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A field experiment was cotklucted fus tlwer seasons fram 1994 to 1996 1o sludy the
nfluence of oiganic mampes and inoigame ferilizers (NPK) on the incidence of major insecl
pests and predators on groondnut in sandy loam soils of Bapatla and Kavur, Guntin distiicl of
Andlna Pradesh.  The fiealinenls included faon yad mampe (FYM), venmicompost, Fryimt +
vennicompost. neem cake. HPK + neem cake NPK wilth nuclear polvhedrosis virus (NPV) of S

Mura at 50 and 7% days after sowing (IDAS), NFK with sunflower as a trap crop and NPK with

carhofuran seed heatinent

The results showed that the miganic manures recorded lower incidence ol sucking pests
than the slraigiht ferlilized. The sucking insects £ kerri and A craccivora weie lowest in neem
cake  The hreatments that received organic manures recarded lower incidence of A modicefla
counpared to straight feitilized realinents  NPK with NPV application reduced the incidence of
5 fitra than all other ttratments  NPK wilth carhofuran seed freatment showed ifls superiosity in

recording low incidence of H armigera followed by other organically manured reatimants



The population of natural enenies was low in organically manured treatments compared
to the straight fertilized treatments. The higher pest incidence in straight fertilized treatments
confribuled to higher predator population. NPK with seed treatment affected coccinellid and

spider population.

Peraining to the levels of biochemical constituents of groundnut leaves, the organically
manured treatments recorded lower amounts of nitragen (N). crude protein (CP), tolal free amino
acids (TFAA) and carbohydrates and significantly higher levels of carbon based antiherbivore
compounds like phenols and tannins. and the opposite was true in case of straight fertilized

freatments.

All the pests and predators (except chrysopids) showed positive correlation wilh N, CP.
TFAA, carbohydrates and negative association with phenols and tannins. Higher N, CP. TFAA,
carbohydrates and lower levels of phenols and lannins in leaves of straight fertilized treatments

contributed to higher pesl incidence and vice versa in organically manured trealments.

Due io non-usage of insecticides as foliar sprays, the naturat enemies increased. Rapi
seasons recorded higher coccinellid beetles and spider population than kharif season. Sunflower
plants altracled S. lifura 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 ecosystemn and tritrophic
relationships through nuirition to bring induced / ecological resistance in plants. The organic
manures induce the production of anliherbivore compounds, a protective system developed in
the piants. The slight alterations in chemistry of the plant may bring desirable effects without
sacrificing the giowth and yield of groundnut crop. The results also provide insight into insect
resistance through organic manures. The presemt sludies wilhout the use of inseclicides as
sprays and organic manures as nutrient seurces focus on the search for alternatives to straight
feditizers. The studies reduce the cost of inputs towards fedtilizers and insecticides through
orgamc farming and promole the ececlogical balance and stress the need for ecological / erganic

farming to altain sustainable plant protection.






INTRODUCTION

Groundnut (Arachis hypogaea Linn) is an important oifseed crop in India and ranks first
in world in area (8.35 m ha) and production (885 it). Among the slates. Andhia Pradesh
ocecupies first place in area (28.4%) and production (22.2%) (DES, 1993) with an average yield of

1054 kg ha g During rabi. groundnut 1s grown in large areas in coastal sands of Andhra Pradesh

as a major crop or in rice fallows.

Insecl pests are recogmzed as yield reducers Of more than a hundred species of insect
pests that live in groundnut crop, a few are economicaily impornant 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 Defolialors such as Spodopfera fitura Fab, leal miner
Aproaerema modicella Dev and gram pod borer Helicoverpa armigera Hub are gaining
importance in South India. S fitura is attacking the crop every year and in some instances theye
was lotal faiture of the crop (ICRISAT, 1984). The annuat loss caused by lthese insect pests in

groundnut was estimated to be US $150 millions (Ghewande ef af., 1987).

Groundnut farmers till recently, were dependent on insecticides to over come the pests
Despite heavy application of inseclicides the farmers are nol geftting satisfactory controt of S.
iitura which has become a serious menace in coastal districts and now spread to Rayalaseema,
More over the indiscriminate use of insecticides has lead to serious outbreak of S Mwa and
many tarmers suffered serious losses. The usage of insecticides is becoming counter produciive
in that they cause resurgence of pest population by arousing insecticide resistance ana upset the
ecofogical balance, through elimination of beneficial species of inseclts. The indiscriminate use
of nitrogenous ferlilizers is also one of the reason for build up of pesis. The peslicide induced

health concern has further helped to popularize organic farming. The consumer in many
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developed countries willingly pays a premium price for such authentic products  The export of
agriculiural commodities to developed countries has also suffered a set back due 1o pesticide

comtamination.

As we enter an era of potendial food and eneirgy shortage, the chalienge to the scientists
is to develop a technology that will permitl higher yielding cropping pattems 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 manipulation of the processes that relate to polential economic
loss due lo pests. How an IPM become: a reality ? Frogress will be very slow if we rely on
empirical (trial and error) approaches Instead, we need a better theoretical base thal can be
addressed by priority experimentation. The IPM tactics then could move from a mode of trial

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

CGrganic manures supply both macro and micro nutrients and buitdup resistance of the
plant to insect atlack (Tirumala Racg. 1994). The experience of the last three years hy the
scientists of Acharya N G Ranga Agricuitural University (ANGRALD and Internationat Crops
Research institute for the Semi Arid Tropics {ICRISAT) give credence for relying more on control
measures other than chemicals to achieve beller control of the pests paving the way for

sustainable plant protection and inturn sustainable agriculture

Keeping the above problems and avenues available in view, lhe present sludies were
designed for development of pest management sirategies 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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REVIEW OF LITERATURE

Host plant, the key component in the insect ecosystem. delermines the dimensions of
inseci-ptant-predator interaclions called ihe trifrophic relationships. Fertitizer application, which
influences host plant growth. also exerls considerable 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 ef al. 1878) and the
present herbaceous advanced cultivated species (Fletcher, 1929; Thomas and Dunham, 1831;
McGairr, 1943; Istey, 1946; Bull ef af, 1948 Kennedy, 1953 & 1958: Adkisson, 1957;
Mitller 1958, Muller, 1958) Since it is the first atteinpt to study the effect of organic manures on
groundnut pest complex, the dearth of literature on groundnut necessilated to review the work
pertaining to organic farming. soil fertility influence on plant resistance and the interconnected

tritrophic arena of retations in other crops as well.

Every attempt has been made to coltect and review the literature peraining to the
related studies and presented under three sections. namely fertifizer and manuriai influences on
insect pests and natural enemies; interrelationship between soil fertility and biochemical
constituents of plants and insect herbivery and nalural epemies in 1elation to piant biochemical

constituents.

2.1 INFLUENCE OF MANURES AND FERTH.IZERS ON THE INSECT PESTS AND NATURAL

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

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



2.1.1. influence of Organic Manures on Pests and Natural Enemies
Aithough the arganic manures do not have ditect influence on pests. they influence
the plant growth which inturn influences the pest on the crops (Painler, 1951) The natural

enginies are at the thitd trophic level.

Flants grown on rich organic soil. withowl use of chemicat 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 c¢redibie
at firsf, but seeing is believing, he suggests "down through decades organic gardeners and
faimers have made that claim because they saw with their own eyes thal such pianis often
enjoyed an almost mysterious immunity to insect attack. Neighbouring growers would have to
spray several limes 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 heallhy ptants
and healthy plants resist insects, in his ctassic 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). Pesis on organic farms were controfted by crop rotation. tillage, crop spacing,
intercropping, mulching and biological agents (LISDA, 1980). Fonesca ef al (1988) found
significantly less larval growth and development of Spodopfera frugiperda Smith on ilalian
millel {hat received poultry dioppings than on those received straight feriilizers. Treatments
which received NPK as chemical fertilizer resulled in an increase in the number of chrysomelid
larvae (10.40 larvae per 10 seeds) on maize Diabrotica speciosa Germar compared to the
treatiments that received cow manure {4 40 larvae per 10 seeds) (Vardasca ef af, 1989).
Similarly, Fratello ef al {1989) observed significant difference in population densities of

different arthropod groups belween plots ireated with organic and mineral ferlilizers. However,



no significant difference in the damage caused by Hefothis zea Boddie was observed on naize
that received straight and oarganic fertilizers (Osuna ef al. 1989). Tele and Salunkhe (1994)
reported the efficacy of organic materials on the contiol of sweet potalo weevil. Higher yields

of healthy tubers were obtained in Ihe plols treated with cakes of mohuva and karanj and

leaves of nifjundi and clerodendron.

2.1.1.1. Farm yard manure (FYM)
Rossi ef al. {1988) reported that larval weight, larval development, pupal length and

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

than the inorganic ferlilizers.

Farm yard manure releases nulrients slowly inlo the soil and continuously throughoul
the crop period. Thus planis which are devoid of succulency in earlier stages of crop growth
deter the pesl attack (Tirumala Rao, 1994)  Minimum populations of aphids, mites. Ihrips,
whileflies and fruit borer, Helicoverpa armigera Hub were cbserved in the plots applied with FYM

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

Recent studies on influence of FYM on the incidence of pests of pigecnpea and rice at
the Agriculiural college farm, Bapatla indicaled thal Ihe pest populations were significantly less in
the plots applied with FYM than with fertilizers. Among the different NPK sources. FYM was
the most elfective in reducing the incidence of gram caterpillar, H. armigera; spotted pod borer,
Maruca festulalis Geyer, plume moth, Exelastis atomosa Meyr, blister beetle. Mylabris
pustulata Thunberg and pod bug, Clavigralia gibbosa Spin (Dayakar ef al., 1995). The incidence
of rice pest complex was significanily less in the plots received FYM than in the straight fertilized

control piots (Bhagyanakshatram. 1995},



Application of cow manure to com fields  increases predatory efficiency of a
mesostigmatid mile on corn root worm tarvae, Diabrotica longicornis Say and D virgifera

L econte {Chiang. 1970}).

The beneficial effects of FYM on the ped yield of groundnut have been reported by

several workers (Survase ef al., 1986. Dhane et af . 1996).

2.1.1.2. Vermicompost
Vermicompost has recently emerged as a plant nulrient  supplier, and literature

pertaining to its suitabilily as manure and its influence on pests is meagre.

On application of vermicompost to the agricuitural lands, the native earthworm
poputation in the soil make the soil fertile by improving the soil slructure (Madan et a/ 1987},
The key role of earthworms like Eiserwa foetida Sav in improving the soil fauna, and ferility
15 well known since long {(Chandana, 1981; Kale and Krishna Moorthy, 1981). Earthworms have
also been instrumental in transporting minerails and subsoit compounds from deeper layers to
surface layers of soil (Jain, 1993). Vermicastings are a sich source of macro and micronutrients,

vitamins, enzymes, antibiotics and growth hormones (Kale ef al., 1987; Bhawatkar, 1991; Kale.

14994).

The role of vernmicompost in the control of nematodes and in miligaling toxic effect of
pesticides have been adequately documented (Gaur and Prasad, 1970; Gaur ef al, 1975
Bhatnagar and Paita, 1996). Bhawalkar and Bhawalkar (1991) claimed that piants develop pest
resistance by balanced nutrition provided by vermicompost and soil microorganisms inctuding
earthworms. Similarly, Bhide {1993) also menlioned that vermicomposl provides resislance 1o
pest buildup. Varma (1994) reporled minimum populations of aphids, mites and fruit bores
from the plots received vermicompost than from those applied with straight feftilizers. Similarly,

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

~1



insect pests of rice like green leaf hopper (GLH). Nephofetfix wvirescens Dist: hrown plant
hopper (BPH,), Nitaparvata lugens Slal; leaf felder. Cnaphalocrocis iedinalis Guenee and stem
borer, Scirpophaga incertilas Wik was significantly tess in the plots received vermicomposl

than the straighl inorganically fertilized plots.

The biotic interactions between scil nematodes and live and dead earlhworm tissues
were studied by Senapali (1992). The dead worm lissues were reporied to enhance
microbivore nematode activity and inhibition of plant parasitic nematodes. The plets applied
with vermi-compos! showed superiority over untreated control in  suppressing the roof-knot

nematode, Meloidogyne incognita (i & W) Chitwood populations in tobacco nurseries (Swathi,

1995).

The vermicompost application increased the root and shool length in rye grass (Springeit
and Syers, 1979), heighl of the plant, number of tmanches, 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 ferlilized plots as reported by Dhane ef al {1998) in
groundnut, Kale and Bano (1988) in rice, Jambhekar and Bhide (1991) in grape. Bhawalkar

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

Vermicomposi, in addition 1o recording the lowest pest population compared to straight
ferlilized control, has recorded higher population of beneficial insects in rice

(Bhagyanakshairam, 1995 and Kishore Kumar. 1996}

2.1.1.3. Neem cake
Recognizing the fact that the wild plants derive adequate prolection against insecl

herbivores from a chemical ‘umbrella’, and thal plant compounds are exploited 10 prolecl



susceplible crop plants, a search was made 1o idemlily effective and environmentally safe plant
chemicals. Cheinicals isolated froim some tree species belonging to the genus Mefia (Kraus
el al, 1993) have in the recent past received particular  atllention from applied entomotogists,
because several of them showed an almost ideal combination of properties suggesting that they
might be exceilent insect contiol agenis (Schmutterer. 1990 Ascher, 1993). Thus they are
ameng the strongest feeding deterranis known {(Mordue (Luntz)and Blackwell, 1993}, act after
ingestion as arowth 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 ef al . 1991),

Neem cake comtains high per cent of nitrogen (N} (5.2%). sulphur (1.36%)},
rilerpenoids. amino acids, sterols. flavanocids sugars and an active repellent principle
azadirachtin which was found highiy 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 antifeedant against S. lifura and H armigera (Rajasekharan and Jayaraj, 1990).
Azadirachtin is known 1o have systemic action, being transiocated through xylem and is

avaitable to planl system for a reasonable period (Kareem ef al., 1988).

Neem cake is having nitrification inhibition properties and thus it witt release or permit in
solution only small quantities of N at a time which can be utilized by plants and this reduces the

chances far loss of N in nitrate form (Ketkar 1976).

Application of neem cake as a fertilizer and repellent proved its eftectiveness against
many pests. As early as 1928, Hussain recommended soil freatmeni of wheat plots with
neem and arsenic @ 165 lhs/acre. The attack of termites was reduced {¢ 0.4% as against

7.5% in the unireated check. Tirumala Rao (1952) lested the efficacy of neem cake atong with

)
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kerosene and cride oil emulsion in controlting  the larval population of paddy oot weevil,
Echinocnemus oryzae Marshall. i was observed that neein cake with tobacco refuse and 8:5
mixture of superphosphale and ammonium suolphate checked the larval population when applied
to the soif. Many such investigalions were camied out since then and neem cake as basal
dose proved fatal to many insecls which include termites (Dutla, 1874), soil insects of potato
(Khound, 1875), crop pesis - jike singhara aphid. Rhopalosiphum nympheae  (Goyal et al,
1971), Pieris brassicae Linn {Atwal and Pajni. 1964: Ruscoe. 1972: Hans and Ferenzkolpn, 1972),
Heliothis virescens Fab. and Dysdercus fasciatus Sign (Ruscoe, 1972; Hans and Ferenzkeln,
1972), Pilutella xylostella L. (Mong Ting Tan and Sudderuddin, 1978). Argyroploce leucapsis

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

However, il was reporied that when neem cake and other cakes like mohuva and karanj
were used lo control whitegrub, there was no insecticidal or repellency effect (Sachan and Pat,
1974} and neem cake @ 200 kg ha * proved leas! effective in reducing the damage of leaves

due to rice leaf folder (Ambeihgar. 1996).

2.1.1.4. Neem cake mixed with fertilizer

Mallik and Lal (1989) found that the plots received a mixture of fertilizer and neem cake
had the lowest infeslation (20 18%) of okra {ruit borer. Earias vitfella Fab. as against 26.83%
with neem cake aione and 44.97% with fertilizer alone Many reports are available stating that
neemn cake mixed with urea or neem take coated urea at different rates according to the

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

it is reporied that aithough there was inilial reduction in population of spiders and
minds in neem {reated plots, there was better recolonization of predators (Mohan ef af. 1991).
Many reports conclude ihat neem cake apphication to planis is relatively safe 1o the natural

enemies like spiders and mirids (Krishnaiah and Kalode. 1985 Wu,1986; Saxena ef al.. 1989
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Mohan ef al. 1991; Jayaraj, 1992) and coccinellid. Coccineffa septumpuncfata L (Singh ef af,
1985). However, it was reporited that maximum number of spiders was recorded in untreated

control (3.7) than in neem treated plots (Muthukrishnan ef af . 1994)

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

Pest | Effect Reference -
1. Brown plam Less fpod consumption by femates, | IRRL 1982,
hopper reduction in growlh and Saxena ef af, 1984,
development
of hoppers, Sasmal, 1986
Reduction in population Viswanathan and Kandiananan. 1990
2. White backed | Reduction in population Sasmal, 1986
plant hopper
3. Green {eaf Reduction in population Sexena, 1986; Velusamy ef af, 1987,
hopper David, 1986, Viswanathan and
Kandinnan, 1990
4_ Pink borer Reduction in popuiation Ho and Kibuka, 1983
5. Whorl maggot | Reduction in popuiation David, 1986
6. Earhead bug Reduction in population Velusamy et al, 1987
1. Leaf folder Reduction in poputation David, 1986
8. Pest complex | Reduclion in popuiation Ravindrababu, 1995

Kishore Kumar, 1986

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

The planis respond te different ferilizer treatments by providing varying degrees of
giowth and as a result some plants wete more altraclive 1o the female moths tha;1 athers
Enhancement of succulent cotton growth through fertilization renders the crop more attractive
to population of the collon aphid, Aphis gossypii Glover (McGarr. 1943; Isley, 1948}, cotton
bollworm moth, Hefiothis obsofeta Fab. (Gaines, 1933, Fletcher, 1941), colton leaf hopper (Butt
el al.. 19468), collon fleahopper, Pseudatamoscelis seriatus Reuter (Adkisson, 1957} and colton

boliworm H. zea (Adkisson, 1958). Hence higher rates of inorganic fertiizer by encouraging



rapid plant growth, produce a more atiractive environmen for oviposition than the slower
growing checks (Adkisson. 1858). The increase in incidence of bollworm on cotton plants was
found to be associated wilh the rale of inorgamc N application (Bishara, 1969). The stem borer,
Chilo zoneitus Swinhoe and Sesarmia inferens Walker on corn are influenced by fertilization
practices. Populalions have been shown lo increase significantly with rate of N application.
Sirnilar  effect has nol been observed with variable rates of phosphorvs (P) (Singh and
Shekhawat, 1964). Different types of fertilizers exerted litHe influence on stem borer of rice,
Tryporyza incerfufas Wik while significant increase in the incidence of stem borer was noliced

with increase in level of fertilization on rice (Michae! Raj and Morachan, 1973),

In short duration crops, increasing levels of soil fertility delay the fruiting pertod ol the
crop, thereby reducing the polential to escape hiom bolt weevil injury {(Walker ef al. 1976 &
1977). Increase of soil fertilily of both wintei and spring wheat resulled in increased wheat stem

saw fly injury, due {0 the presence of ovipositing female on farge and succulent wheat plants.

According to Chaudhary and Kashyap (1987) there was significant difference in
cicadellid numbers and incidence of Leucinodes orbonaiis Guenee between the fertilized and
unfertitized plots. An increase in the dose of N and P resuited in heavier infestation of both the
species. There was moie larval growth of S frugiperda on ifalian millei in NPK, NP and NK
applied ptols (Fonesca ef al.. 1988) and more population densities of different arthropod groups
of insecls in plols {reated with mineral fertilizers (Fralello ef af, 1989). Chillie pod borer
incidence increased with the application of higher doses of nitrogen (Venkateswara Rao

el al., 1989 and Varma, 1994)

Modification of soil fedility through feitilizer, influenced the arthropod pests of soybean

{Rhoads and Bameit, 1980). Funderburk ef al (1991) evaluated influence of phosphorus (P),
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potassivm (K} and magnesivim (Mg) levels on populalion dynamics of velvet bean caterpillar,
Anticarsia genunatalis Hub and southern gieen stinkbug. Nezara wiridida in soybean crop
following winter wheal. The populalions weie affected by P and K levels and over-
lertitization increased the pesl outbreak Such madifications of soil  fertililty levels can aller
survival and development of insects (Herzog and Funderburk, 1986). Purchit and Despande
(1991) stated that the incidence of whitefly on colton was lower in the unferilized plots than in
the plois applied wilh inorganic fertilizers. Role and Puri (1992) also got similar results Purohit
and Despande (1994) reported thatl the inorganic sources of NPK applicalion increased the
boliworm complex of cotton. Inorganic form of NPK application was tess effective than organic
form of NFPK application in maintaining the poputation of gram calerpilfar spotted pod borer,
plume moth, hlister beetle and pod bug of pigennpea. Pod damage by ped horer complex and
seed damage by pod fly were reported to be high in plots applied with inorganic straight

fertitizers in pigeonpea (Dayakar ef al,, 199%)

2.1.2.2. Natural enemies

Soil fertilization maodify foliage habits where many pests and nalural enemies reside

during atleast a panl of their life cycle (Rhoads and Barnett, 1990)

Populations of some predators of bollworms in cotton increased by the application of
NP and K (Adkisson, 1958). It was reported that lady bird beetle populations of Hippodamia
coinvergens G.M. and Orius insidiosus Say were influenced by fertilizer treatments and showed
no influence on Nabis and Chrysopa species. The population of A gemmaftalis and N. viridula
were either directly affected by P and K influence on soybean nutrition and growlh or indirectly
by natural enemy populations (Funderburk ef al. 1991} Funderburk and his associales
(1994) reported that spider density estimales were grealer at higher P levels but not at K or Mg
tevels. Fluctuation in the number of cicadellids were accompanied by a corresponding increase

or decrease in the number of spiders (Araneae) on groundnul (Singh ef al.. 1991).



2.1.3. Seed Treatment

2.1.3.1. Pests
Many researchers have showii that seed lreatment with  systemic inseclicides had given
satisfactory control of sucking insects like greenbug on sorghurn and corn (Dahims and Wood,

1857; Daniels, 1980), aphids and bessian fly on wheal (Wilson ef af, 1960) and aphids on

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

Groundnunt seed treated with carbofuran gave good results against early sucking pesls
fike jassids upio 30 days after sowing (NARP. 1982). Venkata Reddy (1988) reporied that
under field conditions, groundnut plols treated with carbofuran protected the crop against
evarly sucking pests like jassids (24.33/20 plantsy teal miner (4.27%) uplo 30 days when

compared 10 conlrol (59.33 jassids/20 plants: 11 51% of teaf miner, respectively).

The seed (reatment with carbofuran was also having phylotonic effect (Reynolds

ef al., 1957, Apple, 1971; Pless ef al.. 1972; Ramamoorthy, 1986; Subramanyam ef al . 1888).

Carbofuran 300 ST (@ 0.9 kg a.i ha ) as seed treatment was effeclive in reducing
green bug, Schizaphis graminum Rondanni and corn leaf aphid, Rhopalosiphum maidis Fitch

infestalions on wheal {(Guerra-Sobrevilla, 1938)

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 Aproaerema modicella
Dev infestation (Rajagopal and Gowda, 1992). The granular insecticides have striking effecis

on poputations of noctuids, H. zea and S. frugiperda (Mack, 1992).



2.1.3.2. Natural enermies

The activity of nalural enemies such as insect parasites and pathogens of A. modicelfa
was not affected by the granutar inseclicide treatment (Rajagopal and Gowda. 1992} However,
Panda and Khush (1995) reporied that carbofuran reduced major predators of planl hoppers,

such as spiders, mirid bugs and rove beetles

2.1.4. Sunflower as a trap crop

Many farmers use plants that are highly attractive to pests lo 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 lweeding grounds for parasitoids and predalors. The
survival and composition of natural epnemies of crop pests are enhanced by maniputating the
composition and abundance of olther plants growing near or among the crop plants (Roger. 1976,
USDA, 1980. DeBach, 1974; Southwood and Way. 1980). Adjacent trap crops can be managed
lo supplement pesi or alternale prey populations. thus providing food sources for natural

enemies during periods of prey parasite asynchrony or iow popuialion density (Slary, 1970)

Wightman et al. {(199() reported thal farmers in India grow castor plants in groundnut
fields 1o 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 sunfiower as intercrop/mixed «rop in post-rainy season groundnut of 1993
demonsirated its advantage as trap crop (Ranga Rao ef al, 1995; [CRISAT. 1994; Wightman
et al., 1994). Sunflower or castor as trap crop around the boundaries in the field at 3 to 5 metres
distance in groundnut was reported lo be useful for trapping Spodoptera egg masses and aid in
easy destruction of the pest. Ranga Rao ef af (1995) reported that soybean can successfuily

be used as border or intercrop with groundnut 1o reduce leaf miner incidence,
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Umelated plants. when grown among crops, provide physical o1 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 pearimillet (Kennedy ef al.. 1990; Kennedy and
Raveendran. 1989) or blackgram (Muthiah ef af . 1991). Spodopfera incidence was less when
groundnu! was inlercropped with blackgram (Muthiah ef a/. 1981). Groundnut inlercropped with
pearmillet significanty incteased coccinellids like Coccinella sp. and Menochilus sexiacuiatus

Fb. per plant compared to groundnut monocultures (Kennedy et al, 1990)

2.2. INTERRELATIONSHIP BETWEEN SOIL. FERTILITY AND BIOCHEMICAL CONSTITUENTS OF
PLANTS

Insects present their greatest threat to ptants in nutrient rich, productive environments
and their attack is focussed upon tissues of high nulritional value. Plants growing in rich
productive envitonments are usually fasl growing and have relatively shor lived  soft leaves
with high concenfration of N and other nulriemts (Grime. 1979). For any given life form-herb.
shrub, tree etc. species fhal are adaplively stiess tolerant tend to have lowest N levels and
slowest growth rates. Evergreenness is a clue thal a species is nutrient stress tolerant

(Janzen, 1974).

The effect of nitrogen stress on planl secnndary compounds have a greal importance to
the herbivores, since optimal growth conditions and high soil N levels are known 1o favour

maximal alkaloid synthesis (Robinson. 1974, Williams, 1972). Most N-based secondary



compounds are in a stale of continuous recycling in ptants  (Seigler, 1977 Seigier and
Price, 1976) whereas most phenolic compournrds appear to be rather soluble end products

{Walker, 1975).

Ferlilization seems to have the greatest effect on the levels of soluble N compounds.
Fedilizers increase aminoacid and antde fevets (Catlin and Priestiey, 1976. Hoff ef a/ . 1974:
Weissman, 1964) and inoiganic N levels sometimes increase (McDole and McMaster, 1978;
Nielsen and MacDonald, 1978, Smith 1978; Staik. 1985). Build up of proteins and soluble N
compounds, however, depend greately on the amount and form of N used for fertilization as

well as the normal uptake mechanism of the planis.

The association of 1oxic allelochemicals (TA) wilth N-rich plants and tissues is interesting
because many of the toxins are N-based. eq. atkaloids. various proteins and non-protein amino
acigs. The digestibility reducing allelochemics (DRAs). on the other hand. are hasically not

N-based, eg. phenelics, lannins and the various lerpenoid compounds (Harborne, 1977)

N-rich plants and plant tissues employ mainly N-based alleiochemics, whereas the N-
poor planis and plant tissues employ mainly non-N-based allelochemics (McKey, 1979). The
legumes have N-fixing symbionts. and therefore, have a vast baitery of N-based
allelochemics. In contrast, the N-poor plants, which occupy impeverished substrate contain an
arnazing variely 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 lo the amount needed for growth. In contrast. the non-N-based
allefochemics  ought to  ocour where carbon supplies are large relative to  their  demands,

presumably because. N availability is low (Mattson. 1980)



Plant species exhibiting single. more or less synchronised growth flushes often contain
some N-based allelochemics in expanding tlissues, while tevels of non-N-based allelochemics,
like phenols are usually nominal until tissue growlh is nearly complete. After this poim. such
compounds begin to accumuiate markedly. As individual leaves complete growlh there is
litle change in their phenolic levels. (Dement and Mooney. 1974; Feeny, 1970. Haukioja

et al . 1978; Rhoades and Cates, 1876).

Several authors have mentioned the effect of nutrition on the amourt of polyphenols in
plants (Davies ef af, 1964). Stitl ef al (1946) showed that Lespedeza cuneata produced
stgnificantly greater quantities of tannins when grown on poor’ soils. Vogel (1931) states that the
tannin contenl of trees is affecled by the sgil. though he makes ng reference (o the effect
produced. The relationship of specific deficiencies in nutrition to a high polyphenot content has
been recorded. e.g N deficiency appears to increase polyphenol biosynthesis in the plant. Heller
{1948}, using lissue 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
accumuiation of a red pigment in the leaves. stems. and roots of N-deficiemt Grarninae
seedlings. Bonper (1950) states that many nutrien! deficiencies parlicullarly N and P, are
associaled wilh increase in anthocyanin content. Davies et al (1964) opined that growing a
nurber of plants in sand produced high content of polyphenolic substances, which was attributed
to lack of N or P. The study of McKey ef af, (1978} provides suppont for the hypothesis that
vegetation on low-nittrient soils contains relatively high concentration of polyphenniic compounts

delerrant to herbivores and pathogens.

increasing plant N through fertilizalion has lowered levels of phenolics and lignins

(Jones, 1976; Kiraly. 1976; Trolidenier and Zehier. 1976). whereas reducing plant N through



cutturing soils that are N and P-poor has raised teveis of phenolics (Davies el af 1964,

Forrest, 1975 McKey ef al . 1978, Reader. 1979 Szweykowska, 1959).

The best known DRAs are those (tannins anhd phenols) that ditectly interfere  with N
availabilily by complexing wilth protems, enzymes and carbohydrates (Cates and Rhoades,
1977, Harbore, 1977; Mayer and Harel. 1979; Rhoades and cates, 1976; Swain, 1977) It has
also been hypothesized thal tannins are rather broad-spectium anti-herbivore compounds  that
block protein availability by affecting digeslive enzymes and/or the plant proteins themselves

{(Feeny, 1975 & 19786).

It has been suggested that the high conceniration 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 bypothesis® (Tuomi
el al, 1984 & 1988), carbon is allocaled to new growth when the supply of mineral nuirients is

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

Levels of damage or performance of herbivores on different planis or plant parts can be
correlated with tamin levels. It was also suggested that comrelalion between insect
performance and dietary tannin levels in thew food plants may be positive or absent (Faeth,

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

Availability of soil nutrients had a profound influence on the production of phenolics
including tannin in many ptant species (Waterman and Mole, 1989). Nitrogen ferdilization of
Populus tremuioides ied to a reduction in 1annins to less than one-fifth of the levels found in
unferilized conirol tiees (Bryant et al., 1987) Higher fevels of phenodiics including tannins

are associated with nutriend poor soils {(Bryanl ef af. 1983, Coley ef al., 1985) and showed
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sfow growth rates when planls are grown in poor soil, suggested as a cause of higher levels of
tannin (Bryant ef al. 188%). Also. nitrogen lertilizalion of padiciular plant species has been
shown 0 cause a decrease in their production of tannins (Bryant et al, 1987) Haslam (1988)
has indicaled thai in tainnin producing species, tannin involvement in lignification could he 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 10 nuirilionatl changes in host planis  These
changes are accomplished by reguiating the cullural practi}as like ferdilizalion. irrigation, etr.
which is called induced resistance or pseudoresistance (Kogan, 1982). The potential effect of
fertilization upon pseudoresistance in plants lo insects was documented earier. Fertilizers
applied 1o enhance the growth and yield of crop ptamis is a cultural method of madifying the
environment of the pest (Kogan and Paxion, 1983) The ferlilizers induce changes in
concentrations of the primary and secondary metabolites of the plant and ultimately result in
growth and dynamics of the insect pests that harbour such piants. in general, alt the
phylophagous insects have similar qualitative nutritional requirements bul il is the guantilative
factor that play a decisive role in insect host plant interactions (House., 1969). Changes
mduced int the concentrations of plant metabolites affect the insects at the nutritional tevel 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 parlicularly resistant varieties should result in a magnification of plant

resistance in the presence of natural enemes,
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2.3.1.1. Nitrogen {N)
Nitrogen is the primary constituent of plant metabolic systems and every system of the

plant depends on nitrogen. There are different studies which correlated the susceptibility of the

pests to plant N content,

Differences in N conlent of varieties was comrelated 1o growth i1ale in pale western
cutworm, Agrofis orthogonia Monison on wheat (Kasting and McGinnis, 1959). Fecundity and
reproductive rate of green peach aphid. Myzus persicae Sulzer are depressed in brussels sprouts
by reductions in sofuble N levels in lhe crop’s phloem (Van Emden and Wearing, 1965). Low N
of high K levels in the soil induce this modification in physiology of brussels sprouls. Rodriguez
and Campbell {1961) while working with mites on apple, Tefranychus telarius Lion and
Panonychus ulmi Koch, Honeyborne (1989) with aphids. Aphis fabae Scop on bioadbean and
Brevicoryne brassicae on biussels sprouts and Chadha and Arora (1982} with mustard aphid,
Lipaphis erysimi Kall. 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
ieaf miner, A. modicefta recorded lower amounts of amino nitrogen (Ranga Rao, 1981) and vice
versa (Visalakshi, 1994) However, Kasting ef af  (1958) and McGinnis and Kasting (1961)
observed that comparisons of N concentralions in pith and stem walls of wheat varielies
disciosed varnietal and plant developmental differences but no correlation with  resistance

against insecls.

2.3.1.2. Protein
Non-preference of Jasminumn auricuiatum  Vahl by Dialeurodes wvidgaris Singh was

attributed to low leaf protein corlem (Sundararaj and David, 1990). The requiremenis of



european com borer larvae for proteins  was tound to change during growth, but no evidence

couid be aceounted for such nutritional basis (Beck, 1956).

2.3.4.3 Aminoe acids

Cutwormt (Agrotis ipsilon Hin) larvae weire maote seasitive to aminoacid imbaiance in
wheat (McGinnis and Kasting. 1961). The work of Auctair and his associates on the imporance
of amino acids in the resistance of peas lo the aphid. Acyrthosiphon pisum Harris is well known
tAuctair and Carlier, 1960; Maltais and Auclair, 1952 & 1962). it was found that resistant
pea varielies were deficient in amino acids. and aphids on resistanl varieties grow move slowly
than normal and secrele less honeydew and produce fewer progeny. Not only stiuctural  amino
acids, but also essentlial amino acids proved to be deleterious if they are ingested in excessive
quantities or if they are nol in bhalance wilh other amino acids (Janzen, 1877). Higher amounts
of amino acids make the pland either atlractive or delractive to pest attack High amounts of
amino acids in castor made it more preferred by the whitefly Triafewrodes rara Singh (David and

Paul, 1973) and Jasiminum multifiorum Andr by D. vulgaris (Sundararaj and David, 1890},

2.3.1.4. Carbohydrates

The eartier reports suggested thal carhohydrates in plant had no influence on pest
population. tarval requirements of european com borer for sugar change during growth i no
evidence was obtained thal plant resistance could be accounted for such a nutriional change
(Beck, 1956) Lopatecki ef al. (1962) and Kasting and McGinnis {1961) reporied that there was

no correlation between varielal growth differences due to soluble carbohydrales to insect

1esistance.

The Ileralure of the past twenty years, however, showed thal pesl population changes

could be correlaled to carbohydrate levels in the plants Ehatia (1975) claimed that low

1)
<



catbohydrate content seamng (o e responsible for rosictance to angemais gram moeth Mharang
apd Verma (1982 gapoited that 1otal engms in U day old plants were feamd To be pegatively
copelatod with sorghum stem horar coscephibility The concentiation of sugars m Ihe plants
alfacted the popdation of miles on apple (Feodiguer  and Canphell, 196 1D, aphids on
hreadbeans  and brossets sprouls (Hooevherme, 1968 and on mistard {(Chadha aond Arora,
1007). Ranga Rao (1991 estimated hinchamic sl eongtituents of different groundmit linee and
found 1hat the resistant grosuxdout fines had bigher amounts of tolal solubte sugms  Frreessive
acuprilalion of sugars in hast planls makes them fess atractive  for 0 vedgans (Sundaranaj
and david, 1990) Low levels of sugars have been  cnpelalied  with gromdngt eaf miner

jesistance in the jesistanl (ultivars (Visalakshi 1964) and P maidis and M sacchars ecistance

on sorghum (Mole and Shahane, {994

2.3. 1.5 Phenols

Higher plants possess awide variety o phenolic. compaomris. which are apmimatic in
e, andd possess one or more phienddic hydroxy greoups - The phenyl propanoids me the moss
widely  disttibuted and are foundd in all higher plants Tha phenyl prepanoids fonm A
hineynihetically homooeneons group formed atleast in parl via the shikmnmale pathway  The

ptienyl propanes are generally denoted Az Co-C o nomipounds (Panda aned Khush. 1945)

The phendlic constilientz of eolten leat which shew  anlitiotic activily  againet insect
pests, are bBiosynthelically prodoced throwgh either acelale or shikimic acid pathway iChan
el 2/, 1978} Phenulic levels increase following the danane by lygos bug 1o chinese  cabbage
and sugarbeet (Hovi anet Allay. TOBO) andl cotlon (uea 1981 Fven ghrasions on he cotten
rotyledons fransported secopdaty conmpoonds into the feaves eystamically {(Mathan and £ aiey,
1984)  The applicalion of Azospirulinn (biofertilizeny 10 spighum seeds and soil imparted

resistance o sorghum against sorghum shootfly which was due to higher level of phenolics in



the treated crops (Mchan et al.  1987). Phenolic substances of cotton plani reduce the

consumption and digestibility of S_litwa and H armmgera (Ananthakrishnan ef al.. 1990)

Sundararaj and David (1990) reported that high amount of phenol (21 238 mg g ' leah
make the Jasminum pubescens Willd plants less aftraclive to D, vuigaris Mote and Shahane
{1994) reported thal varieties less susceptible to delphacids and aphids showed high
amounts of polyphenois  High amounts of polyphenols also induce resistance in groundnut

1o leaf miner {Visalakshi. 1994},

2.3.1.86. Tannins

Tannins are compounds with an astringent taste, and are protein binding agenis.
Tannins are present in all plant materials. These are polyphenalic compoungs, divided into two
main groups - hydrolysable and condensed tannins  Hydrolysable tannins contain a polyhydric
alcobol, glucese esterified with hexahydroxydiphenic acid Condensed {aanins are mostly
flavonols and are polymers of flavan 3-0! (catechin} and these cannot be hydrolysed fo simple
components. Among the cereals, sorghum has been found to conlain higher amounts of
polyphenols (Watterson and Butter, 1983). The plant parts having tannins in  higher quantilies
display impaired nutritional  quality, lower digestibility and reduction of food consumption

{Sadasivam and Manickam, 1892).

Tannins play an important role in planl defense against herbivory. Insects tend 1o avoid
astringent food, which affects their digestion because of the coagutation of mucoproteins in their
oral cavity (Bernays ef al. 1989). Recen! evidence suggests that post-absorptive inhibition,
rather than inhibition of digestion, is the primary tactor respansible for poor insect growth caused

by dietary tannins (Butler, 1988). Herbivory can be reduced by increasing leaf toughness by



accumulalion of palatability reducing compounds (Coley. 1883; Grubb. 1986 Waterman and

McKey, 1989}

Tannins have striking effects on insect herbivory. There were many studies which
reporled that increase in tannins reduce hetbivory of £  vilfefla (Sharma and Agarwal, 1982
a,b; Sharma ef al. 1982; Sharma and Agarwal. 1983). H. virescens, H. zea. Pectinophora
gossypielia Saunders (Chan et al., 1978: Shaver and Parrol, 1979} and H. anmigera and S. litura

{(Ananthakrishnan et af., 1990).

2.3.2. Natural Enemies

Painter (1851) feels two general ways in which plant resistance can influence the perfor-
mance of natural enemies. Firsl, reduction in prey populations may affect the success of some
predators and parasites. if prey densily falis below the optimum searching capacity of the
najural enemy. Secondly, host plant-nduced changes in prey physioclosy and behaviour may
modify the success of natural enemies. Allomonal or loxic resisiance factors and mosphological
defense mechanisms also limit populations of beneficial arthropods that come into physical
contact with the host ptant or that use the piant for incidental feeding {Bergman and Tingey,

1979).

Flants provide nutrition 1o the natural enemies in the form of pellen. nectar and
exirafloral nectar directly or indirectly through their insect hosts (Smiley, 1978) Three
hemipleran predators of H zea viz O insidiosus Say, Geocoris paflens Stal and Nabis

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

Ridgway and Jones, 1968).



Numerous studies, however, indicaie that pedator and parasile performance may be
allered by the hosl plant of the prey iFlanders 1939 & 1942; Smith. 1957, Gerling. 1966; Kuo,
1977). Biological controd and plant resislance are considered compatible pest management
strategies (Casagrande and Haynes, 1976; Pinental and Wheeler, 1973, Starks ef af . 1972,
Kennedy ef al., 1975; Schusler and Slarks, 197% Shuster ef al, 1876 a.b). There are also a
number of instances where the chemicals (of plant) imparting resistance fo host plant have

alfecled natural enemies adversely (Thurston and Fox. 1972; Barbosa et ai, 1982. Obryckiel

ef al . 1983 Smith, 1988).

Nutrilionally inadequate diet impaits the ability of piey {0 encapsuate developing
endo-parasites (El-Shazly, 1972), and adversely influence the development, fecundity and
fongevity of parasites (House and Barlow. 1961 Zohdy, 1976). A major impact of plan
resistance in predatlor and parasile density is resulting from reduced prey populations
(Pirnental and Wheeler, 1973, Kennedy et al 1975, Casagrande and Haynes, 1976). Kousaiya
{1994) reponed_lhal the level of parasifization of sorghum midge did nol follow a definile

pattern with susceptibility or resistance of the host plant to midge.
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MATERIALS AND METHODS

The investigation on the “influence of rrganic and  inorganic sourees of host plant
nulrition on the incidence of major insect pests of groundnut  (Arachis hypogaea LLinn )" weie
caried owl for thiee seasons in the sandy <oils of the Agricollural college faim, Bapatia and

Frof N G Ranga Krishi Vigyan Kendra. Favm, Guntur district of Andhra Pradesh. from 1994 to

1996

3.0.1. Seasons of Study

The experiment (Plate 1) was canied out for three seasons viz. rabi 1994-95 kharif.
1995 and rabf 1995-96 (Tab. 2) The two rabi crops were iigated al regular intervals and the

kharif crop was rainfed bt irrigated whenever the soil moistuie was found wanting.

Tab. 2: Seasons of study

[ Sk No. Season " Year " Date of sowing " Date of-r_ﬁ?\_.r_é_sii—ﬁg; )

T T T  Rabi T T 109485 T T T 08121994 | T 05049995
2. Kharif 1995 04.08 1895 01.12 1995
Rabi 1995-96 08.12 1995 06.04 1996

3.0.2. Variety of the Crop
ICGS-44 was selected for lhe study 1l is a semi-dwarl variely with spreading
branches The duration of the variely is 120 days and lhe variety is nol known for ils resistance

against the pests of groundnut  The seed was procumed (roin Prof. N G Ranga Krishi Vigyan

Kendra, Vinayashram. Guntur districl.
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Plate 1: Experimental plot



3.0.3. Layout of the Experiment

The expetimment was laid in a randormused block design (R B D) with nine reaiments and

three replications (Fig 1). The plot size was 5 x B meties

Fig. + Lay-out of the experiment{ R B D)

= —_——= - o 4 5'“ >
Ti Tg 1-, T? Tq T, T' 1. Tp;
. _ IRRIGATION (_SEANNE_L 3 .
T ? Td T' T‘:-' 1 E T. T- Tp, T -
:' IRRIGATION CHANNEL - >
Te Ts T3 T; T, T Te Ta Ta

3.0.4. Cultural Practices

8m

The groundnut kernals in all the trealinents were treated with Indofit M-45 @ 3 g kg !

seed three days before sowing as a seed prolectan against soil borne pathogen infections,

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

Subsequent irrigations were given at 10 day inlerval duwring rabi. The irrigations during khanf

were, however, given when the soil moisture was found deficient.

Timely weeding operations

were taken up and the crop was kepl free fiom weeds. The crop was ifrigated one day before

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

recorded plol wise and expressed in kg ha "



3.0.5. Application of the treatments

Al the trieatments (Tab. 3) were applied as a basal dose. The treatmems having viganic

manures (T: to Tc ) were applied a week prior to sowing and thoroughly incorporated into the soil

o facilitale decomposition of fann yard manure {(FYM), vermicompost and neem cake The

straight fentilizers (NPK), in the form of urea, singile super phosphate and muriate of potash, in

different treatments (T, T4, T;, Ts and Ta) were applied in furrows on the day of sowing.

Tab. 3: Treatments.

Treatment No. Treatment
T, NPK (straight fertilizer) alone @40-50-40 kg ha ' T T
T, Farm Yard Manure (FYM) alone @ 81t ha '
T, Vermicomnpost alone @ 3.75tha’
Ty FYM@ 4tha' + vermicompost@ 1875tha’
Te Neem cake alone @ 770 kg ha '
Ts NPK (Straight tertitizer) @ 20-30-20 kg ha '+ Neem cake @ 385 kg ha '’
1 NPK {Straight ferlilizer) @ 40-60-40 kg ha' and Nuctear Polyhedrosis virus
(NPV) application @ 250 LE ha' at 50 & 75 DAS
Te NPK (Straight fertilizer) @ 40-80-40 kg ha ' and planting sunflower plants at a
distance of 2-3 m in the plot as a trap crop to S fitura
Ta NPK (Straight fertilizer) @ 40-60-40 kg ha ' and seed treatment with 250 g
carbofuran 3G kg’ seed.
Treatments : 9 Crop : Groundnut
Replications - 3 Variety : ICGS-44
Design - Randemized Block Design (RBD) Plotsize: 5 x8m

The nuclear polyhedrosis virus (NPV) in the T: 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 T.. sunflower seeds were sown at a distance of 2 to 3m within and between the
crop rows synchronizing with the sowing of groundnut such that a minimum of 6 plants were
available in the respective plols as a trap crop (Plate 2) for oviposition of Spodoptera litura
Fah The egy masses were collected whenever noticed an the sunflower leaves and were
destroyed. The birds attracted to the heads of sunflower alighted on the plants and picked up
the caterpifiars during the later stages of the ctop

In the T,, the groundnul seed was treated with carbofuran 3G. First, 375 g of carbofuran
3G was added to 1.5 L water in a2 vessel to which 1.5 kg indofil M-45 treated groundnut seed was
mixed and the seed was soaked for one hour | ater the seed was sown in the respective plols

In alf the teatments no insecticide was applied but two sprays of a mixiure of fungicides
dithane M-45 @ 2 g L ' and carbandazim @ 19 L ' were applied at 75 and 90 DAS against tikka

leaf spot.

3.1. RECORDING OF DATA

The dala peraining to insect pesis and nalural enemy populations were recorded al

weekly inlervals froim 21 DAS, till the harvest of the crop

3.1.1. Insect Pests
Data pertaining to {ive inporant insect pesis of groundnut (Tab. 4) were recorded

according to the procedures described beilow
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Plate

¥

Suntlower as trap crop in groundnut



Tab. 4: Groundnut insect pests under study

Pest Scientific Name Family Order

Jassids Empoasca ke Pruthi Cicadellide Homopiera
Aphids Aphis craccivora Koch Aphididae Homoptera
Leaf miner Aproaerema modicelfa Dev Gelichiidae Lepidoptera
Tobacco caterpillar Spodoptera litura Fab Noctuidae Lepidoptera
Gram pod borer Helicoverpa armigera Hub Necluidae Lepidoptera

3.1.1.1. Jassids

The nymphs of jassids on the three lerminal ieaves 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 planl 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

tagoed plants were recorded per plot at each count {(AICORPO, 1978),

3.1.1.4. Tobacco caterpillar

The pumber of larvae (Plale 4) per plant were recorded on len randomly selected and

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



Plate 4: 8. /itura early instar (upper) and late nstar (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 seiected 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 natura! enemies of pest complex of groundnut viz.
coccinellid beetles, spiders and chrysopids (Tab. 8) were recorded on whole plant basis. The
poputation of these natural enemies per plant on 10 randomly selecled and tagged plants

were recorded.

Tabh. 5: Natural enemies.

S1. No. | Naturat enemies | Scientific Name Family Order
1. Coccinellid beetles | a. Coccinella transversalis Fab Coccinellidae | Coleoptera
. Verania vincta Gorhm Coccinellidae | Colecptera

c. Menochilus sexmaculatus Fab | Coccinellidae | Coleoptera

2. Spiders a. Oxyopes salticus Hentz Oxypopidea (| Araneae
b. Pardosa pauxilla Lycosidae Araneae
¢. Lycosa pseudoannulata Lycosidae Araneae

3 Chrysopids a. Clvysopa camea Slefans Chrysopidae | Neuroptera
b. Chrysopertfa sinica Chrysopidae | Neuroptera

3.2. BIOCHEMICAL ANALYSIS OF GROUNDNUT LEAVES

Groundnut leaves were analysed for their biochemicat constituents at three growth
slages of the crop viz. 21, 48 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
downwards was plucked from 50 groundnut plants per plot (Bhargava and Raghupathi, 1993)
for the analysis. The leaves thus coliected 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 estimatton of phenols and

total free amino acids. The other set of leaves was collected in a paper bag and dried in an






oven at 40°C tor 24 hours. The diied samples were powdered to estimate nilrogen (N). crude

protein {(CP), carbohydrates and tannins.

3.2.1. Analysis of Fresh Leaves for Total Free Amino Acids (TFAA) and Phenols

One day afler plucking. 500 mg of deep freered leaf melerial was taken out and
hotogenised in a morar and prestle with 10 ml of 80% ethanol. The homogenate was
centrifuged at 10,000 rpm for 20 minutes and the supermnatant 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)

3.21.1. Total free amino acids {TFAA)

The alcohol exiract, 0.1 mL was taken in a lest tube and 1.0 mb of freshly prepared
itinhydrin solution (prepared by dissolving 100 mg ninhydrin in 100 mbL acetone and 4 mL glacial
acetic acid) was added. The wveolume was made uplo 2.0 mi with distiled water and the
contents were heated in a boiling water bath for 20 minules. The test tubes were then taken out
from waler bath and 5.0 mL of dilueni soivent prepared by mixing equal volumes of water and
n-propanol, was added and kept for 15 ninutes for colour development. The inensity of the
purple colour developed in the sample was read at 570 nm against a reagent blank mn a
Specironic 20. Reagent blank was prepared by taking 0 t mL of 80% ethanol instead of the
sample extracl.

The standards were prepared by dissolving 108 mg leucine tn 100 mL distilled water in
a volumelric flask. The stock sofution was further diltted by taking 10 mL and making it upto
100 mbL with distiled water for preparation of working standard solution. A series of

concentralions of working slandards 10 ;q, 20 ;9. 30 ;9. 100 ;9 mL ' were prepared by taking
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Plate 9: Alcohol extract of fresh leaf samples for estimation of
phenols and amino acids



Q1 mL, 02ml, 03 ml . 10 wmL of the working standacd solution and making up the volume
to 1.0 mL with distilted waler in ali the test tubes. The reagenis were added o these standards
as that of the sampie and proceeded for colowr devetopment, The standard graph was drawn
by plotting caoncentration of leucine on x-axis and absorbance on y-axis. By using the slandard
graph, the concentration of the total free aminoacids in the samples were calculated and

expressed in mg g ' fresh leaf (Moore and Stein, 1948)

3.2.1.2. Phenols

The alcohol extract, 0.5 L was pipetted out into a iest tube and the volume was made
upto 3.0 mL with distilted water to which 0.5 mL of Folin-ciocalleau reagent was added and kepl
for 3 minutes. Then 2.0 mbL of 20% Na;CO. was added to the contents of the test tube and
ihe contents were mixed thoroughly and tbe lest tubes were kept in a boiling water bath fot one
minute and cooled for colour development. The absorbance was measured at 650 1wy against 2
reagent blank prepared by taking 0.5 mi of 80% ethanol instead of the sample extiact

The standards weie prepared by dissolving 100 mg catechot in 100 mb disliled waler It
was further diluled by taking 10 L of the stock solution and making the volume upto 100 mL.
A series of concentrations of working standards 10 :q. 20 g, 30 ;g..100 ;0 mL ' were
prepared by taking 0.1, 0.2, 0.3...1.0 mL of the working standard solution and making the
volume in all the test tubes to 1.0 mL with distilled water The reagents were added 1o the test
tubes as thal of the sample and proceeded for colour development. The standard graph was
prepared and the phenels in the leaf sammple were estimaled using standard graph and

expressed in mg g ' fresh leaf (Malick and Singh. 1980}



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 leal samples was analysed by icrokjeldhal method by taking
100 mg of powdered leaf sample in a small tesl tube to which 3.0 mbL of conc H.S0, was
added. The mixtiwe was lefl ovemnight for digestion.  To the digested sample, hydrogen
peroxide was added drop by drop by keeping the 1est tube on a flame unfit it was converted
from black o colourless solution  The colourtess solution was then transferred to the
microkjeldhal ftask for distiliation (Plate 10). 25 mL of 4% boric acid (40g in 1.0 L of water) was
taken in 150 mbL beaker 10 which 1 to 2 drops of mixed indicator (3 parts of bromocresol green
plas 2 parls of methyl red) was added. The tip of the condenses was dipped into the solulion
15 mL of 40% NaOH (400 gm in 1.0 L) was added into the distillation flask and the reaction
was continued till all the ammonia was released.

The contems in the beaker were titrated against 01 N H.80, The N contem (%) in the

sample was oblained by using the formuila,

Titre value x 0.0014
N% = X 100
weight of the samnple

3.2.2.2. Crude protein {CP)

in general, the nitrogen content is mulliplied by the factor 6.25 lo  arrive  al the
percentage of crude prolein which is based on the assumption thai nitrogen constitutes 16% of
a prtein. However. the nitrogen per cemt  varies with the aminoacid composition of the
proleins.  For more refined expression of protein percentage in the sample, different faclors

were used. These factors were amived al by the aminoacid composition. Such factor for
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Plate 10: Microkjeldahl apparatus for estimation of leaf nitrogen



groundnut was 5.46. Nitrogen content was mulfiplied by the factor 546 to get the 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 fest 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 lempgralure. 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 distilied 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 conc. H,S0,), 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 supernatant was made upto 100 mL.

The sample extract, 1.0 mL each, was transferred to 100 mL volumetric flask containing 75 mL



Plate | I: Extraction of dry leaf samples for tannins n
groundnut leaf.
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distilled waler. Folin-Denis reagent, 5 0 mL, was added |2 the corenls in the volumeiric flask
Folinn-Denis reagenl was piepared by dissolving 100 g of sodium fungstate and 20 g
phosphomotybdic acid in 750 mL dislilled water in a suitable flask and 50 ml. of phosphoric acid
was added. The mixture was refluxed for 2 houis and the volume was made uplo 1.0 L with
dislilted water and the reagenl was protected from exposure lo light. Then 10 mL of Na-CO-
solution was added and diluted to 100 mL with distiled water. The Na,CQ, solution was
prepared by dissolving 350 g of Na,COxin 1.0 L distilled water at 70-80" C and filtered and used
after altowing il to stand overnight. The absorbance was read al 700 nm afler 30 minutes. The
hlank was prepared by using water instead of the sample.

The slandards were prepared by dissolving 100 mg tannic acid in 100 mbL water [l
was finther diluted by laking 10 mbL and making the volume upto 100 mL to prepare working
standard solution. A series of concenrations ie, 10 ;. 20 ;9. 30 ;g... 100 ;g tannic acid
mL ' were prepared by taking 0.1, 0.2. 0.3. 10 mL of the working standard sohstion and the
volume in all the test lubes was made up 1o 1.0 mi. with dislilled waler  The colour was
developed in all the lest tubes as that of the sample and standard graph was prepared._ fFrom

the standard graph. {the amount of {annin in the samples was calculated and expressed in my g '

dry leaf.

3.3 STATISTICAL ANALYSIS

The data pertaining to insect pests and predalors collected at weekly intervals in all the
three seasons from 21 DAS to harvest of the crop was evaluated at three stages. The | stage
evalualion was based on the single observation made al 21 DAS (3rd week). The 1l stage
evatualion was done with the data recorded at weekly intervais from 28 DAS10 49 DAS (4. 5. 6
and 7 weeks). Similarly, Il stage evaluation was done wilh the daia recorded from 56 DAS to 77
DAS (8, 9, 10 and 11 weeks). The overall evaluation included all the weekly abservations taken
during the crop period.  To reduce the variation, the data pertaining to pest and predat,

population was subjecled 10 square ool lransformation (X+1)"5. Transformations were not done
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for the data penaining to tiochemical constituents of leaves. The data thus obtamed was
analysed! statistically duly consulling the stalistical procedures of Snedecor and Caochran (1987).
The data pertaining to biochemical constituents of leaves analysed at 21. 48 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

nMural enemies.



Resultts



RESUL IS

The present studies peraining o the influence of plamt  nutrition on the incidence of
major insect pests of groundnut, Arachis hypogaea | were carried owt for three successive
seasons from rabi 1994 The results sttawed that Lthere 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
seclions. First section deals with the influence of freatments on the five insect pests viz jassids,
Empoasca kerri Pruthi; aphids, Aphis craccivora Kach: leaf miner, Aproaerema modicelfa Dev,
tobacco caterpiliar, Spodopfera litura Fab: and gram pod borer. Helicoverpa arnigera Hub and
three predators viz. coccineliid beetles. spiders and chrysopids. The second section highlights
the influence of treatments on biochemical constituents of leaves and the last section deals with
the retationship hetween the biochemical constituenis 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 perlaining to five different insect pests under study were 1ecorded from ihird
week afler sowing (WAS) of the crop till the incidence became insignificani. The results are
presented al 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 slarted to decline fiom 11ih WAS and by 14th WAS the



49

jassid population was negligible. However. during 4th week the jassid population disappeared

due to heavy rain.

The 1esults presented in Tah 6 perlaining 10 the average jassid population al the end of
3Ird WAS indicated that NPK with seed trealment and FYM recorded the lowest jassid population
(8.0/10 Plants) among all 1the treatments and were also on par with neem cake {9 33) NPK +
neem cake {(10.66), vermicomposl {12 0) and FYM + vermicompost (13.33). The treatmenis,
control (16), NPK with sunflower as a trap crop (18 86) and NPK with NPV (20 0). were on par

and recorded comparalively higher jassid population among all the treatments

The reatments influenced significantly the jassid population during stage Wl (Tab 6;
Fig. 2). Amonyg all the treatments, neem cake recorded the lowest jassid population of 17.33 per
10 planis and was closely followed by FYM (17 66), NPK with seed treaiment {19 99) NPK +
neem cake (21.77), FYM + vermicompost (22 66), and vermicompost (23.55) all being on pas
with neem cake Significantly higher popuiation of jassids was recorded in NPK with sunflower

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

During the Il slage (Tab. 6, Fig. 2). neem cake (82.66) and FYM + vermicompost
(83.75) recorded lower jassid poputation per 10 plants among the treatments followed by FYM
(90.75). The ireatinents, NPK + neem cake (96.66), vermicompost (104 08). NPK with seed
treatment (106.33). NPK wilh sunfiower (107.18) and NPK with NPV (115.75) recorded higher

jassid population. Amaong 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 less than 40 jassids per 10 plants (3566 and

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



()

LE1TEO0

RHHIVRL R

_ Pegesspiy
AT igusn
NVYHONY
e ubis-uoN - gN SOMBA pauLIgjsuel (L +X) ale Sasayluased W sanjep
[9A8} 9,5 1e Jedyiubis - LYWA AG (50 0=a) wasayip Anuesyiubis Jou aie sisys) swes Ag paMa{io] SUBBW
965 {) 8 2. Leso | = TULLE G ri8u 6L9°0 9690 el ! as '’
gL 9570 6CT 0 _ [Zg 0 9B+ PRY O HIE (} BIC0 96T 0 wag _
P x * ~ | SN * * * * * (50°'0=d) 19} 3 ¢
_m psas by bogZ m
il 9l (T68°0y 16861 | 1gei'o) wls'g! e ) _ {9c 01} (e {e) B 1s of veinjoges pue _“
91 LS O91 4 SN _ s PELY aet €71 gl €790 w06 61 AU'8 By By 0p-00-0¢® MdN 6] “
t i
WD) (Lot} eve 7! M tire ey (87 ! A finey: (98¢ o1 lorg el (LRT +! JBMOUUNS 1M - .
A RN 90 [ S8 86 29T7L01 AL vy 19981 - BU 5% 0v-00-0v® MdN By
BIre) 668t 8T | e ® (659t (¢! w (LOR01 t8EL 9 G . By TI052@ AN
o8l RO EC L0L L st LR O7 SO08 SR 88 O SUCKI ey By 0p-09-0v® MdN L
i : ,
AR LG6G FE 0Ta T LT s roti vl h vt v {898 o Lt e 0 ey Byl 5pe® a%eED WieeN t
AL N W80 wi A9 T L9 0¢ 80 €1 2997 L L9996 ald 1T =990 T+ ey By 0Z-08-02®@ MdN 5]

AR RS WL D) 6TV P 0BT g6k T o (Rl 6 (3578 Zry By 6% 0.4 D __

STC 960 00T e KRN 0 09 78 LCLT Wii6 aYeo WeeN o) |

i ;

s (SIS (4 ¥ & 00'¢) (E0) LTt (el 6! {098 ¢ eedd ] BYIsLe 1 ® 1sodwodiuen !

w680 8T Wll'T L YIRS S T R SIS : + BUWR WAL "L

| |

WeTSH PO (LD BrLth Qi) (9T 6T O {8E6'H) weer | BUKLE D

OTLD 6T 001 1T 9901 00t pBOPOT 56 ¢ o001 | jsodwooiuiss €4 _

m _

(0TS USHY (ir D (869t} W6TQY  (+T8D) (85 6) {91t t2peTY i

STST SHIT 00t b LI 9t6e 99T wSL U0 99L 08 | BUIBD WAL L _
_

1189°L) tro8 1 LIRD) 199690 (969't) (1n7'¢) X911y (8109 SR &Y B 09-00-0pD _

-80'8¢ ATEL L 8Ly  9TIZ 486 SLPEL E6%E 0090 | (JONUODIMGN 1 |

HIsbeis™ i sbeis 19beiS | fleBeiS ) sbeis | abeis | i obeig [ obeis | 8bEIS | “

96-566 4 /gBY $6-966 1 IgBY | 5661 JLBLDY _._ sjusunees}

‘uonenieas jo sabeys sauij} Je Jnupunodb uo {sjueld 94 ; sydwiu) uonemndod Luey ‘g ‘pissel Uo suBLRRIL JO asudNPU; 9 'ge)l



Tab. 7: Overall influence of treatments on jassid, E. kerri population (nymphs / 10 plants)

on groundnut.

T. Vermicompost @ 3.75t ha'

FYM @ 4t ha' + Vermicompost
@ 1.875tha’

Neem cake @ 770 Kg ha'

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

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

NPK @ 40-60-40 Kg ha ! with
Sunflower

Ts

Ta NPK @ 40-60-40 Kg ha ' and
catbofuran 3G ST @ 2509 Kg ' seed
| F Test (P=005)
SEm

e e e e
Treatment
T, NPK (Contiol) @ 40-60-40Kgha™ |
T. FYM@ 8tha’

ch

Means followed by same letters are nof significanlly different (P=0.05) by DMRT.

NS - Non-significant

o e
Kharif 1995 Rabi 1994-95
e BT
W an" itz
$0.45! 12 st
3187 13,30
18 6t ITRE
R i6u7
el 2196
SORY o
137 14 72"
e
2379 [ 472
5045 | 1122

e

Rabi 1995.96

L] 60!

18 Yo

2R 60!

RN RS

16 /0"

b 926

4 083

* - Significant al 5% level
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vennicompost (41.87), NPK and neem cake {42 84). HPPKC with sunllower (50 B4) recoiged
moderate levels of jassid popdation, tanging between 41,87 and 50 84 and were significantly
supetior ¢ NPE with NPV (56 11} Among the fieatinents contiol (61 84) recorded the highest

jassid popudation and was found {o be significantly inferior to all the treatments, in checking the

buikd i of jassids.

Raby, 1994-95

Ding rabi 94-95 the incidence of jassids stasded from 3rd WAS and increased upto Sth
WAS and dectined giadually 1aler (Appendix 1) The data fumished in Tab. 6 revealed that neem
cake recorded no population duing stage 1 However, the nex! trealiment NPK with seed
tiealment recorded 1.33 jassids/10 plants which was also on par with neemn cake. The treaimenis
thal followed were FYM and NPK + neem cake {2 86/10 planis each), vermicompos! and FYM +
vermicompost (4 0/10 plands, each) wih low poputatlion of jassids. The other heatinenis viz HPK
with NPV (8.00. NPK with simflower (2.0} and condrol (8 ) also recorded low jassid population of

Irss than 10 per 10 planis.

Dwring stage Il {(Tab. 6 Fig 2} there was signiicant difference in jassid population
amnng the lreaiments. Significantly tower popatation was observed in neem cake and NFPK with
seed wrealmemt (5.33 / 10 planis each) The treatments that followed were FYM (2 91),
vermicompoest (10.66). FYM + vermicompost {11 33). NPK + neemt cake {13 08) which also
recorded lower populations of jassids and all were on par with each other. Among the treatments

higher population was obseived in NFK with sunftower (17 33). NIPK with NPV (20 87} amd

control (21.16).

Third slage (Tab. 8; Fig. 2) evaluation of jassid population did not show significant

difference among the treatments. However. the lowest population was recorded in FYM (21.37)
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foltowed by vermicompeost (21.73), neem cake (22.11), FYM + vermicompost (24.24). NPK with
sunflower (32.22). NPK + neem cake (30.63). NPK with seed ireaiment (32.26) and NPK with
NPV (45.23). The highes! population being ohseived in control with an average jassid population

of 47.58 per 10 plants.

The overall influence of heatments on jassid population during rabi 94-95 presented in
Tab. 7 and Fig. 2 indicated that neem cake recorded the lowest mean jassid populalion (10 34)
followed by FYM (11.7), vermicompost (12.18), and FYM + vermicompost {133} which were atso
on par with neem cake. NPK with seed freatment (14.72) and NPK + neem cake (16.07)
recorded higher populalion bul were also on par with FYM + vermicompost Among the
treaiments significantly higher popuiation ©f jassids was recorded in NPK with NPV, (23 96),

NPK with sunfiower (24.03) and control (24.85).

Rabi, 1995-98

During rabi 85-86, the incidence of jassids started from 3rd WAS, increased gradually till
ath WAS and declined thereafter (Appendix 1}. The results presented in Tab. 6 indicated that
among all the treatments, during stage |. FYM recorded the lowest mean jassid population (1.0
jassid/10 ptants) but il was on par with vermicompost (1.3} and FYM + vermicompost {2.0). The
other treatments thal followed were neem cake. NPK + neemn cake, NPK with seed freatment,
with a mean jassid population ranging befween 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 I stage evatuation (Tab. 6; Fig. 2) there was significant difference in jassid
popuiation among the treatments. wilh the mean poputalion ranging between .91 to 23.75 per

10 planis . Among the trealments. neem cake (6.91) and NPK with seed treatment (7 18)
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recorded signiflicantly lower jassid population” £ YM{11 18}, vermicompost (12.33). FYR +
vermicompost (12.83), NPK + neem cake (15 08) recorded moderate population of jassids

among the treatments and were on par wilth each othei. Significantly higher population of jassids

was noticed in control (23.21), NPK with NPV (23.08) and NPK with sunflower (23.75).

Third stage evalualion of jassid population (Tab 6, Fig. 2) indicated lowest population in
neem cake (225 per 10 pilants) followed by FYM (2525). vermicompost (27.16). FYM +
vermicompost (28.91) all being on par NPK + neem cake (35.41). NPK with seed treatment
(37.16) recorded moderate jassid population. Among the treatments significantly higher jassid

population was noticed in NPK wilh NPV (54 08). NPK wilh sunflower {57 .66) and control

(58.08).

The data turnished in Tab. 7 and Fig. 2 showing the overall influence of trealments on
jassid population indicated that afl the organicatly manured treatments, NPK with seed treatment
and NPK + neem cake were superior in recording low levels of jassid poputation than the
straight fertitized piots. Lower mean jassid poputation was recorded in neem cake (11 66/10
plants) which was closely folliowed 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 inean jassid population ranging between
16.33 and 18.99 per 10 plants NPK with NPV(28.68). control (29.87) and NPK with sunflower

{30.27) were on par and recorded significantty 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 uplo 8th
WAS and declined from 9th WAS. From 15th WAS to harvest, aphid infestation was not

observed during ait the three seasons (Appendix 2).

)
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Kharif, 1995

The daia peraining to ymean aphid poputation during kharif 1995, at the three stages of
crop growth are presented in Tab. 8 & Fig 3 The resuils revealed that, there was significant
difference among the treatments in affecting aphid population. During stage L. 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 + vermicompost (14 8) and vermicompost (16.0). all being on par.
NPK + neein cake iecorded moderale 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 {reaiments with a mean jassid population ranging

from 48.6 to 48.0 per 10 piants.

The treatments showed significani differences in aphid population during H stage also.
Significantly Yower population of aphids was observed in NPK with seed treatment (26 88 per 10
pi;ints)‘ FYM (27.76), neemn cake (29.32). F¥YM + vermicomposl (29.98) and vermicompost
(30.88) being on par. Moderale populalion 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

Dwing H 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) and
vermicompost {52.66) all being on par. NPK + neermn 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
popuwation of aphids was noticed in NPK  with sunflower (67.3), 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 healmenis on the mean population of aphids depicted in
Tab. 8 & fig 3 revealed that once again all the treatments that received organic manures and the
ireatment NPK with seed trealimenl were effective in recording significantly lower population than
the treatments which received NPK through straight fertilizers. The lowest popuiation of aghids
was recorded in neem cake (26.34) which was closely followed by FYM (26 40). FYM +
vermicompost (27.18), vermicompost (29.02) all being on par and significantly superior to the
other treaiments. 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 wilh
NPV {45.14) and NPK with sunflower (45.5) recorded higher population but were superior to

control which recorded the highesl population (48.9 per 10 plans)

Rabi, 1994-9§

The results periaining io the influence of treatments on aphid population during stage 1
(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 + neemn cake (34.66) recorded moderate population of
aphids ranging between 31.32 and 34.66 per 10 plants and were on par with FYM. Significanily
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 !l stage evaluation, significant difference among the treaimenis was observed
(Tab. 8, Fig.3). The lowest aphid population was recorded in neem cake {19.66) 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.

P T R Ly o ——— g

Treatment Kharif 1995 Rabi 1994-95 Rabi 1995-96
T, TNPK (Conlrohy @ 40-60-40 Kg ha ' | 4k’ [ deesi T Taeert T
T. FYM@ 8tha' ! NRTTY % 22" 55 og*
T, Vermicompost @ 3.75 ha 2oy S0 9™ S5 907
T, FYM @ 4t ha ' + Vermicompost 17 h o0 06 37 ot
@ 1.8751ha’
T. Neem cake @ 770 Kg ha ' 26 W 52 98" 01 RO™
Te NPK @ 20-30-20 Kg ha ' + Neem (RN 70, 40" 03
cake @ 385 Kg ha'
T; NPK @ 40-60-40 Kg ha ' and NPV 4504 98 14 gs !
@ 250 LE ha'
Ta NPK @ 40-60-40 Kg ha ' with 45 5 102 54 R 50
Sunflower
Ty NPK @ 40-60-40 Kg ha ' and RN 9 (8" o4
carbofuran 3G ST @ 250g Kg ' seed
L S R e S
SEm 1 55 4236 127
co YITR b B8 B LA

Means fottowed by same lefters are not significantly different (P=0.05) by DMRT.
NS - Non-significant * - Significam at 5% level



with NPV (109.32), NPK with sunflower {117.5) and control (132.1) which showed their inferiority

over all the other treatinents in checking the buildup of aphid population.

During I slage evalualion {Tab. 8. Fig 3). the lowest aphid population was observed in
neem cake ftreaiment (79.8 per 10 planis) The treatments that followed were vermicompost
(84.74), FYM + vermicompos! (88.40) and FYM (89.56), all being on par with neem cake.
Moderale level of population, however., was recorded in NPK with seed trealment (98 58) and
NPK + neemn cake (100.92) which were on par wilh the preceding three ireatmenis. Higher

popuiation of aphids was noliced in conrol (120.30), NPK with NPV (134.36) and the highesl in

NPK with sunflower {140 B0),

The overall influence of treatments (Tab. 9. Fig. 3) during rabi 1894-95% on aphid
popuiation indicated thai, the treatments which received organic manures and NPK with seed
treatment showed superiority in recording significamly 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 wilth vermicompost (56.98). FYM (58.22), NPK with seed treatment
(59.08} and FYM + vermicompos! {60.06) The nexd treatment that recorded moderale
populationr was NPK + neem cake with a mean population of 70.4 aphids / 10 plants. Signifi-
cantly higher populalion 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 | stage evaluation, FYM +
vermicomposi recorded the fowest 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

6

1
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treatments, significantly higher population of aphids was observed in NPK with sunflower (98.6),

NPK with NPV (104 0) and control {(116.0), all the thiee heing on par with each other

Second stage evaluation ol aphid population (Tab 8. Fig. 3) revealed that all the
treatments which received organic manures and NPK with seed treatmen! showed their
superiofity in recording lower population of aphids with the mean ranging between 83 32 and
94 86, than the straight fenilized treatments, with the mean population ranging between 130.82
and 141.5 per 10 plants. Among the treatments. 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 NP¥K + neem cake (94.66) all being on par with each
other . NPK with sunflower (130.82). NPK with NPV (132 .66) and contiol (141.5) recorded higher

population of aphids, among the treatments.

The treatinents did not influenced much, the aphid population during It stage (Tab. 8;
Fig. 3). However, among the treatiments the lowest population of aphids was observed in - FYM
+ vermicompost (58.56 per 10 planis) which was ciosely followed by FYM, vermicompost. neem
cake, NPK + neem cake, NPK with seed trealment, NPK with sunfiower and NPK with NPV with
a mean popuiation 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 treatmenis (Tah. 8 Fig 3) on the aphid poputation duting raby
1995-96 indicaled hat the population of aphids was the lowest in vermicompost (55.84 per 10
plants) which, however, was on par with FYM (55 88) FYM + vermicompost (57.84} and neem
cake {61.8). The treatmenis that showed moderale infestation were NPK with seed treatmenl
(63 14) and NPK + neem cake (65.22). Among the trealments, 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.



4.1.1.3. Leaf miner, A. modicella
Kharif, 1995

The data peraining to the leal miner population (Appendix 3) indicaled thal tie
incidence was noliced from 3rd WAS and increased gradually upte 7th WAS and declined during

the later weeks. No incidence was observed after 11th WAS,

The dala regarding the leaf miner population during 1st stage presented in Tab 10 &
Fig. 4 revealed that lowest population was recorded in NPK wilh seed lreatment (8.6 per 10
plants) but was on par with FYM(9.2). neem cake (10.0). FYM + vermicompost (10.86),
vermicompost (12.0} and NPK + neem cake {17.2}. The treatients that followed were NPK wilh
NPV (23.2), NPK with sunflower (23.2) and control (24 0) but were on par with preceding

treatments.

Buring Il slage evaluation (Tab. 10: Fig. 4). the organically manused treatments showed
their supetiority over straight fertilized treatments in recording lower leaf miner popuiation. NPK
with seed treatment recorded the lowest (12.44 per 10 plants) population followed by FYM
(12 88), neem cake (14.66), FYM + vermicompos! {15 32) and vermicompost (16.66), being on
par Significanlly high population. however, was observed in NPK + neem cake (24.88). NPK

wilh NPV (29.98), NPK with sunflower (34 22) and contiol (35.1).

During I stage (Tab 10 Fig. 4). lower levels of leaf miner population was observed in
neein 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 moderale 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 trealment(27.82).

¥
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The gverall influence of treatments dunng kharif, 1995 (Tab 11, Fig 4) indicated that the
treatments which received organic manures and NPK with seed treatment were superior over
straight ferdilized ireatmenis by recurding 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 vermicompast (12.42) The next best treatment was NPK with seed
treatment {14 .96) and it was superior to the remaining treatments. The treatments NPK + neem
cake (18.6), NPK with NPV (20.6), NPK with sunflower (21.02) were on par and recorded
significantly higher poputation of leaf miners. Amaong 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 populalion trend during 1994-95 indicated that the pest

incidence was noticed upto t4th WAS with peak population during 11th WAS (Appendix 3)

The population of leaf miners increased from stage | to stage th (Tab. 10; Fig. 4) NPK
with seed treatment showed zero population during stage 1. The trealments with very low level of
popwation were neem cake (1.32 per 10 plants). FYM (2 56), vermicompost (2. 66) and FYM +
vermicompost (4.0} which were on par. The population of leaf miners was 5 32 per 10 planis in
NPK + neem cake which was also on par with Hs preceding three frealments All the treatmenis
thal received straight feriilizers (excepl NPK with seed freaiment} viz. control (12.0), NPK with
sunfiower (12.0) and NPK with NPV (13.32) were on par and recorded significantly highe

population of leaf miners among the freatments

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 F¥YM + vermicompost (7.168) being on



Tab. 11: Overall influence of treatments on leaf miner, A. modicefla population (larvae /10

plants) on groundnut.

— - J—

Treatment
T, NPK (Control} @ 40-60-40 Kg ha =
T, FYM@8tha'
1., Vermicompost @ 3.75t ha'

Ty FYM @ 4t ha' + Vermicompost
@ 1.8751 ha’

T. Neem cake @ 770 Kg ha '

Te NPK @20-30-20 Kg 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
Sunfiower

NPK @ 40-60-40 Kg ha ' and

Tq
carbofuran 3G ST @ 2509 Kg ' seed

F Tesl (P=0.05)
SEm
cD

Means foliowed by same leflers are not significantly different (F=0.05) by DMRT.

NS - Non-significant

e e n

Kharif 1995
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*
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par and significantly superior to NPK + neein cake (9.5). Significantly higher population of leaf
miners was observed in NPK with NPV(16 5). controi (18,16} and NPK with sunflower {18 83). all

the Ihree being on par.

During Il stage (Tab. 10; Fig. 4) FYM recorded the lowest pest population (17 46)
followed by vermicomposl {18.5), FYM + vermicompost (19.83), and neem cake {20.50) all being
on par with each other. Moderate popiation was observed in NPK with seed treatment (24 80)
which was on par with neem cake bui superior lo NPK + neem cake (27.5) NPK with NPV
(34.82), control (37.5) and NPK with sunflower (37.52) which recorded significamtly higher

poputation of leaf miners among all the trealmenis.

The overall influence of treatrments during rabi 94-95 on leaf miner populalion (Tab. 11,
Fig. 4) indicated thai atl the organically manured treatments and NPK wilh seed treatment wete
significamly superior in recording lower popuiation than the other treatments. The lowest
population being recorded in FYM (11 .48) followed by vermicompost (11.76). neem cake (11.76),
FYM + vermicompost (13.22) and NPK with seed treatment (13.26), all heing on par with each
other. NPK + neem cake recorded a moderate popuiation of 18,88 leaf miner iarvae per 10
planls. Among the treatments, NPK with NPV (23.1). NPK with sunflower (24.34) and control

(24 .80} were on par and recorded significantly higher population of leaf miness.

Rabi, 1995-96
The data pertaining to the leaf miner population collected at weekly intervals indicated
that the poputation during the earlier weeks of observation i.e. upio Bth WAS was higher when

compared o the previous rabi crop and siarted 1o decline from 9th WAS and by 14th WAS the

population disapeared (Appendix 3).

5
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The data mesented in Tah. 1¢ & fiy 4 revealed significant difference tn leaf miner
popidation among the treatments Al the organically manured treatments and NP with seed
treatment in stage | rgcorded significantly ower population of leaf miners over the shiaight
fertilized plois, with a mean populatton ranging between 4 6 and 8 0 per 10 planis. Among the
treatments, NPK wiih seed treatment recorded the lowest leaf miner poputation (4 8) but was on
par with vermicompost (6.0), neent cake (6 4}. FYM (6.6), FYM + vermicaompaost (7 21 and NPK +
neem cake (8 0). Signilicantly highet population, however was noficed in NPK with sunflower

{14.0). NPK with NPV (14.68) and control (14.66}, which were on par with eacl othes

FYM racorded the lowest pest population (17.0) during stage 11 {Tab. 10; Fig 4) followed
by vermicompost (18.82), NPK with seed treatment (18.82), FYM + vermicompost (20 16), which
were on par. fNeem cake with 21 0 leat ininer larvae per 10 plants came closely behind and was
also on par with the earlier heatmenis except FYM. NPK + neem cake recorded moderate
population (26 66) bul was significantly supeiior o NPK with NPV (34.66) and NP with
sunflower (37.16). The highest population of leafl miners was observed in conlrol with 41.5

larvae per 10 plants but was on pas with NPK with sunflower.

During stage Hl (Tab. 10; Fig. 4), the lowest population was recorded in neem cake
(19.31) {followed by vermicompaost (22 66), FYM + vermicompost (22.82) and FYM {22 82) which
were on par. The treatments that came closely behing we.re NPK with seed treatment (24 66) and
NPK + neem cake (27.24) both being on pai with the former treatments except neem cake
NPK with sunflower (34 46), NPK with NPV (36.1) and control {37.62) were found inferier and

recorded significantly higher popuiation of leaf miners, among ail the treatments.

The overall influence of ireatmems (Tab. 11; Fig 4) on leaf miner poputation during rabi

1895-96 revealed distinct variation among the freaiments in affecting the populaticnn. Once
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again afl the organically inanwed tieatments and NPK + seed treatment recorded significantly
fower incidence of leaf miners than the straight fertilized treatmenis. 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 tiealinent {16.54) and FYM + vermicompost
(16.72). Moderate leaf miner population was obseived in NPK + neem cake with 20.52 larvae
per 10 plants. Among the treatmenls NPK with NPV (26.42), NPK wilh sunflower (26 82) and

controt {29.48) were on par and recarded significantly higher population of leaf miners

4.1.1.4. Tobacco caterpillar, S. litura
Kharif, 1995

During kharif, 1995 the incidence of S. litra was low and the populalion was moderate
upto 9th WAS and declined during the (atter weeks. From 11th WAS S lifwra was nol found
damaging the crop. The incidence ot S lifura was nol observed upto 4th WAS in some
treatmenis and even duwring S5th WAS the treatments received vermicompost and FYM +

vermicompost even recerded zero population (Appendix-4).

The data presented in Tab. 12 & Fig 5 clearly indicaled the absence of the pest during
stage t. Duning stage il the population of 5. litura was very low. Among the freatments, FYM
(0.88 larvae per 10 plants), vermicomposi (0 88), FYM + vermicompost (0.99), NPK wilh seed
treatment (1.10), and neem cake (1.21) 1ecorded significantly lower population of S, fifura and
were on par with each other. Significantly higher poputation was noticed in NPK + neem cake
{1.99), controf (2.32), NPK with sunflower (2 55) and NPK with NPV (2.66) all being on par with

each other.

Stage ! evaluation of S. fifura population (Tab. 12; Fig. 5) also reveaied the same trend.

The poputation 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) alt being on par. Higher poputation
among the lreatinents was noticed in NPK + neemn cake (4.44), coniral (4.99), NPK with NPV

(5.32) and NPK wilh sunflower (5.66)

The overall influence of treatments on the incidence of S. litura (Tabh 13: Fig. §) vividly
showed that the treatments which received organic mamnes and NPK with seed treatment were
on par and recorded significantly tower S, litura population ranging from 1.03 to 1.18 tarvae per
10 plants, indicating their superiorily over all olher treatments. Higher population among the
treatments of S. fifura was observed in NFK + 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 3. litura staried from 3rd WAS and increased gradually reaching

maximuim levels by 7ih and 8th WAS and declined later (Appendix 4)

During | stage evaluation {Tab. 12; Fig. 5) no distinct variation was observed in the
incidence of S lifura. However, among he lreaiments the lowesl population was recorded in
NPK with seed treatment (3.3 larvae per 10 pilants) and the highest in NPK with sunflower (8.0)
The remaining treatments recorded a mean population varying between 4.0 and 7.6 larvae pet

10 plants.

During I stage, the lowest population of S. ifira was noticed in NPK wilh seed treatment
(5.0 iarvae per 10 plants) but was on par with neern cake (5 25), FYM (5.41), vermicompaost
{5.58), FYM + vermicompost (5.91) and NPK + neem cake {6.66). Significantly higher population
of 5. Htura was recorded in NPK with sunflower(9.91), NPK wiih NPV (10.25) and control (10 83).

all being on par.

/3



Tah. 13: Overalf influence of treatments on tobacco caterpillar, S, litura population

{larvae / 10 plants) on groundnut.

Treatment

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

T. FYM@8tha'

T4 Vermicompost @ 3.75tha’

T, FYM @ 4t ha ' + Vermicompost
@ 1875tha’

T. Neem cake @ 770Kgha'

Te NPK @20-30-20 Kg ha "+ neem
cake @ 385 Kg bha

; NPK @40-60-40 Kg ha ' with NPV
@ 250 LE ha'

Ta NPK @ 40-60-40 Kg ha ' with

Sunflowel

NPK @ 40-60-40 Kg ha ' and

Tq
carbofuran 3G ST @ 250g Kg ' seed

F Test (P=0.05)
SEm
CcD

| oot

Kharif 1995

[NIRN
| epd’

j1sy

0243

082

Rabi 1994-95

ooy
R 688"
8 §s7"

8 (44"

7752

g 222t

7,001

£

€ 504

ooy L

Means lollowed by same letters are not significantly different (P=0.05) by DMRT.

>

- Significanl at 5% level
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Significant diflerences in pest population. among the trealments were observed during
stage lll. NPK with NPV 1ecorded the lowest population of S. lifura (3.05 per 10 plants) and was
significantty superior to all the other freatmenis The next best frealmemt was NPK with
sunflower (6.75 per 10 plants). The treatments that followed were neem cake (10.17) and NPK +
neem cake (10.41) being on par and significantly superior 1o FYM + vermicompost (11 85) and
NPK with seed treatment (12 21) Higher population of 5. fitura was noticed in vermicomposl
{13.358) and FYM (13.67). Contriol (16 41) recorded the highest population among all the

freatments.

The overall influence of freatments (Teb 3. Fig 5) on § fitura during rabj 1994-95
indicated that the treatmemt which received straight fedilizer plus NPV recorded the lowest
population {6 04 larvae per 10 plants) among the reatments showing its superiosity over all other
treatments. The treatments that followed were NPK with sunflower (7.33). neemn cake (7.75) NPK
with seed trealment (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 {o 8 85 larvae
per 10 plants . Control plot recorded the highest population (11.69 larvae peir 10 plants) which

showed its inferiority among all the treatments, in checking the build up of S fitura popuiation.

Rabi, 1995-96

The incidence of S. fitura was noticed fiom 3rd WAS till the end of the crop growth
{Appendix 4). During slage | evaluation the treatiments did nof significantly affected the S litura
population. However, the lowest population was recoided in NPK with seed treatment (2.0) and

the highest being observed in control and NPK with sunflower (5.0) (Tah. 12: Fig 9)

During stage H evaluation (Tab. 12; Fig 5). NPK with seed treatment recorded the lowest

population of S fitura (4.27) followed by neem cake (5 1). FYM {5.47). NPK + neem cake {6.16),
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/G
vermicompost {6.16), and FYM + vermicompost (6.47) all being on par  Higher populalion of S

litura was however noticed in NPK with NPV (3 234), control (3.32) and NPK with sunflower

{10.83}.

During 1l 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 trealments in checking lhe build up of pest population. The other
treatments in the descending order of efficacy were NPK with sunflower (8.61) < neem cake(9.4)
< yermicompost {10.36) < NPK + neem cake (100 58) < FYM (10.96) < FYM + vermicompost
(11.78) < 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 § litwa population (Tah. 13; Fig. 5} revealed that
NPK with NPV application proved ils effectiveness in recording the lowest S litura population
(5.13) than afl the other treatments. The next best treatments with a moderate population are
NPK wilh neem cake (6.22). vermicompost (6.67). FYM (6.81) and NPK wilh seed treatment
{7.03) being on par. NPK + neem cake {713}, FYM + vermicompost (7.38) and NPK with
sunflower (8.09) came closely behind. Among all the trealtiments the highest population was

observed in controt (2.51).

4.1.1.5. Gram pod borer, H. armigera
The incidence of M. armigera during kharif. was almost negligible, however a moderate
population was observed during the two ralv seasons under study. During kharif 1995 the

incidence of H. armigera was observed from 5ih WAS and declined to a negligible popuiation by

7th WAS (Appendix 5).



Kharif, 1995

There was negligible or no mcidence of H. armigera during kharif crop during the ! and
til stages of ohservation (Tab. 14, Fig. 8). Though the pest incidence was noliced during stage I,
it was not significant. However, among the treatments lowest population of H. anmigera was
observed in NPK wilh seed treatment (0.97 larvae per 10 planis) followed by neein cake,
vermicompost, NPK + neem cake, FYM + vermicompost with an average poputation ranging
between 1.25 and 1.52 faivae per 10 plants Slightty higher population, among the freaimenis,
was noticed in NPK with NPV, control and NPK with sunflower with the population ranging

belween 2.22 and 2.49 larvae per 10 piants.

Rabi, 1994-95

insignificant levels of H. arrmigera population was noticed during rabi, 1994-95 in stage |
in all the treatments (Tab. 14; Fig. 6) During stage 1l NPK with seed Wreatment and the
treatmenis thal received organic manuies recorded significantly low tevels of H. armigera with a
mean population ranging from 1.41 1o 2 16 larvae per 10 plants. Lowest poputalion was observed
in NPK with seed treatment (1.41) followed by neem cake (1.5) FYM (1.58), vermicompost
(1.75). FYM + vermicomposl {(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

ireatments with the mean ranging between 3.41 and 3.58 larvae per 10 planis

Stage 11l evaluation indicated that, the lowest population of H. armigera was observed in
neem cake (4.5 farvae 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 wilh the preceding one trealment and the succeeding trealments viz. FYM +

vermicompost (7.14), control (7.37). NPK with seed freatment (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 popuiation {larvae /

10 plants) on groundnut.

Treatment

NPK (Contiol) @ 40-60-40
Kg ha !

FYM@ 8t ha’
Vemicompost @ 3 75¢ ha '

FYM @ 4 ha ' + Vermicornpost
@ 1.875.ha’

Neem cake @ 770 Kg ha '’

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

NPK @40-60-40 Kg ha ' with NPV
@ 250 LE ha '

NPK @ 40-60-40 Kg ha ! with
Sunflower

Ts

NPK @ 40-60-40 Kg ha ' and

Ty
carbofuran 3G ST @ 250y Kg ' seed

F Test (P=0.05)
SEm
GO

Kharif 199§

Rabi 1994.95

418

261
2 -?“:rl,

b 45!

2 ‘”.'l

IRk

10 }.L-

437

4

*

026

Rabi 1995-36

127

rat
R

Tn -
Vgt

3 46

238

1) n

BRI

064

Means followed by same letters are noi significanily different (P=0.05) by DMRT.

* - Significant at 5% level
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The overall efficacy of treatmems on the H. armigera pepulation during rabi, 1994-95
(Tab. 15; Fig. 6) indicated lowest population in neem cake (2.30) foitowed 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 FYM + 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 treatmenls

Rabi, 1995-96
As observed during the previous rabi crop, the treatments did not showed any significant
variation on the incidence of H. armigera population during stage | (Tab. 14; Fig. 6) Though the

pest population was noliced in I and I stages. il was low.

During stage 1l (Tab. 14; Fig 6). NPK with seed frealmenl recorded the lowest H
anmigera population {2.08) followed by neem cake (2.5), FYM (2.91), NPK + neem cake (3.16)
and vermicompost (3.25), and were on par. However the last two treatments were also on par
with alt the succeeding treatments viz. FYM + vennicompost (3.41), NPK with NPV (3 81). NPK

with sunfiower (4 08). coniro! (4.25).

During Il stage evaluation (Tab. 14: Fig. 6) NPK with seed trealmenl (4.23) recorded the
iowest poputalion and was followed by FYM (4.5), vermicompost (4.56), neem cake (4.6), NPK +
neem cake (5.25), NPK with sunfiower (5.47) and FYM + vermicompost (5.55) alt being on par.
Stighliy higher poputation of H. armigera was recorded in NPK with NPV (6.35) and control

(6.90) both being on par with preceding two treatmenis
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Durting rahi 95-98, the overall inftuence of reatments (Tab 15) on H. armigera indicated
that NPK wilh seed treatiment recorded lower poputation (2.35) followed by neem cake (2.42),
FYM (2.72). vermicompost (2.77), NPK + neem cake(3.08). FYM + vermicompost {3.18), NPK
with sunflower and NPK with 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 Wreatments

(Tab. 15; Fig 6).

4.1.2. Natural Enenrties
The results pertaining 1o natural enemy population collected at weekly intervals are
presented in Appendices & to 8 and the data pertaining to evalualion at the stages are presented

in Tables 16 10 21 & Figures 7 t0 9.

4.1.2.1. Coccinellid beetles V. vincta, C. transversalis, M. sexmaculatus
Kharif, 1995

The occurrence of coccinetllid beelles during Kharif was low and their numbers hardly
reached 2.5 per plant and from 12th WAS no coccinetlid predator poputation was abserved

{(Appendix B).

it was found from the Tab. 16 & Fig. 7 that the treatments falled to influence the predator
population in kharif crop  There was no significant difference among the treatments in affecting

the coccinetlid beetles at the thyee different slages of evailuation. as well.

All the treatments recorded neghgible number of coccinellid beetles during stage | with
an average population of 0.33 fo 0.86 beelles per 10 plants. Insignificant levels of population
were observed in slage H, with a mean population ranging between 2.11 te 3.77 per 10 ptants in

all the treatments. During the stage Ui also. there was no significant variation in the population of
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Gocoinetid peetles among the treatments However, the lowest population was observed in NPK

+ neem cake (11.75) and the highest in vennicompost (15.08) (Tab. 16; Fig 7)

The overall influence of treaimenis (Tab 17; Fig. 7) on coccinellid beetie population was
also non significant. All the treatments recorded less than 7 beeties per 10 planis and the mean

population ranged belween 5 2 and 6.18 beelles per 10 plants.

Rabi, 1994-95

Higher number of coccinellid predators were observed during rabi 94-95 during 10th

WAS and declined during the latler stages of the crop growth (Appendix 6).

Significant treatmental influence was observed on the coccinellid population during the
three stages of evaluation (Tab. 16, Fig. 7). During stage 1, the lowest number of beelles were
observed in NPK with seed treatment (5.66 per 10 plants). The treatments that followed with
higher number of coccinellid predators were neem cake (9.0), FYM (9.66), vermnicompost (9 66),
NPK with NPV (9.66), FYM + vermicompost (10 33) control {(11.0) and NPK + neem cake
(11.66) alf being on par with each other. The highest member of beetles were recorded in NPK
with sunflower {13.33 per 10 planis). showing its superiority over all other treatmenls in

harbouring coccineltid population.

During stage It atso the lowest population of beetles was observed in NPK with seed
treatment (14.41 per 10 pilants) The reiaining treatments recorded higher population and all
were on par with each other, with an average popuiation ranging between 28.33 and 335 The
ascending order of the predater poputation 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)
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Tah. 17: Overail influence of treatments on coccinellid beetle popuiation (adufts / 10 plants)

T
T:

Ts

Ts

Ts

LE;

Ta

Tn)

r‘.ﬂ.

on groundnut.

Treatment

"NPK (Control) @ 40-60-40

Kgha'
FYM@ 8Btha'
Vermicompost @ 3 75t ha '

FYM @ 4t ha ' + Vermicompost
@ 1.875tha’

Neem cake @ 770 Kg ha '

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

NPK @40-60-40 Kg ha ' with
NPV @ 250 LE ha '

NFPK @ 40-60-40 Kg ha ' with
Sunflower

NPK @ 40-60-40 Kg ha ' and

T

carbofuran 3G ST @ 2509 Kg ' seed

F Test (P=0.05)
SEmM
CcD

Means followed by same lelters are not significantly different (P=0.05) by DMRT.

NS - Non-significant

*

- Significant al 5%

level
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Higher pupulation of coucinethd beelles was observed during stage Wl (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 seed hreatment (6525 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 populalion 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 cother. The highest

number of beetles. however was noticed in control (90 16) among all the treatinents.

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 {reatment (37.19) Higher
number of heetles, however were recorded in ali the remaining trealmenis ViZ. NPK + neem
cake (44.66), FYM (4466), FYM + vennicompost (47.94) neem cake (48.11), NPK with
sunflower (48.30), NPK with NPV (48.33), venmicompost (49.49), all being on par. Control

(55.91) recorded the highest beetle poputation among the treatments.

Rabi, 1995-96
The coccinellid beetle populalion in rabi 95-96 was higher reaching more than 100
beetles per 10 plants in some treatmenis dwing the later stages of the crop growth when

compared to previous rabi season (Appendix 6).

During the first slage evaluation the irealmental vasiation pertaining to the beetle
popuiation was non significanl. 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 186, Fig. 7).

NPK with seed treatment in stage It (Tab 18) as well, recorded the lowest coccinellid

beetle population (14.66) and the highest being obseived in NPK with sunflower (28.91) The

~

/
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remaining Wealmenls recorded a 1nean popidation ranging between 14 66 and 28.91 per

10 plants.

During Nl stage evalualion (Tab. 18; Fig 7 NPK with seed teatmment once again
recoided the lowest poputation (69 3) among the tieatinents. The treatmeits with higher number
of beetles were vermicompost (82.15). FYM (83 85). NPK with NPV (84 5), NPK + neem cake
{86), FYM + venmicompost (86.82), neem cake (91.68). and conlrol (80.57) and all were on par.
The highest population of beelles were recarded in NPK with sunflower (96.98) but it was on par

with the preceding two treatments.

The overall influence of reatimenits (Tab 17 Fig. 7) on coccineltid population indicated
the lowes! beelle poputation in NPK with seed hrealmem (39.49), white moderate number of
beeties were observed in FYM (44,94 vermicompost (48 38) and neen cake (48.61) being on
par The {reatiments that followed were FYM + vesmicompost, 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 beelles (54.97) among the reatmenls

4.1.2.2. Spiders
The spider poputation recorded during the thiee seasons indicated low population levels
during kharif. 1995 (Appendix 7). The kharif crop recorded less Lthan 25 spiders per 10 plants

while it was around 50 per 10 plants during the two rabi seasons

Kharif, 1995
Although spider population was low i kharif (Tab. 18: Fig. 8). the treatments showed
differences in spider population. The lowes! spider population was observed in neem cake (1.0

per 10 plants) and it was closely followed by NPK with seed treatment (1.3}, The treatments that
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remaining trealments recorded a mean population ranging between 1466 and 28 91 per

10 planls.

During 11l stage evaluation (Tab., 16 Fig 7) NPK with seed tiealment once again
recorded the lowest population (69 3) among the treatments. The treatments with tigher numbey
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 controt (90.57) and all were on par.
The highest population of beefles were recorded in NFK with sunffower (96.98) bul it was on par

wilh the preceding two treatmeitls.

The overall influence of treatments {(Tab 17: Fig. 7} on coccinellid population indicated
the fowest heelle 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 treatmenis that followed were FYM + vermicompost NPK + neem cake {49.52 each),
NPK with NPV (49.94) and control (51 .46) all being on par with preceding two treatments. NPK

wilh sunflower recorded the highest population of beeties (54 87} among the tieatments

4.1.2.2. Spiders
The spider population recorded during the thiee seasons indicated low population teveis
during kharif, 1995 {(Appendix 7}. The kharif crop 1ecorded less than 25 spiders per 10 planis

while it was around 50 per 10 planis during the two raby seasons

Kharif, 1995
Although spider population was low in kharif (Tah. 18. Fig. 8). the treatments showed
differences in spider population. The lowesl spider population was observed in neem cake (1.0

per 10 plants) and it was closely followed by NPK with seed treatment (1.3). The treatments thal
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Influence of treatments on the spider population on groundnut.

Figure 8.
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followed weire FYM + vermicomposl, NPK + neem cake, vermicompost. control, FYM and NPK
with sunflower which recorded an average spider popuiation ranging helween 2.3 10 3 3 per 10
plamts. The highest number of spiders was nbserved in NPK with NPV (4.0), among the

heatiments.

During stage I (Tab. 18; Fig. 8) the lowest poputation of spiders was recorded in NPK
with seed treatiment (2.66) bid it was on par wilh neem cake (3.10). The freatments NPK + neem
cake (4.10), vermicompost (6.44) FYM + vennicompost (6.77). control (7.11). NPK with
sunflower (7.33) and FYM (7.44) recorded a moderate population. The highest population of
spiders was recorded in NPK with NPV (8.44) but ¥ was on par wilh the preceding two

freatments.

Third stage evaluation of spider population (Tab. 18; Fig. 8) revealed no significant
difference between the trealtnemts. However, the lowest population was recorded in NPK with

seed treatmemts (16.16) and the highest in NPK wilh sunflower (18.08).

The data pertaining to the overall spider population cbserved during kharif 1995 (Tah.
19; Fig. 8) indicated that NPK with seed treatment recorded the lowest population (7.27)
iollowed by neem cake (7.39) and NPK + neem cake (7.87) being on par. The treatments that
folfowed were FYM (8.42). FYM + vermicompost (8 66), vermicompost (8.87), control (8.3). NPK

with NPV (9.36) and NPK with sunflower (9 4%)

Rabi, 1994-95
Very low levels of spiders wele observed during stage | (Tab. 18. Fig 8). The
treatments that recorded low popuiation density of spiders were NPK with seed treatment and

neem cake (1.0 each), NPK + neem cake (1.3), FYM (2.00. vermicompost (3.0) and conirol (3 3)



Tab. 19: Overall influence of treatments on spider population {adults / 10 plants) on

groundnut.

-

Treatment

NPK (Control) @ 40.80-40
Kg ha'

™

T, FIM@8tha'

T Vermicompost @ 3.75t ha '
T+ FYM @ 4t ha ' + Vermicompost
@ 1875t ha’

T. Neemcake @ 770 Kg ha'

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

T; NPK @40-60-40 Kg ha ' with NPV
@ 250 LE ha'’

NPK @ 40-80-40 Kg ha ' with
Sunflower

Ta

NPK @ 40-60-40 Kg ha ' and

Ty
carboturan 3G ST @ 2509 Kg ' seed

F Tesl (P=0.08)
SEm
cD

Means followed by same letters are not significantly different (P=0.05) by DMRT.

NS - Non-significant
* - Significanl st 5% fevel
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ail peing ont with each other. The treatments FYM + vermicompost (3 3}, NPK with NPV (4 6) and

NPK with sunftower {4.8) recorded higher levels of spider population among the treatments.

Duiing stage Il {Tab. 18; Fig. 8) NPK with seed treatment! recorded the lowest spider
population (4.81) folfowed 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 i17.33). NPK wilh sunflower (17.83), vermicomposi
(17.83) FYM + vermicopost (18.168), FYM (19.08) and control {19.5).ali being on par with each

other and significantly different from the earlier three treatments.

During 1l stage (Tab. 18; Fig 8). although the lreatments recorded higher spidei
population, there was no significanl difference. The spider population was fowest in NPK with
sunflower (36.75 per 10 planls) and the highest in control (52.5). The olher treatments with
increasing population were NPK with NPV (37 91). neem cake (39.25), FYM + vermicompos!

(40.0), NPK with seed treatment (40.5). vermicompost (41.25}. FYM({41.66) and control (42 .5).

The overall spider population presented in Tab 19 & Fig. 8 during rabi 84-85 revealed
that NPK wilh seed treatment recorded significantly lowest spider poputalion {19.96). The
treatments that followed were neem cake (22.74) and NPK + neem 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 + vermicomposi (27.6) and FYM (27.80) and all
being on par . The highest population of spiders was noticed in control (29.1) bul it was on par

with the preceding three treatmenis.
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Rabi, 1995.96

During stage | the population of spiders was much less and the treatimental variation was
also insignificant (Tab. 18. Fig. 8) However. the lowest popufation was recorded in NPK with

seed treatment (1.30) and the highest in NPK with sunflower (4.30}.

Lowest popuiation of spiders was observed during stage Il (Tab. 18; Fig. 8) in NPK with
seed treatment (7.16) and il was followed by neemn cake (7.5), NPK + neem cake (9.16) all being
on par with each other. A moderate level of popuiation of spiders was recorded in vermicoimpost
{10.25), FYM (10.58) and FYM + vennicompost {11.33). Higher population was noticed in NPK

with sunflower (12.5). NPK with NPV (12 75) and control (12.83). all being on par

During il stage (Tab. 18. Fig 8) also the predator population between the treatinents
was hon significant. However, higher number of spiders was observed in alf the freaiments.
Among the treatments the lowest nuimber of spiders was recorded in NPK + neern cake (30.41)
and the highest in NPK with sunflower (36.16). The lreatments within this range were NPK with
seed treatment (31.75). neen cake (33.25), FYM {33.75), NPK with NPV (34.50), vermicompost

{34.75), control (35.25), NPK with sunfiower (36 16) and FYM + vermicompost (36.58).

The overall influence of treatments on spider population during the rabj 95-96 (Tab 19
Fig. 8) revealed no significant difference among the treatments. However, the lowest number ot
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)



RH

4.1.2.3. Chrysopids

The data pertaining to ctiysopids indicated that the population was very low in all the
treatments during the three seasons under study (Appendix 8) and the populaiion counls were

atso not significantly different among the treatments (Yab. 20 & 21 Fig. 9).

Kharif, 1995

During stage 1. the treatments viz., vennicompost. NPK with NPV and NPK with seed
treatment recorded zero population of chiysopids and almost negligible numbers were recorded
in the rernaining treatments. During stage il evaluation. the lowest population was recorded in
vermicompost (2.55 per 10 plants) and the highest in NPK with sunflower (3.88). During Il stage
as welt, the lowest poputation was recorded in FYM + vermicompost (5.5) and 1he highest in NPK

with NPV(6.55) (Tab. 20; Fig. 9}

The overall influence of treatments on chrysopids indicated the presence of very low
population density in ait the treatments which ranged hetween 275 and 3.42 per 10 plants

{Tab. 21; Fig. 9

Rabi, 1994-95

Comparatively higher populalion of chrysopids were observed in rabi than in kharif crop.
But the treatments showed no significant variaiion during all the stages of evaluation (Tab 20;
Fig. 9). During stage 1 the towest population was recorded in NPK with seed treatment (1.0) and
the highest in FYM (3.0). During the stage |l as well, NPK with seed treatment recorded lowest

chrysopid population (5.16) and the highest in vermicompost (8.75).

The chrysopid population evaluated dwring stage Il (Tab. 20; Fig. 9) among the

treatinents was also non significant but the popufation was higher when compared to stage H



Jb

JuediuBis-uoH - aN

‘Sanfes PBULIOISUBR , (L+X) 318 Sasaylualed ul Sanep

(4 b B0 G - - - e e | an “
: \RRE ARG w=- mme ---- - - — w3s
- SN SN SN SN SN SN | SN SN SN (S0 O=glisel 4 !
i v [
] i . | H
: g & s TH Wi (it ti R+ AL ETE IR e (T o) paas )y Bosz® LS O ueinjogqies _
.“ It sT3 99 0 £8'81 Lre Ol _ sl J1¢ 000 pue eu By 0r-09-0v® MdN 5L !
| " [
m, \ \ |
L8P s Gy s £ S AN T B A L. oger s IBMOPUNS Um
: B 11 §L's ooy g6} L6 ¥ 0T 1 9T9 98 ¢ 09 1 B4 BY 0v-09-0p@ MdN GL
. ez R L 9T IS T qoT wer (BUII0SZP AdN
_. LF i ire SUETI Bt 81 0ty © O S I tHr U uim 2l By 07-09-0v®D MaN L _
AP ihy U L e i T SN 2o st 1 i By B% 53¢ @ axeD waan “
U1 Siw Nt 91 Bt By O 091 98y 687 neEe + By 0% 0Z-0¢-0Z® HdN "L
s o g T sT L e GLT el 96D wogr |
ST 8¢ < s SR LIS BT L b vy O By B) 02.® axeo ween 5L |
. : ¢ . r
1 y 1 !
RS O 48T L (gag LoD agiy ! §E D RIS VA L eyige® :
VIS sL§ 90 1 5107 i1o 05T ) s Ime 0! 1SOdUGIUIBA +  BY WD INAS "L |
“ | “_ | |
oy ‘7970 8T gt 8L el L poT wsir o
PosT W6 906 1 awel §L'9 09T e 6§77 Mmoo By )52 @ 1sodwootuuep i)
._ " | i i
99y (99'7) 1D 1 g 97 w61 | t9gT edr  wym
N Sl 80'a 056G | gs el o o LU 99°Z 0ro | BY18D WAL L
RS e @ b (or VLT Ly b g9 (66'1) vy |
L 80U T DR M 1% 1 £eo 007 1 809 66'T 060 . BY DY 0v-09-0p® (100D) YN 11
| liebeys jjobeis  abeis | qifabels || ebe)s | abEIS | 1 obEs 1l 9bels | abeis ! _,
._ 96-5661 /qey | 56-¥661 1qey | S661 Jely W Syusuneas )

trupuncsb uo (syueld g} ; synpe) voneindod pidosAys uo sjuauness Jo sauanyul| 02 'qel



tab. 21: Overall influence of treatments on chrysopid population {adults / 10 plants} on

groundnut.

Treatment

T4

T-

Ts

T;

Ta

Ty

NPK (Control) @ 40-60-40
Kgha'

FYM @ 8tha'

. Vermicompost @ 3.75tha '

FYM @ 4t ha ' + Vermicompost
@ 1.875tha’

Neem cake @ 770 Kg ha '

NPK @20-30-20 Kg ha "+ neem
cake @ 385 Kg ha

NPK @40-60-40 Kg ha ' with NPV
@ 250 LE ha'

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

NPK @ 40-60-40 Kg ha ' and
carbofran 3G ST @ 250g Ko ' seed

cD

NS

F Test (P=0.05)
SEm

- Non-significant
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However, ihe lowest population was recorded in NPK with NPV (18.08) and the highest, 20.16
per 10 plams, in FYM + vermicompost. The popufation of chrysopids in the remaining
treatments in ascending order was NPK + neem cake {18.16). neem cake (18.75). NPK with
seed treatment (18.83). control {18.91), vermicompost (18.23). FYM (19.58) and NPK with

synfiower (19.66).

The overall influence of treatments (Tab. 21. Fig. 9) on chrysopid population indicated
thal all the treaimenis 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 welt the population of chrysopids recorded in differert
treatments was insignificant during all the stages of evaluation. The population observed during
stage 1 and stage I, ranged between 5 25 10 6.08 chrysopids per 10 planis in alt the treaimenis,
Among the treatinents in stage I lowest population was noticed in NPK with seed sunflower

(11.08) and the highestl in NPK with seed treatment (13.41) {Tab. 20; Fig. 9).

The overall chrysopid population during rabi 1995-96 indicated thal all the treatments
were on par periaining to the chrysopid population with a mean poputation ranging beiween 7.08

and 7.80 per 10 plants (Tab. 21; Fig. 9).

4.2. NFLUENCE OF TREATMENTS ON BIOCHEMICAL CONSTITUENTS OF GROUNDNUT LEAVES
The influence of treatiments on the binchernical constituents of leaves viz nitrogen (N),
ciude protein  (CP), foial free amino acids (TFAA), caibohydrates, phenols and tannins  esti-
mated at the three different stages of crop growth viz. flowering period (21 DAS. 1 stage). peg
penetration (49 DAS. H stage) and pod formation (77 DAS., 1il 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 tieatmenis showed significant difference in the nitrogen content of leaves during |
and Il stages The data (Tab. 22, Fig 10) reveated thal the pitrogen content decreased from
stage ! to Il in all the treatmends indicating higher content of nilrogen in leaves during flowering
slage. Among the treatments. during slage |, neem cake recorded significamly lower guantity
of nitrogen (3 07%) followed by FYM (3.20%) being on par with each olher. FYM was also on
par with ils succeeding treatment, vermicompost (3.26%) Among the remaining lreatments,
FYM + vermicomposl (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 fertilized treatments NPK with
NPV (4.03%). NPK wilh seed treatment (4. 26%) and NPK with sunflower (4.49%) recorded still

higher levels of nitrogen than the organically manured treatments.

During stage |1l (Tab. 22: Fig. 10) the lowest nitrogen content of leaves was once
again recorded in neem cake (2.24%). The trealments that followed were FYM (2.67%),
vermicomposl (2.74%), NPK + neem cake (2.74). FYM + vermicompost (2.86%). NPK wiih
NPV (2.90%). NPK wiih seed treatment (2.90%). NP with sunflower (2.91%) and control

(3.02%).

Dwing stage 1), there was no significant difference in nitrogen content of leaves in
different treatmenis and ils range varie¢ belween 1 86% (FYM + venmicompost) and 2 3%

(NPK with NPV) (Tab. 22; Fig. 10)

The overall influence of treatments {Tab 23: Fig 10) showed thal the lowest nitrogen
content of teaves was recorded in neem cake (2 61%) folfowed by FYM {2.65%). vermicompaost

(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 Kharif 1395 | Rabi 1994-95 | Rabi 1995.96

T NPK (Control) @ 40-60-40 Kg ha ! > uss! 4103 4 404

T, FYM@ 8t ha' T oAy’ ERIR T ogg

T. Veunicompost @ 3.751 ha AEAEA 1 st 1475

f» FYM @ 4t ha' + Venmicompost > 7sn " 1 sne™ TR T
@ 1.875tha’

T.. Neem cake @ 770Kg ha ' ol To” toy?

Te NPK @20-30-20 Kg ha "+ neem L eay 34567 T
cake @ 385 Kg ha

T- NPK @40-60-40 Kg ha ' with NPV TR ANTR R 4 280"
@ 250 LE ha'

Ta NPK @ 40-60-40 Kg ha ' with AN LR Lt
Sunflower

To NPK @ 40-60-40 Kg ha ' and Ly T 7Sy SRS T
carbofuran 3G ST @ 250g Kg ' seed

S e T e

SEm 0 O% | 0254 02579

CcD VTR | 0538s 05400

Means followed by same letters are not significantly different (P=0.05) by DMRT
* - Significam at 5% level
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in the ascending order of N content of leaves weie NPK + neem cake (2.85%) and control
(2.95%) Among the treatments the N conlent of leaves was higher in NPK with NPV (3.08%),
NPK with seed trealmentl (3.10%) amd NPK with sumftower (3.18%). all being on par wilh one

another.

Rabi, 1994-35

The organically manured lreatinents during stage | (Tab. 22; Fig. 10) recorded tower N
conent of leaves than the treatments which received straight fertilizers. The lowest N content of
leaves was seen in neem cake (3.63%) and it was foliowed by NPK + neem cake (3.91%). FYM
(3.94%), all being on par. The treatments vermicompost (4 19%),. FYM + venmicompos! (4.48%)
recorded 1he nexi higher levels of N and weie also on par. Among the treatments. the straight
fedilized threatinents 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

being on par.

Significantly lower amounts of N content m the leaves was noticed during stage !l (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 + venmicompost (3.87%) followed the earlier treatments
and were on par with each other. NPK with seed treatment recorded 3.95% N contert in leaves.
Once again the straighl fertilized irealments, NPK with sunflower (4.26%), NPK with NPV
(4.43%) and controi (4.48%) recorded significantty higher N content of leaves, all being on par

with each other.

Curing the third slage there was no clear distinclion between straight fedilized and
organically manuted treatments with regard to N content of leaves (Tab. 22; Fig. 10). Among lhe

treatments, lowest leaf N was recorded in FYM + vermicompost {2.16%) followed by FYM
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(2.23%}. neem cake (2.33%) and NPK with seed treatment (2.36%). The treatments that
followed were NPK wilh supflower (2 40%). contrel {2 56%). vernmicompos! (2.66%) and NPK
with NPV (2.73%) which recorded slighlly higher levels of N content of leaves. The highest N

was recorded in NPK + neem cake {2.80%)

The overal! influence of treatmeints (Tab 23, Fig 10) on N conlent of the leaves showed
lower levels in neem cake (3.03%) and FYM (3 16%) foltowed by NPK + neem cake (3.45%),
FYM + vermicompost (3.50%) and vermicompost (3.52%) all being on par. Higher N content of
leaves was recorded in NPK wilh seed treatment (3.75%), NPK wilh sunflower (3.81%). NPK

with NPV (4.05%) and control (4.10%), all being on par

Rabi, 1995-96

The N conient of leaves decreased from slage | to siage Il {Tab. 22; Fig. 10) as observed
in the earlier iwe seasons. Lower arnount of Jeaf N was recorded in vermicompost (3.6%). NPK +
neem cake (3.70%) and neem cake (3.78%) all being on par during stage | . Moderate levels of
ieaf N was seen in FYM + vermicompost (4.2%) and FYM (4.26%). Significanlly higher feveis of
N content in leaves was seen in straight fertitizer 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 ¥ slage as well (Tab. 22; Fig 10} all the organically manured treatments recorded
lower levels of leaf N with an average ranging between 369% 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 ali were an par with each other Moderale level of N was noticed in NPK + neem
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cake (4.10%) while comparatively higher amount of N content was recorded in NPK with
sunflower (4.15%), NPK wilh seed treatment (4 16%). control (4.29%) and NPK wilh NPV

(4.44%), among the treatiments

During I} stage, the lowest leaf N was noliced in venmicompost (3.01%) and was closely
followed by FYM + vermicompost (3.17) the two being on par. The treatinents thal followed
were neem cake (3.21%), FYM (3.28%). NPK + neem cake {3.30%), NPK wilh NPV (3.41%) and
NPK wilh seed lreatment (3 44%) Among the trealmentis control (3.58%) and NPK with

sunfiower {3.66%) were on par and recorded comparatively much higher N conlent in the leaves

{Tab. 22; Fig. 10).

The overall influence of treatments on N cantent of leaves (Tab. 23; Fig. 10) revealed
thal the lreatmenis which received organic manmnes recorded lower amounts of N conlent in the
leaves than those that received straight fertitizess. The lowest leaf N was seen in vermicompost
(3.47%) and was closely followed by neem cake (3.83%), FYM + vermicompost (3.68%).
NPK + neern cake (3.70%) and FYM (3.80%) all being on par. Higher amounts of N content in
leaves among the treatmenis was recorded in NPK with sunflower {(4.18%), NPK wilth seed

treatment (4.21%). NPK with NPV (4.28%) and conbiol (4.46%)

4.2.2. Crude Protein {CP)
Kharif, 1995

The tieatinents showed significand difference in the crude protein (CP) levels in leaves
during | and 1l stages and no such significant variation was observed during ill stage. The data
{Tab. 24; Fig. 11} revealed thal the CP content decreased from stage | to Il in all the treatments
indicating that higher content of CP presenl in leaves during flowering slage. Among the

treatments during stage |, neem cake recorded significantly lower guantity of CP content
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{16.77%) followed by FYM (17.50%) which were on par wilh each other. FYM was also on par
with its succeeding treatment venmicompost (17 83%). Among the remaining trealments, FYM +
vermicomposi (19 29%). NPK + neem cake (20.14%), controt (20.23%}) recorded higher levels of
CP and on par. The other straight ferlilized treatments viz NPK with NPV (22.02%). NPK with

seed treatment (23.29%) and NPK with sunilower {24 53%) recorded higher CP content among

the treatments.

During stage Il {Tab. 24; fig 11}). the lowest CP content of feaves was once again
recorded in neem cake received plot {12.23%) The treatmerts thal followed were FYM
{14.57%), vermicompost (14.99%), NPK + neem cake (14.99%), FYM + vermicompost {15.61%),

NPK with seed treatiment {15.83%), NPK with sunflower {15.90%) and control (16 52%)

During stage [N, there was no significard difference in CP content in leaves in different
treatmenis and its range varied belween 10 16% (FYM + vermicompost) and 12 .56% (NPK with

NPV} and do not follow a trend (Tab. 24. Fig. 11}

The overall infltuence of ireatments (Tab.25; Fig. 11) showed that the lowest CP conieni
of leaves was recorded in neem cake (14 28%) followed by FYM (14.51%), vernmicomposi
{14.94%) and FYM + vermicompost {15.01%) being on par with each other. The treatments in
the ascending order of CP conlent of leaves were NPK + neein cake (15.58%), controf (16.13%)
Among the treatments the CP content of leaves was higher in NPK with NPV (16.8%), NPK with

seed frealment (16.95%) and NPK with sunflower (17.37%) all being on par with each other

Rabi, 1994-95
The organically manwed freatments, during stage | (Tab. 24: Fig. 11) recorded lower CP

content in leaves than the treatments which received siraight fertilizers. The lowest CP content
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Tab. 25: Qverall influence of treatments on crude protein content (%) of groundnut

-
"
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SEm
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Means foltowed by same letters are not significantly different (P=0 05) by DMRT
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: NPK @40-60-40 Kg ha ' with NPV

leaves.

Treatment

NPK (Control) @ 40-60-40 Kg ha
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FYM @ 4t ha ' + Vermicaimpost
@ 1.875tha’

Neem cake @ 770 Kg ha '

NPK @20-30-20 Kg ha "4 neem
cake @ 385 Kg ha
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was Seen in neem cake (19.84%) followed by NFK + neem cake (21 368%). F¥yM (21.54%) all
being on par.  The heatmenis venmicoinpost (22 89%). FYM + venmicompos! iecorded the next
higher levels of CP and were also on par. Ainong the trealments. straight ferlilized treatments
viz. NPK with sunflower (26.02%), WPK wilh  seed liealment {(27.0%). NPK with NPV (27 22%)

and control {28.75%) recorded higher levels of CP content in the leaves and all being on par.

During l stage (Tah. 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%). vermicompost (20.34%), FYM + Vermicompost (20.65%) and NPK
with seed lreatment (21.56%) foliowed the trend and wete on par with each other. Amaong the
treatiments, NPK with sunflower (23.29%) and contioi (24.47%) recorded significanily higher CP

content in leaves and all were on par wilh each other

During third stage, there was no clear distinction belween straight fertilized and
organically manured treatmenis with regard to CP content of leaves (Tab 24. Fig 11} Among
lhe treaiments. lowest CP was recorded in FYM + vermicompost (11.79%) followed by FYM
{12.18%), neem cake (12.727%) and NPK with seed trealment (12 .88%). The trealments that
1ottowed were NPK with sunflower (13.10%). contiol 113.98%). vermicompost (14 .52%) and NPK

with NPV (14 9%) recorded higher levels of CP conten! The highest CP was observed in NPK +

neemn cake \reatmem (15.29%).

The overall influence of reatmenls (Tab. 25 Fig. 11) on CP conient of leaves showed
Ihal lower levels were recorded in neem cake (16 54%) and FYM (17.29%) followed by NPK +
neem cake (18.87%), FYM + vernmicompost (19 14%) and vennicomposl (19 25%) ail 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 MPV (22 12%) and control {22 4%) all heing on pai
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Rabi, 1995-98

The CP content of teaves was decreased from stage | 1o HH (Tab 24, Fig 11) as
ohserved in the two earlier seasons. Lower ainoums of CP was recorded in vermicompost
(19 66%), NPK + neein cake (20.2%) and neem cake (20.64%) all being on par during stage |
Moderate levels of CP conlent of leaves was seen in FYM + vermicompost (22 93%) and FYM
(23 .26%). Sigoificanily higher levels of CP content was seen in straighi fertilized treatiments viz.
NPK with sunflower (25.88%), NPK with seed treatment (27 57%). The highest CP content was

recorded in control {30.14%) among the treatments

During Il stage as well (Tab 24; Fig. 11). all the organically manured treatiments
recorded lower levels of CP content of leaves jranging between 20.14% lo 22 38%) than lhe
freatments which received straight fentilizers (22 65% 1o 24 .24%). FYM + vermicompos!
(20.8%), FYM {21.18%) and neem cake (21.4%) recorded comparatively lower levels of CP and
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 liealment (22.7%). controt (23 43%) and NPK with NPV

(24.24%).

During 1 stage{Tab. 24. Fig. 111 the lowest CP was noticed in venmicompost (16 47%)
and was closely followed by FYM + vermicompost (17.32%) the two being on pas  The
freatments that followed were neem cake (17.54%), FYM (17.94%), NPK + neem cake (18.05%)
NPK with NPV (18.63%) and NPK with seed tieatment (3.44%). Among the treatmenis. contiol
{(19.54%) and NPK with sunflower (19.98%) being on par and recorded comparalively much

higher CP conient in the leaves.
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The overall influence of freaimenis on the CP conlent of leaves (Tab 25 Fig 11)
revealed |hat the treatmenis which received organic manures recorded lower amounts of CP
content int the leaves than those that received straighl fertilizers. The lowest CP content was
recorded in vermicompost (18.97%) and was closely followed by neem cake (19 85%), FYM +
vermicompost (20.13%), NPK + neerm cake (20.21%) and FYM (20.79%)} and all were on par.
Higher amounis of CP was. however. recorded in NPK with sunflower {22.83%), NPK with seed

treatment (20.01%), NPK with NPV {23.40%) and control (24 37%).

4.2.3. Total free amino acids (TFAA}
Kharif, 1995

The tolal free amino acid content present in leaves at 21 DAS of groundnul crop is
presenled in Tab. 26 and Fig. 12 The data revealed thal the lowest quantity of TFAA content
was recorded in neem cake (1.47 my g1 fresh leaf) followed by FYM (152 mg ) and
vermicompost (1.52 mg) being on par with each olhet. The treatments that followed were
FYM + vermicompost {(1.67 mg ), NPK + neem cake {174 ing) NPK with NPV (1 74 mg), NPK
wilh seed treatment (1.91 my) and NPK wilh sunfiower (19.3 ma) being significantly different

from control (2.31 mg) which recorded the highest TFAA

The TFAA content in groundnut leaves eslimated at 48 DAS (Tab. 26. Fig. 12) were on
higher side when compared to 21 DAS. However. among lhe 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). vermicomposl (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 trealment (2.84 ing), NPK with NPV (2.98 rng). control {3.11 mg) and NPK with sunflower

{3.24 mg) and were on par with each other.

r
I

3
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The TFAA conlen! estimated at 77 DAS (Tab 26. Fig. 12), showed that in general, the

amounts were lower compared to 21 and 49 DAS  The lowest quantity of TFAA coiten! was

recorded in neem cake (0.5 mg g' fiesh leafl) and was significantly different from other
freatments. The trealiments that followed were vermicoimpost (0.75 mg), FYM (0.75 mg), FYM +
vermicompost (0.78 ing) and NPK + neem cake (0.83 mg). Higher amount of TFAA content
ameng the treatments was recorded in NPK with seed tieatment {0.23 mg). NPK with sunflower

(0.96 mg), NPK with NPV (1.03 mg) and control {1.07 my), the tast three being on par.

The overall influence of treatments on TFAA content (Tab. 27; Fig. 12} in leaves
revealed that the lowest quantily 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 + vermicomposl (1.684 myg) all
being on par with each other. The treatments thai fellowed were NPK + neem cake (1.71 mg),
NPK wilh seed treatment (1.89 mg} but were on par with NPK wilh NPV (1 9 mg}. The highest
TFAA contenl was recorded in control (2 16 mg) but it was on par with NPK with sunflower

(2.04 ng).

Rabi, 1994-95

The data furnished in Tab. 26 revealed higher amount of TFAA content in feaves during
peg penetration (49 DAS, |l stage) while very low guantities were seen during pod formation (77
DAS, Il stage) stage. The TFAA content was the lowest in vermicompost (153 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 heing on par with each other and significantly different from other
lreatments. Neem cake (1.76 mg} was the next treatment with slightly higher TFAA content in
the leaves. The treatmenis NFK 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



Tab. 27: Overall influence of treatments on the levels of total free amino acids {TFAA)
{(mg l_:|‘1 fresh leaf) of groundnut.

Treatment

T, NPK (Control) @ 40-60-40 Kg ha '
T: FYM@ 8tha'

T, Vermicoinpost @ 3 75t ha '
T, FYM @ 4tha ' + Vermicompost
@ 1.875tha’

T, Neem cake @ 770 Kg ha'
T NPK @20-30-20 Kg ha '+ neem
cake @ 385 Kg ha

F: NPK @40-60-40 Kg ha ' wilh NPV

@250 LE ha'

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

NPK @ 40-60-40 Kg ha ' ant

T,
carbofuran 3G ST @ 250g Kg ' seed

| F Test (P=0.05)
SEim

o e

Kharif 1995 | Rabi 1994-95 | Rabi 1995-96

20 2 148 IR N
| 571 113 P 7R
Faoln 1281 i 750"
{opt (IRER¥ ITRTI A
{ Jot 1 o17 1 ot
1 717 13 | 7R0"
TR 1 782" » g
RN Y PR A
i &9 1 767 2 490

| R —— . S ]
02 o7 0 2801

L bhaes oy B1S6 0.593% |

Means foltowed by same letters are not significantly different (F=0.05) by DMRT.

* - Significant al 5% level
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The data pertaining to the TFAA content «f leaves at 43 DAS (Tab. 26: Fig. 12} indicated
tfowest quantity in FYM (2.09 mmg g fresh {eaf but il was on par with vermicompost (2.13 mg).
The treatments that followed were, NPK with seed treatment (2.36 mg), FYM + venmicompost
(2 42 mg). NPK with sunflower (2.50 mg), neern cake (2.52 mg), NPK + neem cake (2.54 g}

and controt (2.58 my). The highest TFAA content was recorded in NPK with NPV (2.60 mg).

The TFAA content estimated al 77 DAE (Tab 26: Fig. 12) indicated that vermicompost
and FYM recorded significantly tower 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 + vermicomposl (0.521 mg) and negmn cake (0.56 mg) recorded highei levels ol TFAA
content. Though non significant, much higher levels of TFAA content was recorded in control
(0.621 mg). NPK wilh seed treatienl (0.798 mg) and NPK with sunflower (0.866 mg) among the

treatments, all being on par.

The overall influence of treatments on TFAA contenl (Tabh. 27; Fig 12) indicated that
the organically manured treatments recorded lower amounis of TFAA contenl (128 f{o
1.61 mg g ' fresh Jeaf) compared 10 the straight fertilized treatments (1 76 to 2.14 mg) Among
the treatments lower quanlitily of TFAA was iecorded in vermicompost (1.28 mg). FYM
(1.33 mg) and NPK + neem cake (1 38 mg). being on par Slighlly higher quantitity of TFAA
content among the treatmems was recarded in FYM + vermicompast (1.51 mg) and neem cake
{1.61 mg). The straight festilized treatments NPK with seed treatment (1 76 mg), NPK with NPV
(.78 mg) and NPK with sunflower (1 90 mg) recorded much higher quantity ot TEAA content
and were on par. The highest was recorded in control (2 14 mg) which was significantly different

from all the other treatments.
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Rabi, 1995-96

The trealments showed significant variation in the TFAA content in leaves af 21 and 49
DAS as indicaled by the daia presented in Tab 26 Estimation of TFAA contenl i leaves at 21
DAS showed that significantly tower TFAAs were 1ecorded in organically manured treatments
(1.32to 192 mg g’ fresh leaf} than the straight fertilized treatments (2.372 to 2.87 my). The
lowest guantity of TFAAs among the treatments was noticed in NPK + neem cake (1 32 mg) and
was closely followed by neem cake (1.42 mgq). FYM + vermicompost (1.54 mg) and
vermicompost (1.60 mg) all being on par. FYM recorded next higher level of TFAAs (1.92 mg).
NPK with sunflower (2.37 mg). NPK with NPV {2.59 mg), control (2.75 mg) and NPK with seed
treatment (2.87 mg) recorded much higher levels of TFAA content compared to organically

manured treatments.

The hrealments significantly varied with respect to TFAA content in leaves al 49 DAS
(Tab. 26; Fig. 12) Each treatment significantly different from the other treatments. However,
lower amounis of TFAA content was recorded in the treatments that received organic manures
(2.30 to 2.99 mg g ' fresh leaf) than the straight fenilized treatmenis (3 34 to 3.86 mg} The
increasing order of TFAAs in differen! freatmends was FYM (2.30 mg) and neem cake (2 .30 mg)
< vermicompost {2.44 mg) < NPK + neem cake (2.83 mg) < FYM + vermicomposl (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 mqg).

At 77 DAS there was no significant variation in TFAA content among the treatments.
However, the organically manured treaiment. neem cake recorded the lowest (1.10 mg g ' fresh
leaf) TFAA content and the straight fertilized NPK with NPV recorded the highest TFAA content

{1.43 mg) (Tab. 26; Fig. 12).

k4
i

]

)



1.20

The overall influence of treatments (Tab. 27: Fig 12) showed vanation in TFAA content
of leaves in different treatmenls. The: lieatments that received organic manures recorded
comparatively lower amounts of TFAA content than Ihe straight ferlilized treatments. Neem
cake (1.60 mg g ' fresh leaf), venmicompost (1 75 my). FYM (1 78 mg), NPK + neemt cake (1 78
mg) and FYM + vermicompost (1 93 mg) recorded lower amounts of TFAA content and were on
par with each other. Control (2.26 mq), NPK with sunflower (2 37 mg)., NPK with seed treatment
{2.49 mg) and NPK with NPV (2 51 mg) recorded higher quantities of TFAA comenl among the

treatments, being on par with each olher.

4.2.4. Carbohydrates
Kharif, 1995

Estimation of carbohydrate content of leaves af 21 DAS (Tab. 28. Fig. 13) showed thal
significantly lower quantities were recorded in NPK + neem cake (51.3 mg g ! dry leaf) followed
by neem cake (52.3 mg). FYM (53.3 mg). vermicompost (54 0 mg) and FYM + vermicompost
{54.3 mg), all being on par. Among the Wrealiments higher carbohydrate content was recorded in
control (60.0 mg) but was significanily differert from 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 carbohydrale content of leaves eslimated at 49 DAS (Tab. 28; Fig. 13) showed ha!
FYM (55.3 mg) and FYM + vermicompost (61.0 mg} being on par, recorded significanily lower
amounts (55.3 and 61 mg) than all the other treatments. The carbohydrale comlenl 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 trealments, NPK with
seed treatment (96.0 ing) and NPK + neem cake (98.6 mg) recorded significantly higher

carbohydrale conlent.
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The leaves analysed at 77 DAS (Tab. 28; Fig 13) jevealed that lowest carbohydrate
content in FYM + vennicompost (42.0 mg). Neem cake (46.3 mg) . NPK + neem cake (47.3
mg). NPK with NPV (47 .3 mg). control (49.6 mg), NPK with sunflower (50 6 mg), FYM (51.0 img)
and vermicompost (53.0 mg) recorded higher carbohydrate conient in leaves amung the
treatments.  The highest carbohydiale content, was observed in NPK with seed treatment
(59.0 mg).

The overall influence of treaiments (Tab. 29. Fig. 13) on total carbohydrate content of
leaves revealed thal, FYM + vermicompost {52 44 mg) and FYM (52.22 mg) recorded
significantly lower quantities among the trealinenls The {realment vermicompost (596 mg)
came next, white contiol (62.44 mg), neem cake {62.66 mg), NPK + neem cake (65.77 mg) and
NPK with sunfiower (67.88 mg) were on par with higher carbohydrate content. NPK wiih NPV
(69.55 mg) recorded much higher levels of carhohydrate content. The highest caibohydrate

content was recorded in NPK with seed treatinent (78.10 myg).

Rabi, 1994-9§

The leaf carbohydrate content was low in neem cake (55.3 mg). vermicomposl (56.9
ing}, NPK with seed treatment (57.66 my) and FYM (58.6 mg) among the trealments, all being
on par at 21 DAS. The other treatments that recoirded higher quantities of carbohydrate content
were control (60 66 mg), NPK with NPV (68 mg). FYM + neem cake (72 rng). NPK with
sunflower (80.3 mg). The highest quantity of carbohydrale content was recorded in NPK +

neem cake (108.66 mq), among the treatments (Tab 28; Fig. t3)

Analysis of leaves at 49 DAS (Il stage) (Tab. 28 Fig 13) indicated thai significanity
fower amounts of carbohydrate was seen in FYM + vermicompost (88.66 mg). The treasiments
with nexd higher quantity of carhohydiale content were neem cake (101.66 mg), NPK + neem

cake (101.66 mg). vermicompost! {109 .0 mgj, NPK with NPV (11566 mg) and FYM (120 33mg).



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. FYM@ 8tha'

T. Vennicompost @ 3 75t ha '

T,

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

T. Neem cake @ 770 Kg ha '

To NPK @20-30-20 Kg ha "+ neem
cake @ 385 Kg ha

T; NPK @40-60-40 Kg ha ' with NPV
@ 250 LE ha'

NPK @ 40-60-40 Kg ha ' with
Surflower

NPK @ 40-60-40 Kg ha ' and
carbofuran 3G ST @ 2509 Kg ' seed

F Test (P=0.05)
SEm
ch

Kharif 1995

3O 60

AP

0} (iy

(TR

0HY S5

7’

Means followed by same tetters ace not significantly different (P=0.05) by DMRT.

* - Significant at 5% level

Rabi 1994-95 Rabi 1995-96
i} S
R 77" 89 707
IRES oK a7
71 357 65 93"
7y 85 05 12"
o T S84
4777 70 140
w7 ug Oy
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very ingh levels of carbohydrate comtent was obseived in NPK with sunflower (122.33 mg) and
NPK with seed treatment (124.6 ing). Among the trealments, the highest carbohydrate content

was recorded in conlrof (137.6 mg g ' dry leaf)

During il stage analysis of leaves collected al 77 DAS (Tab. 28, Fig. 13 mg)
venmicompost, neem cake, FYM + vermicompost and NPK with seed trealment recorded
significantly lower amounts of carbohydrates among the {reatments, ranging between 497 to
523 mgg ' 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 58010 85.33.1ing ¢ 1 dry teaf . Highest carbohydrate content among

the trealinents. was recorded in control (71 0 mg g ' dry teaf).

The overall influence of treatments on the fevels of carbohydrale conlentl in leaves
{Yab.29) revealed thal neem cake (69.21 mg). FYM + neem cake (70.55 mg) and vermicompost
(71.55 mq) recorded significantly lower quantily of carbohydrate content among the treatments
and were on par with each other. Moderate levels of carbohydrale contenl, however. was
recorded in NPK with seed treatment (78 22 mg). FYM (80.33 mg) and NPK with NPV
(80.77 mg). Among 1he lreatments significantly higher quantity of carbohydrate conten was seen

in NPK + peemn cake (87.77 mq), NPK with sunflower (82.33 mg} and control (89.77 mng) being

on par.

Rabi, 1995-96

The data pertaining to the analysis of leaves for carbohydrales at three different slages
of crop growth revealed 1hal the carbohydrate ievels increased upio i stage and decreased lates
(Tab 28; Fig. 13). The treatments that received organic manures recorded lower levels of

carhohydrate conient than those ihat received siraight fedilizers during all the stages of crop

')
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giowih. At | stage anaiysis of leaves, neem cake recorded the lowest leal carbohydrale conlem
(44.27 mg g ' diy leaf) and was followed by FYM + vermicompost (45.05 mg), venmnicompost
(49.14 mg), NPK + neein cake (5118 mg) and FYM (533 mg). Higher quantities of
carbohydrates weie recorded in conhol (56.12 mg). NPK with sunflower (65 32 mg) and NPK
with seed freatment (76.13 mg). Among the treatments, the highest carbohydrate content of

leaf was recorded in NPK wilh NPV {81.29 mqg)

During 1l stage (Tab. 28. Fig. 13) as well the trend was same. Neerm cake recorded the
iowesl carbohydrate contenl among the treatments (5542 mg g ' dry leah Il was followed by
FYM (80.13 my). NPK + neem cake (87 57 mg) and FYM + vermicompost (87 62 mg} all being
on par with each other. Vermicompost (83.53 mg) and NPK wilh seed lrealiment (94 16 mg)
recorded stightly higher quantily of carbohydrate conlent and were on par The trealment that
followed was NPK with sunflower {(121.2 mg}. Among the treatments, control (132 28 mg) and
NPK with NPV {13391 mg) being on par. recorded significantty higher guantities of

carbohydrate coment,

During Il slage (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 treatmenis. The remaining treatments that recorded intermediate levels of carbohydrate
contenl were neem cake {58 85 mg) < FYM + vermicompost (62.72 mg) < NPK + neem cake

(71.87 mg) < FYM (73 .5 mg) < NPK with seed teatment (78.9 mg) < control {80.7 mg) < NPK

with NPV (81.8 mp)

The overall influence of treatments on the carbohydrate content of leaves (Tab. 29;
Fig. 13) showed 1hat neem cake (52 84 mg). FYM + vermicomposl (65 12 mg). vermicompost

(6593 mg). FYM (68.97 mg) and NPK + neem cake (70.20 mg) recorded lower carbohydrate

()



coitent amung the treatments and all were rn par with each other.  Higher quantities of
carhochychate content in leaves, among the treatments was recorded in NPK with seed

freatments (83.06 my). controt (89.70 mg), NFPK with sunflower (80 29 mg) and NPK with NPV

(98 .99 mg) and all were on pai

4.2.5, Phenols
Kharif, 1995

As observed from lhe data (Tab. 30; Fig. 14). the phenolic content in groundnut leaves
increased with the growlh of the plant and higher amounts were observed al 77 DAS. The
resulls are expiessed in myg g ' fresh leal.  During all the three stages, the straight fertilized
treaiments recorded significantly lower quantity of phenols in leaves when compared to all the

organically manused treatinents in kharif, 1995

The fIreatmenis that received straigit fertilizers were significantly inferior to the
treatments that received organic manures by recording lower levels of phenols. The breatments.
control (1.17 mg), NPK with NPV (1 17 ng), NPK with sunflower {1.28 mg}, NPK with seed
frealment (1.34 mg) recorded significantly lower amounts of phenols among the treatments and‘
were on par with each other Vermicompost (2.05 mg). FYM + vermicompost {(2.09 mg). FYM
(2.14 my), neem cake (2.28 mg) and NPK + neemn cake (2.28 mg) recorded significantly higher
amounts of phenols ranying between 2.05 to 2 28 mg g ' leaf and were also on par wilh each

other (Tab. 30: Fig. 14)

The phenols estimated at 49 DAS (Tab 30 Fig. 14) indicated that once again the
treatments which received straight fertilizers recorded significantly lower amounts of phenaols
than lhose which received organic manures. Among the treaiments, NPK with NPV (1 41 mg),

NPK with sunflower {1.58 mg). control (1 73 mg) and NPK with seed treatment{1 80 my)
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recorded sighificantly lower quantities of phencis  The lWieatments viz. neem cake (2.468 mg).
NPK + neem cake (2.5 mg), FYM (2.55 mq) vennicompest (2.60 mg} and FYM + vermicompost
(2.61 mg) recarded significantly higher amounts of phenols among the treatments and were on

par wilh each other.

During the IH stage (Tab. 30; Fig. 14 my) as well, the straighi ferlilized treatmenls viz.
NPK wilth sunflower (1. 76 mg), NPK with NPV (1 8 mg). NPK with seed treatmeni (1.8 mg) and
controd (1.86 mg) recorded siginificantly lower amounts of phenols among the trieatmenis, all
heing on par with each other. Significantly higher arnounts of phenois were recorded in the
treatments that received organic manures viz  FYM (2 63 mg), vermicompaost (2.66 mg). FYM +
vermicompost {2.78 mg), NPK + neem cake (2.80 mg) and neem cake {2.86 mg), all being on

par with eact other.

The overall influence of heatments on the leaf phenolic content (Tab. 31, Fig 14)
reveated thal. the treaimenis which received straight ferilizers recorded significantly lower
amounts of phenols than those which received organic manures. Among the treatments NPK
with NPV (1.46 ing}. NPK with sunflower (1 54 ), control (1.58 mg) and NPK with seed
ireatment {1.64 mg) recorded significantly lower quantities of phenots and alt were on par with
each agther. The treatineids that received organic manures viz. Vermicompost (2.44 mg). FYM
(2.44 mqg), FYM + vermicompost (2.49 mg). NPK + neem cake (2.52 mg) and neem cake (2 53
g}, however, recorded significantly higher amounts of ieaf phenols and were on par with each

ather.

Rabi, 1994-95
Among the treatments, controf (1 10 mg), NFK with sunflower {1.27 mg), NPK with seed

treatment {1.44 mg). and NPK with NPV (1.61 mg) showed lower amounts of phenols at 21 DAS
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tab. 31: Overall influence of treatments on the levels of phenols {mg g" fresh leaf) in

groundnut.
Treatment Kharif 1995 | Rabi 1994-95 | Rabi 1995-96
T NPK {Control) @ 40-60-40 Kg ha ' 1A I 384' I 4917
T. FYM@ 8tha' 43" 2547 227
T. Vermicompost @ 3 75t ha' 244" 7801 2 663"
T, FYM @ 4t ha ' + Vermicompost 2 4us! vol17! 1828
@ 1.8751 ha’
T. Neem cake @ 770 Kg ha ' AR AN L PATTES
Ts NPK @20-30-20 Kg ha '+ neem YA RECTR 2 852"
cake @ 385 Kg ha
T; NPK @40-80-40 Kg ha ' wilth NPV 1T b 779" bR
@ 250 LE ha '
Ta NPK @ 40-60-40 Kg ha " with P 345 17200 PRV
Sunflower
To NPK @ 40-60-40 Kg ha ' and 1 640 1 847 | 7o’
carbofuran 3G ST @ 250g Kg ' seed
e e R e E
SEm 0 OYS i) 181 0228
CD {201 D J8S 0485

Means followed by same letlers are not significantly different (P=0.05) by DMRT.
* - Significant al 5% level
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and were on par with each other  The tiealinents that followed with increasing levels of phenols
were neem cake (2.17 mg), FYM (2.28 mg), FYM + vermicompost (2 61 ing) and vennicompost
{2.63 mg). The highest quantily of phenois were noticed in NPK + neam cake (2.88 mg) but it

was on par with the last three treatments (Tab. 30 Fig 14)

The phenols estimnated at 49 DAS also revealed that among the treatmenls viz conlrol,
-and NPK with sunflower, NPK with NPV and NPK with seed hiealment recorded significantly
fower amounts of phenols ranging between 1 48 tc 1 88 mg g ' fresh leaf. The other treatments
with inereasing order of phenols were FYM < neem cake < vermicompost < NPK + neem cake
which recorded 2 55 to 2.98 g g ' fresh feal. The highest quantity, among the treatments, was

1ecorded in FYM + vermicompost (3.07 mg) but it was also on par wilth the 1asl iwo trieatments

(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 treatmenis viz 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 each other. The organically manured tieatments {in the increasing order) were FYi,
vermicompost, neein cake, FYM + neein cake and FYM + vermicompost recorded lhe higher

amounts of phenols with an average ranging betlween 2 80to 3.36 mg g ' fresh leaf

The ovesall influence of treatments (Tab. 31 Fig 14) on the {eaf phenolic content
indicated distinct variation among the treatments Control (1.58 mg}). NPK with sunflower
(1.72 mg), NPK wilh NPV {1.78 mg) and NPK with seed trealméni {1.84 mg) recorded
significantly lower amounts of phenols among the treatments and were on par with each other.
Evidently higher quantities of phenocls weie recorded in the treatmenis that received organic

manures viz. FYM (2 .54 mg), neem cake {2 63 mg). vermicompost {2 80 mg) and NPK + neemn

1)
%
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cake (2.92 mg). Among Ihe healimenis, ihe highest quantity of phenols was recorded in FYM +

vennicompost (3.01 mg) it i was also on par with 2l the other organically manured beatments

Rabi, 1995-96

The trend pertaining to the phenolic conteni of leaf in groundnut during 1995-'96 was
more of less similar to that of rabi 1994-95 and kharif 1995 Again the straight fertilized
lreatmets sliowed their aderioiily over the organically manured trealmenis in recording signifi-
cantly fower amounts of phenols at 21 DAS (Tabk: 30; Fig. 14). Among the trealmenis control
(1.19 mg}. NPK with seed treatment {1 412 mqg), NFK with NPV {1 56 mg) and NPK with sunflower
(1.56 mq) recarded significantly lower armounts of phenols and were alse on par with each ather
The heatments with signiticantly higher amounts cf phenols were NPK + neem cake (2 22 mg),
neemn cake (2.2%9 mg), vermicompost (2.32 mg), FYM {2.39 mg) and FYM + vermicompost

(2.47 mg). all being on par with each otha

The leal analysis at 49 DAS (stage 1} (Taty 30 Fig. 14) once again indicated that caontiol
{1.51 mg). NPK with sunflower (165 mg), NPK with seed treatment (1.65 mgﬂ?\lPK with NPV
{1 78 mg) recorded significantly lower amounts ot phenols among the hreatments and were on
pay with each other. Moderately higher quantily of plienols was recorded in FYM (2. 38 mg) The

freatments with increasing order of phenols were venmicomnpost (2. 87 img). FYM + vermicomypost

{306 mg), neem cake (315 mg) and the highest being recorded in NPK + neem cake

(3 41 ng).

The analysis of leaves at 77 DAS (stage 1) (Tab. 30: Fig. 14) also indicaled that ihe
lowest quanlily of phenols in control (1 76 g g1 fresh leaf) and the highest in neem cake
(335 ing) The other treatiments that fell in between the two extremes were NPK with NPV
(214 mg), NPK with sunflower (2 27 mg}. NPK with seed (reatment (2.31 mg). FYM (2.5 mg).

veunicompost (2.8 myg). FYM + vermicompost (2 95 g} and NPK + neem cake {3.04 mg}
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The overall influence of treatments on the leaf phenolic contenl clearly indicated thal
significantly lower amounts of phenols among the trealments were noliced in all the straight
lertitized treatments viz. control (1.49 mg) NPK wilh seed treatment (1 79 mg). NPK with NPV
(1.83 mg) and NPK wilh sunflower (1.83 mg). all being on par with each other. The treatments
that received organic manures, FYM (2.47 mg). vermicompost (2.66 mq), FYM + vermicompost
(2.82 mg) and NPK + neem cake (2.85 mg) 1ecorded significamly higher amounts of phenols and
all were on par The highest quantity, however was recorded in neem cake (2.93 mg) which was

also on par wilh the iasl three treatments among the oiganically manured (Tab 31, Fig 14).

4.2.6 Tannins
The leaf tamnins estimated al 21. 49 amnd 77 DAS in different treatments indicated lower
quantities during flowering stage (21 DAS) and higher amounls duiing pod formation stage (77

DAS) (Tab. 32 & Fig. 15).

During the lhree seasons under study, higher quantities of leaf tannins were observed in

both the rabi seasons than in kharif. The teaf tannin conlent was expressed in mg g "jeaf on dry

weight basis.

Kharif, 1995

The tamnin content present in leaves was found to be significantly influenced by the
treatmenls. The treatiments that received orgamc manwmes were found significanlly superior 1o
the treatiments applied with straight fertilizers in recording higher amounts of fannins during all

the three stages of leaf analysis (Tab. 32 . Fig. 15
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Dwing stage | (Tab. 32. Fig. 15) NPK with NPV (501 mg g‘ dry leaf}. NFK with
supflower (5.7 mg), NPK with seed treatinent (585 mg) and conlrol (68,12 mg) recorded
significantly lower amounts of leaf lamins. Higher amoimnts 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 + venmicompost recorded the highest quantity of leaf tannins (9.80 mgq) 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 tng). NPK wilh seed
treatment {(8.19 mg) and controt {8.37 my) recorded significantly lower amounts of leaf tarnnins
ranging between 6 06 to 337 mg g f dry leaf. However. the first two treatments were on par and
showed significantly lower quaniilies of tannins than the latter two. The treatments thal recored
higher tannin contenl in leaves were vennicompost, FYM + vermicompost, NFK + neem cake
and FYM wilh an average leaf fanpin content ranging between 11.1 10 12.0 mg g ' dry feaf, The
higheslt amount was noticed in neem cake (12 74 g} bul it was also on par with the iast two

treatments.

During the 11l stage as well (Tab 32 Fig 15) the organically manured treatinents
dominated wilth higher levels of leaf 1annins The four siraight fertilized treatmenis viz. NFK with
NPV(9.2 g}, NPK with sunflower (9 41 mg). NPK with seed treatment (9.83 mg} and control
(11.22 g} were on par and recorded lower amounis of leaf {annins ameng the tieaiments, while
higher quantities were recorded in vennicompost (14.73 mg), FYM + vermicompost (15 46 mg),
NFK + 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 influence ol treatments{Tab. 33 Fig 15) on the tannin content of leaves
indicaled distinct variation among the treatments  The treatmenis thal received shaight
fertilizers viz. NPK with NPV, NPK with sunflowes. NPK with seed treatment and control were
significantly inferior in recording lower amounts of tannins (675, 7.12, 796 and 857 mg g ' dry
leaf respeclively) than the organically manured treatments. vermicompost (11.54 mg) NPK +

neem cake (12.02 mg}, neem cake (12.05 myg). FYM (1215 mg)} and FYM + vermicompost

(12 28 mg).

Rabi, 1994-95

During rabi 1994-85 alse, higher amounts of tannins were recorded in the treatments
applied with organic manutes compared to those applied with straight fedilizers At 21 DAS
(Tab. 32; Fig. 15), among the treatments. contrgl. NPK with seed treatment, NPK with sunflower
and NPK wilh NPV recorded significantly lower amounis of tannins ranging between 6.08 to 7.54
mgg' dryfeaf Moderate quantity but distinct fram other treatments was. however. recorded in
neem cake (9.33 mg). The other organically manured treatments viz. FYM. NPK + neem cake.
FYM + vermicompost and vermicompost recordad significanlly higher tannin content in leaves

{11.40 to 13.3 mg) among the all the heatments.

The analysis of leaves at 49 DAS (Tab. 32; Fig. 15) also revealed that the {reatments
NPK with seed treatment, NPK with sunflower, NPK with NPV and control recorded significantly
lower amount of tannins ranging between 76810 960 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 1753 mg g ' dry leaf 1espectively: being

on par with each other.



tab. 33: Overall influence of treatments on the levels of tannins (mg g~ dry leaf) in

1303

groundnut.
Treatment Kharif 1998 Rabi 1994-95 Rabi 1995-96
T, NPK (Contiol) @ 40-60-40 Ky ha ' 8 373 8 40" 083
T. FYM@ 8tha' ENE 15 66 1487
T. Vermicompost @ 3.75t ha' £l a4 15 25 IR
T, FYM @ 4t ha'+ Vermicompost b? 28 3 08" 14093
@ 1.875tha’
T, Neem cake @ 770Kg ha’ Lo 14 75 IS
Te NPK @20-30-20 Kg ha "+ neem 1oy 14 16" (41
cake @ 385 Kg ha
T: NPK @40-60-40 Kg ha ' with NPV 078 gt 378
@ 250 LE ha '
Ta NPK @ 40-60-40 Kg ha ' with 7 IRG R K¢
Sunflower
T. NPK @ 40-60-40 Kg ha ' and 706 R 46" K g4’
carbofuran 3G ST @ 2509 Kg ' seed
= Teg;qi. (P:O'US}_- T T T e T - e
SEm a3y (SY2 063)
Ch_ . USRS MU I &AL SRS SIS 2.5 SRR SRS I

Means followed by same tetters are nof significantiy different (P=0.05) by DMRT.
* - Significant at 5% level
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During the third slage analysis as well control, NPK with NPV, NPK with seed treatment
and NPK with sunflower recorded significantlty lower tannin coneint (9.53 1o 10.89 mg} all heing
on par with each other. Once again higher content was seen in the organicaily rmanured

treatments (14.18 to 18.5 mg) all being on par with each olher.

The overall influence of treatmenis on leaf tannin content (Tab 33; Fig. 15) aiso
indicated distinct grouping among tlie tieatments.  All the mganically manured tieatments viz.
FYM + vermicomposi, HPK + neem cake, neem cake, vermicompost and £YM recorded
significantly higher quantities of leaf tannin wlich ranged between 13.68 to 15.66 mg ¢ ' dry leaf.
The straight fertilized treatments viz conirol, NPK with seed trealment, NPK with FYM and NPK
with sunflower recorded significantly lower quantity of tannin content ranging between 8.40 to

92mgg’ 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 1ecorded lower levels of tanhin conleni (6 81 and
7.04 mg g ' dry leaf) being on par and were closely followed by control and NPK with seed
freatment (7.24 and 7.47 mg} also hoth bewtg on par The lannin content in al the four
treatments was significantly lower than the other reatments Moderate level of leal tannins was
recorded in NPK + neem cake (10.69 mg). Armong the treatments sighificantly higher quantities
of tannin was seen in vermicompnst, FYM and FYM + vermicompost (11.58. 11.61 and 119 mg

respectively) while neem cake recorded 1514 mg ¢ ' dry leaf, the highest in the treatnents.

During W stage analysis of leaves (Tab. 32: Fig. 15) once again alt lhe organically
manured treatments (NPK + neem cake < vermicompost < FYM + vermicompost < neem cake <

FYM) recorded significantly higher tannin content in the leaves ranging between 13.55 to
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1508 mg g ' dry feaf and all were on par with each olher  Significantly. lower quantities were

obseived in straight fertilized Leatments wilth an average tannin content ranging between 8 52 to

10.66 mg g ' dry leaf.

During the 111 stage as well (Tab 32:. Fig. 15), the saine liend was observed The dala
indicaled that the slraight fertilized treatments (NPK wilh seed treatment. NPK with sunflower,
NPK with NPV and control) showed their infediority in recording lower amounts of leaf tannin
(B.84 lo 985 mg g1 dry leaf) over organicaily manured viz vermicompaost. NPK + neem cake,

FYmM. FYM + vermicompost and neermn cake with a leal  fannin comlenl between 13.97 to

15.11 mgo "

The overall influence of treatments on the tannin contents of leaves (Tab 33; Fig. 15)
showed dislincl seggregation of treatmenis as seen under phenol content of leaves The
treatments which received NPK through inorganic means viz. NPK with seed teatment
(884 mg g ' dry leaf) NPK with sunflower (8.86 mg). NPK with NPV (9.78 mg) and control
{9.85 mg) recorded significamily lower amounis of lannins than those which received NPK
thorugh organic mmeans viz.  vermicompost (13 97 mg). NPK + neem cake (14.19 mg), FYyM

(14 .87 mg), FYM + vermicompost {(14.95 mg) and neern cake {15.11 mg).

4.3 RELATIONSHIF BETWEEN BIOCHEMICAL CONSTITUENTS OF GROUNDNUT LEAVES AND
PESTS AND PREDATORS

The pest population evaluated ai Ihree stages of crop growth was coiretated with (he
hiochemical constituenls of leaves analysed at flowering (21 DAS, | stage), peg penetralion (49

DAS, Il stage) and pod formation (77 DAS, |l stage) (Tab 34 10 36)
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The five insect pesls viz E kerri, A cracvivora, A modicelfa. S fitwa and H armigera
showed in general, positive coirelation with N. CP. TFAA and carbohydrates, and negative

correlation with phenols and tannins dwing three seasons under sindy.

4.3.1. Jassids, E. kerri

The relation hetween £ keny and the six biochemical consiituents of groundnul teaves

viz. N. CP. TFAA, carbohydrates, phenols and tannins are presented in the following sections

4.3.1_1, Nitrogen/Crude Protein {N/CP)

Duiing 1he thiee seasons. the relationship between N/ICP and £ keni was found
posilive. it was sigaificant during stage | of both the rabi seasons (0.7326* and D 7415 during
stage Il of kharif. 1995 (0.6721*) and rabi 94-95 (0 8223**) and dusing stage Il of rabi 95-96
(0.8581™) (Tab. 34). The overall relationship helween NCP and £ keiri was positive and
significant in ihe three seasons viz. kharif. 1995 (0.6736%). rabi 94-95 (0.8836") and raly 95-96

(0.8062*") (Tab. 36).

4.3.1.2. Total free amino acids (TFAA)

As observed in NVCP. the relationship between TFAA and jassids was found positive
and it was also significant during stage | of bolk the rabi seasons (0.7118™ and 0.5728™ Highly
significant positive relation was found during stage I and  of kharif 1995 (0.8592*" and
0.8519") and significant during |l and 11 stages of rabi 95-96 (0.7225" and 0.7780") (Tab 34) H
was clear from Tab. 36 thal 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

tabi 85-96 (0.8108*") (Tab. 36)

H
2
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4.3.1.3. Carbohydrates
The associatlion belween carbohydrates and jassids was positive and it was significant
in stage Il {0.8956"*) and 1l (0.8286*") of sabi 05-96 (Tab.34). The overall relationship was

positive and significant during raly 94-95 (¢ 7645" and rabi 95-96 (0.8944*") and non-

significard but positive during kfrarif 1995 (Tah. 38}

4.3.1.4. Phenols

The relationship between phenols and jassids was negative and significant during all
the three slages of khayif 1995 (-0.6682* -0.7971"; -0 7785%); 11§ stage of rabi 94-95 (-0.800*")
and | (-0.8232") and I stage (-0 8142**) of rabi 95-96 (Tab 35) Significant negative
overalt correlation was found between phenols and E  kerri during the two rabi seasons (-

0.7834" and -0.7851") and it was highly significant in kharif 1985 (-0.8122"") (Tab 36)

4.3.1.5. Tannins

Like phenofs, tannins also showed negative comelation with jassids during the three
seasons. It was significant (-0.7829%) in stage | of rabi 95-96; stage Il of kharif 1995 (-0.826 | **}
and slage it of all the three seasons (-0.7261°. -0 8686™ and -0.7190") (Tab 35) The
overall relationship between tannins and £. kerri revealed significant negative correlalion during

the three seasons (-0.7549* -0.8125™ and -0.7755%) under study (Tab. 36).

4.3.2. Aphids, A. craccivora
During the three seasons viz kharif 1995 rabi 94-85 and rabi 85-96 and at all the
stages positive correlalion was observed between N / CP, TFAA and carbohydrates and

A. craccivora. In contrast, a negative relationship was observed with phenels and tannins

(Tables 34 to 36).
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Tab. 35; Correlation matrix: Influence of biochemical constituents of leaves on pests of

groundnut.
B o Phenois T
Pest Stage Kharif Raty Rabi
B o 1995 | 1994-95 | 1995-96 |
I kerri I A1 6682 06101 NI
1 0797 -} 5656 A3
n ) TIRS ) Bowe 4181927
A rraccivora } 067N -0 (St 4 80wy
H -0 T4RS’ -0 7672 S0 H378
] NIRIERTI A 76 Y a7l
. omodreelt 1 -0 GO4Y ) 557+ NINTRE T
" - 6R92 -0 7578 3 SROY
i ry142” -0 7374 A RIRT
S ftnra | - A AT 41 0] 1R
i -0 7R 74 NIRTRT|
1 A} 6509 02678 0 D3y
I oarmgora R () 3837 SRR Y
il ) (572 -0 7300y NIRRT
ER) - AR AY ST

*  Significance at 5% level
** Significance at 1% level

| Tannins .
HKharf Rabi Rabi
1995 | 199495 | 1995-96
-t 3390 -0, 4840 07829
ARG -0.4505 05217
£ 726)° R6RGT | 0 710
06427 0,569 -0 7046
77T 16298 ) 6394
92507 . 778% R
1) GRS -).5043 -0 649K
Are761 16342 - GORY
o0 | 0w | ooy
—au s -3 V7R LY O 16
417177 060526 - 5515
D ORI% (233 (+ 3059
4428 A 6475
AH6H637 -1),591? 0324
g6l | 02200

]

e
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Tab. 36: Overall correlation matrix: Influence of biecchemicat constituents of leaves on
pests of groundnut.

Pest | Season | Nitrogen/ | Amino | Carbohydrates | Phenols | Tannins ]
L. _Protein | acds | [ —
I kprri Fharif 1995 {XyATH ooty TRILT AR AL TS
Retbi 04-95 0883 (e N 7645 A 7838 RIS
Rerhi 95-90 RG] RI0R TR AN R 078517 -0y TTRS
A craceivora | Khanf 1993 8034 eIy 0 4819 086197 R0
Rabi 94-95 082447 th 7RR7 47725 0 7557 ) 7481
Rahi 9590 R0 e NEENIN 07831 7616
A modicella Karif 1995 137007 0 KGR 0 S04 A 7076 7508
Reahi W95 iRI7ST IRy 0 FIsy AT 7604
Reahi 95.00 07818 0 753 08206 A7y 06984
S itra Aharif 1995 TR 07785 TRDED) .06 -0 7186
Habi Y495 01245 02178 0337 0069 A OO2R
Rabi 9390 03601 41347 0 9 A4 V754 41261
H armivera Khiwwip (Y95 0 510 078 QR 06227 SIRUED)
Rabi 934-95 08970 7974 Ryl TSIV NEIT I
e dabiose | wedes | cezu | oos | wsne | sy |

* Significance at 5% level
** Significance af 1% level
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4.3.2.1. Nitrogen / Crude Protein (N/CP)

The relationship between N/CP and aphid populalion was posilive. It was significant
duting { (0.688") and I slage (0.8433*") of rabr 94-85 and all the three stages of raby 95-96
(0.6765" 0.7764" and 0.8207*") (Tab. 34). The overall relationship between NCP and
A. craccivora indicaled a highly significant positive conelation during the three seasons viz.

kharif 1995 (D.8034%). sabi 94-95 (0.8244%*) and rabi 05-96 (0.8479**) (Tab 36,

4.3.2.2. Total free amino acids (TFAA)

TFAA and A. craccivora showed significant positive correlation in stage | of rabi 94.95
(0.7534"); stage 1l (0.8508™") and stage [ (0 9035*") of kharif 1995 and stage Ul of rab 95-96
(0.7923% (Tab. 34). The overall relationship indicted a significant positive correlation between
TFAA and aphids al 5% fevet duting rabi 94-95 (0 7887%) and al 1% level during the 1emaining

two seasons i.e. kharif 1995 (0.9397**) and rabi 95-96 (0.8021**) {Tab. 36).

4.3.2.3. Carbohydrates

Carbohydrates and A4 craccivora exhibited positive correlation and it was significant
only during Il stage of rabi 94-95 (0.7402*) and It and |l stages of rabi 95-96 (0.8534"*
and 0.7706") Tab. 34). The overall relationship showed significant positive conelation during
the two rabi seasons (0.7725* and 0.8370*") as chserved in jassids, while il was posilive bul

non-significant during kharif 189% (Tab. 36).

4.3.2.4. Phenols

Phenois and A craccivora had significant negative correlation except in stage 1 of rabi
94-95 and stage |l of rabi 95-96 where the relationship was posilive but non significant (Tab 35).

The overall relationship between phenols and A craccivoia depicted significant negative
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correlation during all the three seasons viz khanf 1995-96 (-0.7676%), rabi 94-95(-0.7339") and

rabi 95-96 (-0.7319) (Tab. 36},

4.3.2.5. Tannins

Tannins and A craccivora weie negatively comrelated and il was significant in stage | of
rabi 85-96 (-0.7046%), stage il of kharif 1995 (-0.7277") and stage {ll of ail the three seasons
{-0.9259*"; -0.7783* and -0.8111*") (Tab. 35). As ohserved in phenols, the overall relationship
indicated a significant negative correlabion in all the {hree season viz. kharif 1995 (-0 8364,

rabi 84-95(-0.7481") and rabi 95-96 (-0 7616*) (Tab 36) between {annins and A. craccivora.

4.3.3. Leaf miner, A. modicella
4.3.3.1. Nitrogen / Crude Protein (N/CP)

The comrelation between N/CP content and A modicella was posilive in alt the three
seasons . L was significant in stage {l of both rabi seasons(Q.8712** and 0.7549") and stage (il
of rabi 95-98 (0.7886") (Tab. 34) The overall relationship of N/CP with leaf miner indicaled
significant positive correlation during kharif 1995 (0 7760™), rabi 94-95 (0. 8175™) and raby 95-96

(0.7835%) (Tab. 36).

4.3.3.2 Total free amino acids (TFAA)

Significant positive correlation was obtained between TFAA and A modicefla during
slage | of rabi 94-95 (0.6826"), stage t and Il of kharif 1995 (0.8294** and 0.8370*") and rabi
95-06 (0.8067** and 0.7585") (Tab. 34). The overall relationship revealed positive relationship

between TFAA and A. modicefia during the three season, kharif 1995 (0.8998"*). rabi 84-95

{0.7832%) and rabi 95-96 (0.7541%) (Tab. 36}
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4.3.3.3. Carbohydrates

The associalion between carbohydiates and leaf miner was positive and it was
significant only in slage II of rabi 95-96 (0 8282"*) and slage I of both the rabi seasons (0.7357"
and 0.7987") (Tab. 34). The overall relationship between carbohydrates and leaf miner indicated

a significant posiiive 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 coirelation between phenols and A modicelfa was negalive during all the three
stages of all the three seasons. Mt was  significant during Il and Il stages of kharif,
1995 (-0.6892° and 0.9142*%)  rabi 94-95 (-0 7578* and -0.7374*} and Wl siage of rabi 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 sabi 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. modicetla was negative
during all the thiee stages of all the three seasons. It was significant during Il stage of kharif
1995 (-0 6763") and rabi 95-96 (-0 6682*) and il stage of kharif 1995(-0.9041** and rabi 94-95 (-
0 8308**)(Tab.35). The overall relalionship was negative and significant during the three seasons

viz. kharif (-0.7505%), rabi 64-95 (-0.7624") and rabi 65-96 (-0.69384*)(Tab. 36).

4.3.4, Tobacco Caterpillar, 8. litura
4.3.4.1. Nitrogen / Crude Protein {N/CP)
The relationship between N/CP and S. fitura indicated a positive relationship which was

significant onty during Il stage of rahi 94-95 (0.8444"™) However, during the {{{ stage of both the
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rabi seasons, negalive but ton significant relationship was obtained (Tab. 34). The averall
correlation belween N/CP and S. litura revealed significant  posilive retationship in hharif 1995

(0.7184") while # was non significand though positive thiring the two rabi seasons {Tab. 36)

4.3.4.2. Total free amino acids {TFAA}

The relationship hetween TFAA and S fifura population was positive amd it was
significant in 11 stage of kharif 1995 (0.8059), raby 95-96 (0 7034™) and Hi stage of kharif 1985
(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).

4.2.4.3. Carbohydrates

Positive reiationship was ohserved belween carbohydrate content and S fifwra and it
was significant only in It stage of rabi 96 (0 8497*") However, negative but non significan
correlation was obtained during the t slage of kbarf 1995 and rabi 95-96 . Though positive
relationship was noticed between carbohydrate and & fitra. it was non significant dusing all the

three seasons (Tab 36).

4.3.4.4. Phenois

The dala presented in Tab. 35 revealed the presence of a negative relationship between
phenols and S. fifura except in il slage of two rabi seasons where it was non significantly
pusitive. However, significanl negative relationship was observed in NI stage of kharif 1995
(-0 7830% and rabi 94-95 (-0.7436") (Tab. 35). The overall relalionship indicaled negative

association befween phenols and S ftura which was significant during kharif 1995 (-0.7046"),

whiie it was non significant, in the two rabi seasons (Tabh 36).



4.3.4.5 Tannins

Tannins and S lifira were 1elated negatively in all the stages dwing all the seasons
except 1l stage of both the rabi seasons where il was posilively non significant  Significant
negative relfationship was observed during Il and i stages of kharif, 1995 (-0 7373 and
-0.6815") (Tab. 35). The overall reiationship was negative and significant \n kharif 1995

(-0.7186") while non-significant negative conelation was observed in the two rabi seasons

(Tab. 36)

4.2.5. Gram Pod Borer, H. armigera
4.3.5.1. Nitrogen /Crude Protein (N/CP)

A positive correlation was found belween N/CP and H. armigera which was sighificant
only during || stage of rabi 94-95 (0 8387*"). Dwring i slage of rabi 94-95 non significant
negative correlation was observed {Tab. 34) The overall relationship indicated. significant
positive association in rabi 94-95 (0.8979*") and non significant positive relationship during the

remaining lwo seasons (Tab. 36).

4.31.5.2. Total free amino acids (TFAA)
Significan! positive coirelalion belween TFAA and H. anrnigera was noticed in stage Il of
kharif 1995 (0.77*) and stage W of rabi 94-95 (0 B102**)(Tab. 34). The kharif 1995 (0 7228"}

and rabi 94-95 (0.7974*) crops showed significantty positive overall relationship between TFAA

and H. armigera (Tab. 36).

4.3.5.3. Carbohydrates

A positive relationship was observed between carbohydrates and H. anmigera which was

significant only during Il stage of rabi 95-96 (0.7910*) However. during Il stage of kharif 1985

1



non significam negative correlation was observed (TFab. 34). The overall relationship revealed
significant posilive association during rabi 95-96 (0 6820") while it was non significant though

posilive dwring the remaining iwo seasons (Tab 16)

4.3.5.4. Phenols
The relationship between phenols and H armigera was negative and significant only
during i stage of rabi 94-95 (-0.730") (Tab. 35) The overali relationship was negative between

phenois and H. armigera which was significant in rabi 94-85 (-0.7573*) (Tab. 38).

4.3.5.5. Tannins

Negalive correlation was observed between tannins and H. armigera in all the three
stage of the three seasons. I was significant in [ll stage of rabi 94-95 (-0.8611™) (Tab.35) The
overall relationship revealed a negative relationship in alf the seasons but significant only in rabi
94-95 (-0.8691"") (Tab. 36}

4.3.6. Predators (Coccinellids, Spiders and Chrysopids)

The dala pertaining to the relationship between the biochemical constituents of
groundnut leaves and the coccinellids and spiders did not indicate any clear associationship in
general, as observed with the pest complex the refationship with N/CP, carbohydrates and TFAA
was positive during boih the rabi seasons with predator population However, during kharff. N/ICP
and carbohydiates with coccinellids and carhohydrates with spiders showed negative associalion.
As observed with the pests the phenols and tannins showed negative associaiion with
coccinellids as well as spiders. The chrysopid population was very low and did not follow any

trend (Yab. 37 {o Tab 39).
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Tab. 38: Correlation matrix: influence of biochemical constituents of groundnut leaves
on predators of groundnut,

Predator

Coccinellids

Spiders

Chrysopids

* SGignificance at 5% level

e s

Stage

- Phenols
Kharif Rabi
1995 ) 199495 )
€1 HI5S FXRRTH
AL GSRI th | 39K
707 0416
-0 4340 -0 Gls
-0 2TR2 -3 205
-0.3547 2212
NN R [RERL
EIEY X% 05115
-4 2538 01904

** Significance at 1 % level

1995-96
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EER RNy
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1 Tannins |
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00371 U168 ) A4407
A 7004 03471 02u3
-0 0X2 0.0y 0 =7
-0 18RO A 1409 ) 20T
-0 3WT0 00359 41 218
A 1375 {) 20460 N DERY
Ak J95K [JUXNE L 40Uk
11 Z05G (4 6ATS AT
-0 2R {1 1URYy AP 37




Tab. 39: Overall correlation matrix: Influence of biochemical constituents of leaves on
predators of groundnut.

Predator

Coccinettid
heetles

Spiders

Chrysopids

' Se'ason

Khoerf 1095
Rahi 190493
Rl 199590

Kharit 1995
Rabr 199495
Habi 199596

Khrig 1993
Rabi 1994-93
Rabi 1995-90

Nitrogen /
Crude Protein
| _rnae ok

A1 )310

61 ()N

42969
00422

oS08
(U TR X
) 1650

2332

0 O66GS

L

Total free

| .amino acids

f(rn
i 15(;7
nn7ix

(i F7R4
1+ 2RO
t RO

tr 2SR
R RN RTIN
4t

P"C“arboﬁfar'ate"s— '

AP 1812
0174
0.2

RIDEPR
0.087%
1478y

Hdes
i 2488
-1y 22

“Phenols

A 2584
4 (484
A7

A1 4228
4228
-0 41813

R UREN
{+ 2875
-0 O3RR

L e m -

Tannins

- ]9
AV D508
00657

A1 41H)
4219
b 26435

3060
04202
a2
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4.4. RELATIONSHIP BETWEEN WEATHER PARAMETERS AND PESTS AND PREDATORS
The pest and predator poputation was correlated with the weather parameters like

temperature, relative humidily and rainfall and presented in following sections.

4.4 1. Maximum Temperature

During boih the rabf seasons maximum temperatine Rad a negative correlation with att
the pests and predators under sludy. Significant negative relationship was observed with
A. craccivora during the two rabi seasons (-0.7572** and -0.8910*"), A odicelffa during rabi
(-0.7867") and 5. litwra during rabi 95-96(-0.6688") During kharif 1895, all the pests except
jassids were positively correlated. Jassids showed negalive corretation but non significant.
Significant positive correlation with maximum {emperatuwe during kharif season was noticed with

A. craccivora (0.6947*) and A. miodicefla (0.7543) (Tab 40)

4.4.2. Minimum Temperature

The data presented in Tab. 40 indicated a negative relalionship between minimum
temperalure and insecl pesls. in general FHowever. the relationship was positive with jassids
during rabi 95-96; A. modicella during rabi 94-95 and all the pests during kharif. Penaining to the

predators the relationship was positive during all the three seasons.

4.4.3. Morning Relative Humidity

The pests and predators showed positive correlation with morming relative bumidily.
During kharif 1995 with A. craccivora (0.6269%) and A modicella (0.7023™) the refationship was
significant and during rabi 94-95 also except A maodicefla it was significant with all the pests.
During rabi 95-96. A, modicella like other pesils also showed significant positive retalionship
(0 5657*). The predators, showed non significant but positive relationship during the three

seasons (Tah. 40).

o
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4.4.4. Evening Relative Humidity

Evening relative humidity with few exceptions. in sabi 95-86 showed in general. positive
corelalion with all the pests and predalors under study. However, the 1elationship was significant
with A, craccivora (0.6231%) and A modicella (0.6824") during kharif 1995 During rabi 95-96

E hermri, S litwra. H. armigera and all pedalois showed negative relalionship but it was non

significant (Tab. 40).

4.4.5. Rainfall
A non significant negative corretation was observed between iainfall and all the pesis

except £ ket (klarif. 1995), A craccivora (rabi 94-95) which showed positive correlation

(Tah. 40).

4.5. YIELD
Kharif, 1995

The highest yield among the lrealments was recorded in neem cake (1437 kg ha "y and it
was on par with FYM + vermicompost (1430 kg). vermicomposl (1379 kg). NPK with sunflower
(1372 kg). FYM (1346 kg) and NPK + neem cake (1341 kg) NPK with NPV also recorded {ower
vield. Control (1136 kg) and NPK with seed trealment (1120 kg) recorded significantly tower

yield than the organically fenitized treatinents (Tab. 41).

Rabi, 1994-95

The neem cake recoided the highest yield {2799 kg ha "y followed by FYmM +
vermicompost (2696 kg), vermicompost{26589 kg) and aill being on par. The treatments tha
followed were NPK with sunflower (2532 kg). FYM (2525 kg), NPK + neem cake (2423 kg) and
NPK with NPV (2409 kg). Again the straight fedilized reatments viz. control (2203 kg) and NPK

with seed treatment (2183 kg) i1ecorded significantly lower yields among the treatments

{Tab. 41).



Tab. 41: Groundnut vield in kg ha'.

Treatment

e S

T, NPK (Cantrol) @ 40-60-40 Kg ha
T FYM@8tha'

T. Vernicompost @ 3.751ha’

T, FYM @ 41 ha ' + Vermicompost
@ 1.875tha’

T, Neem cake @ 770 Kg ha '

Te NPK @20-30-20 Kg 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

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

F Test (P=0.05)
SEm
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Kharif 1995
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(N

1 84

Rabi 1994-95
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21097
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Means followed by same letters are not significantly differeit (P = 0.05) by DMRT.

* significant al 5% level.
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Rabi, 1995-96

As in previous rabi, the neem cake treatment recorded the highest yield (2866 kg ha Y
followed by vermicompost (2689 kg). FYM + vennicompost (2680 kg) all being on par The
treatments that foltowed were FYM (2580 kg). NPK with NPV {2562 kg). NPK + neem cake
(2529 kyg), NPK wilth sunfiower (2491 kg}. Straight ferfilized treatments viz. control (2238 kg) and
NFPK with seed trealment {2145 kg) 1ecorded significantly lower yields among the hieatments

(Tab. 41).

~* Significant at 5% level
* Gignificant at 1% level
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DISCUSSION

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 presend invesligalion revealed that the incidence of
jassids during kharif, 1995 was aboul two times to that of the rabi 1694-95 and 1995-96. whiie the
incidence of aphids was vice-versa. The higher leve! of population of jassids during kharif 1995
was probably due o favourable climabe condilions like minimum temperature, morning and
evening relative humidity, rainfall and cloudy days. The high incidence of aphids during rabi

seasons might also be due {0 the favourable relative humidity.

Pertaining to the effect of tieatments, the oiganically manured treatments during all the
lhree seasons showed significant superiority in containing the build up of jassids. £ kerri and
aphids, A. craccivora compared to the straight fertilized The different organically manured
lreatments are more or less on par. The lowest popuiation of jassids and aphids was recorded in
neem cake during rabi 1994-95 and kharif 1995 while vermicompost showed ils significant
superiority in curlailing the aphid populalion during rabi 1895-96  Though the beneficial effecis
of organic manures like FYM, vermicompost elc. was reported by several workers (Painter,
1951; Roger, 1976; Gaur and Prasad, 1970. Gaur ef a/ . 1975; Jackson, 1988; Tirumala Rao,
1994, Bhatnagar and Paita, 1998}, no specific reports on pest reduction in groundnut weie
available. The combined advantage of being an organic manure and possessing a repellent
principie, azadirachtin, in neem cake hansiocated through xylem (Kareem et al.. 1988) probabty
contributed to less incidence of sucking insects in neem cake it was reported that the residual
toxicity of neem cake tasts for four weeks after its application (Dutta, 1974). Neem applied to
crops was reporied to reduce sucking pests (Goyal ef al . 1971, Alwal and Pajni. 1964; Ruscoe.
1972: Hans and Ferenzkoln, 1972) The presenl 1esults agree with the reporls available

pertaining to the effeci of neem cake on sucking pests o groundmut

e
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The dearth of literature on the influence of organic manwes on groundnul pests
necessitated to compare and discuss the infestation of pests on other crops. The incidence of
sucking complex was reported to be less in FYM and vennicompost than in straight fertilized
plots in chillies {(Varma, 1994) and rice (Bhagyanakshatram, 1995; Kishore Kumar, 1996y, The
pest 1eduction in these organically manured trealiments was due to baianced nutrition throughout
the crop period as reported by Bhawalkar and Bhawalkar (1997 and Bhide (1993 The present

results on the influence of FYM and vermicompost are in accordance with the repors available

The treatments which received straight tertilizer (NPK) with carbofuran 3G as seed
tieatimeni and NPK + neem cake recorded modesate incidence of aphids and jassids bul were
superior to the straight fertilized treatments during the three seasons under study.  Carbofuran
seed treaimenl is reported to have satisfactory contiol of sucking pests for 30 days after sowing
oh groundnut (NARF, 1982; venkata Reddy, 1988) and other crops as well (Dahms and Wood,
1957: Daniels, 1960; Wilson ef al.. 196(} Hardwood and Bruehl. 1961. Depew. 1964. Guerra-
Sobrevilla, 1988). The seed treatment with carboturan was atso reported 10 have phyiotonic
effect (Ramamoorthy, 1986, Subramanyam ef af.. 1988) The available reports are in confirmity

with the present findings pertaining to less infestation of jassids and aphids in NPK with

carbofuran seed treatment.

The incidence of sucking pests in straighl ferlilized treatmenis was due to the luxuriant
growth and succulence of groundnut plants. Eadier. many scientists reported succulence of the
plant through nitrogen fertilization ieading 1o vulnerability of crop to sucking pests of cotton
{Isley, 1846; Butt ef al, 1946; Adkisson, 1857. Chaudhary and Kashyap, 1987). Higher rates of
innganic ferilizer by encouraging rapid growth. produce a more altractive environment for

oviposition {Adkisson, 1958: Bishara, 1969). All these reporls support the present resulls

D
<
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5.1.2. Leaf Miner, A. modiceila

The incidence of groundmit leaf miner. A modicelfa was higher in all ihe seasons
probably due to the favowable climatic conditions like relalive humidity and minirum

temperature as evidenced by posifive ielationship

The organically manured treatmemts showed their significant superiorily over straight
fertilized treatments in suppressing the leaf miner population during the three seasons Among
the organically manured ireaimenis, FYM was the besl by recording the lowest leaf miner larvae
followed by neem cake and vermicompost. Literature is not available on the influence of urganic
manures on the leaf miner incidence However. with other insect pests, application of cow
manure to0 maize plots was reporied 10 reduce the incidence of chrysomelid larvae, D speciosa
compared to the straighl ferfilized freatments (Vardasca ef al., 1989). The beneficial effect of
organic manures on pest reduclion was discussed in the previous seclion under sucking pests.
FYM and vermicompost aiso reported to have iower incidence of lepidopteran pests on rice
(Bhagyanakshatram, 1995 and Kishore Kumar, 19968) Neem cake was also reporied 10 reduce
the incidence of citrus feaf miner, P cifrella (Batra and Sandhu, 1981) The presenl resuits 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

carbosulfan were found more effeclive in suppressing A. modiceita infestation (Rajagopal and

Gowda, 1992).

The higher incidence of leal miner in straight fertilized treatments was due to succulency
of leaves. The vuinerabilily of crop to pests due to succulency in the plant has already been

discussed under sucking compiex.



5.1.3. Tobacco Caterpillar, §. litura

The treatment that received NPV application at 50 and 75 days after sowing was
significantly superior to the other treatments in recording lowest larval populalion of 5 fitura
during the two rabi seasons. The incidence of S lifina was very low during Il stage of khanf,
1995 and hence the NPV was nol applied As NFV is specific, the application of S. fitura NPV
showed ils effectiveness in reducing S. liltna population than ail the other treatments. Earlier, it
was reported that NPV application reduced the mcidence of S litwa (Jayaraj ef af . 1980
Santharam and Balasubraimanian, 1980. Krishnaiah el al.. 1984, Sasaki, 1887) The nexi best
treatments in reducing the incidence of S fifwra are NPK with sunflower, neem cake,
vermicompost, FYM and NPK with carbofuran seed treatment. The sunflower planted at a
distance of 3 m in the groundnut rows attracted 5. litura moths for oviposition on leaves These
egg masses were periogically collected and destroyed The sunflower as a trap crop, diverted
the S Huwra gravid females from groundnnuil.  The sunflower planis by acling as bird perches
attracted birds like black drongo (Dicrurus adsimilis). commmon mynah {Acridotheres tristis) and
egrets which acted as potential verlebrate predators It was reported that black drongo feeds 50
to 60 larvae per day in pigeonpea (Gopali ef al., 1997) The birds have contributed to the less
incidence of 5. fifura in groundnut with sunfliower as trap crop (Plate 12 & 13) (Ranga Rao ef al .
1994). The increase in coccinellids in sunfiower as a lrap crop has also contributed to the
popuiation reduction of S fitura. Wightman et al. (1990) reported that farmers grow castor planis
in groundnut 1o attract ovipositing Spodopfera moths  The moths preferendially lay eggs on the
leaves of castor where the eggs are easier 1o find and destroy.  Observations in farmers fieids
with sunflower as intercrop/mixed crop in post-rainy groundnut of 1993 evidenced s advantage
as Wiap crop (Plate 14) (Ranga Rac ef af, 1995, iCRISAT, 1994; Wightman ef al., 1994). The
fungus infections to S. Jifura also contributed to population decline (Plate 15). It was reporied
that unrelated plants, when grown among the crops, aiso 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 fitura in groundms with

sunflower as trap crop give credence to the available literature.
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Plate 12: Egrets setthug i groundnut ¢rop

Plate 13 Black drongo alighted on a stick as a bird perch



Plate 14: Sunflower as a trapcrop on bunds in farmers’ field

Plate 15: S. 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 ef 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 ef 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 resuits showing the higher incidence of H. armigera in straight
fertilized treatments are in confirmity with those reported by Fletcher (1941), Adkisson (1958),

Venkateswara Rao ef 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. fransversalis and
M. sexmaculatus. 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. vincfa was
highly predacious on S. litura egg masses (Plate 16) and C. fransversalis 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 kharif, 1995. Spider abundance (Plate 18) increased with advancement of



Plate 16: I vincta predating on S. lifura eggmass

Plate 17: C. transversalis grub and adult feeding an aphids
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Plate 18: Spider eggm

ass 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 rabj 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 pauxifla 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



Plate 19: Spider feeding on flies in groundnut ecosystem

Plate 20: Spider attacking on S. /itura larva in groundnut ecosystem



their insect hosls (Smiley, 1978). Many scientists slated that the organic manures are safe to
medators {(Bhagyanakshatram. 1985; Kishore Kumar. 1998). 1t was also reported that. although
there was initial reduction in poputation of spiders and mirids in neem treated piots, there was
belter recolonization of predators (Mohan ef 2/, 1991). Many scientists repoited that neem cake
appiication to plams is relatively safe to the natural enemies like spiders and rpirids (Krishnaiah
and Kalode, 1985. Wu, 1886; Saxena ef al, 1989. Jayaraj, 1992) and coccinellids (Singh ef al.,
1985). Al these reporls were made by comparing the natural enemy poputalion in organically
manured treatments with that in insecticidal treatments  During the present studies, no
insecticidal treatment was given to foliage. Because of lhe absence of toxic residues on the
plants, the natural enemy poputation fluctuated with the prey density while it was not in straight

fertilized and hence high population in straight fertifized treatments.

The application of nitrogenous fertifizers/straight  fertilizers resulted in succulent
vegelative growth, and the dense canopy created favourable microclimatic conditions for huifd
up of predators. Similar results were reported by Adkisson (1958). It was reporied that lady bird
beelle populations, H. convergens and O. insidiosus were influenced by fertilizer treatments and
showed no influence on Clvysopa and Nabis species. Fluctuations in spiders in groundnut
ecosystem was accompanied by an increase or decrease in the number of cicadellids (Singh

ef al, 1991),

5.2. INFLUENCE OF TREATMENTS ON BIOCHEMICAL CONSTITUENTS OF GROUNDNUT LLEAVES
The treatmentat influence on the biochemicat constituents of groundnut ieaves revealed
that, in general, nilrogen (N), crude protein (CP). total free amino acids (TFAA) and
carhohydrates were fower in all the organically manured treatments than the straight fertilized
treatments. N is evident from the results that. the treatments significantly influenced N, CP

TFAA and carbohydrate content in groundnul leaves. The lack of literature pertaining lo the
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ifluence of organic and inorganic ranures on biochemical constituents of groundnut leaves
necessitaled to compare with the Herature available in other plantsfcrops. Feitilizers are known
to influence substantial changes in both the quantity and qguality of nitrogen. Total foliar N was
increased as much as four fold with fertilizers (Pirie 1959). N fertilization is reported to increase
boih total plant biomass and tolal protein yields (Rauzi. 1978. Sosulski ef al.. 1963) because N
stimulates continued cell division and elongation (Jessup and Fowler. 1876) as well as
pholosynthetic activity (Fagerstrom amd Lohin, 1877} Fertilizalion has the greatest effect on the
levels of soluble N compounds. Fertilizers are reporied 10 increase amino acid and amide levels
{Catlin and Priestley, 1976. Hoff ef al., 1974, Weissman. 1964) and inorganic'N levels (McDole
and McMaster. 1978) These reports support the presen! findings that straight ferilizers
contributed to higher level of N/CP, TFAA and carbohydrates in leaves when compared to
organically manured treatiments The fevels of phenols and 1annins were stightty higher in the two
rabi seasons 1994-85 and 1995-96 than in the kharif, 1995 The comparalively higher amounis
of these C-hased defense compounds during rabi seasons was altributed to higher temperatures,
more sunshine hours and cloud free days during rabi Similar reponts stating profound inHuence
of light on foliar phenolic levels including tannins are avaitable. Mole et af. (1988) found very
close positive relationship between light intensity and lannins  Such findings point to the
possibility that passive effects governed by abiotic {faciors may be more important than

herbivores in determining concemntration of phenols and tannins in plants.

The phenals and tannins were found significantly higher in the organically manured
treatments compared to the slraight fertilized treatmenls. Many reporis are available stating that
low N content in the plant/soil contiibute lo production of higher levels of phenolics in plants
(Vogel, 1931; Heller. 1948; Swaby. 1958; Peach. 1950. Bonner. 1950). Davies ef al (1964)
showed that growing a number of plants in sandy soils produced high contenl of polyphenolic

substances which was attributed 1o lack of N oi P The study of McKey ef al/. (1978) provides
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supporl for the hypothesis that vegelation on low-nuiriemt soil confains relatively high
concentrations of polyphenolic compounds deterrent 1o herbivores. As groundnuf is a crop of
light soils in coastal areas which are characterized by low N and water holding capacity.
represents fow 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 resuils in the synthesis of phenols, whereas adding urea resulted in the inhibition
of phenolic synthesis. Increasing plant N through fertilizers is reported to reduce the levels of
phenols and lignins (Jones, 1976; Kiraly, 1976; Trolldenier and Zehler, 1976), whereas reducing
pltard N through culluring in soifs raised levels of phenolics (Davies ef al, 1964 Forrest, 1975
McKey ef al, 1978, Reader, 1979; Szweykowska. 1959). All these reporis support the presemt
results revealing higher levels of phenois and tannins in organically manured {reatmenis than in

siraight fertilized treatments.

5.3. RELATIONSHIP BETWEEN BIOCHEMICAL CONSTITUENTS OF GROUNDNUT LEAVES AND
PESTS AND PREDATORS

Phytophagous insects are very sensilive 1o nutritional changes in  hos! plants. The
nutrition induces changes in conceniration of primary and secondary metaboiites of the ptamt
and leads to growth and dynainics of the insect pests that harbour plants.  Host plant induced
changes in prey physiology and behavious modify the success of natural enemnies aiso. The
piesent results on the relationship between biochemical constiluents of teaves as affected by
sources of plant nuirition and the pests and predators are discussed in the following sections with

the available literature.
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5.3.1. Sucking Pesis

The resuits of the present investigation indicate a positive conelation between nifrogen
(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 resuits that the increase in
N, CP, TFAA and carhohydrales favowed the build up of pests. and phenols and tannins
reduced the incidence of sucking pests. The higher conted of these N-based compounds (N,
CP. TFAA and carbohydrates) was relatively higher in leaves of straight fertilized treatiments
than the organically manured. It was also cleas from the results that nitrogen has a negative
association with the C- based defense compounds. The straight fertilized treatments recorded
higher N-based feaf constuents and lower C-bhased defense compounds and vice versa, in
organically manuwed tieatments. Straight fenlilizets increased the levels of amino acids,
succulency and increased the paiatability of the leaf 1o the sucking pests The available
literature suggest that the incidence of sucking insects increase on the plants containing higher N
conlemt (Rodriguez and Campbell. 1961; Hooneyborne. 1969 Chadha and Arora 1982}
Sorghum lines resistant o delphacids and aphids recorded lower N content in ieaves (Mote and
Shahane, 1894). Non-preference of J. auriculaiun by D vulgaris was reported 10 be due o low
teaf protein contenl (Sundaraiaj and David. 1990). H was also reporled thatl lower amounts of
tolal free amine acids and carbohydrates in leaves conlribule to resistance of plants to sucking
pests. The aphids on the pea varieties deficient in amino acids grow more slowly than noimal
and secrete fess honeydew and produce fewer progeny (Auciair and Carlier, 1960). Higher
amounts of amino acids atiracted whiteflies in castor (David and Paul, 1973) and jasinine
{Sundararaj and David, 1990). Low levels of sugars have been correlated o resistance against
sucking pests {(Mote and Shahane, 1994) It was reported that sap feeding insecls. have more
inlirnale relationship with their host plamts than many other pests and are affected by smalt

changes in nitrogen status of host (Wensler 1962)
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Low N. CP. TFAA and carhohydrate content as observed in organically manured
lreatments causes low produclivity and inplies slow growth and thus prolonged life cycles.
These conditions 1educe the plants’ chances of escaping from injury against herbivores “in
space” and damaged much by the pest to meet ils body N requirement (Mattson. 1980} A major
defense probably be "escape in time" possible through production of amiherbivore compounds
and availability of predators and parasiles (Bentiey. 1977; Janzen, 1974). The phenomenon of
escape in time was irrevocably observed with low pesl population densities in organically
manured treatmenls. Most herbivores feed preferentially on leaves with high N, protein, water
content and a low leaf toughness and a low concentralion of antiherbivore compounds
(Waterman and McKey. 198%). The nulritionat requnrements of all the insecis are generally
same hut it is the quaniitative factor that play a decisive role in insect-plart interactions (House.
1969). Changes induced in the concemlrations of piant metabolites affect the insecis at the
nutritional level and alter behavioural rasponse towards plants  All the plants possess C-based
compounds (like phenols and tannins) but it is their relative proportion of these compounds that
give advaniage (o the host plant. It was reported that the higher levels of phenolics in the plants

contributed fo resistance against sucking pests (Sundararaj and David, 1990. Mote and Shahane.

1994).

The importance of low N content in leaves in the production of phenols and lannins was
reviewed in chapter |l under sections 2.2 The jow N content in the plant leads 1o increased
phenols, tannins and lignins that contribute {0 Jeaf loughness and produciion of more cell wall
relaied structural components which are not desirable for herbivores {(Scriber and Stansky, 1981)
and probably affect the penetration of stylets of sucking pests into the mesophyll of the
groundnut feaf. Elevated levels of fibres and silica are associated with increase in phenols and
tamnins, increase the bulk density of the diet lo the exient that insects are unable 1o ingest

sufficient quantities of nutrients. The planl conshtuenis like prolein and carbohydrales are less
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available to heibivores in lough leaves because of the hydrogen bonding belween the
compounds and lannins (Swain, 1979). The phenols reduced the consumption and digestion of
leaf mateiial. Insects avoid astringent food, and even afler ingestion, the tannin rich food
ruplures the epithelial cells in lumen and atso affects the digestion because of the coaguation of
proteins in their oral cavily. All the available literature pertaining fo the influence of bicchemical
constituenis of leaves on sucking pests conciusively 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 modicelfa, S. fitura
and H. armigera also showed posilive retalionship with N, CP, TFAA and carbohydrates and
negative relationship with phenols and tannins  During the two rabi seasons, the NPV of S lifira
dominaled the other treatments and probably resulted in non-significant relationship with all the
hiochemicatl constiluents. However, 5. fifura showed significam positive relationship with all
biochemical constituents of leaves during kharif. 1995 wherein NPV of S. fitura was not applied.
The higher plant N hastened the feveis of CP, TFAA and carbohydrates and offered suitable diet
to the lepidopteran pests 1l was reported fhal low nilrogen, sugars and polyphenols contributed
to resistance against lepidopteran pest, A modicelia in groundnut {Visalakshi, 1994). The higher
N favoured the build up of cutworm on wheat (Kasting and McGinnis, 1959 The amino acid
itmbalance in wheat made the cutworm A ipsion to suffer much (McGinnis and Kasting. 1961),
Ehatia (1975) also reporied that low carbohydrale contert was responsible for resistance to
angumois grain moth. The higher levels of phenols and tannins in cotton also reporied to reduce

the incidence of bollworms (Chan ef af, 1978; Ananthakrishnan ef al., 1990}

The incidence of S. ffura and H. armigera was comparalively fower than the sucking

pests under study. This was atiributed 1o the increase in the survival rate of sucking insects with
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plam N confent whereas those of chewing insects like S fifura and H. armigera, the sikvival rate
often decrease (Bogenschutz and Konig, 1976) However, ithe inditect effects of lowered plant
N through organic manwres are pesurned 1o be negative for alt the herbivores because

prolonged consumption and growing periods are betieved to increase losses 1o abiolic and biotic

mortatity factors.

The importance of low pilrogen and other associated influences on other hiochemical
copstituents has already been discussed in previous sections. The increase in toughness of
feaves probably reduced the incidence of these lepidopleran pests The toughness of leaves
probably resulied in abrasions on mandibles and maxittae and impaired their function i is also
probabie that the gut pH of the chewing pests played a role in consumption of the leaves with
high phencls and tannins {(in organically manured treatmenis) It is for this reason, though the
two pesis showed negative relationship, it was not significant like sucking pesis. It is assumed
that the high gut pH reduce proiein-tannin binding.  The high gut pH was an adapiive
phenomenon, reducing the tiketihood of antidigeslive effects of lannins in caterpiliars with high
tannin diets. It was reported that caterpiliars had higher gut pH and consumed higher quantities
of tamnins {Feeny, 1970; Berenhaum, 1984) It seems thal insects habitually feeding on lree
foliage and other tannin-rich plamis produce a refalively thick prolective chitin protein peritiophic
membrane from the midgut epithelium (Adang and Spence. 1982) and among the grasshopper
species there is a positive comelation between mass of peritrophic membrane and guantities of
tannins in the diel (Bernays and Simpson 1989). In case of grasshoppers, it was proposed that
the peritrophic membiane preferentially adsotbed tanning, thereby making them ineffective for
bhinding with impontant dietary or digestive enzyme pioteins (Bernays ef al., 1980). An overview
of the presend findings agree with the available liierature pertaining to the associalion between
the biochemical constituents of groundnut leaves and the incidence of the three lepidopteran

pesls A, modicella, S. Flura and M. armigera
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5.3.3. Predators

in geperal, coccinellids and spiders showed positive comrelation wilth N, CP, TFAA and
carhohydrates and a negative correlation with phenols and tannins, but the relationship was non-
significant. As the natwal enemies are al lhe third trophic level, they were dependent on their
prey. Conseguently the pest populations aftected the predators also. The pest on the straigiht
fertitized treatments was preferred by the natural enemies. The nutritional substrate offered by a
host plant indirectly influence predators. Prey confined to resistant hosts (planis in organically
inanured freatments) commonly experience reduced growlh rate, greater developmeniaf time
and morality, and decreased fecundily. Such alterations of fundamental physiological
processes affect the nuiritional qualily of the prey which inturn aftfects the predators. A major
impact of plani resistance is reduction in predator density due fo reduced prey populafions
(Pimentat and Wheeler, 1973). Numerous studies indicate that predator performance may be
allered by the host plant of the prey. The results of the present findings pertaining to the
relationship of predators with biochemical constituents of the host plant of the prey agree in

general wilth the available fiteratine.

CONCLUSIONS

The pmesem results throw lighl on the induced resistance/ecological resistance through
variation in chemistry of the plani as influenced by the source of ptant nutrition.  Such a varialion
in chemistry of the plant is a kind of protective system preventing herbivoires from evolving ‘fine
tuned' offenses against host ptants (Denno and McClure, 1983). The production of phenols and
tannins is evolutionarily a primilive phenomenon.  With the advernt of chemical fertilizers, the
planis shifted their nuirien! system lo ferlilizers which developed succuiency, increased nitrogen
and ammino 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, il is possible to create a parlial N stress upto certain
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period through organic manures 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 shorl cut the lenglhy breeding procedures lo develop resistance
in a plant which would take years. Unlike olher 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 syslem which will provide the major
nutrends to the planis and the micro and trace elements that are lacking in straight fertilizers.
Etevated carbon dioxide and other byproducts fiom the decomposition of manuies also reduce
root injury by soil pests (Allee ef al, 1993). Development of heaithy ptants with well developed
intrinsic defense system thwart the pest aftack of any kind. However. lack of sufficient guantities
of these organic manures as alternatives to straight fertilizers can be overcome by judicious
combinations of organic and inorganic fertilizers As these organic manures are also rich in
micro murients, and thus separate application of micro nuirients is rendered redundant. The shift
from chemical to non chemicat pest management through organic farming shoutd 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 fransition. and during the interim years the
farmers could build up a sufficient organic base 1o fertilize the fields and improve the preductivity
of the soil. The vennicompost stands an aiternative for FYM and neem cake as it can be
prepared by the farmer with the available fanm waste and the city waste and garbage can be best
utilized, as #ts disposal is posing threat to the environment. The naturat proliferations of naturat
enemies of crop pests such as coccineflid beetles. spiders, chrysopids, mantids. dragon flies,

damsel files and lizaids have been known (o be effective in keeping pests al a bay
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The inlegrated pest management thiough non-mseclicidal pest management (NIPM) /
hicenvironmenial control relies heavily on the holistic management of the natural resource base.
The agriculturat practices that are govemned by the pinciples of ecology and are within the
ecological means have been pul to practice by some enterprising fanmers in Andhra Pradesh,
Kamnataka and Tamil Nadu and their experiences show that natural farming is an excelent
illustration of sustainable agriculture through sustainable plant protection.  Ecological farming
techniques practiced at the eco-farm of the Kastini estates al Nerkunpaitu in Chengalpattu -
MGR district, Tamil Nadu, and the Gloria land of Sri Aurobindo Ashram, Pondicherry, have
clearly shown thal a holistic approach integrating healthy nutrition through Dbio-feritizers,
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 lo inefficient and less
productive methods.  These practices will reactivate the faligued green revolution to move
forward through promotion of soil healih, package of plant protection measures with each
component a blend of tradition and modermity. As greater understanding of ptant biotogy,
chemistry and ecotogy of the pest is attained we will be able to approach the goal of developing
pest management strategies that are defiberalely and foresightedly designed to be eco-friendly.
Further sludies in lhese lines in various olther crops and other situations against the innumerable

insect pests to encourage the concept is highly appreciable.
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SUMMARY

Groundnut is an important oiiseed crop and is culiivated in 21.52 lac ha in Andhia
Pradesh and accounts for 28.4% area and 22.2% production on all India basis (DES,1993)
Groundnut farmers to overcome insect pests resorted to indiscriminate use of insecticides which
has {ead o several problems such as insecticidal vesistance. outbreak of secondary pesls and
took a tott of beneficial insects, spiders, birds. lizards etc. Keeping the above problems in view,
the present investigations with the basic objective of nen insecticidal IPM in groundnul were

conducted for three seasons at Bapatla and Kavur, Guntur district of Andhra Pradesh

The treatmenis include organic manures like fanm yard manure (FYM), vermicompost,
FYM + vermicomposl, neem cake and the straighl fertilized (NPK) treatments viz. NPK with NPV
of S lifura as a spray at 50 and 75 days after sowing (IDAS). NPK with sunflowei as a trap crop

and NPK with carbofuran seed ireatment and NPK as control

The observations pertaining to the pest and predator counis were recorded at weekly
intervals from 20 DAS iili the harvest of the crop  The data was evaluated al 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 lormalion stages) of groundnut. The biochemical
constituents of groundnut feaves viz. nitrogen (N} crude prolein (CP}, total free amino acids
(TFAA), carbohydrates, phenols and tannins were estimated with standard procedures and

correlated wilth pest and predator incidence,

15
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The resulis revealed that

1. Owganic manuwres reduced the incidence of alh the pests under study. The sucking insects,
jassids and aphids were lowest in neem cake followed by the trealments that received
organic manures, NPK with carbofuran seed treatment and NPK + neem cake The straigh

fertilized {realments recorded higher incidence of jassids and aphids.

2. The treatments that received organic imanures and NPK with seed treatment were superior in
suppressing the leaf miner population than the siraight feqtilized treatments. S /ifura was
effectively reduced in NPK with NPV The other treatments NPK with sunflower, neem cake,
vermicompost aiso showed superiority by recording lower incidence of S. litura on groundnut
The straight fertitized treatments recorded higher incidence of S lifura. NPK with carbofuran
seed {reatment showed s superiority in recording low incidence of H. armnigera 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 fevels of
pest population in organically manured treatments resulted in low incidence of predators. a
densily dependent biotic factor. NPK with seed treatment followed by organic manures
recorded lower natucal enemy population.  The treatmenis did not influence the chrysopids

and in general the population of chrysopids was low.

4. The treatments were found to influence the levels of binchemical constituents of groundnut
leaves. The freatments with organic manures recorded significantly lower amounts of N, CP.
TFAA and carbohydrates and higher levels of the carbon based defense compounds,

phenols and tannins than the straight fertilized treatments Lower nitrogen in the leaves of
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organically manured treatments contributed {0 higher production of phenols and lannins and

vice versa in the treatments that received straight fertilizers.

5. All the pesis and predalors (excepl clwysopids) showed positive correlation with N, CP.
TFAA and carbohydrates and negative correlation with phenols and tannins. The higher N,
CP, TFAA and carbohydiates and low levels of phenols and tannins in slraight fertilized
treatments contributed to higher pest incidence and vice versa in ofganic manured

treatments.

6. The natural enemies like coccinetlid beetles, spiders. chrysopids increased because of the
absence of application of inseclicides. The two rabi seasons recorded 5-10 times higher
coccinellid beetle population than kharif. The population of spiders was aiso higher during
rabi than in kharif. Sunilower planis acted as preferred host to S, jitura and also acled as

bird perches and contribuiled 1o lower incidence of & lifwra and H. annigera.

7. Present studies throw light on the manipuiation of host plant through nutrition to bring
induced/ecologicat resistance in plants. The slight alteration in chemistry of the plant may
bring 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 ailternatives for
shraight ferlilizers and manipulate the host plant. making it less atiractive for the pest. The
studies aiso reduce the cost of inputs lowards inseclicides and fertitizers and promole the
ecological batance through proevision of food {0 nalural enemies and stress the need for
ecological/organic farming to attain sustainable plant protection which inturn paves the way

for sustainabte agriculture.,
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Appendix 9. Weather data: Weelly averages
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