seasons (-0 7261*: -0 8686** and-0.7190*) (Tab 35) The 

overall relationship between tannins and E keni levealed significant negative correlation during 

the three seasons (-0 7549*:-0.8195** and -0 7755*) under study (Tab 36). 

4.3.2. Aphids, A. craccivora 

During the three seasons viz kiiarif 1995: rabi 94-95 and rabi 95-96 and at all the 

stages positive correlation was observed between N / CP, TFAA and carbohydrates and 

A craccivora. In contrast, a negative relationship was observed with phenols and tannins 

(Tables 34 to 36) 
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ĉ  
- t 

' 
^ 
^. 
'-
_-.. 

oc 

r 

-

' / " j 

h 

n 
- 1 - t -

-
__ 

(̂  
^ ^—j 

' 
_-

vc 
t -
i r i 
f ^ 

"" 

r i 

^ 00 
« r , 

~ 

rs 
St 

•o 

~ 

00 

—• •— r̂  

r̂  
o 
r-. 
•r, 

t -
oc 
—. - t 

- t 
f - . 
I f . 

r 

-+ 0 0 

"—* s O 

o. 

.— \C 
x~~ 
- t -

v :5 
r l 
OC 
• n 

—. 
'/". oo 
• r , 

~ 
c - i 
. — 1 

O 

x; 
3 
r - j 
£ i 

f , 

—' 
^ ' " • i 

O 

" " t 

o 
r - j 
r - i 

- t 
-* T i 

O N 

O 
. — 1 

•~o 

r - l 

^ — 1 

0 0 

i 

V) 
0) 
a 

r-". r.» ON 
0-. ON —• 

-t- 00 OO 

t - oc 
r-l o 
•n t r , 
'O oc 

O' r--
' n - t 

55 t- I P; 

\0 f i ""> 
r^ r* ' n 
r^. r-j 00 
r - C3C - f 

' f , - J -
NO O 
t - r~-
'O 1--

r-
^ r - l 
0 0 

c-
^r, 
r-i 
•O 

O- NC' 
1 - OC 
'n oc 
r-- r 

^ • 

i r 
t -

r-
— r-

•r, 00 —' 
—< O -+ 
O O N O 

O r q 
r i t - -

C^ r'-, ON 
0 0 f ' l - + 
OC - t - " 
'-O 0 0 f . 

—^ r - l r i 
0 0 (^1 r l 
r - i n ' - ! 
• n ' O - t -

r - n NC 
r - ^-< r - l 
r^i t - c 
O OO - t 

-+ oc 
ON n 

-+ 
-t-
-+ 00 

-+ 
oc 
r-
r 1 

r l 
. — 1 

t -
irt 

r^ 
00 
r ^ i 
00 

o 
r--
-£> 

•r-. r-l 

0 / 

> > 
01 CU 

m cc 

s s 

C/1 CO 



Tab. 35: Correlation matrix: Influence of biochemical constituents of leaves on pests of 
groundnut. 

11,-

Pest 

/' liciri 

. I 1 KK c horo 

. 1 nuhlUclla 

S III ma 

II iin>iii>cr(> 

Stage 

I 

11 

J]J 

1 

II 

I I I 

1 
II 

I I I 

I 

II 

I I I 

1 

11 

in 

Khanf 
1995 

-0 6682* 

-0 7971* 

-0 7785" 

-0 67'){)' 

-0 7485' 

-0 9U()*" 

-0 664') 

-0 68')2' 

-(19142*" 

-0 7X1(»' 
-0 6569 

-0 6572 

• - — 

Phenols 

Rabi 
1994-95 

-0 61(11 

-0 5656 

- ( )8 ( )6 ' 

-0 6561 

-0 76?2* 

-()76?2' 

-0 T-̂  •-

-0 7 5 7 8 ' 

-0 7 :n4 ' 

-0 47H6 

-0 74*6* 

0 2678 

-0 584 7 

-0 7^00* 
-0 -^871 

Rabi 
1995-96 

-0 8 2 U ' " 
-0 55 n 

-1) HI42*" 

• () 8092" 

-0 6-^7^ 

-0 6 ' ; 7 r 

-0 6 (80 

-0 5809 

-0 8187"' 

-0 6 n 8 

-0 M,! 1 

0 0-i10 

-() 52 U 
-0 ^(.21 

-0 =i77^ 

Kharif 
1995 

-0 ^VX) 

-0 8 2 6 1 " 

-0 7261" 

-0 6427 

-0 7277" 
-0 9259"' 

-0 6085 

-0 676 V 

-0 '>o4r ' 

-a7UV 
-0 6818' 

-0 66^7 

— 

Tann ins 

Rabi 
1994-95 

-0.4840 

-0450=; 

-0 8686*" 

-0.5692 

-0.6298 

-0 .778^ 

-0.5045 

-0.6542 

-0,8^08** 

-0.-^78O 
-0 6026 

0.2518 

-()429S 

-0 5912 

-0 8 6 1 1 " 

Rabi 
1995-96 

-0.7829' 

- 0 . 5 2 ^ 

-0 7)')() ' 

-0 7046 

-0 6594 

-0 8111 

-0 6498 

-0 6682 

-0 6029 

-0 6616 
-0 551S 

0 <0';9 

-0 6475 

- 0 ^ 2 4 ' ' 
-0 2209 

Significance at 5% level 
Significance at 1% level 



HU 

Tab. 36: Overall correlation matrix: Influence of biochemical constituents of leaves on 
pests of groundnut. 

Pest 

/-• kem 

.1 (•><]( (iyorti 

I inodicclla 

iS lilurn 

U iin>ii'i;crti 

Season 

Rhanf 1W5 

Rahi '>4-')5 

Rahi 95-')(> 

khanj I9'>5 

Hahi 94-'>5 

Rahi ')5-96 

kharij 1995 

Rahi 94-95 
Rahi 95-96 

kharij 1995 
/^// ' / 94-95 

Rahi 95-96 

kharij \')95 
Rahi 94-95 

/?,(/)/ 95-96 

Nitrogen / 
Proteit) 

().67V. 

OSXl f . " 

0.8062 • 

0 H O U " 

0 8244 " 
0 8479" 

0 7760" 

0817=;*" 

0 7 8 ^ ^ ' 

0 7184' 

0 1245 
nM,o\ 

0 5M)4 
0 8979 • 

06)0,7 

Amino 

acids 

0 9014* 

0 7<>2o" 

0 SM)8" 

(» 9-^97" 

0 7887' 

0 H('?r 

0 H<>98' 

0 78)2~ 

0 i ' M l ' 

0 77=;>' 
0.,' '78 

0 n 4 7 

0 '228' 

0 7974' 

0 . 62 ' ) 

Carbohydrates 

0 ) |99 

0 7645' 

0 8944' 

0 48)9 

0 7725' 

0 8.770"" 

0 SOU 

0 7759* 

0 8206 " 

0 )942 
0 2570 

0 1694 

0 0190 

(t 6270 

06820* 

Phenols 

-0 8122* 

-0.78)4* 

-0 7851* 

-0 8619*' 

-0 7557* 

•0.78)1 • 

-0.7(,76' 

-0.77)9 

-0 ^ H ' J 

-0 7046* 

-00691 

-0 7754 

-06227 

-0.7577" 

-0.5 729 

Tannins 

1) 7549* 

-0.8195" 

.() 7755* 

-0.8769"* 

(17481* 

0.7616" 

(1 7.505" 

-0 7624* 

-0 6984' 

-(•7186" 

O0028 
-0 267 1 

•0 5979 

0 8691* ' 
-0 5 729 

* Significance at 5% level 
** Significance at 1 % level 
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4.3.2.1. Nitrogen / Crude Protein (N/CP) 

The relationship between N/CP at)d aphid population was positive. It was significant 

during I (0.688*) and II stage (0.8433**) of labi 94-95 and all ttie three stages of rabi 95 96 

(0.6765*: 0.7764* and 0.8207**) (Tab. 34) The overall relationship between N/CP and 

A craccivora indicated a highly significant positive correlation during the three seasons viz. 

khaiif 1995(0 8034**). rabi 94-95 (0.8244**) and rabi 95-96 (0.8479**) (Tab 36). 

4.3.2.2. Total free amino acids (TFAA) 

TFAA and A craccivora showed significant ()ositive correlation in stage I of rabi 94-95 

(0.7534*); stage II (0.8508**) and stage III (0 9035**) of khaiif 1995 and stage II of rabi 95-96 

(0.7923*) (Tab. 34). Ttie overall relationsfiip indicted a significant positive correlation between 

TFAA and aphids at 5% level during rabi 94-95 (0 7887*) and at 1% level during the teniaining 

two seasons i.e kharif 1995 (0.9397**) and rabi 95 96 (0,8021**) (Tab 36) 

4.3.2.3. Carbohydrates 

Carbohydrates and A craccivora extiibited positive correlation and it was significant 

only during III stage of rabi 94-95(0.7402*) and II and III stages of rad/ 95-96 (0.8534** 

and 0.7706*) Tab. 34). The overall relationship showed significant positive correlation during 

the two labi seasons (0 7725* and 0 8370**) as observed in jassids, while it was positive but 

non-significani during kharif ^995 (Tab 36) 

4.3.2.4. Phenols 

Phenols and A craccivora had significant negative correlation except in stage I of rabi 

94-95 and stage II of rabi 95-96 where the relationship was positive but non significant (Tab 35) 

Tt\e overall relationship between phenols and A craccivora depicted significant negative 



Hb 

correlation during all (tie three seasons viz khanf 1995-96 (-0 7676*), rabi 94-95( 0 7339*) and 

ra£i/95-96 (-0.7319*) (Tab, 36). 

4.3.2.5. Tannins 

Tannins and A craccivoia were negatively con elated and it was significant in stage I of 

rabi 95-96 (-0 7046*), stage II of khahf 1995 (-0 7277*) and stage III of all the three seasons 

(-0.9259**; -0.7783* and -0.8111**) (Tab. 35) As observed in phenols, the overall relationship 

indicated a significant negative correlation in all the three season viz W)ar/M995 (-0 8364**), 

/ai)/94-95(-0 7481*) and rabi 95-96 (-0 7616*) (Tab 36) between tannins and A. craccivora 

4.3.3. Leaf miner, A. modicella 

4.3.3.1. Nitrogen / Crude Protein (N/CP) 

The correlation between N/CP content antl A modicella was positive in all the three 

seasons . It was significant in stage II of both rabi sea5ons(0.8712** and 0.7549*) and stage III 

of rabi 95-96 (0 7886*) (Tab. 34) The overall relationship of N/CP with leaf miner indicated 

significant positive correlation during kliaiif 1995 (0 7760*), rabi 94-95 (0 8175**) and rabi 95-96 

(0.7835*) (Tab 36). 

4.3.3.2 Total free amino acids (TFAA) 

Significant positive correlation was obtained between TFAA and A modicella during 

stage I of rabi 94-95 (0.6826*): stage II and III of kharif 1995 (0.8294** and 0 8370**) and rabi 

95-96 (0.8067** and 0.7585*) (Tab 34). The overall relationship revealed positive relationship 

between TFAA and A. modicella during the three season, kharif 1995 (0.8998**), rabi 94-95 

(0 7832*) and rabi 95-96 (0 7541*) (Tab. 36) 
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4.3.3.3. Carbohydrates 

The association between carbohydrates and leaf miner was positive and it was 

significant only in stage II of rabi 95-96 (0 8282"*) and stage III of both the rabi seasons (0 7357' 

and 0.7987*) (Tab. 34) The overall relationship between carbohydrates and leaf miner indicated 

a significant positive correlation in both the rabi seasons (0 7759* and 0.8206**). while it was 

non-significant though positive during kharif, 1995 (Tab 36). 

4.3.3.4. Phenols 

The correlation between phenols and A. modicella was negative during all the three 

stages of all the three seasons. It was significant during II and III stages of kharif, 

1995 (-0.6892* and 0 9142**) rabi 94-95 (-0 7578* and -0 7374*) and III stage of labi 95-96 

(-0.8187**) (Tab 35). The overall relationship was negative and significant during the three 

seasons, kharif 1995 (-0.7676*), rabi 94-95 (-0 7339*) and rabi 95-96(0 7319*), rabi 94-95 

(-0.7319*) (Tab.36). 

4.3.3.5. Tannins 

As observed in phenols, the relationship between tannins and A modicella was negative 

during all the three stages of all the three seasons It was significant during II stage of kliahf 

1995 (-0 6763") and rabi 95-96 (-0 6682*) and III stage of kharif 1995(-0.9041** and rabi 94-95 (-

0 8308**)(Tab.35) The overall relationship was negative and significant during the three seasons 

viz. kharif {-0.7505*), rabi 94-95 (-0.7624*) and rab; 95 96 (-0 6984*)(Tab. 36). 

4.3.4. Tobacco Caterpillar, S. litura 

4.3.4.1. Nitrogen / Crude Protein (N/CP) 

The relationship between N/CP and S. litura indicated a positive relationship which was 

significant only during II stage of rabi 94-95 (0.8444**) However, during the III stage of both the 
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rabi seasons, negative but non significant lelatiofistiip was obtained (Tab. 34) TIte overall 

correlation between N/CP and S litiua revealed significant positive relationship in kharif 1995 

(0 7184*) wtiile it was non significant timugt) positive during ttie two rabi seasons (Tab 36) 

4.3.4.2. Total free amino acids (TFAA) 

The relationship between TFAA arid S litma population was positive an(i it was 

significant in II stage of kharif 1995 (0.8059*'). rabi 95 96 (0 7034*) and III stage of kharif 1995 

(0.7147*)(Tab. 34). The overall relationship indicated a significant positive correlation with TFAA 

during kharif 1995 only (0.7755*) and while it was non significant though positive in the two rabi 

seasons(Tab. 36) 

4.3.4.3. Carbohydrates 

Positive relationship was observed between carbohydrate content and S lifura and it 

was significant only in II stage of rabi 96 (0 8497**) However, negative but non significant 

(correlation was obtained during the I stage of kharif 1995 and rabi 95-96 . Though positive 

lelationship was noticed between carbohydrate and S lifura. it was non significant during all the 

three seasons (Tab 36). 

4.3.4.4. PhenoJs 

Tlie data presented in Tab. 35 revealed the presence of a negative relationship between 

phenols and S. titura except in III stage of two rabi seasons where it was non significantly 

positive. However, significant negative relationship was observed in II stage of kharif 1995 

(-0 7830*) and rabi 94-95 (-0.7436*) (Tab 35) The overall relationship indicated negative 

association between phenols and S. lifura whicti was significant during khahf 1995 (-0.7046*), 

wtiile it was non significant, in the two rabi seasons (Tab 36) 
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4.3.4.5. Tannins 

Tannins and S Hliira were related negatively In all the stages during all ttie seasons 

except III stage of trath the rabi seasons where it was positively non significant Significant 

negative relationship was observed during II and III stages of kharif. 1995 (-0 7373* and 

-0.6815*) (Tab 35). The overall relationship was negative and significant in khaiif 1995 

(-0.7186*) while nonsignificant negative conelation was otjserved in the two rabi seasons 

(Tab. 36) 

4.3.5. Gram Pod Borer, H. armigera 

4.3.5.1. Nitrogen /Crude Protein (N/CP) 

A positive correlation was found between N/CP and H. armigera which was significant 

only during II stage of rabi 94-95 (0 8387**) During III stage of rabi 94-95, non significant 

negative correlation was observed ( lab 34) The overall relationship indicated, significant 

positive association in rabi 94-95 (0.8979**) and non significant positive relationship during the 

remaining two seasons (Tab 36) 

4.3.5.2. Total free amino acids (TFAA) 

Significant positive correlation between TFAA and H. armigera was noticed in stage II of 

kharif 1995 (0 77*) and stage III of rabi 94-95 (0 8102**)(Tab 34) The kharif 1995 (0 7228*) 

and rabi 94-95 (0.7974*) crops showed significantly positive overall relationship between TFAA 

and H. armigera (Tab. 36). 

4.3.5.3. Carbohydrates 

A positive relationship was observed between carbohydrates and H. armigera which was 

significant only during II stage of rabi 95-96 (0.7910*) However, during II stage of/(/7aA// 1995. 
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(ion significant negative correlation was observed (Tab 34). The overall relationship revealed 

significant positive association diidng rabi 95-96 (0 6820*) while it was non significant though 

positive duiing the remaining two seasons (Tab 36) 

4.3.5.4. Phenols 

The relationship between phenols atid H aimigera was negative and significant only 

during II stage of rabi 94-95 (-0 730*) (Tab 35) Ttie overall relationship was negative between 

phenols and H. aimigera which was significant in rabi 94-95 (-0.7573*) (Tab. 36). 

4.3.5.5. Tannins 

Negative correlation was observed between tannins and H. annigeia in all the three 

stage of the three seasons. It was significant in ill stage of rato; 94-95 (-0.8611**) (Tab.35) The 

overall relationship revealed a negative relationship m all the seasons but significant only in rabi 

94-95 (-0.8691**) (Tab. 36) 

4.3.6. Predators (Coccinellids, Spiders and Chrysopids) 

The data pertaining to the relation.ship between the biochennical constituents of 

groundnut leaves and the coccinellids and spiders did not indicate any clear associationship In 

general, as observed with the pest complex the relationship with N/CP, carbohydrates and TFAA 

was positive during both the rabi seasons with predator population However, during kharif. N/CP 

and carbohydrates with coccinellids and carbohydrates witti spiders showed negative association. 

As observed with the pests the phenols and tannins showed negative association with 

coccinellids as well as spiders. The chrysopid population was very low and did not follow any 

trend (Tab 37 to Tab 39). 
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Tab. 38: Correlation matrix: Influence of biochemical constituents of groundnut leaves 
on predators of groundnut. 

L i3 1 

Predator 

Coccinellids 

Spiders 

Chrysopids 

Stage 

1 

II 

111 

1 

1) 

I I I 

1 

II 

I I I 

Kharif 
J995 

-0 1055 

•()658(> 

--()()7(t7 

() 4U( ) 

-1)2782 
- { i : 'S |7 

-0 1 <)()() 

-0 5 m 

-0 25"i8 

Phenols 
Rabi 

1994-95 

0 0 n o 

0 1 V>8 

0 *41(> 

-O/'OI-^ 

-o..no5 
0.2212 

0 ^119 

0 =̂1 ?5 

0 V)04 

Rabi 
1995-96 

41 t ! | 2 

(1 ()70'> 

OOdV'i 

-(' 1 1 l'> 

(! 4"141 

(1 ?^>^5 

0 S782 
0 14(>0 

(1 18(.5 

Kharif 
1995 

-0.0^71 

-0 7004 

-<) 0202 

(1 1880 

-0 }')H) 

-0 1475 

-0 1958 

-0 5056 

-0 218"! 

Tannins 
Rabi 

1994-95 

0 1168 
( M 4 7 I 

00108 

-0 1409 

00159 

02046 

04948 

0 6575 
0 l'»89 

Rabi 
1995-96 

-0 4427 
0 0291 

0 11^7 

-0 2917 

-0 2()1'i 

0 0884 

-0 4698 
(i 5797 

-0 272<' 

Significance at 5% level 
Significance at 1 % level 
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Tab. 39: Overall correlation matrix: Influence of biochemical constituents of leaves on 
predators of groundnut. 

Predator 

Coccinellid 
beetles 

S5picler.s 

Chrysopids 

Season 

K/uiri/]')')=' 

Rahi iy<)4-<H 

Rahi 1995-96 

kh,innW5 
Rahi 1994-95 

Rahi 1995-96 

Khani 1995 
Rahi 1994-95 

Rahi |995-9(. 

Nitrogen / 
Crude Protein 

-0 0416 
0 2969 

0 092.? 

0 1508 

0 4(>43 

0 U.50 

0 2552 
-0 0900 
0 0665 

Total free 
amino acids 

0 2 220 
(1 "('iUT 

11 07 IN 

(,•47X4 

0 2S9^ 

0 '80? 

(1 2>8I 

-0 2Vi2 
•0 I ' M 

Carbohydrates 

-0 '522 
0 1724 

02104 

-0 ,2^7 ! 
0,0879 

0 4789 

(»04I5 

0 2488 

-0 2290 

Phenols 

-0 2'^84 
-0 1484 

-(» 0472 

-0,4228 

-0 4228 

-0418? 

-0 ?970 
0 28'75 

-0 0^88 

. _.. . 

Tannins 

•0 2019 

-00508 

-().()657 

-0 4170 

-1)4219 

-0 2645 

-0 4060 

04262 

(! 1112 
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4.4. RELATIONSHIP BETWEEN WEATHER PARAMETERS AND PESTS AND PREDATORS 

The pest and piedator population was core elated with the weatfier parameters like 

temperature, lelative humidity and rainfall arid presented in following sections. 

4.4.1. Maximum Temperature 

During both the rabi seasons rnaximurn temperature had a negative correlation with all 

the pests and predators under study Significant negative relationship was observed with 

A. craccivora during the two rabi seasons (-0 7572** and -0.8910**); A modicella during rabi 

(-0.7867**) and S. liiiira during rabi 95-96(-0 6688*) During khahf 1995. all the pests except 

jassids were positively correlated. Jassids showed negative correlation but non significant. 

Significant positive correlation with rnaximurn temperature during /(/lar;/seasorr was noticed with 

A. craccivora (0.6947*) and A modicella (0.7543**) (Tab 40) 

4.4.2. Minimum Temperature 

The data presented in Tab. 40 indicated a negative relationship between mrnirnum 

temperature and insect pests, in general However, the relationship was positive with jassids 

during rabi 95-96; A. modicella during rabi 94-95 and all the pests during khahf. Pertaining to the 

predators the relationship was positive during all the tluee seasons. 

4.4.3. Morning Relative Humidity 

The pests and predators showed positive correlation with morning relative humidity. 

During khahf 1995 with A. craccivora (0.6269*) and A modicella (0.7023*) the relationship was 

significant and during rabi 94-95 also except A modicella it was significant with all the pests. 

During rabi 95-96, A. modicella like other pests also showed significant positive relationship 

(0 5657*) The predators, showed non significarrl tjut positive relationship during the three 

seasons(Tab. 40) 
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4.4.4. Evening Relative Humidity 

Evening relative liumidity with few exceptions in labi 95-96 stiowed in general, positive 

coirelation with all the pests and predators under study However, the relationship was significant 

with A. craccivora (0.6231*) and A. modicella (0 6824*) during kharif 1995 During rabi 95-96 

E. keni, S litura. H aimigeia and all predators showed negative relationship but it was non 

significant (Tab 40). 

4.4.5. Rainfall 

A non significant negative correlation was ot^setved t:)etween lainfall and all the pests 

except E. ketri (kharif, 1995). A craccivora (rabi 94-95) which showed positive correlation 

(Tab. 40). 

4.5. YIELD 

Kharif, 1995 

The highest yield among the treatments was recorded in neerri cake (1437 kg ha ') and it 

was on par with FYM + vermicompost (1430 kg), vermicoinpost (1379 kg), NPK with sunflower 

(1372 kg), FYM (1346 kg) and NPK + neem cake (1341 kg) NPK with NPV also recorded lower 

yield. Control (1136 kg) and NPK witti seed treatment (1120 kg) recorded significantly lower 

yield than the organically fertilized treatments (Tab 41) 

Rabi, 1994-95 

The neem cake recorded the highest yield (2799 kg ha') followed by FYM + 

vermicompost (2696 kg), vermicompost(2659 kg) and all being on par. The treatments that 

followed were NPK with sunflower (2532 kg) FYM (2525 kg), NPK + neem cake (2423 kg) and 

NPK with NPV (2409 kg). Again the straight fertilized treatments viz control (2203 kg) and NPK 

with seed treatment (2183 kg) recorded significantly lower yields among the treatments 

(Tab. 41). 
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Tab. 41 : Groundnut yield in kg ha \ 

Treatment 

IT, NPK [Contro i r® 40-60-40 Kg ha "̂  

T F Y M @ 8 t h a ' 

T, Verinicompost @ 3.75t ha ^ 

T^ FYM @ 4t tia ' + Vermicotnposl 
@ 1.8751 h a ' 

T., Neem cake @ 770 Kg ha ' 

Ta NPK @20-30-20 Kq ha ' + Deem 
cake @ 385 Kg ha ^ 

T, NPK @40-60-40 Kg ha ' with NPV 
@ 250 LE ha ' 

TR NPK @ 40-60-40 Kg ha ' with 
Sunflower 

Jf> NPK @ 40-60-40 Kg ha ' and 
carbofuran 3G ST @ 250g Kg ' seed 

F Test (P=0 05) 
SEm 
CD 

K/jar/f 1995 

11 '(< 

n-K.'' 

1411)' 

1417 

1311' 

I 1 7'''' 

.'(> 

4 ( ) 8 4 

Rajbi 1994-95 

2659'' 

2696"' 

2799" 

242 V 

2409 

2 T ( ; ' " 

218 V' 

82 6^ 
175.22 

Rabi 1995-96 

'SXO' 

268(V'' 

.?8()6' 

1S29' 

2>62 

'491' 

214'! 

I n 98 
241 70 

Means followed by same letters are not significantly different (P = 0 05) by DMRT 

* significant at 5% level 
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Rabi, 1995-96 

As in previous rabi, the neem cake treatment recorded ttie tiigtiest yield (2866 kg ha ̂ ) 

followed by vermlcompost (2699 kg). FYM + vermicornpost (2680 kg) all being on par The 

treatments that followed were FYM (2580 kg), NPK with NPV (2562 kg), NPK *• neem cake 

(2529 kg), NPK with sunflower (2491 kg). Straight fertilized treatments viz. control (2238 kg) arjd 

NPK with seed treatment (2145 kg) recoixJed significantly lower yields among the treatments 

(Tab. 41). 

* vSignificant at 5% level 

** Significant at 1% level 
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5.1. INFLUENCE OF TREATMENTS ON PEST AND PREDATOR POPULATION 

5.1.1. Sucking Pests (Jassids and Aphids) 

An overview of the results of the present investigation revealed tfiat ftie incidence of 

jassids during kharif. 1995 was about two times to ttiat of tfie rabi 1994-95 and 1995-96, wfiile ttie 

incidence of aptiids was vice-versa. The higher level of population of jassids during kharif. 1995 

was probatily due to favourable cliniatic conditions like minimum temperature, morning and 

evening relative humidity, rainfall and cloudy days The high incidence of aphids during rabi 

seasons might also be due to the favourable relative humidity 

Pertaining to the effect of tteatments, the organically manured treatments during all the 

three seasons showed significant superiority in containing the build up of jassids, E keni and 

aphids, A. craccivora compared to the straight fertilized The different organically manured 

treatments are more or less on par. The lowest population of jassids and aphids was recorded in 

neem cake during rabi 1994-95 and kharif 1995 while vermicompost showed its significant 

superiority in curtailing the aphiiJ population during rabi 1995-96 Though the ber)eficial effects 

of organic manures like FYM, vermicompost etc was reported by several workers (Painter, 

1951; Roger, 1976; Gaur and Prasad, 1970; Gaur et al^ 1975; Jackson, 1988; Tirumala Rao, 

1994; Bhatnagar and Palta, 1996), no specific reports on pest reduction in groundnut were 

available. The combined advantage of being an organic manure and possessing a repellent 

principle, azadirachtin, in neem cake tianslocated through xylem (Kareem et al.. 1988) probably 

contributed to less incidence of sucking insects in neem cake It was reported that the residual 

toxicity of neem cake lasts for four weeks after its application (Dutta, 1974). Neem applied to 

crops was reported to reduce sucking pests (Goyal et al, 1971 Atwal and Pajni. 1964; Ruscoe, 

1972; Hans and Ferenzkoln, 1972) The present results agree with the reports available 

pertaining to the effect of neem cake on sucking pests on groundnut 

IGl 
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The dearth of literature on the influence of organic manures on groundnut pests 

necessitated (o compare and discuss the infestation of pests on other crops. The incidence of 

sucking complex was reported to be less in FyhA and vermicompost than in straight fertilized 

plots in chillies (Varma, 1994) and rice (Bhagyanakshatram. 1995; Kishore Kumai, 1996). The 

pest I eduction in these organically manured treatments was due to balanced nutrition throughout 

ttie crop period as reported by Bhawalkar and Bhawalkar (1991) and Bhide (1993). The present 

results on the influence of FYM and vermicompost are in accordance witfi the reports available 

The treatments which received straight fertilizer (NPK) with carbofuian 3G as seed 

treatment and NPK + neem cake recorded moderate incidence of aphids and jassids but were 

superior to the straight fertilized treatments during the three seasons under study. Carbofuran 

seed fieatmenl is reported to have satisfactory control of sucking pests for 30 days after sowing 

on groundnut (NARP, 1982; Venkata Reddy, 1988) and other crops as well (Dahms and Wood. 

1957; Daniels, 1960; Wilson et al. 1960: Hardwood and Bruehl, 1961; Depew, 1964; Guerra-

Sobrevilla, 1988) The seed treatment with carbofuran was also reported to have phytotonic 

effect (Ramarnoorthy, 1986; Subramanyam et al.. 1988) The available reports are in confirmity 

with the present findings pertaining to less infestation of jassids and aphids in NPK with 

caibofuran seed treatment. 

The incidence of sucking pests in straigfit fertilized treatments was due to the luxuriant 

growth and succulence of groundnut plants Eartier. many scientists reported succulence of the 

plant through nitrogen fertilization leading to vulneiability of crop to sucking pests of cotton 

(Isley, 1946; Butt et al., 1946; Adkisson, 1957; Chaudhary and Kashyap, 1987). fHigher rates of 

inorganic fertilizer by encouraging rapid growth, produce a more attractive environment for 

oviposition (Adkisson, 1958; Bishara, 1969) All these reports support the present results 
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5.1.2. Leaf Miner, A. modicella 

The incidence of yroundnut leaf miner. A modicella was higher in all the seasons 

probably due to the favouiable climatic conditions like relative humidity and minimum 

temperature as evidenced by positive relationship 

The organically manured treatments showed their significant superiority over straight 

fertilized treatments in suppressing the leaf miner population during the three seasons Among 

the organically manured treatments, FVM was the best by recording the lowest leaf miner larvae 

followed by neem cake and vermicompost Literature is not available on the influence of organic 

manures on the leaf miner incidence However, with other insect pests, application of cow 

manure to maize plots was reporled to reduce the incidence of chrysomelid larvae, D speciosa 

compared to the straight fertilized treatments (Vaidasca et a/., 1989) The beneficial effect of 

organic manures on pest reduction was discussed in the previous section under sucking pests. 

FYM and vermicompost also reported to have lower incidence of lepidopteran pests on rice 

(Bhagyanakshatram, 1995 and Kishore Kumar, 1996) Neem cake was also reported to reduce 

the incidence of citrus leaf miner, P citrella (Batra and Sandhu, 1981) The present results are 

in confirmity with the available reports. 

NPK with carbofuran seed treatment and NPK + neem cake recorded moderate leaf 

miner populations Carbofuran as seed treatment is reported to reduce groundnut leaf miner 

population upto 30 days (Venkata Reddy, 1988) Granular insecticides like isofenphos and 

cartrosulfan were found more effective in suppressing A modicella infestation (Rajagopal and 

Gowda, 1992) 

The higher incidence of leaf miner in straight fertilized treatments was due to succulency 

of leaves. The vulnerability of crop to pests due to succulency in the plant has already been 

discussed under sucking complex. 
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5.1.3. Tobacco Caterpillar, S. litura 

The tieatment that received NPV application at 50 and 75 days after sowing was 

significantly superior to the other treatments in recording lowest larval population of S litura 

during the two rabi seasons. The incidence of S Htm a was very low during III stage of khaiif. 

1995 and hence the NPV was not applied As NPV is specific, the application of S. litura NPV 

showed its effectiveness in reducing S. lituia population than all the other treatments. Earlier, it 

was reported that NPV application ieduced the incidence of S. litura (Jayaraj et al. 1980: 

Sanfharam and Balasutjramanian, 1980; Krishnaiah et al. 1984: Sasaki, 1987) The next best 

treatments in reducing the incidence of S. litura are NPK with sunflower, neem cake, 

verrnicomposl, FYM arrd NPK with carbofuran seed treatment The suriflower planted at a 

distance of 3 m in the groundnut rows attracted S. litura moths for oviposition on leaves These 

egg masses were periodically collected and destroyed The sunflower as a trap crop, diverted 

the S. litura gravid females from groundnut The sunflower plants by acting as bird perches 

attracted birds like black drongo (Dicrurus adsimilis). common rnynah (Acridotheres tnstis) and 

egrets which acted as potential vertebrate predators It was reported that black drongo feeds 50 

to 60 larvae per day in pigeonpea (Gopali et al. 1997) The birds have contributed to the less 

incidence of S. litura in groundnut with sunflower as trap crop (Plate 12 & 13) (Ranga Rao et al. 

1994). The increase in coccinellids in sunflower as a trap crop has also contributed to the 

population reduction of S litura Wightman et al. (1990) reported that farmers grow castor plants 

in groundnut to attract ovipositing Spodopteia moths The moths preferentially lay eggs on the 

leaves of castor where the eggs are easier to find and destroy Observations in farmers fields 

with sunflower as intercrop/mixed crop in post-rainy groundnut of 1993 evidenced its advantage 

as trap crop (Plate 14) (Ranga Rao et al., 1995; ICRISAT, 1994; Wightman et al., 1994) The 

fungus infections to S litura also corrtributed to population decline (Plate 15). It was reported 

that unrelated plants, when grown among the crops, also provide physical or chemical barriers 

and interfere with host location by phytophagous insects (Root and Tahvanainen, 1969) The 

results of the present studies pertaining to the less incidence of S litura in groundnut with 

sunflower as trap crop give credence to the available literature 
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Plate 12: ligrets settling in groiindmit crop 

IMate 13: Black drongo alighted on a stick as a bird perch. 
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Plate 14: Sunflower as a trapcrop on bunds in farmers' field. 

Plate 15: X litura infected with Nomuraea rileyi fungus. 
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The low pest incidence in neem cake was due to Insecticidal, repellent and other 

associated actions of neem principle 'azadirachtin' after being translocated into the plant system. 

It was reported by Rajasekharan and Jayaraj (1990) that neem cake applied to soil, make the 

plant deter S. litura. Azadirachtin translocated into plant acts as growth disruptant to many insect 

species (Schmutterer, 1987), reduce food conversion efficiency by interfering with digestive 

processes (Timmins and Reynolds, 1992). The low incidence of S. litura on the organic manures 

was probably due to lack of succulence, thickness and development of hard epidermis of the 

groundnut leaves. The present results revealing lower incidence of S. litura are in accordance 

with those of Fonesca et al. (1988), Rossi et al. (1988) and Fratello et al. (1989). On the other 

hand, the higher incidence in straight fertilized treatments might be due to succulence of leaves. 

The influence of straight fertilizers on the pest build up and succulency of leaves has already 

been discussed. 

5.1.4. Gram Pod Borer, H. armigera 

The incidence of H. armigera was lower than S. litura and very low population was 

observed during kharif, 1995. The carbofuran seed treatment proved its upper hand in reducing 

H. armigera build up in groundnut, in general. The efficacy of carbofuran seed treatment has 

already been discussed under A. modicella. The other treatments that followed and showed 

good control of H. armigera than the straight fertilized treatments are neem cake, 

vermicompost, FYM, NPK + neem cake. It was reported that neem cake as basal dose to soil, 

reduced the incidence of Heliothis species (Ruscoe, 1972; Ketkar and Ketkar, 1985; 

Rajasekharan and Jayaraj, 1990; Mordue (Luntz) and Blackwell, 1993). Similar reports on 

H. armigera population reduction in vermicompost and FYM applied plots were reported by 

Varma (1994) in chillies, Dayakar et al. (1995) in pigeonpea. Bhagyanakshatram (1995) and 

Kishore Kumar (1996) also reported less incidence of lepidopteran pests of rice in organically 
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manured treatments compared to the straight fertilized treatments. The influence of straight 

fertilizers on population build up of other lepidopteran pests has already been discussed in 

previous sections. The present results showing the higher incidence of H. amnigera in straight 

fertilized treatments are in confirmity with those reported by Fletcher (1941), Adkisson (1958), 

Venkateswara Rao et al. (1989) and Purohit and Despande (1994). 

5.1.5. Predators (Coccinellids, Spiders and Chrysopids) 

Three species of coccinellid beetles were noticed during the three seasons under study. 

Among the three, Verania vincta population was higher followed by C. transversalis and 

M. sexmaculafus The two rabi seasons under study recorded 5-10 times higher coccinellid 

beetle population than in kharif, 1995. The coccinellids were found predating on jassids, aphids, 

leaf miners, Spodoptera egg masses and Helicoverpa eggs. It was observed that V. vincta was 

highly predacious on S. litura egg masses (Plate 16) and C, transversalis on jassids and aphids 

(Plate 17). The higher coccinellid beetle population during rabi seasons was probably due to 

high pest incidence as evidenced by positive correlation and favourable climatic conditions. 

Similar reports about coccinellids as effective predators on jassids and aphids are available 

(Misari et al., 1987; Singh et al., 1991; Kenchaiah and Porte, 1989; Jagadish et al., 1996; 

Nandakumar and Sheela, 1997). 

The present investigation without the use of toxic insecticides as foliar sprays benefited 

the multiplication of predators viz. coccinellids, spiders and chrysopids. Their population 

fluctuations were noticed synchronizing with pest population since they are density dependent. 

Observations on some predators at Kavur, Guntur district of Andhra Pradesh indicated 30 times 

higher coccinellids predating on S. litura egg masses, in groundnut fields without application of 

insecticides compared to the fields that received insecticidal application (ICRISAT, 1994). 

The climatic conditions were also probably congenial for spiders during rabi seasons 

under study than in khahf, 1995. Spider abundance (Plate 18) increased with advancement of 
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Plate 16: V. vwc/c/predating oiuV. ///i/ra eggmass. 

Plate 17: C. tiaiisversalis grub and adult feeding an aphids. 
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Plate 18: Spider egginass on groundnut leaflet. 
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the season and plant size. On an average kharif crop recorded one spider per plant while it was 

2.0 to 2.5 per plant during the two rabi seasons As the spiders were also density dependent, 

the pest population fluctuations affected the spiders Among the different spiders noticed, the 

oxypopid, Oxyopes salticus was the dominating species followed by Pardosa pauxilla and Lycosa 

pseudoannulata. The spiders were found predating on all the insects under study (Plate 19 & 

20). Similar results were reported by Agnew and Smith (1989) in groundnut. They reported that 

spider abundance increased as the season progressed and plant size and structure increased, 

Lycosids were dependent on a closed canopy and were most successful in irrigated fields. 

Populations of most species, especially lycosids, declined in drought-stressed rainfed fields. 

Agnew and Smith (1989) also reported that the prey of spiders included Heliothis sp., leaf 

hoppers and thrips. Entomophagous species constituted about one-half of the spider diet. 

During the three seasons under study, coccinellids, and spiders were significantly lower 

in NPK with carbofuran seed treatment followed by other organically manured treatments. The 

treatments had little influence on the chrysopid population and the chrysopid population is very 

low. Significantly higher predator population was noticed in the straight fertilized treatments. 

Low pest populations in NPK with carbofuran seed treatment and organically manured 

treatments might have lead to low predator population. In contrast, the high pest incidence in the 

straight fertilized treatments harboured more predators. The systemic action of carbofuran 

through seed treatment might have also affected the coccinellids through pollen and flowers, 

which are considered as food sources for adults. Carbofuran is reported to reduce major 

predators of plant hoppers such as spiders, mirid bugs and rove beetles (Panda and Khush, 

1995). Host plant-induced changes in prey physiology and behaviour was reported to modify the 

success of natural enemies (Painter, 1951). It was reported that plants provide nutrition to the 

natural enemies in the form of pollen, nectar and extrafloral nectar directly or indirectly through 
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Plate 19: Spider feeding on flies in groundnut ecosystem. 

Plate 20: Spider attacking on S. litura larva in groundnut ecosystem 
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fheir insect hosts (Smiley, 1978). Many scientists stated that the organic manures are safe to 

predators (Bhagyanakshatram, 1995; Kishore Kumar. 1996) It was also reported that, although 

there was initial reduction in population of spiders and inirids in neem treated plots, tfiere was 

better recolonization of predators (Mohan ei al, 1991) Many scientists repoited that neem cake 

application to plants is relatively safe to tfie natuial enemies like spiders af)d mirids (Krishnaiah 

and Kalode, 1985; Wu, 1986; Saxena ef al.. 1989; Jayaraj, 1992) and coccinellids (Singh et al.. 

1985) All these reports were made t)y comparing the natural enemy population in organically 

manured treatments with that in insecticidal treatments During the present studies, no 

insecticidal treatment was given to foliage Because of the absence of toxic residues on the 

plants, the natural enemy population fluctuated with the prey density while it was not in straight 

fertilized and hence high population in straigtit fertilized treatments. 

The application of nitrogenous fertilizeis/straight fertilizers resulted in succulent 

vegetative growth, and the dense canopy created favourable microclimatic conditions for build 

up of predators. Similar results were reported by Adkisson (1958) It was reported that lady bird 

beetle populations, H. convergens and O insidiosus were influenced by fertilizer treatments and 

showed rto influence on Chrysopa and Nabis species. Fluctuations in spiders in groundnut 

ecosystem was accompanied by an increase or decrease in the number of cicadellids (Singh 

etal, 1991). 

5.2 INFLUENCE OF TREATMENTS ON BIOCHEMICAL CONSTITUENTS OF GROUNDNUT LEAVES 

The treatmental influence on the biochemical constituents of groundnut leaves revealed 

that, in general, nitrogen (N), crude protein (CP). total free amino acids (TFAA) and 

carbohydrates were lower in all the organically manured treatments than the straight fertilized 

treatments. It is evident from the results that, the treatments significantly influenced N, CP 

TFAA and carbohydrate content in groundnut leaves The lack of literature pertaining to the 
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influence of organic and inorganic manures on biochemical constituents of groundnut leaves 

necessitated to compare witti the literature availat)le in other plants/crops. Ferlilizers are known 

to influence substantial charrges in both the quantity and quality of nitrogen. Total foliar N was 

increased as much as four fold with fertilizers (F'irie 1959) N fertilization is reported to increase 

both total plant biomass and total protein yields (Rauzi. 1978; Sosulski e^ a/., 1963) t)ecause N 

stimulates continued cell division and elongation (Jessup and Fowler, 1976) as well as 

photosynfhetic activity (Fagerstiom and Lohm, 1977) Fertilization has the greatest effect on the 

levels of soluble N compounds Fertilizers are reported to increase amino acid and amide levels 

(Catlin and Priestley, 1976: Hoff et al.. 1974; Weissman. 1964) and inorganic N levels (McDole 

and McMaster, 1978) These reports support the present findings that straight fertilizers 

contnbuted to higher level of N/CP, TFAA and carbohydrates in leaves when compared to 

organically manured treatments The levels of phenols and tannins were slightly higher in the two 

rafor seasons 1994-95 and 1995-96 than in the khahf, 1995 The comparatively higher amounts 

of these C-based defense compounds dunng rabi seasons was attributed to higher temperatures, 

more sunshine hours and cloud free days during rabi Similar reports stating profound influence 

of liglit on foliar phenolic levels including tannins are available Mole et al. (1988) found very 

close positive relationship between light intensity and tannins Such findings point to the 

possibility that passive effects governed by abiotic factors may be more important than 

herbivores in determining concentration of phenols and tannins in plants 

The phenols and tannins were found significantly higher in the organically manured 

treatments compared to the straight fertilized treatments Many reports are available stating that 

low N content in the plant/soil contribute to production of higher levels of ptrenolics in plants 

(Vogel, 1931; Heller. 1948; Swaby, 1958; Peach. 1950: Bonner, 1950) Davies et al (1964) 

showed that growing a number of plants in sandy soils produced high content of polyphenolic 

substances which was attributed to lack of N oi P I h e study of McKey ei al. (1978) provides 
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support for the hypothesis that vegetation on low-nutrietit soil contains relatively high 

concentrations of polyphenolic compounds detetieni to herbivores. As groundnut is a crop of 

light soils in coastal areas which are characterized by low N and water holding capacity, 

represents low fertility of the sandy soils These sandy soils also represent the stress conditions 

for the plants in terms of environment or N availability to plants Phillips and Henshaw (1977) 

have demonstrated experimentally that adding sucrose to N and P-depleted cell cultures of Acer 

pseudoplatanus results in the synthesis of phenols, wheieas adding urea resulted in the inhibition 

of phenolic synthesis. Increasing plant N fhrougti fertilizers is reported to reduce the levels of 

phenols and lignins (Jones, 1976; Kiraly, 1976; Trolldenier and Zehler. 1976), whereas reducing 

plant N through culturing in soils raised levels of phenolics (Davies ei al., 1964; Forrest, 1975 

McKey et al., 1978; Reader, 1979; SHweykowska. 1959) All these reports support the present 

results revealing higher levels of phenols and tannins in organically manured treatments than in 

straight fertilized treatments 

5 3. RELATIONSHIP BETWEEN BIOCHEMICAL CONSTITUENTS OF GROUNDNUT LEAVES AND 

PESTS AND PREDATORS 

Phytophagous insects are very sensitive to nutritional changes in host plants The 

nutrition induces changes in concentration of primary and secondary metabolites of the plant 

and leads to growth and dynamics of the insect pests that harbour plants Host plant induced 

changes in prey physiology and behaviour modify the success of natural enemies also The 

piesent results on the relationship between biochemical constituents of leaves as affected by 

sources of plant nutntion and the pests and predators are discussed in the following sections with 

the available literature 
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5.3.1. Sucking Pests 

The results of the present investigation indicate a positive corielation between nitrogen 

(N), crude protein (CP), total free amino acids (TFAA) and carbohydrates and the sucking 

complex (jassids and aphids); while the association was negative in case of the two C-based 

defense compounds viz. phenols and tannins It was clear from the results that the increase in 

N, CP, TFAA and carbohydrates favoured the build up of pests; and phenols and tannins 

reduced the incidence of sucking pests The higliei content of these N-based compounds (N, 

CP, TFAA and carbohydrates) was telativeiy higher in leaves of straight fertilized treatments 

than the organically manured. It was also clea« from the results that nitrogen has a negative 

association with the C- based defense compounds The straight fertilized treatments recorded 

higher N-based leaf constituents and lower C-I)ased defense compounds and vice versa, in 

organically manured treatments Straight fertilizeis increased the levels of amino acids, 

succulency and increased the palatability of the leaf to the sucking pests The available 

literature suggest that the incidence of sucking insects increase on the plants containing higher N 

content (Rodriguez atid Campbell, 1961; Honeyborne, 1969: Chadha and Arora 1982). 

Sorghum lines resistant to delphacids and aphids recorded lower N content in leaves (Mote and 

Shahane, 1994). Non-preference of J. auiiculatum by D vulgaris was reported to be due to low 

leaf protein content (Sundaraiaj and David. 1990) It was also reported that lower amounts of 

total free amino acids and carbohydrates in leaves contribute to resistance of plants to sucking 

|)ests. The aphids on the pea varieties deficient in amino acids grow n)ore slowly than normal 

and secrete less honeydew and produce fewer progeny (Auclair and Cartier, 1960). Higher 

amounts of amino acids attracted whiteflies in castor (David and Paul, 1973) and jasmine 

(Sundararaj and David, 1990) Low levels of sugars liave been correlated to resistance against 

sucking pests (Mote and Shahane. 1994). It was reported that sap feeding insects, have more 

intimate relationship with their host plants than many other pests and are affected by small 

changes in nitrogen status of host (Wensler 1962) 



1 7 ; 

Low N, CP, TFAA and carbohydrate content as observed in organically manured 

treatments causes low productivity and implies slow growtli and ttius prolonged life cycles 

Ttiese conditions teduce the plants' chances of escaping from injury against herbivores "in 

space" and damaged inuch by the pest to meet its body N leguirement (Mattson, 1980) A major 

defense probably be "escape in time" possible through production of antiherbivore compounds 

and availability of predators and parasites (Bentley, 1977: Janzen, 1974). The phenomenon of 

escape in time was irrevocably observed with low pest population densities in organically 

manured treatments Most tierbivores feed preferentially on leaves with high N, protein, water 

content and a low leaf toughness and a low concentration of antiherbivore compounds 

(Waterman and McKey. 1989). The nutritional requirements of all the insects are generally 

same t)ut it is the quantitative factor that play a decisive role in insect-plant interactions (House. 

1969). Changes induced in the concentrations of plant metabolites affect the insects at the 

nutritional level and alter behavioural response towards plants All the plants possess C-based 

compounds (like phenols and tannins) but it is their relative proportion of these compounds that 

give advantage to the host plant It was reported ttiat the higher levels of phenolics in the plants 

contributed to resistance against sucking pests (Sundararaj and David, 1990: Mo\e and Shahane, 

1994) 

Ttie impodance of low N content in leaves in the production of phenols and tannins was 

reviewed in chapter II under sections 2.2 The low N content in the plant leads to increased 

phenols, tannins and lignins that contribute to leaf toughness and production of more cell wall 

related structural components which are not desirable for herbivores (Scriber and Slansky, 1981) 

and probably affect the penetration of stylets of sucking pests into the mesophyll of the 

groundnut leaf. Elevated levels of fibres and silica are associated with increase in phenols and 

faiifiins, increase the bulk density of the diet to the extent that insects are unable to ingest 

sufficient quantities of nutrients. The plant constituents like protein and carbohydrates are less 
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available to herbivores in tough leaves because of the hydrogen bonding between the 

compounds and tannins (Swain. 1979). The plienols reduced the consumption and digestion of 

leaf material. Insects avoid astringent food, and even after ingestion, the tannin rich food 

ruptures the epithelial cells in lumen and also affects the digestion because of the coagulation of 

proteins in their oral cavity. All the available literature pertaining to the influence of biochemical 

constituents of leaves on sucking pests conclusively support the present findings of the low 

incidence of jassids and aphids. 

5.3.2. Lepidopteran Pests 

As in sucking pests, the three lepidopteran pests under study viz A. modicella, S- lituia 

and H armigera also showed positive relationship with N, CP, TFAA and carbohydrates and 

negative relationship with ptienols and tannins During the two rabi seasons, the NPV of S litura 

dominated the other treatments and probably resulted in non-significant relationship with all the 

biochemical constituents. However, S. litufa showed significant positive relationship with all 

biochemical constituents of leaves during kharif. 1995 wherein NPV of S. litura was not applied 

The higher plant N hastened the levels of CP, TFAA and carbohydrates and offered suitable diet 

to the lepidopteran pests It was reported that low nitrogen, sugars and polyphenols contributed 

to resistance against lepidopteran pest, A modicella in groundnut (Visalakshi, 1994). The higher 

N favoured the build up of cutworm on wheat (Kasting and McGinnis, 1959) The amino acid 

imbalance in wheat made the (-utworm A ipsilon to suffer much (McGinnis and Kasting, 1961), 

Ehatia (1975) also reported that low carbohydrate content was responsible for resistance to 

angumois grain moth. The higher levels of phenols and tannins in cotton also reported to reduce 

the incidence of bollworms (Chan et ai, 1978; Ananthakrishnan et al, 1990) 

The incidence of S. litura and H. armigera was comparatively lower than the sucking 

pests under study. This was attributed to the increase in the survival rale of sucking insects with 
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plant N confenf whereas those of chewing insects like S liiura and H. arrnigera, the stiivlval rate 

often decrease (Bogensctiutz and Konig, 1976) However, the indirect effects of lowered plant 

N tlirough organic manures are piesurned to be negative for all the herbivores because 

prolonged consumption and growing periods are believed to increase losses to abiotic and biotic 

mortality factors 

The importance of low nitrogen and othei associated influences on other biochemical 

constituents has already been discussed in previous sections. The increase in toughness of 

leaves probably reduced the incidence of these lepidopteran pests The toughness of leaves 

protjably resulted in abrasions on mandibles and maxillae and impaired their function It is also 

probable that the gut pH of the chewing pests played a role in consumption of the leaves with 

high phenols and tannins (in organically manured treatments) It is for this reason, though the 

two pests showed negative lelationshif), it was not significatit like sucking pests. It is assumed 

that the high gut pH reduce protein-tannin binding The high gut pH was an adaptive 

phenomenon, ieducing the likelihood of antidigestive effects of tannins in caterpillars with high 

tannin diets It was reported that caterpillars had higher gut pH and consumed higher quafitities 

of tannins (Feeny, 1970: Berenbaum, 1984) It seems that insects habitually feeding on tree 

foliage and other tannin-rich platJts produce a relatively thick protective chitin protein peritfophic 

membrane from the midgut epithelium (Adang and Spence, 1982) and among the grasshopper 

species there is a positive correlation between mass of peritrophic membrane and quantities of 

tannins in the diet (Bernays and Simpson 1989) In case of grasshoppers, it was proposed that 

the peritrophic membtane preferentially adsorbed tannins, thereby making them ineffective for 

l)ir)ding with important dietary or digestive enzyme pioteins (Bernays ef a/., 1980) An overview 

of the present findings agree with the available literature pertaining to the association between 

the biochemical constituents of groundnut leaves and the incidence of the three lepidopteran 

pests A ivodicella, S liiura and H arrnigera 
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5.3.3. Predators 

In general, coccinellids and spiders showed positive correlation with N, CP, TFAA and 

carbohydrates and a negative correlation with phenols and tannins, but the relationship was nori-

significanl. As the natural enemies are at the third trophic level, they were dependent on their 

prey Consequently the pest populations aftected the predators also The pest on the straight 

fertilized treatmerits was preferred by the natural enetriies The nutritional substrate offered by a 

host plant indirectly influence predators Prey confined to resistant hosts (plants in organically 

manured treatments) commorily experience reduced growrth rate, greater developmental time 

and mortality, and decreased fecundity Such alterations of fundamental physiological 

processes affect the nutritional quality of the prey which inturn affects the predators A major 

impact of plant resistance is reduction in predator density due to reduced prey populations 

(Pimental and Wheeler, 1973). Numerous studies indicate that predator performance may be 

altered by the host plant of the prey The results of the present findingo pertaining to the 

relationship of predators with biochemical constituents of the host plant of the prey agree in 

general with the available literatuie. 

CONCLUSIONS 

The piesent results throw light on the induced resistance/ecological resistance through 

variation in chemistry of the plant as influenced by the source of plant nutrition Such a variation 

in chemistry of the plant is a kind of protective system preventing herbivores from evolving 'fine 

tuned' offenses against host plants (Denno and McClure, 1983). The production of phenols and 

tannins is evolulionarily a primitive phenomenon With the advent of chemical fertilizers, the 

plants shifted their nutrient system to fertilizers which developed succulency, increased nitrogen 

and amino acids in the plant which is considered favourable diet for the insects as compared to 

the nutrients from organic manures Since then the capacity to synthesize phenols and tannins 

by plants has decreased. With this concept, it is possible to create a partial N stress upto certain 
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period through organic niaiiures without any negative effects on crop growth, and thus "induced 

resistance" through intrinsic production of defense compounds, which deter the pest attack can 

be brought. Such processes will short cut the lengthy breeding procedures to develop resistance 

in a plant which would take years. Unlike other management practices this system is simple, 

cheap and does not require much technical expertise also 

The use of organic manures like neem cake, FYM and vermicompost should be 

encouraged to attain ecologically sound life sustaining system which will provide the major 

nutrients to the plants and the micro and trace elements that are lacking in straight fertilizers 

Elevated carbon dioxide and other byproducts fiom the decomposition of manures also reduce 

root injury by soil pests (Allee et al, 1993) Development of healthy plants with well developed 

intrinsic defense system thwart the pest attack of any kind. However, lack of sufficient quantities 

of these organic manures as alternatives to straight fertilizers can be overcome by judicious 

combinations of organic and itiorganic fertilizers As these organic manures are also rich in 

micro nutrients, and thus separate application of micro nutrients is rendered redundant. The shift 

from chemical to non chemical pest management through organic farming should however be 

gradual. A sudden switch-over could spell disaster and discourage farmers from taking to this 

course. At least 6-7 years will be needed for the transition, and during the interim years ttie 

fanmers could build up a sufficient organic base to fertilize the fields and improve the productivity 

of the soil. The vermicompost stands an alternative for FYM and neem cake as if can be 

prepared by the farmer with the available farm waste and the city waste and garbage can be best 

utilized, as its disposal is posing ttireat to the environment The natural proliferations of natural 

enemies of crop pests such as coccinellid beetles, spiders, chrysopids, mantids, dragon flies, 

damsel files and lizards have been known to be effective in keeping pests at a bay 



18 :i 

The integrated pest nianayement ttuougti non-insecticidal pest management (NIPM) / 

tiioenvironmental control relies tieavily on the holistic management of the natural resource base. 

Ttie agricultural practices that are governed by the principles of ecology arul are within the 

ecological means have been put to practice by some enterprising farmers in Andhra Pradesh. 

Karnalaka and Tamil Nadu and their experiences show thai natural farming is an excellent 

illustration of sustainable agriculture through sustainable plant protection Ecological farming 

techniques practiced at the eco-farm of the Kasturi estates at Nerkunpattu in Chengalpattu -

IWGR district, Tamil Nadu, and ttie Gloria land of Sri Aurobindo Ashram, Pondicherry, have 

clearly shown that a holistic approach integrating healthy nutrition through bio-fertilizers, 

vermicompost, coirpith compost and other organic manures with ingenious and eco-friendly 

measures would pay rich dividends for groundnut farmers Such ecological farming systems are 

highly productive and they should not be mistaken for a reversion to inefficient and less 

productive methods These practices will reactivate the fatigued green revolution to move 

forward through promotion of soil health, package of plant protection measures with each 

component a blend of tradition and modernity As greater understanding of plant biology, 

chemistry and ecology of tlie pest is attained we will be able to approach the goal of developing 

pest management strategies thai are deliberately and foresightedly designed to be eco-friendly. 

Further studies in these lines in various other crops and other situations against the innumerable 

insect pests to encourage the concept is highly appreciable 
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Groundnut is an important oilseed crop and is cultivated in 21.52 lac ha in Andhra 

Piadesh and accounts for 28.4% area and 22.2% production on all India basis (DES,1993) 

Gioundnut farmers to overcome insect pests resorted to indiscriminate use of insecticides wtiich 

tias lead to several problems sucti as insecticidal resistance, outbreak of secondary pests and 

took a toll of beneficial insects, spiders, birds, lizards etc Keeping the above problems in view, 

the present investigations with the basic objective of non insecticidal IPM in groundnut were 

conducted for three seasons at Bapatia and Kavur, Guntur district of Andhra Pradesti 

Ttie treatments include organic manures like farm yard manure (FYM), vermicompost, 

FYM + vermicompost, neem cake and the straight fertilized (NPK) treatments viz. NPK with NPV 

of S litura as a spray at 50 and 75 days after sowing (DAS). NPK with sunflowet as a trap crop 

and NPK with carbofuran seed treatment and NPK as c:ontrol 

The obseivations pertaining to the pest and predator counts were recorded at weekly 

inteivals from 20 DAS till the harvest of the crop The data was evaluated at three stages of 

crop growth synchronizing with the biochemical analysis of leaves done at 21 DAS (flowering), 

49 DAS (peg penetration) and 77 DAS (pod formation stages) of groundnut. The biochemical 

constituents of groundnut leaves viz. nitrogen (N) crude protein (CP), total free amino acids 

(TFAA), carbohydrates, phenols and tannins were estimated with standard procedures and 

correlated with pest and predator incidence. 

18:^ 
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The results revealed that 

1. Oiganic manures reduced the Incidence of all the pests under study. The sucking insects, 

jassids and aphids were lowest in neem cake followed by the treatments that received 

organic manures, NPK with carbofuran seed treatment and NPK + neem cake The straight 

fertilized treatments recorded higher incidence of jassids and aphids 

2. The treatments that received organic manures and NPK with seed treatment were superior in 

suppressing the leaf miner population than the straight fertilized treatments S litura was 

effectively reduced in NPK with NPV The other treatments NPK with sunflower, neem cake, 

vermicompost also showed superiority by recording lower incidence of S. litura on groundnut 

The straight fertilized treatments recorded higher incidence of S litura NPK with carbofuran 

seed treatment showed its superiority in recording low incidence of ti. anvigera followed by 

neem cake, vermicompost and FYM 

3. The natural enemies like coccinellids and spiders are however, higher in the treatments that 

received straight fertilizers and lower in organically manured treatments. The low levels of 

pest population in organically manured treatments resulted in low incidence of predators, a 

density dependent biotic factor NPK with seed treatment followed by organic manures 

recorded lower natural enemy population The treatments did not influence the chrysopids 

and in general the population of chrysopids was low 

4. Tfie treatments were found to influence the levels of biochemical constituents of groundnut 

leaves. The treatments with organic manures lecorded significantly lower amounts of N, CP 

TFAA and carbohydrates and higher levels of ttie carbon based defense compounds, 

phenols and tannins than the straight fertilized treatments Lower nitrogen in the leaves of 
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oiganically manured treatments contributed to tiigher production of phenols and tannins and 

vice versa m the treatments that received straight fertilizers 

5. All the pests and predators (except chrysopids) showed positive correlation with N, CP 

TFAA and carbohydrates and negative correlation with phenols and tannins. The higher N, 

CP, TFAA and carbohydrates and low levels of ptienols and tannins in straight fertilized 

treatments contributed to higher pest incidence and vice versa in organic manured 

treatments 

6. The natural enemies tike coccinellid beetles, spiders, chrysopids increased because of the 

absence of application of insecticides. The two rabi seasons recorded 5-10 times higher 

coccinellid beetle population than kharif The population of spiders was also higher during 

rabi than in kharif Sunflower plants acted as preferred host to S. litura and also acted as 

bird perches and contributed to lower incidence of S IHura and H anvigera 

7. Present studies throw light on the marupulation of host plant through nutrition to bring 

induced/ecological resistance in plants. The slight alteration in chemistry of the plant may 

bfing desirable effects without sacrificing the growth and yield. The present studies without 

the use of insecticidal sprays, and use of organic manures focus on the alternatives for 

straight fertilizers and manipulate the host platrt, making it less attractive for the pest The 

studies also reduce the cost of inputs towards insecticides and fertilizers and promote the 

ecological balance through provision of food to natural enemies and stress the need for 

ecological/organic farming to attain sustainable plant protection which inturn paves the way 

for sustainable agriculture 



^(^teui^. 'ttyey 



LI r FRA riRF (11 El) 

Adang M J and Spence K D 1982 Biochemical comparisons of the periirophic membrane of the 
lepidopterans Orgyia pseudotsugata and Manduca texta Comparative Biochemistry and 
Physiology 73B: 645-649 

Adkisson P L 1957 Influence of irrigation and fertilizer on population of three species of mirids 
attacking cotton. United Nations FAO Plant Protection Bulletin 6(3) 33-36. 

Adkisson P L 1958 The influence of fertilizer application on population of Heliothis zea Boddie, 
and certain insect predators. Journal of Economic Entomology 51 757-759. 

Agnew C W and Smith J W Jr 1989 Ecology of spiders (Araneae) in a peanut agroecosystem 
Environmental Entomology 18(1); 30-42 

AICORPO 1978 All India Co-ordinated Research Project on Oilseeds Annual Progress Reports, 
Directorate of Oilseeds Research. Rajendranagar, Hyderabad 

Allee L L, Davis P M, Bushamuka N V and Zobel R W 1993 Dairy manure control of western 
corn rootworm. p 121-123. In Pest Management : Biologically based technologies (Eds R D 
Lumsden and J L Vaugon). American Chemical Society Conference Proceedings Series, 
ACS, Washington, D C 

Ambethgar V 1996 Effectiveness of neem {Azadirachta indica A Juss) products and insecticides 
against rice leaf folder, Cnaphalocrocis medinalis Guenee Journal of Entomological 
Research 20(1): 83-85 

Amin P W and Mohammad A B 1980 Groundnut pest research at ICRISAT p 158-166 In 
Proceedings of the International Workshop on groundnuts, 13-17 October 1980, ICRISAT 
centre, India. 

Ananthakrishnan T N, Annadurai R S, Senrayan R and Murugesan S 1990 Antibiotic effect of 
resorcinol, gallic acid and phloroglucinol on Heliothis annigera Hubner. Proceedings of 
Indian Acadamy of Sciences B 99 (1) : 39-52 

Apple J W 1971 Response of corn to granular insecticides applied to the row at planting Journal 
of Economic Entomology 64: 1208-1211. 

"Ascher K R S 1993 Non-conventional insecticidal effects of pesticides available from the neem 
tree Azadirachta indica Archives of Insect Biochemistry and Physiology 22:433-449 

Atwal A S and Pajni H R 1964 Preliminary insecticidal properties of drupes of Melia azadirach 
against caterpillars of Pieris brassicae L. Indian Journal of Entomology 26(11)221-227 

Auclair J L and Cartier J J 1960 Effects compares de jeunes intermittents et de periodes 
equivalentes de' subsistance sur des varietes resistantes on sensibles de pois, Pisum 
sativum L suria croissance, la reproduction et I'excretion dupuceron du pois, Acyrthosiphon 
pisum (Harr). Entomologia Experimentalis et Applicata 3 315-326 



Azambuja P de, Garcia E S, Ratcliffe N A and Waiihen J D 1991 Immuno-depression in 
Rhodnius prolixus induced by the growth intiibitor azadirachlin. Journal of Insect Physiology 
37:771-777 

*Barbosa P, Saunders J A and Waldvogel M 1982 Plant mediated variation in herbivore 
suitability and parasitoid fitness pp 63-71 In proceedings of 5th International Symposium 
on Plant Insect Relationships. Wageningen Pudoc 

Batra R C and Sandhu G S 1981 Comparison of different insecticides for the control of citrus leaf 
miner in the nursery Pesticides 15(2)5-6 

Batra S W T 1982 Biological control in agroecosysfems Science 215: 134-139 

Beck, S D 1956 The European corn borer, Pyrausta nubilalis Hubn and its principal host plant, 
II The influence of nutritional factors on larval establishment and development Annals of 
Entomological Society of America 49:582-588 

Benfley B L 1977 Extrafloral nectaries and protection by pugnacious bodyguards Arrnual 
Review of Ecology and Systemalics 8:407-427 

Berenbaum M 1984 Effects of tannins on growth and digestion of two species of papilionids 
Entomologia Experimentalis et Applicata 34: 245-250 

Bergman J M and Tingey W M 1979 Aspects of Interaction between Plant Genotypes anb 
Biological control Bulletin of Entomological Society of America 25:275-279. 

Bernays E A and Chapman R F 1977 Deterrant chemicals as a basis of oligophagy in Locusta 
inigratoiia L. Ecological Entomology 2:1-3 

Bernays E A and Simpson S J 1989 Feedrng and nutrition In Bilogy of Grasshoppers (Eds R F 
Chapman and A Joern) Wiley. Chichester 

Bernays E A, Chamberlain D and McCarthy P 1980 The differential effects of ingested tannic 
acids on different species of Acridoidea Entomologia Experimentalis et Applicata 28:158-
166. 

Bernays E A, Cooper D G and Bilgener M 1989 Herbivores and plant tannins Advances in 
Ecological Research 19:263-302 

Bhagyanakshatram V 1995 Influence of organic manunes and botanicals on major pests of rice 
M Sc (Ag) Thesis, A P Agricultural University, Bapatia (Unpublished) 

Bhargava B S and Raghupathi H B 1993 Analysis of plant materials for macro and micro 
nutrients, pp 49-82 In Methods of Analysis of Soils. Plants, Waters and Fertilizers (Ed H L S 
Tandon). Fertizer Development and Consultation Organization, New Delhi. 

Bhatnagar R K and Palta R K 1996 Earthworms Vermiculture and Vermicomposting. Kalyani 
publishers, Hyderabad, pi06. 

Bhawalkar U S 1991 Vermiculture biotechnology for LEISA Seminar on Low External Input 
Sustainable Agriculture, Amsterdam, Nethertands 



Bhawalkar U S 1992 Vetmicaslirigs ; The effective hiofertilizer Kisan World 19(7): 33-37 

Bfiawalkar V and Bhawalkai U 1991 In vermlcii lt i i ie biotechnology Bhawalkar Eartfiworni 
Research Institute Pune M S . pp41 

Bhide M R 1988 Naisargic Khath Nirmiti, Ek Nayi Disha pp 30-32. 

Bhide M R 1993 Wormi-compost Paper presented at the short term training, organised by 
"PrakrutI" at Yasuf Meharally centre, Tara, Dist. Raigad, 3-4 July. 1993 

*Bishara I 1969 Bollworm attack in relation to manuring of cotton U A R Ministry Agricultural 
Technological Bulletin. 1:35 

*Bogenschutz H and Konig E 1976 Relationship between fertilization and tree resistance to 
forest insect pests, pp 281-289. In Fertilizer Use and Plant Health Worblaufen-Bern, 
Switzerland: International Potash Institute 

Bonner J 1950 Plant Biochemistiy. Academic Press Inc New York 

'Bryant J P, Chapin F 8 and Klein DR 1983 Carbon nutrient balance of boreal plants in relation 
to vertebrate herbivory. Oikos 40: 357 368 

Biyant J P, Chapin F S, Reichardt P and Clausen T 1985 Adaptations to resource availability as 
a determinant of chemical defense strategies in woody plants In Chemically Mediated 
Interactions between Plants and other Organisms (Eds G Cooper Driver T Swain and EE 
conn) Plenum, New York. 

Biyant J P, Clausen T P, Reichardt P B, McCarthky M C and Werner R A 1987 Effect of 
nitrogen fertilization upon the secondary chemistry and nutritional value of quaking aspen 
{Populus tremuloides Michx) leaves for the large asper tortrix (Choristoneura conflictana 
Walker.) Oecologia. 73: 513-517 

Butler L G 1989 Effects of condensed tannin on animal nutrition, p 391-402 In Chemistry and 
significance of condensed tannins (Eds R W Hemingway and J J Karchesy) Plenum Press, 
New York. 

*Butt C H, Walton R R and Ivy E E 1946 The cotton fleahopper in Oklahoma Oklahoma 
Agriculture Experiment Station Bulletin 1-24 

Casagrande R A and Haynes D L 1976 Tf>e impact of pubescent wheat on the population 
dynamics of the cereal leaf beetle. Environmental Entomology 5:153-159. 

Gates R G and Rhoades D F 1977 Patterns in the production of antiherbivore defenses in plant 
communities Biochemical Systematics and Ecology 5 185-193 

Callin P B and Priestley C A 1976 Short-term studies of the uptake of nitrogen by young apple 
trees after soil application of ammonium nitrate Annals of Botany 40:73-82 

Chadha I C and Arora R 1982 Influence of water stress in host plant on the mustard aphid, 
Lipaphis erysimi KaW Entomon 2(1): 75-78 

Chan B G, Waiss A C, Lukefahr M 1978 Condensed tannin, an antibiotic chemical from 
Gossypium hirsutum Journal of Insect Physiology 24 113-118. 



Chandana S S 1981 Relationship between earthworiTi and soil fertility. Farmer and Parliament, 
Jan 15-16 

Chaudary D P and Kashyap R K 1987 Field fertilization vis-a-vis incidence of insect pest 
complex and marketable yield in egg plant, Solanum melongina Italiano di Entomologia 
3: 413-420 

Ctiiang H C 1970 Effects of manure applications and mite predation on corn rootworm 
populations in Minnesota. Journal of Economic Entomology 63:934-936 

*Coley P D 1983 Herbivory and defensive ctiaracteristic of tree species in a lowland ttopical 
forest. Ecological Monographs 53:209-229 

Dahms R G and Wood E A 1957 Evaluation of green bug damage to small grains Journal of 
Economic Entomology 50:443-446. 

Daniels N E 1960 Green bug control with systemic instecticides as influenced by fertilizer 
application. Journal of Economic Entomology 53 278-280 

David B V and Paul A V N 1973 studies on resistance of castor to the whitefly Tiialeiirodes raia 
Singh i. Free amino acids. Madias Agricultural Journal 6 1499-1503 

f3avid P M M 1986 Effect of slow release nitrogen fertilizers and of foliar application of neem 
products on rice pests. Madras Agricultrual Journal 73(5): 274-277 

Davies R 1, Coulson C B and Lewis D A 1964 Polyphenols in plant, humus and soil IV 
Factors leading to increase in biosynthesis of polyphenol in leaves and their relationship to 
mull and mor formation Journal of Soil Science 15(2) 310-318. 

Dayakar S, Arjuna Rao P and Tirumala Rao K 1995 Effect of organic and inorganic sources 
of N and P and certain insecticides on the build up of pod borers of pigeonpea. The Andhra 
Agricultural Journal 42 (1 - 4): 

DeBach P 1974 Biological Control by Natural enemies Cambridge University Press, Cambridge 

'Dement W A and Mooney H A 1974. Seasonal variation in the production of tannins and 
cyanogenic glucosides in the chaparral shrub, Heteromeles artutifolia Oecologia 15 65-76 

Denrro R F and McClure M S 1983 variable plants and herbivores in natural and managed 
systems. Academic Press, New York 

Depew C J 1964 Systemic insecticides to control green bug on spnrrg planted bartey. Journal of 
Economic Entomology 57:250-252. 

DES 1993 Directorate of Economics and Statistics Season and Crop Report 1992-93 1402 
Fasli, Government of Andhra Pradesh, Hyderabad 4 

Dhane S S, Dodake S B and Jadhav S N 1996 Evaluation of Vermicompost in groundut 
production, Maharastra, India. InternationaMrac/i/s Newsletter No 16:52-53 

Dick F F and Jarvis J L 1962 The habits and seasonal abundance of Orius insidiosus Say 
(Hemiptera-Heteroptera : Arrthocoridae) on corn Journal of Kansas Entomological Society 
35:339-344. 



Dutta N 1974 Report on the performance of neeni oil cake powder against Microtetmes sp 
Department of Agricultural Entomology, Unlverisity of Kalyani, West Bengal 

*Ehatia S K 1975 Resistance to insects in stored grains Tropical Stored Products Information 
27:21-35. 

El-Stiazly N Z 1972 Der Einflurs von Erriahrung und alter der Mutter tieres and die hamocytare 
Abwwhrreaktion von Neomyzus circumflexus Buck Entomoptiaga 17:203-207 

'Faeth S H 1985 Quantitative defense theory and patterns of feeding by oak insects Oecologia 
68:34-40. 

Tagerstrom T and Lohm U 1977 Growth in Scots pine (Pinus silvestris Lin). Mechanism of 
response to nitrogen. Oecologia 26:305 315 

F-eeny P P 1970 Seasonal changes in oak-leaf tannins and rrutrients as a cause of spring 
feeding by winter month caterpillars Ecology 51 565-581 

Feeny P 1975 Biochemical coevolution between plants and their insect herbivores, pp 3-19 //) 
Coevolution of Animals and Plants (Eds L E Gilbert and P H Raven) Texas University, 
Texas Press. 

Feeny P P 1976 Plant apparency and chemical defense Recent Advances in Phytochemistry 
10:1-42 

*Flanders S E 1939 The practical application of biological studies on parasites employed in 
biological control Sixth Pacific Science Congres Proceedings 4:373-381 

Flanders S E 1942 Abortive development in parasite hymenopiera induced by the food-plant of 
the insect host Joumal of Economic Entomology 35:834-835 

Fletcher R K 1941 The relation of moisture content on the cotton plant to oviposition by 
Heliothis anvigera and to survival of growing larvae Journal of Economic Entomology 34 
858 

Fletcher R K 1929 The uneven distribution of Heliothis obsolete on cotton in Texas Journal of 
Economic Entomology 22:752-760 

"Fonesca M, Silva I E F D A, Leniosa M A, Clalafiori M H and Teixeira N J 1988 Chemical 
and organic fertilizers influencing spodoptera frugiperda Smith on Italian millet {Setaria 
italica) Feossistema 12:25-29 

Forrest G I 1975 Variation in polyphenol content within and between sifka spruce provenances at 
different sites Canadian Journal of Forest Research 5 45-54 

*Fox L R and Macauley B J 1977 Insect grazing on Eucalyptus in response to variation in leaf 
tannins and nitrogen Oecologia 29:145-162 

Fratello B, Sabatini M A. Mola L , Usciddac and Gersa C 1989 Effect of Agricultural practices 
on Soil Arthropoda: Organic and Mineral fertilizers in alfalfa fields Agriculture, 
Ecosystems and Environment 27:227-229 



Funderburk J E, Rhoads F M and Teare I D 1994 Modifying soil nutrient levels affects Soybean 
Insect predators. Agronomy Journal 86:581-585 

Funderburk J E, Teare I D and Rtioads F M 1991 Population dynamics of soybean insect pests 
Vs soil nutrient levels Crop Science: 1619 1633 

Gaines J C 1933 Factors influencing ttie activities of the cotton bollworm irioths Journal of 
Economic Entomology 26:957-962. 

Gaur A C and Piasad S K 1970 Effect of organic matter and inorganic fertilizers on plant 
parasitic nematodes. Indian Journal of Entomology 32 186-188 

Gaur A C, Magu S P, Sadasivam K V. Mathur R S and Kavinandan S K 1975 Note on 
detoxication of lindane by farm yard manure Indian Journal Agricultural Sciences 
45(7):329-332 

Gerling D 1966 Biological studies on Encarsia formosa (Hymenoptera: Aphelinidae) Annals of 
Entomological Society of America 59:142-143 

Gfiewande M P, Nandagopal V and Reddy P S 1987 Plant Protection in groundnut ICAR 
Tectinical Bulletin No.l pp 1 35 

Gopali J B, Udikeri S S and Lingappa S 1997 Birds in tur pod borer management. Ttie Hindu, 
Tuesday, January 30, 1997 p 

Goyal R 8. Gulathi KC, Prakasti Sarup. Asim Kidwai M and Singti D S 1971 Biological activity of 
various alcofiol extractives and isolates of neem seed cake against Rhopalosiphum 
nympheae L and Schistocerca gtegatia Forsk. Indian Journal of Entomology 33 67 

Grime J P 1979 Plant Strategies and Vegetation Processes Wiley, Chictiester 

Grubb P J 1986 Sclerophylls, Pactiyptiylls and Pycnopfiylls nature and significance of tiard leaf 
surfaces, pp 137-150. In Insects and tfie Plant Surface (Eds B Juniper and T R E 
Southwood). Edward Arnold, London 

*Guerra D T 1981 Natural and Heliothis zea (Boddie)-induced levels of specific pfienolic 
compounds in Gossypium hirsutuin L M S Thesis, University of Arkansas. 

Guetra-Sobrevilla L 1988 Effectiveness of carbofuron applied to the soil and as a seed treatment 
for the control of aphids on wheat in North Western Mexico. Crop Protection 7:336-337 

*Hans J and Ferenzkoln 1972 pflanzlinchcs insexlized Nature R DSCH 25 Johrg/Heff/10:445 

Harborne J B 1977 Introduction to Ecological Biochemistry Acadamic Press, New York pp 
243 

Hardwood R F and Bruehl G W 1961 Seed systematics for control of aphids on oats and barley 
Journal of Economic Entomology 54:883-885 

Haslam E 1988 plant polyphenols (Syn. Vegetable tannins) and chemical defense a 
reappraisal. Journal of Chemical Ecology 14 1789-1806 



'Haukioja E, Niemala P, Iso-livar L, Ojala H and Aro E M 1978 Birch leaves as a resource for 
herbivores I. Variation in the suitability of leaves Reports from the Kevo Subarctic 
Research Station 14 5-12 

Hedge J E and Hofreiter B T 1962 In Carbohydrate Chemistry 17 (Eds R L Whistler and J N Be 
Miller) Academic Press, New York 

'Heller R 1948 Formation of anthocyanin in tissues of Virginia Creeper cultured />) vitro upon 
suppression of the nitrogen of the culture medium Computes Rendus des Seances de la 
Societe de Biologique et deses Filiates 142 : 768-769 

Herzog D C and Funderburk J E 1986 Ecological bases for habitat management and cultural 
control, p. 217-259. In Ecological theory and integrated pest management practice (Ed M 
Kogan) Wiely Interscience, New York 

Ho D J and Kibuka J G 1983 Neem (Azadirachfa indica A Juss) pruducts for the control of rice 
stem borers. International Rice Research Newsletter 8(5): 15 

*Hoff J E, Wilcox G E and Jones C M 1974 The effect of nitrate and ammonium nitrogen on the 
free amino acid composition of tomato plants and tomato fruit Journal of Americal Society 
of Horticulture Sciences 99:27-30. 

Honeyborne C H B 1969 Performance of Aphis fabae and Brevicoryne brassicae on plants 
treated with growth regulators Journal of Science of Food & Agriculture 20:388-389. 

Hori K and Atalay R 1980 Biochemical changes in the tissue of chienise cabbage injured by bug, 
Lygus disponsi Applied Entomology and Zoology 15 234-241 

House H L 1969 Effect of different proportion of nutrients on insects. Entomolgia Experimentalis 
el Applicata 12 651-669. 

House H L and J S Barlow 1961 Effects of different diets of a host, Agha affinis Fall (Diptera 
Sarcophagidae), on the development of a parasitoid Aphaereta pallipes Say (Hymenoptera 
Braconidae) Canidian Entomologist 93:1041-1044 

ICRISAT 1994 International Crops Research Institute for the Semi Arid Tropics, Asia Region 
Annual Report p 59 

IRRI 1982 International Rice Research Institute, Manila, Philippines. Research Highligtils pp 73 
74. 

Isely D 1946 The cotton aphid Arkansas Agficulture Experiment Station Bulletin p 462 

Jackson A W 1988 Organic farming-crop protection implications In Brighton Crop Protection 
Conference, Pests and Diseases Survey UK British Crop Protection Council No.1 103-
109 

Jagadish P S, Prabhuraj A, Manjunalha B N and Seetharam A 1996 Biology of Coccinella 
septumpunctata L, C. transversalis Fab (CoccinellidaeColeoptera) and an unedentified 
species of Hemerobiidae on Hysteroneura setana Thomas (AphididaeHomoptera) 
Mysore Journal of Agricultural Sciences 30:52-55 



vJain M C 1993 Biocoriversion of organic wastes foi fuel and manure. Fertili?er hJews 38(4) 
55-61 

Jambfiekar H A and Bhide M R 1991 Dey/elopmenl communication witfi rural masses, pp 49-50 
In Vermicullure Biotechnology (Ed Btiawalkar) Earthworm Research Institute, Pune 

Janzen D H 1974 Tropical blackwater rivers, animals and mast fruiting by the Dipterocarpaceae 
BiotropicaB 69-103 

'Janzen D H 1977 Promising directions of study in tropical animal-plant interactions Ann Mo. 
Bot Gard. 64 706-736 

Jayaraj S 1992 Studies on I P M in rice based cropping system with emphasis on use of 
botanicals, their safety and socio-economic considerations. Proceedings of the final 
Workshop Botanical pest control project phase 2 IRRI. Philippines 

Jayaraj S, Santharam S, Narayana K. Soundararajan K and Balagurunatham R 1980 
Effectiveness of a nuclear polyhedrosis virus against field populations of the tobacco 
caterpillar, Spodoptera liiura Fab on cotton The Andhra Agricultural Journal 27:26-29 

*Jessup W and Fowler M W 1976 Interrelationships between carbohydrate metabolism and 
nitrogen assimilation in cultured plant cells I. Effects of glutamate and nitrate as alternative 
nitrogen sources on cell growth Planta 132:119-123 

Jones F G W 1976 Pests, resistance and fertilizers Proceedings of International Potash Institute 
12:233-258. 

Kale R D 1994 Agro-waste composting though earthworms Proceedings of National meeting on 
Waste Recycling Centre of Science for village, Wardha 

Kale R D and Bano K 1986 Field trials with vermicompost (Vee. Comp. E 83 USA) an organic 
fertilizer, pp 151-157 In Proceedings of National Seminar on Organic waste utilization 
Vermicompost. Part B : Verms and Vermicomposting (Eds M S Dass, B K Senapath and 
PC Mishra) Sri Artatrana Ront, Buria 

Kale R D and Krishna Moorthy R V 1981 Enrichment of soil fertility by earthworm activity 
GKVK.UAS Tech No.37:64-68 

Kale R D, Bano K and Gajanan G N 1987 Journal of Soil Biology and Ecolgy 7 98-104 

Karban R and Carey J R 1984 Induced resistance of cotton seedlings to mites Science 225: 
53-54. 

Kareem A A, Saxena R C, Palanginan E L, Boncodin M E M and Malayba M T 1988 
Combination of neem seed kemal extract (NSKE) and urea Effects of sytemic treatment-
Duration on green leaf hopper (GLH) mortality nymphs becoming adults, growth, 
oviposition and hatchability Paper presented at final workshop at IRRI-ADB-EWC. Project 
on Botanical pest control in rice based cropping systems held at IRRI, Los Banos, Dec 12-
16 21-25 

Kasting R and McGinnis A J 1959 Nutrition of the pale western cutworm, Agrotis orthogonia 
Morr.ll Dry matter and nitrogen economy of larvae fed on sprouts of a hard red spring and a 
durum wheat. Canidian Journal of Zoology 37:713-720 



Kasting R arid McGinnis A J 1961 Coinpaiison of tissues ftorn solid and hollow-stertinted spiing 
wheats during giowth.ll. Food values determined with the pale western cutworm. Agrofis 
orthogonia Morr Canidian Journal of Zoology 39 273 280 

Kasting R, McGinnis A J and Hongair E L 1958 Moisture snd nitrogen contents of stem tissues 
from solid and the hollow stemmed varities of spring wheat and their reaction to sawfly 
resistance. Canidian Joutnal of Plant Science 38 287-291 

Kenchaiah R P M and Porte B S 1989 Some ot)servations on population fluctuations of insect 
pests of groundnut in Karnataka. Plant Protection Bulletin 41 (3-4).7-10 

Kennedy C G, Kishaba A N and Bohn G W 1975 Response of several pest species to Cucumis 
melo L. lines resistant to Aphis gossyp/7 Glover Envifonmental Entomology 4:653-657 

Kennedy F J S and Raveendran T S 1989 Intercroppings minimize pest incidence Oilseeds 
Newsletter 3:2 

Kennedy F J S, Rajamanickam K and Raveendran T S 1990 Effect of intercropping on insect 
pests of groundnut and their natural enemies Journal of Biological control 4(1):63-64. 

'Kennedy J S 1953 Host plant selection in Aphididae Trans International Congress in 
Entomology 9th, Amsterdam 2:106-113, 

Kennedy J S 1958 Pt>ysiological condition of the host plant and susceptibility to aphid attack 
Entomologia Experimentalis el Applicata 1 50-65 

Ketkar C M 1976 Neem monographs. Chapter IV p 156 

Ketkar C M and Ketkar M S 1985 Potential role of neem in plant protection, p 7 1 4 In 
proceedings of National Seminar, Tamil Nadu Agricultural University. Coimbatore 

*Khound J N 1975 Entomologist Assam Agricultural Uni\/ersity. Jothat, Assam Vide his Lr No 
AAV/Ento-R/R & C/75-76/9, 408 Dt 27 11 75 

Khuiana A D and Verma A N 1983 Some bioctiemical plant characters in relation to susceptibility 
of sorghum to stem borer and shootfly. Indian Journal of Entomology 45:29-37 

*Kiraly Z 1976 Plant disease resistance as influenced t)y biochemical effects of nutrients in 
fertilizers pp 33-46 In Fertilizer irse andPlant Health A note on the papers by messrs 
IJimitri and Bogenschufy Worblaufen Bern Switzerland International Potash Institute 

Kishore Kumar P V 1996 Influence of neem products and vermicompost against pest complex of 
rice. M Sc (Ag) thesis. A P Agricultural University. Bapatia (Unpublished), 

Kogan M 1982 Plant resistance in pest management pp 93-134 In Ecological theory and 
Integrated Pest Management (Ed M Kogan) John Wiley & Sons, Inc.New York 

Kogan M and Paxton J 1983 Natural inducers of plant lesistace to insects, pp 154-171 In plant 
resistance to insects (Ed P A Hedin). A C S Syrnposium Ser 208. American Chemical 
Society, Washington, D C 



Kousalya K G 1994 Insect Host plant-Paiasitoid interactions.Sorghum midge Contannia 
sorghicola Coquilett. Ph D Thesis, APAU. Hydeiabad 

Kraiis W, Bokel M, Schwinger M, Vogler B, Soellnei R. Wendirsch D, Steffens R and 
Wachendorff U 1993 The chemistiy of azadirachtin and insecticidal constituents of 
Meliaceae. pp 18-39 In Phytochemistry and Agriculture (Ed T A Van Beek and H Breteler) 
Clerendron Press, Oxford. 

Krishnaiah K, Ramakrishnan N and Reddy P C 1984 Further trials on control of Spodoptera liiiira 
Fab by nuclear polyhedrosis virus on blackgram and groundnut. Indian Journal of Plant 
Protection 12.81-83 

Krishnaiah N V and Kalode M B 1985 Evaiuatioti of neerri oil, neern cake and other non edible 
cakes against rice pests. Indian Journal of Plant Protection 12(2) 101-107. 

*Kiio H 1977 Auswirkungen Zweier wirtspflanzen von Myzus persicae Suiz auf den rauberischen 
Blatts lausfeind (Aphidoletes aphidimyza Rond) (DipteraCecidornyiidae) Zeitschriff fur 
Angewandle Entomologie 82 229-233 

Lawson D L, Merritt R W, Martin M M, Martin J S and Kukor J J 1984 The nutritional ecology of 
larvae of Alsophila pometaria and Anisota senatoria feeding on early-and late-season oak 
foliage. Entomologia Experimentalis et Applicata 35 105-114 

Lopalecki L E, Longair E L and Kasting R 1962 Quantitative changes of soluble carbohydrates in 
stems of solid and hollow stemmed wheats during growth Canadian Journal of Botany 
40:1223-1228. 

Mack T P 1992 Effects of five granular insecticides on the abundance of selected arthropod 
pests and predator in peanut fields Journal of Economic Entomology 85(6)2459-2466 

Madan M, Sharma N, Vimal R K and Bhutani M M 1987 Proceedings of III conventional Bio 
Energy society of India, pp 318-323 

Malick C P and Singh M B 1980 Plant Enzymology and Histo Enzymology. Kalyani Publishers 
New Delhi p 286 

Mallik S N and Lai I B 1989 Efficacy of neem oil cake and fertilizer mixture against okra fiuit 
borer. Pestology XIII (11)6 

Mallik S N and Vaidya 8 N 1979 Efficacy of certain insecticides and manures against the 
incidence of Argyroploce leucapsis Meyr (Eucosmidae Lepidoptera). Pesticides 13(6) 
34-35. 

Maltais J B and Auclair J L 1962 Free amino acid and amide composition of pea leaf juice, pea 
aphid haemolymph, and honeydew, following the rearing of aphids on single pea leaves 
treated with amino compounds. Journal of Insect Physioigy 8 391-400. 

Maltais J B and Auclair J L 1952 Occurence of amino acids in the honeydew of the crecent 
marked lily aphid, Myzus cirumflexus Buck. Canadian Journal of Zoology 30:191-193. 

Maltson W J 1980 Herbivory in relation to plant nitrogen content Annual Review of Ecology and 
Systematics 11 119-161. 



Mayer A M and Harel E 1979 Polyphenol oxidases in plants Phytochemistry 18: 193-215 

*McDole R E and McMaster G M 1978 Effects of moisture stress and nitrogen fertilization on 
tuber nitrate-nitrogen content American Potato Journal 55 611-619 

McGarr R L 1943 Relation of fertilizers to the development of the cotton aphid in 1941 and 1942 
Journal of Economic Entomology 24(4):816-821 

McGinnis A J and Kasting R 1961 Composition of tissues from solid and hollow stemmed spring 
wheats during growth. I, Dry matter and nitrogen conterrts of pith and wall and their relation 
to sawfly resistance Canadian Journal of Plant Science 41 469-478 

McKey D 1979 Distribution of secondary compounds in plants, pp 56-133 In Herbivores: Their 
Interaction with Secondary Plant Metabolites (Eds G A Rosenthal and D H Janzen) 
Academic, New Yoi1<. 

McKey D, Waterman P G, Mbi C N, Gartlan J S and Struhsaker T T 1978 Phenolic Content of 
Vegetation in two African Rain Forests: Ecological Implications. Science 202:61-64 

Mictiael Raj S and Morachan Y B 1973 Effect of fertilization and diazinon application on the 
incidence of stem borer and leaf roller on rice Madras Agricultural Journal 60(7):431-435 

Misari S M, Ansa O A, Demski J W, Kuhn C W, Casper R and Bryel E 1987 Reaction of peanut 
genotypes to the rosette virus and its vector, Aphis craccivora Koch Proceeedings of 
American Peanut Research and Education Society 19 29 

Mittler T E 1958 Studies on the feeding and nutrition of Tuberolachnus salignus Gmelin,ll The 
nitrogen and sugar composition of ingested phloem sap and excreted honeydew Journal of 
Experimental Biology 35:74-84 

Mohan K, Gopalan M and Balasubramanian G 1991 Studies on the effect of neem products and 
monocrotophos against major pests of rice and their safety to natural enemies Indian 
Journal of Plant Protection 19:23-30 

Mohan S, Jayaraj 8, Purushothaman D and Rangarajan A V 1987 Can the use of Azospirullum 
biofertilizer control sorghum shootfly? Current Science 56 723-725. 

Mole S, Ross J A M and Waterman P G 1988 Light induced vanation in phenolic levels in foliage 
of rain-forest plants. I Chemical Changes. Journal of Chemical Ecology 11:1323-1332. 

Mong Ting Tan and Sudderuddin K I 1978 Effects of neem tree (Azadirachta indica) extracts on 
diamond back moth (Plutella xylostella L) Malaysian Applied Biology 7(1):1-9 

Moore S and Stein W H 1948 Methods in Enzymology (Eds S P Colowick and N D Kaplan) 
Acadamic Press, New York 3:468 

Monlue (Luntz) A J and Blackwell A 1993 Azadirachtin an update Journal of Insect Physiology 
39:903-925 

Mordue (Luntz) A J, Cottee P K and Evans K A 1985 Azadirachtinifs effect on gut motility 
growth and moulting in locusta Physiological Entomology 10:431-437 



Mote U N add Sfiahane A K 1994 Biophysical and biochetnical characters of sorghum variefies 
contributing resistance to delphacid, aphid and leaf sugary exudation Indian Journal of 
Entomology 56(2)113 122, 

Muller H J 1958 The behaviour of Aphis fabae in selecting its host plants especially different 
varieties of Vicia fabae Entomologia Experimentalis et Applicata 1:66-72 

IVIuthiah C, Senthivel T, Venkatakrishnan .) and Sivaram M R 1991 Effect of intercropping, 
incidence of pest and disease in groundnut (Arachis hypogaea) Indian Journal of 
Agricultural Sciences 61 (2): 152-153 

Muthukrishnan N, Venugopal M S and Janathan R 1994 Evaluation of new insecticide 
formulations against rice leaf folder and stem borer Pestology XVIII (6): 12-14. 

NARP 1982 National Agricultural Research Project Seasonal Report 136-1422 and 157-159 

Nandakumar C and Sheela K R 1997 Ptedators of cowpea aphid, A craccivo/a. The Hindu. 
Tuesday, January 30, 1997 p 28. 

Nielsen D R and MacDonald J G 1978 Nitrogen in the Environment vol 2 Soil-Plant-Nitrogen 
Relationships Academic, New York pp 528 

Obrycki J J, Tauber M J and Tingey W M 1983 Predator and parasitoid interaction with aphid-
resistant potatoes to reduce aphid densities : A two year field study Journal of Economic 
Entomology 76:456-462. 

*Osuna J A, Aranjo J A C, Aranjo S M C , Bortoli S A, De Banzatto D A and Macedo E L 1989 
Damage by H. zea as influenced by organic and mineral fertilizers in three maize 
genotypes. Anois da Sociedale Entomologica de Brasil 18:131-138 

Painter R H 1951 Insect Resistance in crop plants University of Kansas Press Lawrence p 520 

Panda N and Khush 1995 Host plant resistance to insects CAB International & IRRI, Manila p 
431 

*Peach K 1950 Lehrbuch der Pflanzer Physiologie Vol l/ll p 192 

Phillips R, Henshaw G G 1977 The regulation of synthesis of phenolics in stationary phase cell 
cultures of Acer pseudoplatanus Journal of Experimental Botany 28: 785-794 

Pimentel D and Wheeler J R 1973 Influence if alfalfa resistance on a pea aphid population and 
its associated parasites, predators and competetors Environmental Entomology 84:361-71 

Pirie N W 1959 Leaf proteins Annual Review of Plant Physiology 10:33-52 

Pless C D, Cherry E T and Morgan H Jr 1972 Growth and yield of burley tobaco as affected by 
two systemic insecticides. Journal of Economic Entomology 64:172-175 

Purohit M S and Deshpande A D 1991 Effect of inorganic fertilizers and insecticides on 
population density of cotton wtiitefly {Bemisia tabacf) Indian Journal of Agricultural 
Sciences. 61:696-698. 



Ptiiohit M S and Deshpande A D 1994 Effect of fertilizers on cotton bollworms in relation to plant 
protection. Journal of Matiarastra Agricultural University 19:172-174 

Rajagopal D and Gowda G 1992 Efficacy of granular insecticides in ttie management of 
groundnut leaf miner, Aproaerema modicella Dev (Lepidoptera: Gelichiidae). Tropical pest 
Management 38 (1): 82-84 

Rajasekfiaran B and Jayaraj B 1990 Use of plant products in tfie management of Heliothis 
anvigera pp 230-236 In ttie Proceedings of National Workstiop on Heliothis Management 
(Eds S Jayaraj, S Uttiamasamy. M Gopalan and R J Rabindra) Tamil Nadu Agricultural 
University, Coimbatore 

Ramamoorttiy M 1986 Effect of seed treatment witfi certain insecticides and fungicides on ttie 
germination of groundnut seed M Sc (Ag) Tfiesis, A P Agricultural University, Tirupathi 
(Unpublislied) 

Ranga Rao G V 1991 Studies on ttie seasonal occurence and tiost preference of ttie groundnut 
leaf miner, Aproaerema modicella Dev in some selected groundnut lines Pti D Ttiesis, 
APAU, Hyderabad 

Ranga Rao G V, Wigtitman J A and Ramestiwar Rao V 1994 Birds as insect control agents in 
the groundnut crop Presented in ttie First National Symposium on Birds in Agricultural 
Eco-systems, 22-24 December 1994. Hyderabad, Directorate of Rice Researcti, Hyderabad, 
Andfira Pradesti 

Ranga Rao G V, Wigtitman J A, Arjuna Rao P. Matiesti Baba V, Sittiarama rao G and 
Ramestiwar Rao V 1995 Integrated pest management of groundnut insect pests Paper 
presented at National Symposium on Plant Protection and Environment. 2-4 Feb 1995. 
Madras, India. 

*Rauzi F 1978 Higti rates of nitrogen ctiange composition of stiort grass rangelands In 
souttieastern Wyoming Journal of Range Management 31 366-370 

Ravindrababu G 1995 Studies on tfie efficacy of neem oil and neem cake witfi different 
combinations for control of lice insect pest complex M Sc (Ag) Ttiesis, A P Agricultural 
University, Bapatia (Unpublislied) 

Reader R 1979 Impact of leaf-feeding linsects on ttiree bog ericads. Canadian Journal of Botany 
57:2107-2112. 

Reynolds H T, Fukuto T R, Metcalf R L and Marcfi R B 1957 Seed treatment of field crops with 
systemic insecticides. Journal of Economic Enotomolgy 50(5)527-539. 

Rhoades D F 1979 Evolution of plant chemical defense against herbivores pp 3-54 //; 
Herbivores: Their Interactions with Secondary Plant Metabolites (Eds G A Rosenthal and D 
H Janzen) Academic Press, Inc. New York 

Rhoades D F and Cafes R G 1976 Towards a general theory of plant antiherbivory chemistry pp 
168-213. In Biochemical Interactions between Plants and Insects (Eds J W Wallace and R L 
Mansell). Recent Advance in Phytochemistry 10, Plenum Press, New York 

*Rtioads F M and Barnett R D 1990 Soybean yield and soil-test P, K and Mg, University of 
Florida Research and Education centre, Quincy, Florida. Research Reprint NF-90-14 



Ridgway R L and Jones S L 1968 Plant feeding by Geocohs pallens and Nabis amehcofems 
Annals of Entomological Society of America 61 232-233 

Robinson T 1974 Metabolism and function of alkaloids in plants Science 184; 430-435. 

Rodriguez J G and Campbell J M 1961 Effect of gibberellin on nutrition of ftie mites. 
Tetranychus telarius and Paimnychus ulini. Journal of Economic Enolomology 54:984-987 

Roger B Y Jr 1976 Organic Plant Protection. Rodale Press Inc Emmaus, Pennsylavania p 688 

Root R B and Tahvanainen J O 1969 Annals of Entomological Society of America 62 855 

*Rossi C E, Barbosa L S, Calafiori M H and Teixeira N 1 1988 Influence of different fertilizers on 
Spodoptera frugiperda on maize Ecossistema 12 88-101 

Rote N B and Puri S N 1992 Effect of fertilizer application on incidence of wtiitefly on different 
cotton cultivars. Journal of Mafiarastitra Agricultural University 17 45-48 

Ruscoe C N E 1972 Growtfi disruption effects of an insect antifeedant Nature New Biology 236 
(66): 159-160 

Sactian J N and Pal S K 1974 Control of white grub Holothchia insularis Brenske in ctiiliies 
(Capsicum frutescens) Pesticides 10:43-45 

Sadasivarn S and Manickam A 1992 Bioctiemical methods for Agricultural Sciences Wiley 
Eastern limited, New Delhi and Tamil Nadu Agricultural University, Coimbatore pp 246 

Santharam G and Balasubrarnanian M 1980 Note on the control of Spodoptera litura Fab 
(LepidopteraNoctuidae) on tobacco with NPV and diflubenzuron Indian Journal of 
Agricultural Sciences 50:726-727 

Sasaki Y 1987 Preliminary field application tests of a NPV for the control of the tobacco 
cutworm, Spodoptera litura in soybean fields in Kagawa prefecture, Japan Extension 
Bullentin, ASPAC Food and Fertilizer Technology Centre for the Asian and Pacific 

Sasmal S 1986 Evaluation of neem products Central Rice Research Institute, Philippines, 
Annual Report pp 38 

Saxena R C 1986 Effect of custard apple, neem oil and neem cake on green leaf hopper (GLH) 
population and on tungro (RTV) infection International Rice Research Newsletter 11(2)25 

Saxena R C^Justo H D J P and Epino P B 1984 Evaluation and utilization of neem cake against 
the rice brown plant hopper, Nilaparvata lugens (Homoptera:Delphacidae) Journal of 
Economic Entomology 77(2):502-507 

Saxena R C, Kareem A, Palarginan E L and Malayaba M T 1989 Systemic and foliar application 
of neem seed bitters (NSB) to control green leaf hopper (GLH) and rice tungro virus 
disease. International Rice Research Newsletter 14(1) 31 

Schandert S H 1970 Method in Food Analysis Academic Press. New york p 709 



Schmullerer H 1987 Insect growth - disrupting and fecundity reducing ingredients from the neein 
and chinaberry trees pp 119-170. In Handbook of Natural Pesticides. (Eds E D Morgan 
and N B Mandava) Vol 3B.FCRC press, Boca Raton 

Schmutterer H 1990 Properties and potential of natural pesticides from the neem tree Annual 
Review of Entomology 35:271 297 

Schuster D J and Starks K J 1975 Preference of Lysiphlebus testaceipes for greenbug resistant 
and susceptible small grain species Environmental Entomology 4:887-888 

Schuster M F, Holder D G, Cherry E T and Maxwell F G 1976a Plant bugs and natural enemy 
insect population on frego bract and smooth leaf cottons Missisipi Agriculture and Forestry 
Experiment Station Technical Bulletin 75:11 

Schuster M F, Lukefahr M J and Maxwell F G 1976b Impact of nectariless cotton on plant bugs 
and natural enemies Journal of Economic Entmology 69:400-402 

Scriber J M and Slansky F 1981 The nutritional ecology of immature insects Annual Review of 
Entomology 26:183-211 

Seigler D S 1977 Primary roles for secondary compounds Biochetnical Systematics and 
Ecology 5 195-199. 

Seigler D S and Pi ice W P 1976 Secondaiy compounds in plants Primary functions. American 
Naturalist 110:101-105 

Senapati B K 1992 Biotic interactions between soil nematodes and earthworms. Soil Biology & 
Biochemistry 24(12): 1441-1444 

Sharma H C and Agarwal R A 1982 a Effect of some antibiotic compounds in Gossypium on the 
post-embryonic development of spotted bollworm Earias vittella. Enfmologia 
Experimentalis et Applicata 31:225-228 

•Sharma H C and Agarwal R A 1982 b Consumption and utilization of bolls of different cotton 
genotypes by larvae of Earias vittella Fab. and effect of gossypol and tannins on food 
utilization. Zeitschriff fur Angewandte Zoologie 68 13-38 

Sharma H C and Agarwal R A 1983 Factors affecting susceptibility to spotted bollworm. Earias 
vittella Fab in cotton. Insect Science and its Application 4:363-372 

Sharma H C, Agarwal R A and Munshi Singh 1982 Effect of some antibiotic compounds in cotton 
on post embryonic development of spotted bollworm (Earias vittella Fab) and mechanism 
of resistance in Gossypium arboreum Proceedigns of Indian Academy of Sciences 91 67-
77. 

Shaver T N and Parrott W L 1979 Relationship of larval age to toxicity of gossypol to bollworms 
and tobacco budworms and pink bollworm Journal of Economic Entomology 63:1802-1804 

Singh D S, Sricar P, Srivastava V S and Dingra 1985 Biological efficacy of botanical product 
against some important insect pests Indian Journal of Entomology 47:444-451 



Singh U B and Sfiekhawat G S 1964 Incidence o{ s(eiTi borers in n^iaize iindei diffeieni leilility 
lelvels. Indian Journal of Agronomy 9:48-50 

Singh T V K, Singh K M and Singh R N 1991 Influence of intercroppingll l. Natural enemy 
complex in groundnut. Indian Journal of Entomology 53(3)333-368. 

Sivasubramanian P and Palanisamy G A 1983 Intercropping witfi pulses reduces pests in 
groundnut Tamil Nadu Agricultural University Newsletter 13(3):2 

Smiley J 1978 Plant chemistry and the evolution of host specificity. New evidence for Heliconius 
and Passiflora. Science 20:745 747 

Smith C M 1988 Effects of mechnical damage to plants on insect populations, pp 321-340 In 
Plant Stress-Insect Interactions (Ed E A Heinrichs) John Wiley and Sons. Inc. New York 

Smitti J M 1957 Effects of food plants of California red scale, Aonidlella aurantii Mask on 
reproduction of its hymenopteran parasites Canadian Entomologist 89:219-230. 

*Smith U R 1978 Animal-Planf-Soil nutrient relationships on Mortan Island (Sub antarctic), 
Oecologia 32: 239-253 

Snedecor G W and Cochran W G 1967 Statistical methods in Iowa State University Press 
IOWA, USA pp 325-335 

Sosulski F W, Paul E A arid Hutchenon W L 1963 The influence of soil moisture, nitrogen 
fertilization, and temperature on quality and amino acid compostion of thatcher wheat 
Canadian Journal of Soil Science 43 219-228 

Soirthwood T R E and Way 1^ J 1970 Concepts of pest management (Eds R L Rabb and F E 
Guthrie) Norlh Corolina. State University Press. Raleigh pp 6-29 

*Springetl J A and Syeis J K 1979 The effect of earthworm cast on ryegrass seedlings pp 44-47 
//) Proceedings of 2nd Australian Conference on grass I Invertebrate Ecology 
Governement printer, Wellington 

Stark R W 1965 Recent trends in forest entomology Annual Review of Entomology 10 303-324 

Starks K J, Muniappan R and Eikanbary R D 19 72 Interaction between plant resistance and 
parasitism against greenbug on barley and sorghum Annals of Entomological Society of 
America 65:650 655 

*Stary P 1970 Biology of aphid parasites (Hymenopfera Aphididae) with respect to Integrated 
control W. Junk The Hagre. 643 pp. 

Stiff R E, Hyland H L and McKee R L 1946 Tannin and growth variation of a Sericea lespedeza 
clone in relation to soil type Journal of American Society of Agronomy 38: 1003-1009. 

Subramanyam P, Ndurguru B J and Greenbarg D C 1988 Effects of pesticids and farm yard 
manure on crop growth, variability in groundnut. International Arachis Newsletter 3 9-10 



Sundararaj R and David B V 1990 Influence of biochemical parameters of fiost plants on the 
bilogy of Dialeurodes vulgaris Singh (Aleyrodidae Homoptera). Proceedings of Indian 
Academy of Sciences (Animal Sciences) 99(2): 137-140. 

Survase S N, Dongale J H and Kadrekai S B 1986 Growth, yield, quality and composition of 
groundnut as influenced by FYM, calcium sulpher and boron in lateritic soil Journal of 
Maharastra Agricultural University 11(1)49-61 

*Swaby R J 1958 Reprints of Rothamstead Expeiimeiital Station p 6 8 

Swain T 1977 Secotidary compounds as protection agents Annual Review of Plant Physiology 
28:479-501 

Swain T 1979 Tannins and liynins pp 657-682 (n Herbivores: Their interaction with secondary 
plant metabolites (Eds G A Rosenthal and D H Janzer) Academic Press, New York 

Swathi P 1995 Management of root-knot nematode, Meliodogyne incognita (Kofoid and White, 
1919) Chitwood 1949 in tobacco nurseries M Sc (Ag) thesis, A P Agricultural University 
Bapatia (Unpublished) 

Szweykowska A 1959 The effect of nitrogen feeding on anthocyanin syrithesis in isolated red 
cabbage enbryos. Acta Societatis Botanicorum Poloniae 28:539-49 

Tele V S and Salunkhe G S 1994 Effects of some organic materials on control of sweet potato 
weevil Cy/as formicarius Fab Madras Agricultural Journal 81:194-195 

Thomas F L and Dunham E W 1931 Factors influencing infestation in cotton by Heliothis 
obsoleta Fab. Journal of Economic Entomology 24(4) 815-821. 

Thurston R and Fox P M 1972 Inhibition by nicotine of emergence of Apanteles congregatus 
from its host, the tobacco hornworm Annals of Entomological Society of America 65 547-
550. 

Timmins W A and Reynolds S E 1992 Azadirachtin inhibits secretion of trypsin in midgut of 
Manduca sexta caterpillars : reduced growth due to impaired protein digestion. 
Entomologia Experimentalis et Applif^ata 63:47-54 

Tiruinala Rao K 1994 Are we Aryans? pp 55-59 In Arya Samajam Silver Jubilee Edition (Ed 
Arya Samajam). Arya Samajam, Tenali-522201 A P India 

Tirumala Rao V 1952 The paddy root weevil, Echinocnemus oiyzae Mshll a pest of paddy in the 
Deltaic trac:ts of the Northern Circars Indian Journal of Entomology 14(1)31-37. 

*Trolldenier G and Zehler E 1976 Relationship between plant nutrition and rice diseases pp 85-
93 In Fertilizer use and Plant Health Worblaufen-Bern. Switzerland. International Potash 
Institute. 

Tuomi J, Niemela P, Chapin F S, Bryant J P and Siren S 1988 Defensive responses of trees in 
relation to their carbon/ nutrient balance, pp 57-72 In MechanisrTis of Woody Plant 
Defenses against Insects: Search for pattern (Eds W J Mattson, J Levieux and C Bernard 
Oananl Snrinnfir New Ynrk Dagan), Springer, New York 



Tuomi J. Niemela P. Haukioja E, Siren S and Neuvonen S 1984 Nutrient stress an explanation 
for plant anti-herbivore responses to defoliation. Oecologia 61:208-210 

USDA 1980 United States Departernent of Agriculture, Science and Education Administration. 
Report and Recommendations on Organic farmina Government printing office, Washington 
D.C. 

Van Emden H F and Wearing C H 1965 The role of the aphid host plant in delaying economic 
damage levels in crops. Annals of Applied Biology 56 323-324 

*Vardasca L A. Schiavetto D C and Calafiori M H 1989 Influence of Diabrotica speciosa Germar, 
1824 on maize with inorganic and chimical fertilizers Ecossistema 14 158-162 

Vaitna R G N 1994 Effect of Vermicompost in comparison to farm yard manure arrd 
recommended chemical fertilizers on the incidence of key pests of chilli, M Sc (Ag) Thesis 
Dr Punjabrao Deshmukh Krishi Vidyapeeth, Akola. Maharastra (Unpublished) 

Velusamy M, Gopalan M and Balasubramanian G 1987 Effect of slow release nitrogenous 
fertilizers on the incidence of insect pests of rice Madras Agricultural Journal 74(6&7) 
273-279. 

Venkata Reddy K 1988 Studies on the effect of seed treatment with certain insecticides and 
fungicides on the germination and control of early pests and diseases of groundnut (Arachis 
hypogaea Linn.) M Sc (Ag) Thesis, A P Agricultural University, Tirupati (Unpublished) 

Venkateswara Rao S, Azam K M, Moula S P and Subba Rao 1 V 1989 Management of chilli pod 
borer, Spodoptera litura F through regulation of fertilizers The Andhra Agricultural Journal 
36 183-185 

Visalakshi M 1994 Host-plant responce to the groundnut leaf miner,/^proaerema modicella 
Dev, M Sc (Ag) Thesis, APAU, Hyderabad 

Viswanathan R and Kandiannan K 1990 Effect of urea applied with neem cake on disease 
intensify and insect population in rice fields International Rice Research Newsletter 
15(5)20 

*Vogel W 1931 Handbuch der Gerbeieichemie und Lederfabrikation pp 273-279 ( Ed M 
Bergman) Vol l/ll Springer Verlag, Vienna 

'Walker J R L 1975 The biology of plant phenolics Studies in Biology No. 54, London: Edward 
Arnold p 57 

Walker J K, Gannaway J R and Niles G A 1977 Age distiit)ution of cotton boils and damage from 
tjoll weevil. Journal of Economic Entomology 70:5-8 

Walker J K, Niles G A, Gannaway J R, Bradshaw R D and Glodt R E 1976 Narrow row planting 
of cotton genotypes and boll weevil damage Journal of Economic Entomology 69:249-253 

Waterman P G and McKey D 1989 Herbivory and secondary compounds in rain forest plants pp 
513-536 In Tropical Rain Forest Ecosystems (Ed H Lieth and M J A weyer) Elsevier, 
Amsterdam 



Waterman P and Mole S 1989 Factors influencing the shikiinate pattiway in plants /o Focus on 
Plant Insect Interactions Vol.1 (Ed E A Bernays) CRC press, Boca Raton, Florida 

Watterson J J and Butler L G 1983 Occurrence of an unusual leucoanttiocyanidin and absence 
of proanttiocyanidins in sorghum leaves. Journal of Agri. Food Cfiem. 31 41-45 

Weissman G S 1964 Effects of ammonium and nitrate nutrition on protein level and exudate 
consumption Plant Physiology 39:947-952 

Wensler R J D 1962 Mode of host selection by an aphid Nature 195: 830-831 

Wightman J A, Dick K M, Rao G V R, Shanower T G and Gold C G 1990 Pests of groundnut in 
the semiarid tropics pp 243-322 In Insect pests of tropical food legumes (Ed S R Singh) 
Johnwiley New York USA 

Wigtitman J A, Mahesh Baba V, Ranga Rao G V, Sitarama Rao G and Arjuna Rao P 1994 The 
integrated management of Spodoptera litura in post-rainly season groundnut 'From lab to 
land'. Presented in the National Workshop on Non-insecticidal approach to pest manage­
ment - A new direction, 20 22 September 1994, NAARM, Hyderabad, A P 

'Willams J D 1972 Effects of time of day, moisture stress, and frosting on the alkaloid content of 
Phalaris tuberosa Australian Journal of Agricultural Research 23:611-621 

Wilson M C, Hodges H F, Galium R L and Kirk R E 1960 The uses of phorate to control aphids 
and hessian fly on winter wheat Journal of Economic Entomology 53:197-200 

Wu H L 1986 Determination of toxicity of some insecticides to Lycosa pseudoannulata and 
Apanteles cyphs. Natural enemies of insects 8(4) 230-231 

Zolidy N Z M 1976 On the effed of the food of Myzus persicae Suiz on the hymenopterous 
parasite Aphelinus asychis Walker. Oecologia 26 185-191 

Originals not seen 



c^mfi^K^i^ / e ^ 



c 

0) 

a> 

a> 

o u 

• J 
c 
n 
a. 
o 

0) 
Q . 

(A 

a 
E 
>. 

I 

w 
( 0 

c 
o 

iS 
3 
a 
o 
a 

• o 
c 
0) a a. < 

O i 
CO 

> 
< 

0 0 

CO 

< 
( M — - H 

CO 

< 

CO 

< 

CO < 
CO 

CO < 

CO < 

5- P r I 

O ON 

* 0 m 
.o o o 

O O ' O 

-t (' 

f ' , 

~C 

r - l 

r ) 

VO 
0 0 

f'""r 

r l 

>n 

r I 

O 

O 

o c - t -
OC r 1 

- t r ) r J 

•6 

r^) r N 00 

o 
vO 

OS 

0 0 

3; 
VD f i 

0 

-30 

—I r ) 

OC —' — 

r, 3-

c ; O 0 0 

O 

ON —I 

NO - f 

~0 ''-, C 
rsi "S oo 
—I r-. f - l 

O ' n '/") 

NO r ^ NO 

i n 
m CO 

• * l O 

^ 
ft: ft: 

D O 
>o oo' 

O NO O 
O NJO O 

ID to 

- Q - Q 
CD CO 

ft: o: 

r-4 0 0 c : 

3 " - . 

v n CD 
CD CJ> 

• « t IT) 
0 > C3> 

• Q 
CO 

ft: 

i n CO 
I/ , o> en 
CJ> ^ IT) 
t : CJ> CJ» 
CD J 3 

- C ~ 
• Q 

CD CD 

vc ft: 
(-

NO r -

O NC> 
rNi 0 0 

r l 
r-
>yi 
• t 

NO 

r - l 
r-
•+ 

^ 
0 

0 
0 0 

NO 

0 
0 

o 
NO 

0 0 ' r i 

ON r -
O r 1 

NO C-

n r-

— I • • • £ : 

CNI —1 
—' r - l 

0 0 - t NO 

• n o —' 
—c r-4 —I 

—̂  t-. 

' n 

>n o r o 
NO ""1 O 

i n CD 
i n CJ> c » 

o - * i n 
^ CJ5 CJ> 
CD 5 S 

* : CD CD 

^ ft ft: 

? 
0 

NO 
NO 
r^l 

s 
f--l 

s 
= 

8 
oo 

S 
t~ 

m CO 
If) <j> <ji 

o> 4- i n 
^ en c» 

f ; CD CO 
!< Q; t t 

c : NO O 
r l —' r l 

O O NO 

O 'r. 06 

10 CO 
C3> c n 

•<j- i n 

i n 

I t cn cn 

• Q 
CD 

ft: 

0 0 - -

^ f. O 

00' <3N r -

i n (O 
cn <x> 
Tj- i n 
c3> cn 

, - CD CD 

ic ft ft: 

o 

i n 
Oi 
H -

c (D 
• 1 ^ 
5C 

m 
CJ> 

• * 

m 
-Q 
m ft 

CD 
cn 
m 
CT> 

-Q 
CD 
I t 



J2 
m 

0) 
0) 

-a 
T3 
w 
O 
u 
0) 

c 
n 
a 

0) 
Q. 

:^ 
3 
T> 
5-
2 o > 
"u 
u 
re 

(A 

• o 

a 
CO 

c 
o 
iS 
3 
Q. 
O 
a 

T3 
C 
0) 

a. 
Q. 

< 

en 
CO 

> 
< 

< 

CO 

< 
ro 

(0 
< 

CO 

< 

CO 

< 

CO 

< 
CD 

CO 

< 

CO 

< 

CO 
< 
to 

CO 

< 

CO 

< 

CO 

< 

c 
o </> 
as 
<D 

CO 

00 0-- ON 

r i —I 

00 •(-! 

O C5 

OC D 

O 00 \D 

r-"! i/"i 00 
r j /-o */̂ , 

in n) 
CO en 
•* in 
en en 

iO 03 
ic ct Q: 

r-) 

O r^ O 

O (N >ri 

o 
f-4 

O 

o 
f; o 

fN 

r-j ^ S 
O CT. ON 

'—' m O 

in <D 
cn CD 
•«}• in 
O) cn 

- Q 
CD 

Q: QC 

H 

c 
00 

r i 

r-l —I 

o 00 00 

0̂ ) 00 c^ 

r l -o <• 1 

C'. -^ t--

in 
cn 
Ti-

o> 
..̂  
-o 
m 
Q: 

CD 
cn 
m 
cn 
..̂  •o 
ID 
It 

in 
o> 
H^ 
1^ 

ID 
f: ^ 

in 
cn 
'* 
m 
.,̂  -Q 
tD 
Q: 

ID 
CD 
in 
(T) 
• — . 

-u 
(D 
rt 

h-

00 O 
C^ OC 

r o r-- 00 

.o 

t - c : ^ 

m CD 
CD CD 

I I 
Tt i n 

CD 

Q : 

o o 

0 0 

r l 

•o o 
—I vd 

•J3 

•-0 O 

r<', 

O 
00 

vO 

00 

r> 
«ri 

O r"; O 
—'• ON -f' 

O f". O 
o "-1 -r 

in CD 
C D CJ) 
• * in 
CJ> CJ> 

JH (D CD 

2 Q: Q: 

- Q 
CD 

Q: 

so 

J:3 

m CD 
CD cn 
•* in 
cn cj) 

O C (-J 

s 

O 

o 

o 
o 

o 

00 

r*"; 

r) 

\c 

rJ 

\0 

-f 

^̂  

o 

o 
ON 

'O 

VC - ^ 00 
o r-- w-> 

" 
% 

C" o 
VD 

VO 

rl 

r̂l 
in 
-t-

'1 -D 0> 

i n CD 

cn CD 

CD CD 

5 a: Qc 

O NO 
NO '•'N 

r - N C 

o o o 
ON r'-i O 

- Q 
CD 

O O C3 
C ro 00 

-̂< ro 

'vO O O 
' N O — i - + • 

in CO 
cn cn 

I I 
•«t m 
cn CD 



c: 
0) 
+-< 

c 
_>. 
0) 
a> 

-a 
u 
£. 
"o o 
? c 
(0 

0) 
a 
a> 
(0 t n 

•2 "5 u 
•6 o 
e 

0) 

c 

ni 
0) 

c 
o 

jO 
3 
Q. 
O 

•a 
c 
0) a a. < 

0) 
CD 
CO 
u . 
(P > < 

< 

CO 

< 

< 

to 

i 
o 

< 

CO 

< 

< 

CO 
< 

Cfl 

i 
I D 

CO 

< 

CO 

< 

o 
to 
CO 
(U 

CO 

o o 
o 

S 
r 1 

00 
-t-

0 0 r - 0 0 

o 0 0 0 0 
vo -+ - t 

•— 6 

n 
n 

\ 0 00 

r ' l VO 3 
r--- CO ON 

-^ \ 0 -+ 
r - l — r l 

VD r^i ' C 

oo r^ ĉ-
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Append ix 9. Wea ther data: Week ly averages 

K/iarif 1995 

T e m p ( SI No 

I 
1 

X 

4 

s 
6 
7 

« 
<) 
id 

! l 
\1 

Date of 
Observation 

24-08-95 
n-08-95 

07-09-95 

14-09-95 

2 1-^)9-95 

28-09-95 

05-10-95 
12-10-95 

19-10-95 

26-10-95 

02-11-95 

09-11-95 

WAS 

} 

4 
=i 

6 

7 
8 
9 

10 

11 

12 

1^ 
14 

DAS 

21 
28 

V̂  
42 
49 

56 
61 

70 
77 

84 
91 

98 

Tf 
Max 

14 9 

11 7 

VI 8 
?2 8 

^2 0 
n 5 
n s 
;o 1 

•0 1 

^0 6 

M () 

Ui) 

c " 
Min 

2'^ 7S 

2 ' "58 

7^ 54 

2=i 10 
2"; 4(1 

2=; 40 

25 7(t 

24 lU 

24 2 

24 (. 
r ) <•} 

22 5 

Relative humidity % 
Morning Evening 

81 
<>2 
70 

82 

86 

78 

81 

92 
89 

H9 

84 

81 

75 
84 
61 

72 
7> 

74 
76 

90 

86 

86 

77 

72 

Rainfall 
mm. 
51 20 
169 9 

|7»>0 

71 90 

0 80 

84 M) 

'>1,20 
60 90 

6.60 

2 
} 

4 
5 

6 
7. 
8 
9 
10 
I I 
12 
\} 

4 
5 
6 
7. 
8 
9 
10 
11 
12 
II 

28-12-94 

05-01-95 

12-01-95 

19-01-95 

26-01-95 

02-02-95 

09-02-95 

16-02-95 

2:1-02-95 

02-01-95 

09-01-95 

16-01-95 

21-03-95 

28-12-95 

04-01-96 

1 1-01-96 

18-01-96 

25-01-96 

01-02-96 

08-02-96 

15-02-96 

22-02-96 

29-02-96 

07-03-96 

14-01-96 

21-01-96 

1 

4 

5 
6 

7 

8 
9 

10 
11 
12 

n 
14 
15 

1 

4 

5 
6 

7 

8 
9 
10 
II 
12 

11 

14 

21 

28 

!5 

42 

49 

^̂ 6 

(.1 

70 

77 

84 

91 

98 

105 

21 
28 
1-S 
42 
49 
56 
6.̂  
70 
77 
84 
91 
98 
105 

f?ab/1994-95 

28,0 

28,9 

27 6 

26 8 

28 0 

28 9 
2«i 1 

2 " 5 

K- 1 

10,4 

11 9 

11 5 

11,2 

16 [ 

M 1 
19 8 
19 ? 
|-7 7 

1 •' 2 

17 '> 

18 2 

l\ 9 

;M 1 
,>ot> 

.'0 4 

20 5 

Rabi 1995-96 

—1 29 70 
29 ?0 

29 ()0 

29 SO 

10 20 

10 10 

10.70 

10 'H) 

10.80 

12 14 

n,5o 
11,60 

11 70 

17 1 

16 4 

16 6 

17 7 

|7 4 
|7 > 

19 7 

18'.> 
18 9 

20 \ 

1K4 

20 1 

81 
89 
91 
89 
1)1 

88 
<.)1 
97 
89 
81 
88 
8< 
81 

61 

64 

7(. 
77 

(.8 

61 

68 

72 
78 

74 

67 

69 

57 

0 2 
— 

89,4 
48 9 

— 
— 
.— 
— 

, . -

91 

89 

94 

81 

94 

95 
91 

84 
89 

81 

84 

82 

87 

61 

66 
61 

66 

66 

61 

S4 
61 

64 

68 
57 

65 

(,^ 




