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1. INTRODUCTIONbaZYXWVUTSRQPONMLKJIHGFEDCBA

A lm o s t h a lf o f th e w o r ld d epend s on r ice as a m a jo r so u rce o f fo od . A lth o ugh m ost

r ice p ro du ce rs and con sum ers l iv e in A s ia , r ice is a lso an essen tia l, s tab le and a sou rce o f

in com e fo r m il l io n s o f o th e rs in A fr ica and S ou th A m er ica . InIn d ia , th e to ta l a rea unde r r ice is

abou t 4 3 .4 m il l io n hec ta res and th e annua l p ro du c tio n is appro x im a te ly 8 9 .5 m il l io n to nnes .

A f te r C h in a , In d ia is th e la rg es t p ro du ce r o f r ice in th e w o r ld (A tw a l and D ha liw a l 2 002 ). in

aga land , it is cu lt iv a ted in an a rea o f 1 .5 11akh hec ta res w ith a p ro du c tio n o f 1 .2 3 lak h to nnes

unde r ra in fed and up land cond it io n (A non ym ous , 2 004 ). T he cro p is a tta ck ed b y a num be r o f

in sec t p es ts cau s in g sub s tan tia l lo ss in y ie ld . M o re th an hund red in sec t p es ts a tta ck r ice c ro p ,

o f th ese 20 a re m a jo r p es ts . T he c ro p su f fe rs o n an ave rage 10 -3 0% y ie ld lo ss depend in g on

th e seve r ity o f in c id en ce o f in sec t p es ts and d iseases (O R R ,1990 ) and on an ave rage , th e

y ie ld lo ss due to in sec t p es ts am oun ts to a t leas t 2 0% in In d ia(P a th ak et al., 1982 ). In sec t

p es ts a re one o f th e m a jo r co n s tra in ts in r ice p ro du c tio n as it is ev id en t f rom m u lt i lo ca tio n tr ia ls

co ndu c ted unde r A ll In d ia C oo rd in a ted R ice Im p ro v em en t P rojec t (A IC R IP ) w he re p ro tec ted

c ro p y ie ld ed 28 .8% m o re th an unp ro tec ted (K a lo de , 1 985 ). R ice lea f fo ld e r Cnaphaiocrocis

medina lis(G uenee ) is an im po rtan t p es t in a lm os t a l l th e r ice g row in g coun tr ie s o f A s ia

(K han et al., 1988 ). B e in g one o f th e m in o r p es ts o f r ice it h ad ga in ed th e m ajo r p es t s ta tu s

ev e r s in ce th e in tro d u c tio n o fh ig h y ie ld in g and fe r t i l iz e rrespon s iv e v a r ie t ie s cu lt iv a ted to b r in g

th e g reen rev o lu tio n (R e iss in get al., 1985 ). P ang tey et ai., (1 9 82 ) h as repo rted th e ou tb reak

o f r ice lea f fo ld e r in K oh im a d is tr ic t0 fN aga land .

T he sym p tom s o f lea f fo ld e r d am age a re cha rac te r ized b y th e presen ce o f a

la rg e num be r o f lea fro l ls . T he ca te rp i l la rs a f te r h a tch in g, m ove abou t o n th e r ice lea f

fo r a few m inu tes , sec re te a s i lk en th read and fas ten th e edges o f leav es and one la rv a

is fo u nd in one lea f ro l l o r fo ld . I t sc rap s th e g reen po rt io n on th e uppe r su r face o f

lea f . S c rap in g is d one in it ia l ly in th e m id d le po rt io n o f th elea fb lad e and sub sequen tly

ex tend s to e ith e r end . T he p resen ce o f ca te rp i l la r in s id e the lea f ro l l is in d ica ted b y

th e g reen ex c re to ry m a tte r le f t b eh in d th e ca te rp i l la r d u r in g its p ro g ress o f feed in g .

S c rapp in g is d one on ly len g thw ise on th e lea f su r face . T hey exh ib it fo u r ty p es o f lea f

ro l l in g . ln th e f irs t ty p e , th e edges o f lea f a rea a re fas tened to ge th e r in th e m id d le

reg io n . In th e second ty p e , th e tip o f th e lea f is fas tened to th e m id d le po rt io n o f th e

lea f b lad e . T he th ird ty p e is a lm os t s im ila r to th e second ty pe ex cep t th a t th e lea f is fas tened in

a tw is ted m anne r and in th e fo u r th ty p e th e ad jacen t leav es a re fas tened to ge th e r a f te r ro l l in g

each lea f . F irs t ty p e is m o re com m on and th e second ty p e o f fo ld in g is n o rm a lly seen in th e

ea r l ie r s tag es o f th e c ro p g row th .



R epo rts show th a t sev e re in fes ta tio n o f r ice lea f fo ld e rC medinalis (G uenee ) lead s to

as h ig h as 60 -7 0% lea f d am age (K u shw aha and S in gh , 1 984 ) cau s in g s ig n if ic an ty ie ld lo ss

(M u rugesan and C he ll iah 1986 , S h r iv as tav a 1989 ). P and yaet al. (1 9 87 ) es tim a ted y ie ld lo ss

cau sed b y th e pes ts and con c lu ded th a t ev e ry un it o f in c reasein in fes ta tio n b yC medinalis

a lo ne , y ie ld d ec reased b y 1 .4 0 pe rcen t d u r in g sum m er and L .46 % du r in g kharift w e t) season .

P and yaet al. (1 9 94 ) n o ted th a t ev e ry un it p e r cen t in c rease in th e lea f fo ld e r in c id en ce a t

t i l le r in g , ea r ly ea r in g and m ilk y seed s tage led to 1 .9 8 ,2 .22 and 1 .2 3% y ie ld lo ss du r in g w e t

season .

In ten s iv e c ro p p ro du c tio n sy s tem sti l l re ly h eav ily o n chemica ls fo r in sec t p es t co n tro l

an d th e ro le o f in sec tic id es in r ice is a lm os t s ig n if ic an t asit a c ts as p ro tec tiv e um b re l la fo r o th e r

in p u ts .A lth o ugh th e u se o f in sec tic id es is n o t d irec tly compa tib le w ith th e eco lo g ica l ap p ro ach

to pes t m anagem en t, th e ir u se becom es in ev itab le d u r in g in fes ta tio n abo ve econom ic th resho ld

lev e ls . S in gh et al., (1 9 94 ) repo rted th a t sp ray i n g o f m ono c ro to pho s , ca rb a ry l,p h o sa lo ne ,

p ho spham ito n , fen itro t io n and pho sa lo ne@ 0 .5 kg a . i/h a o r app l ica tio n o fca r tap @ 1 .0 kg

a ilh a w e re e f fec tiv e in con tro l l in g r ice lea f fo ld e r . C hem ica l in sec tic id es w id e ly u sed fo r p es t

co n tro l a re v a lu ed fo r th e e f fec tiv eness , re la t iv e ly lo n g she lf l i fe and th e ease w ith w h ich th ey

can be tran spo rted , s to red and app lied , b u t m os t o f th ese chem ica ls h ave b ro ad spec trum

b io lo g ica l ac tiv i ty w h ich L ead s in sec t p es t to d eve lo p res is tan ce . p es t resu rg en ce , d es tru c tio n

o f th e ir n a tu ra l en em ies tu rn ed fo rm a lly in n o cuou s spec iesin to pes t and ha rm s th e non -ta rg e t

sp ec ies . T hey a lso cau se se r io u s p ro b lem s lik e po llu t io n o fso i l , w a te r and lo ng te rm

con sequen ces fo r m an and w ild l i fe en v iro nm en t. I t h as been repo rted th a t d ue to ex cess iv e

u se o f p es tic id es , a t leas t 4 47 spec ies o f in sec ts and m ites ,2 00 spec ies o f p lan t p a th ogen s and

48 spec ies o f w eed s a re now res is tan t to chem ica l p es tic id es(V e rm a and D ubey , 1 999 ).

T he re is a g row in g aw a reness o f to x ico lo g ica l an d en v iro nm en ta l p ro b lem s in v o lv ed in th e u se

o f ch em ica l p es tic id es in d eve lo ped and a lso in d eve lo p in g coun tr ie s . T h is aw a reness has led

to a s tead ily in c reas in g m ovem en t tow a rd s m o re en v iro nm en ta l-o r ien ted , su s ta in ab le

ag r icu ltu re w ith low o r n o in pu t o f to x ic chem ica l p es tic id es and o th e r ag r icu ltu ra l ch em ica ls

in an a ttem p t to p rese rv e and p ro tec t th e en v iro nm en t as w e lla s hea lth . O ne o f

th eseve ra l ta c tic s is th e exp lo ita t io n o f n a tu ra l p ro du c ts0 f p lan t o r ig in th a t e f fe c ts th e pes t

p opu la tio n th ro ugh m e tabo lic and deve lo pm en ta l d iso rd e rs.

T he p lan t w o r ld is a r ich s to re hou se o fb io -ch em ica ls th a t cou ld be trapped fo r th e ir

u se as pes tic id es . T he to x ic con s ti tu en ts p resen t in th e p lan ts rep resen t th e seconda ry m e tabo li te s
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w hose m a jo r ro les in th e p lan ts a re repo rted ly d e fen s iv e . T hese pes tic id es o f p lan t o r ig in h ave

m any ad van tages o ve r sy n th e tic p es tic id es as th ey po ssesses leas t o r n o hea lth h aza rd s , n o

en v iro nm en ta l p o l lu t io n and m in im um risk o f d ev e lo pm en t o fin sec t res is tan ce , n o r isk o f p es t

resu rg en ce , su r face pe rs is ten ce , n o ad ve rse e f fec t o n c ro pv iab i l i ty , le ss expen s iv e and eas ily

av a ilab le ( S in gh and D ha liw a l, 1 9 93 ).

T he u se o f b o tan ica ls fo r th e con tro l o f in sec t p es ts h as a lo ng h is to ry . U se o f p y re th rum

w asa lread y k now n du r in g th e tim e o f th e P e rs ian k in g D a r iu s The G rea t (5 21 -4 86B C ). N ico tin e

have been u sed in th e las t cen tu r ie s and in sec tic id es fo rm u la ted from he rb s and o ils w e re u sed

fo r th e p ro tec tio n o f seed s and s to red g ra in s b y th e E gyp tians and C h in ese du r in g p re -b ib l ica l

t im es (P ed ig o , 1 999 ). C en tu r ie s be fo re sy n th e tic in sec ticid es becam e ava ilab le , fa rm e rs in

In d iap ro tec ted c ro p s w ith n a tu ra l rep e llen ts fo u nd in neemseed s and leav es (P ru th i an d S in gh ,

1 950 ).T he u se o f b o tan ica ls fo r p es t co n tro l d ec l in ed w ith th e ad ve rt o f D O T and th e w ho le

a rrayo f d is t in c t iv e ly to x ic , b ro ad spec trum in sec tic id es. T he va lu e o f b o tan ica ls th a t a f fe c t th e

behav io u r and ph y s io lo g y o f p es ts , ra th e r k i l l in g th em ou trig h t, h as been recogn ized . T hey a re

des irab le in in teg ra ted pes t m anagem en t p ro g ra rnm e and p lan t sp ec ies sc reened fo r in sec tic id a l

p ro pe rt ie s ex ceeded 6000 b y 1971 , o f th ese nea r ly 2 400 spec ies be lo ng in g to 235 p lan t

fam il ie s a re repo rted to ex h ib it co n s id e rab le pes t co n tro lac tiv i ty (G ra in g e and A hm ed , 1 988 ).

K eep in g th e abo ve po in ts in m in d , th e p resen t s tu d y w as unde rtak en to exp lo re f iv e

lo ca l ly av a ilab le p lan ts , Asang (Amphineuron apulentumK au lf . H o ltum .) ; Akawa

(Clerodendrum viscosumV en t.) ; Ongret(Litsea citrataB I. B ijd r .) ; S u li (Millettia auriculata

B ake rex B rand )andAlinengba (Mimusops hexandraR oxb .C o r.) k n ow n w ith to x ic p ro pe rty

e re se lec ted fo r tes tin g th e ir in sec tic id a l p ro pe rty aga ins t r ice lea f fo ld e r w h ich is em e rg in g as

th e num be r one pes t o f r ice , in N aga land w ith th e fo l low in g objec tiv es :

E va lu a tio n o f c ru de p lan t ex trac ts fo r th e ir an ti feedan t p ro pe rty in lab o ra to ry /n e t h ou se .

E f fec t o f c ru de p lan t ex trac ts o n o v ip o s it io n a l ac tiv i ty inlab o ra to ry /n e t h ou se .

E f fec t o f c ru de p lan t ex trac ts o n th e deve lo pm en ta l s tag e inlab o ra to ry /n e t h ou se .

F ie ld ev a lu a tio n o f c ru de p lan t ex trac ts fo r m anagem en t o f th e pes t p opu la tio n .

3
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2. REVIEW OF LITERATURE

The research work conducted and publ ished by the workers in the past on botanical

insecticides/plant products in the field of present investigations on rice leaffolder, insect pests

of rice and other crops are reviewed in this chapter by categorizing in the following manner.

2.1 Laboratory/ net house studies.

2.2 Field evaluation.

2.1.Laboratory / net house studies.

11.1. Plant products as antifeedant / repellent property.

Crude oil, expelled [Tom decorticated seeds at 3, 6, 13,25 and 50 % v/v formulations

in water containing 0.1% to 1.66 % Teepol, repelled first instar larvae ofCXWVUTSRQPONMLKJIHGFEDCBAm e d in a l i s when

choice was given between treated and control leaf cuts. The percentage oflarvae settled for

feeding after 24 hours on treated leaves were significantlylower than control. Feeding of

C.m e d in a l i s were also reduced and the weight of the excreta was significantly less as compared

to the control and higherconc. ofneem oil give greater reduction in feeding. (IRRI 1979).

Saxena e t a l . , 1980 reported that when neem oil treated leaves with 12% were

offered to leaffolder in a Choice test it significantly lowered the number oflarvae arrived on

treated leaves and antifeedant acti vi ty of neem0iIwas higher with an increase in conc. of neem

oil pray on plants, as measured by quantum of excreta.

In laboratory and green house test, suspensions containinglow concentrations of

azadirachtin and solannin, compounds isolated from ethanol extracts of neem seeds,A . in d ic a

. Juss.. possessed activity as feeding deterrents against the striped cucumber beetle,A c a ly m m a

i u a tu m (F), and spotted cucumber beetle,GFEDCBAD ia b ro t ic a u n d e c im p u n c ta ta h o w a r d i i Barber.

The chemicals were particularly active against the stripedcucumber beetle, the more serious

pest of muskmelons. (Reede t . a l . , 1 9 8 2 ) .

Krishniah and Kalode, (1984) reported that neem oil discouraged settling of brown

planthopper,N ila p a rv a ta l u g e n s (stal) and white backed planthopper;S o g a te l la fu r c ife ra

(Horvath) on treated plants and considerably reduced theirintake.
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Alford and Bentley, (1986), examined citrus limonoids limonin, deoxylimonin and citrolin

for activity as antifeedants and growth disruptors againstlarvae of the spruce budworm,XWVUTSRQPONMLKJIHGFEDCBA

C h o r is to n e u r a fu m i fe r a n a (Clemens). Diet consumption assays indicated no significant

depression offeeding by these compounds incorporated at 1000 ppm in short-term (48 h)

no-choice and choice tests. Long term feeding studies ( fourth instar to pupa) showed that

highconcentration of citrolin (500 ppm) extended larval development time by 40% over that

ofcontrol; limonin and deoxylimonin had no significant effect on development. Pupal weights

of individuals fed with limonoids were not affected.

Tripathi e t a l . , (1987) evaluated acetone extracts of26 plants for antifeedant activity

againstBiharhairy caterpillar S p i lo s o m a o b l iq u a . Among 26 plant extracts tested, antifeedant

tivity was highest inL in d e n b e r g ia g r a n d i f lo r a Benth followed byP a s s i f lo r a m o l l i s s im a

HBK which gave 82.75 and 71.84 % protection over control respectively. While moderate

antifeedant activity was found inS c h im a k h o s ia n a Dyer and E h r e t ia c a n a r e n s is Miq. which

gave61.11 and 60.70 % protection over control respectively.

In laboratory experiments, concentrations of 0.4, 0.8 and 1.2 % (w/v) neem-seed

tract inhibited feeding of adult and larvae of Colorado potato beetle, L e p t in o ta r s a

d e c e m l in e a ta(Say) on treated potato foliage,S o la n u m tu b e r o s u m L. Adult mortality did not

ceed 25% in any neem treatment; however, 73 % of larvae were dead 72 h after feeding on

foliagetreated with 1.2 % neem extract. Toxicity of neem extract to larvae was enhanced, and

feeding of larvae and adults was inhibited to a greater extent by addition of the synergist

piperonyl butaoxide (PBO) at a ratio of 10: 1 (PBO/azadirachtin). In field experiments, spray

applicationofneem extract significantly reduced numbersofGFEDCBAL . d e c e m l in e a ta larvae and adults

in treated plots on all sample dates. The effectiveness of neem extract againstL . d e c e m l in e a ta

significantly improved on two days by addition ofPBO (Zehnder and Warthen, 1988).

Semi-solid crude plant extractives isolated by soxhlet extraction with solvents were

tested againstJ" instar larvae of castor semi-looperA c h a e a ja n a ta L. at 1000 and 500 ppm

conc. (w/v) by Purohit et a\.,(1989). Among them, products from A . in d ic a seeds, vemidin,

eemol, Nemidin, A n n o n a s q u a m o s a and D ia s p y r o u s c h lo r o x y lo n exhibited absolute

antifeedantactivity.
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RaoXWVUTSRQPONMLKJIHGFEDCBAe t a i . , (1990) reported that Petroleum ether extracts ofA . s q u a m o s a L., A r g e m o n e

l l le x ic a n a L., c a lo t r o p is g ig a n te a n R.Br., D a tu r a s t r a m o n iu m L., E u c a ly p tu s g lo b u le s

ill, P o n g a m ia g la b r a vent., R ic in u s c o m m u n is L. at 0.5 % conc. offered cent per cent

tection indicating their high antifeedant effect onH e n o s e p i la c h n a v ig in t io c to p u n c ta ta ,

whilepetroleum ether extract at 1% cone.gave more than 85% protection exceptL e u c a e m e a

le u c o p h y lawhich offered only 60.44% protection over control. Among the aqueous extract

I and 5 % concentration ofA . S q u a m o s a .GFEDCBAA . m e x ic a n a , C. g ig a n te a and R . c o m m u n is

owed higher antifeedant activity and aqueous extracts ofL . le u c o p h y la , P S r o s o p h i l s

J U l i f lo r a , S a p in d u s e m e r g in a tu s gave very poor protection atI % cone. against 2'1(' instar

larvae indicating very little antifeedant activity.

Seven plant extracts viz.A . in d ic a A.J uss,P o n g a m ia g la b r a vent., A n n o n a s q u a m o s a

L a w s o in a a lb a L. and D a tu r a s u a v e o le u s were determined for anti feedant activity against

S p o d o p te r a l i tu r a (Fab) on groundnut leaves. The results indicated that leaf and seed extracts

fA . i n d ic a A .1 u s s and the extract ofP g la b ra Vent. were highly effective and offered 75.55,

8.96 and 66.41% protection respecti vel y at IS% cone. and it was also concl uded that the

antifeedants are dose dependent. (Koshuya and Ghelani, 1990)

Dubey e t a l . , (1991) studied anti feeding property of nine naturally occurring plant

products against the larvae ofH e l ic o v e r p a a r m ig e r a Hb. Neem seed kernel extract 5% and

eem rind extract1 % provided maximum protection to chickpea resulting in higher yields.

Garlic (0.5 %), Shikekai pod (1%), Ritha pod (1%) and Onion extracts (2.5%) proved to

Chloroform extract offlowers ofR h o d o d e n d r o n m o l lewas found to be very effective

asantifeedant againstS'" instar larvae ofM . s e p e r a ta and N . iu g e n s and a very potent contact

poison against 3rd instar larvae of rice borer,C. s u p p e r e s s a l i s (Chin, 1993).

Methanolic extracts of3 7 plants were evaluated by Tripathi and Singh, (1994),

as feeding deterrent againstS. o b l iq u a Walker by using leaf disc method as bioassay,

antifeedantactivity has been confirmed in eight plants. Highest protection was shown byR o b u s

e l l ip l i c u s (100%) which was followed byS a r a c a in d ic a (99.57 %), neem extract (99.00%)

andU r i t i c a p a r v i f lo r a (83.61 %). All these plants were at par with each other and equally

effective.
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Jacob and Sheila, (1994), investigated aqueous extracts ofXWVUTSRQPONMLKJIHGFEDCBAD a tu r a a lb a Nees.,

i n d ic a (Adr). Juss,C p r o c e r a Br. and C h r o m o la e n a o d o r a tu m L. for antifeedant property

'n s tS e le p a d o c i l i sButl and P e r ic a l l i a r i c in i F. Leaf disc bioassay method showed that

y A z a d i r a c h ta in d ic a extract (5%) exhibited high antifeedant property against bothP

i n ia n d S.d o c i l i s with feeding ratio 17.78% and medium antifeedant property with 37.98

According to Rao e t . a l . , (1996), neem and custard apple acts as effective

odeterrents at 0.1% cone. but without significant mortality onA c h o e a ja n a ta Linn larvae

n compared to endosulfan 0.05% and botanical formulations when sprayed on castor

ts retained their antifeedancy upto 7 days in field.

Bisen and Kumar, (1997), evaluated that petroleum ether extract 1% cone. ofA r t im is ia

g a r is , U r t i c a d io ic a , P o ly g o n u m r u n c in e tu m and E u p a to r iu m g la n d u lo s u m for their

ifeedant action against 3rd instal' larvae of bunch caterpillar on tea in the laboratory. All the

textracts showed varying degree of antifeedant effects andoffered 77.52 to 87.19%

tection to tea leaves over control against feeding by bunch caterpillar. The maximum

tifeedant action was exhibited by the extract ofA . v u lg a r is followed by P r u n c in e tu m ,

d io ic a and E . g la n d u lo s u m at 1.0% concentration each. Each of the four plant extracts at

5 % and 0.25% cone. has been found effective as antifeedant but to a lesserdegree as

Mayabeni (1997) compared the efficacy of neem bark decoction, neem based chemicals

neem derivatives (neem oil, leaf extract and leaf decoction) against 4th instal' larvae of

m e d in a l i s . Leaf area fed by the larvae recorded after 48 hours proved that neem bark was

most effective botanical in reducing the rate offeedingandpupation.

Raoe t a l . , (1999) reported annona concentrate @0.025% to be effective antifeedant

instH . a r m ig e r a Hub. with 92.39 % reduction in feeding till 48 hours after application.

, tureofannonaoil and neemoil (annona oil 36 EC+ neem oil36 EC) also showed efficacy

ith 41.08 per cent reduction in feeding over control. Neem formulation azadirachtin 1500

was the effective among other neem formulations with a reduction of87.31 % feeding.

Patel and Jhala, (1999) tested antifeedant acti vity of different neem formulations viz.

lin @ 1.0 %, Margocide CK @ 0.1%, eemark @ 1%, Gronim @ 0.6%, Nimbecidine

0,2 %, Parasmaru @ 0.3%, Neem oil @ 0.5 % and Achook @ 1.0% against A th a l ia

e n s p r o x im a which showed antifeedant action with highest% reduction in leaf area

umption (72.72%) on Margocide CK.
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Antifeedant property of two commercial neem formulations viz. Neem Azal-GFEDCBAT IS

(I % azadirachtin) and eem Azal- F (5% azadirachtin) in comparison with a standard

insecticide endosulfan 35 EC tested by leaf disc dipping method againstXWVUTSRQPONMLKJIHGFEDCBAA c h e r o n t ia s ty x ,

H e n o s e p i la c h n a v ig in t io c to p u n c ta ta and M y l lo c e r o s s u b fa s c ia tu s adults revealed that,

though endosulfan recorded the lowest leaf damage owing to its lethal action, Neem Azal- F

ImVIwas most potent antifeedant againstA c h e r o n t ia s ty x and M y l /o c e r o s s u b fa s c ia tu s adults

with 97.40 and 98.24% protection. eemAzal- T IS 5mlll exhibited the highest level of

feeding deterrency (92.34%) against H e n o s e p i la c h n a v ig in t io c to p u n c ta ta and the antifeedant

effect was in general dose dependent. (Kumar and Babu, 1999)

Saikia and Parameswaran, (2000) evaluated EC and dust formulation of neem

tA z a d i r a c h ia in d ic a ) and pungam ( p o n g a m ia g la b r a ) oil for its repellant and antifeedant

properties against rice leaffolder,c n a p h a lo c r o c is m e d in a ! i s (Guenee). They found Neem oil

60 EC (A) at 3%, eem oil + Pungam oil60 EC (C) at 3% and Neem seed kernel dust 200

at 25 kg/ha to be most effective and potent repellent as well as anti feedant against rice leaffolder.

The neem based EC and dust formulations at higher concentrations found to retain antifeedant

property for six days.

Acetone extracts of I 7 plant species screened for the presence of anti feedant property

against s p o d o p te r a l i t u r a indicated that the extracts ofA z a d i r a c h ta in d ic a , H o la r r h e n a

a n t id y s e n te r ic a , G ly r ic id ia m a c u la te a n d A c o r u s c a la m u s were found to possess strong

antifeedant activity on the basi of minimum per cent feedingand maximum protection over

control. The former plant species recorded lowest PC95 (protection over control) value of

0.048 per cent which was 16.25,43.52 and 60.40 times lower than extracts ofA . c a la m u s ,

G i m a c u la te and H a n t id y s e n te r i c a respectively. (Desai and Patil, 2000)

Bansal e t a l . (2001) screened A ju g a p a r v i f lo r a and A ju g a b r a c t e o s a for

antifeedant activity against s p i lo s o m a obliqua Walker. Methanol extract of

A . p a r v i f lo r a has been found to exhibit significant antifeedant activityat all tested

conc. viz. 200 ppm, 100 ppm, 50 ppm and 25 ppm. There was signi ficant decrease in activity

with decrease in cone. WhileA . b r a c te o s a exhibited significant activity at 200 ppm cone.

only. At lower concentrations ie. 100 ppm, 50 ppm and 25 ppm antifeedant activity was

insignificant
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Leaf disc choice method was adopted by RamarethinamXWVUTSRQPONMLKJIHGFEDCBAe t a l . , (2002) to determine

the antifeedant activity ofnimbecidine in the laboratory.Study revealed significant influence on

A c h o e a ja n a ta and a positive dose dependent on antifeedant activity with highest on dose 6GFEDCBA

m J /I .

Metha e t a l . . (2002) reported that petroleum ether extractso fA r le m is ia b r e v i fo l ia

Wall, E u p a to r iu m a d e n o p h o r u m Spreng. L a n ta n a c a m e r a L. M e l ia a z a d a r a c h Land R u m e x

n e p a le n s is exhibited complete cessation of feeding on third instar caterpillar of cabbage butterfly

P ie r is b r a s s ic a e at 5 % concentration. Moderate to high level of reductions infeeding were

resulted varying from 89.43 - 95.83 %, 75.50 - 88.90 % and 52.97 - 75.17 % at lower

concentrations of2.1, 1.25 and 0.625 % respectively.

Extracts of P o g o s te m o n p a r v i f lo r u s , P o n g a m ia g la b r aand A . s q u a m o s a showed

antifeedant activity against tea mosquito bug,H e lo p e l t i s th e iv o r a Waterhouse. The extract of

P . p a r v i f lo r u s possesses highest antifeedant property. The anti feed ant activity with petroleum

ether and methanol extracts were less as compared to chloroform extract. (Gogoi e t a l . ,

2003).

Belina e t a l . , (2005) has reported a low to moderate effectof cow-five( P u r c h g a v y a )

on C m e d in a l i s in combination with soapnut solution. In the screen house when mixed with

0.5 % soapnutsolution it was effective in reducing feeding significantly as compared to untreated

control but was inferior to entosulfan (0.07 %).

2.1.2. Plant products as ovicides I oviposition deterrents.

In laboratory trials conducted by Saxenae t a l . , (1981), females of the rice leaffolder,

C n a p h a lo c r o c is m e d in a l i s (Guenee) laid only one third of the number of eggs on neem oil

treated rice plants (25 % and 50 %) as compared to control.

According to Singh and Srivastava, (1985) alcohol extract of neem seed oil at 5%

completely deterred ovipositional activity ofD a c u s c u c u r b i ta eand even 2.5% concentration

was effective in preventing oviposition.

Saxena and Barrion, (1987) reported that treatment of rice plants with neem seed

kernel extract affected reproductive maturation ofN i la p a r v a ta iu g e n s (Stal.) of males and

frequencies of meiotic cells were significantly less in male progenies.
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VelusamyXWVUTSRQPONMLKJIHGFEDCBAe t a l . , (1987) evaluated three neem products, neem oil at I %,2 %, 5% •••

neem seed kernel extract and 5% neem cake extract on brown planthopper oviposition.

Treatments with all three products significantly reduced oviposition with maximum reduction

on 2% neem oil product.

Karem e t a l . , ( 1988 b) reported that oviposition byN e p h o te t t i x v i r e s c e u s(Distant)

and hatchability of eggs decreased on rice seedlings systemically treated with neem seed kernel

extract.

Petroleum ether extracts of six plants viz.A n n o n a s q u a m o s a , S a p in d u s t r y o l ia tu s ,

A c a c ia c o n c in n a , G y r a n d r o p is p e n la p h y l la , H y u o c a r p u s a lpin e and O c im u m g r a t i s s im u m

was evaluated by Reddy and Urs, (1988) for ovipositional reduction on brown planthopper at

5% and 2% cone. The result indicated significant reduction in all sixextracts with maximum

reduction inA n n o n a s q u a m o s a .

Saxena e t a l . , (1989) reported that topical application of neem oil onN i la p a r v a ta

lu g e n s(Sta\.) females at 2.5 or 5 mglindividual or caging on plantssprayed with> 3% neem

oil disrupted the production of normal courtship signals and mating behaviour. At higher cone.

Of neem oil, most females did not call, consequently males could not locate the females.

Different neem based formulations viz. Repelin 1.0%, Margocide CK 0.6%, Nimbecidine

0.2%, Parasmani 0.3%, Neem oil 0.5% and Achook 1.0% were tested in the laboratory by

Patel and Ihala, (1999), for oviposition deterrent againstsawfly, A th a l ia lu g e n s p r o x im a(Klug).

The result showed that Repel in was the most effective oviposition deterrent.

Dwivedi and Mathur, (2000), designed a laboratory trial to find potentiality offive plant

extracts viz.,L a w s o n ia in e r m is (Lythraceae), A c a c ia n i lo t i c a (Mimosaceae), T a g e te s in d ic a

(Compositae), T h e v e t ia n e r r i fo l ia (Apocyanaceae) in acetone and pet ether as ovicide against

pulse beetle,C a l lo s o b r u c h u s c h in e n s is .Out of these plants evaluated,GFEDCBAL a w s o n ia leaf extract in

both the solvents was found to be most effective, however, other screened plants also exhibit

significant egg mortality, 85% in acetone and 71.67 % in petroleum ether has been observed in

100% concentration ofL a w s o n ia leaf extract. Experiments were conducted at optimum

conditions of temperature and relative humidity viz., 25± 5° and 70±RH respectively.

Sundararaju and Babu. (2000) evaluated tender and hardened(matured) shoots of

cashew along with tender and hardened shoots of neem for oviposition preference on neem

mosquito bug,H e lo p e l t i s a n to n u sign. under choice test. In spite of relatively high moisture
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content, total sugar and protein, and low phenol and tannin estimated in the tender and hardened

shoots of cashew than neem, the matured shoots of cashew werevery much less preferred for

•••

oviposition which indicates the presence of strong deterrency factor to be exploited as a botanical

insecticide.

Patil and Goud, (2003) evaluated ten methanolic plant extracts viz.-XWVUTSRQPONMLKJIHGFEDCBAA c o r u s c a la m u s

L., A n n o n a s q u a m o s a L., A z a d i r a c h ta in d ic a A. Juss, C le r o d e n d r o n in e r m e Garten,

L y c o p e r s ic o n e s c u le n tu mMill, M e l ia a z a d a r a c h L., O c im u m s a n c tu mL.. R ic in u s c o m m u n is

L., V in c ar o s e aL., V i te x n e g u n d oL., and two commercial botanicals (Honge oil and Neemark)

for their ovipositional/repellent properties againstp lu te l la x y lo s te l la under laboratory

conditions. Among the plant product tested,A z a d i r a c h ta in d ic a at 0.5% cone. recorded

maximum reduction in egg laying both under no choice (50.33%) and free choice (64.43%)

followed by A c o r u s c a la m u s with 40.55% and 40.87% reduction respectively in no choice

and free choice conditions. Whereas, least repellency was noticed with castor, R ic in u s

c o m m u n isextract.

2.1.3.Plant products as growthand development inhibitors.

Binder and Waiss, (1984) reported that extracts of dried soyabean, G ly c in e m a x (L)

and Merrill leaves from the insect resistant line PI 229358 with solvents of increasing polarity

when incorporated in artificia! diet ofbollworm,H e l io th is Zea (Boddie), larvae caused increased

larval mortality. Larval deaths were associated with failure to complete larval-to-pupal

metamorphosis.

Prabhaker e t a l . , (1986) reported that neem-seed extract, incorporated into

an artificial diet at 0.02, 0.2 and 2.0 % (wt / vol) prolonged development and induced

mortality in all larval stages ofT r ic h o p lu s ia n i (Hubner) and S p o d o p te r a e x ig u a

(Hubner). Only one non-reproductiveGFEDCBAT n i adult female was produced at the lowest

concentration (0.02 %) when fifth instars were exposed to the diet. No pupae were

formed by S. e x ig u a larvae, regardless of stage treated with or extract

concentrationtested. Larval mortality of both species wasmore pronounced during ecdysis,

indicating activity similar to that of other insect growth regulators.
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Saxena (1987) reported that larvae of rice leaffolders caged on neem oil or extract

treated plants suffered from ecdysial failures and developmental deformities.

In a greenhouse study, oils extracted from seeds of Karanj,XWVUTSRQPONMLKJIHGFEDCBA( P o n g a m ia p in n a ta

•••

Pierre); mahua, ( M a d h u c a lo n g i fo l ia Koen. Macbr) and pinnai,( C o lo p h y l lu m in o p h y l lu m

L.), trees were more effective than the oil ofneem,A z a d i r a c h ta in d ic a A. Juss, in reducing

the survival of the rice green leafhopper,N e p h o te t t ia v i r e s c e n s (Distant) and transmission of

the rice tungro virus (RTV) and were as effective as oil of custard-apple, A n n o n a s q u a m o s a

L. Insect mortality was 100% after 4 d on rice plants sprayed with oils at 5% concentration

in contrasts to 69% insect survival on control plants (MariappanGFEDCBAe t a f . , 1 9 8 8 ) .

Milled seed of L im u a n th e s a lb a var. versicolar (Greene) when incorporated into

artificial diet at 3% (wet weight), caused 100% mortality in newly hatched fall armyworm

larvae,S p o d o p te r a f r u g ip e r d a (Smith) within 8 days. An ether extract and subsequent ethanol

extract at dose equivalent to 3% powdered meal caused no mortality. European corn borer

larvae,O s t r in ia n u b i la l i s (Hubner), were less sensitive to the materials derived fromL. alba.

The seed meal did not cause significant mortality, althoughweights of the surviving larvae were

only 4% of the weight of the control larvae after 8 days (Bartelt and Mikolajczak, 1989)

Effects of azadirachtin on the metamorphosis, longevity and reproduction of

Mediterranean fruit fly,C e r a t i t i s c a p i ta ta (Wiedemann); oriental fruit fly,D a c u s d o r s a l i s

(Hendel) and melon fly,D . c u c u r b i ta e (Coquillett), exposed as late third instars and pupae to

treated sand were determined by Johne t . a l . , (\990). Formation of pupa ria was not affected

by Azadirachtin at the concentrations tested. Adult emergence was completely inhibited at

concentrations of 14 ppm for D.c u c u r b i ta e . D. c u c u r b i ta e was signi ficantly more susceptible

to azadirachtin than C.c a p i ta ta and D.d o r s a l i s . Even though adult emergence was inhibited,

approximately 95% of treated puparia contained living adults. Adults that emerged from

treatments appeared normal but significantly mortality was noticed when compared with control.

Ten days after emergence 75% D . d o r s a l i s and 64 % C. c a p i ta ta died after treatment

exposure as larvae and pupae to 4.66 ppm azadirachtin. Whereas approximately 24% of D.

c u c u r b i ta e exposed to 2.77 ppm azadirachtin died within 10d after emergence.

Azadirachtin had no significant effect on the number of eggslaid by adult D . d o r s a l i s

and C.c a p i ta ta that had survived larval-pupal treatments with 1.85 ppm. Azadirachtin had no

significant effect on egg hatching growth and development ofF I progeny.
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Krishnaiahand Kalode, (\990) showed that the oils ofmahuaXWVUTSRQPONMLKJIHGFEDCBA( B a s s ic a d a t i fo l ia )and

pinnai tC a lo p h y l lu m in o p h y l lu m ) were highly toxic to brown planthopper (BPH) nymphs

and were superior to maravetty( H y d n o c a r p u s w ig h t ia n a ) .Oil ofpinnai and neem affected

orientation and settling ofBPH. Pinnai was superior to neemand Mahua in antifeedant effects

•••

against BHP. They also disrupted the growth ofBPH and green leafhopper (GLH). Neem

seed kernel water extract (NSKWE) spray adversely affectedthe growth ofBPH (at 500

ppm) and GLH (at 25000 ppm). NSK WE as seedling root dip was more efficient than spray.

Neem seed kernel suspension (NSKS) 3% level inhibited the growth ofGLH nymphs. Field

studies revealed that neem cake (150 kg/ ha) incorporated insoil and followed by neem oil (3

%) spray at 10 days interval effectively checked leaf folder incidence. However 3% sprays of

neem oil, mahua oil, pinnai oil and neem seed kernel suspension did not show consistant

effectiveness against stem borer( S c i r p o p h a g a in c e r tu la s i .gall midge ( O r s e o l ia o r y z a e )and

whorl maggot ( H y d r e l l i a P h i l ip p in e s ) .

Harvey e t a l . , (1994) evaluated effects of selected natural insecticideson the tobacco

bud worm, H e l io th is v i r e s c e n s (F). Compounds evaluated were azadirachtin, Kryocide,

Pyrerthrum, rotenone, ryania and sabadilla. Survivorshipwithin the rotenone (87.3%) treatment

was highest and was at par with the control (83.3%); larvae exposed to ryania and azadirachtin

rarely survived beyond the first instal'. Survivorships among the Kryocide, pyrethrum and

sabadilla treatments were 56.7, 40.0 and 35.0% respectively. With the exception of rotenone,

developmental time was significantly longer for all treatments compared with the control. Larvae

maintained on the diet required 20 additional days to reach the pupal stage. Similarly,

development among larvae reared on Kryocide and sabadilla was lengthened to 9 and 13

days respectively. Neem seed extract inhibited growth and development of gypsy moth, Lymantria

dispar (L) larvae was reported by Martine t a l . , t 994. Untreated control larvae increased

their weight by 40 fold by day t 4, whereas insects treated with 0.0-10% neem and t.O %

neem weighed 30% and 40% respectively, of the average weight of the untreated larvae. By

day 14,99 % of the controls were in the fi fth stage and 1% were prepupae. After treatment

with O. to % neem almost one - third ofthose larvae were still in the fourth stage, whereas

larvae treated with 1.0% neem were still in the second and third stages.

Alice e t a l . , (2000) reported that in the seed treatment method, neem seedkernel

extract (NSKE) (5%) and palmarosa oil (0.05%) was found to have 46.6% survival of
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brown planthopper,XWVUTSRQPONMLKJIHGFEDCBAN i la p a r v a ta lu g e n s (Stal.) as against 86.6% in control. Mean

developmental period was more in SKE (l6.33 days) and growthindex was minimum in

Neem seed kernel extract (2.85%). In seedling root dip method, a similar trend as in seed

treatment method was observed, in foliar application method also Neem seed kernel extract

was found to be superior among the other plant products. The area of the honeydew by BPH

absorbed in the filter paper was maximum in Neem seed kernel extract 5% which showed an

increase number of feeding probes yeast like symbiotes (YLS) was found to be minimum in

neem product.

Morale e t . a l . , (2000) reported that neem oilI%, Karanj oil 1%, cotton seed oilI%

andNSE(methanolic) 1% significantly affected the larval period, larval mortality and fecundity

of H e l ic o v e r p a a r m ig e r a (Hubner). Neem oil 1% and Neem seed extract (NSE) (aqueous)

5 % caused malformation of pupae while adults were found malformed due to SE (methanolic)

1%, Neem oil I% and NSE (aqueous)5 %.

Methanolic extract ofNSKE was evaluated by Joseph, (2000) for its antifeedant and

growth inhibitory effects against last instal' larvae of Ailanthus defoliator, E l ig m a n a r c is s u s

in d ic a . The result indicates feeding deterrence and growth inhibition. Larval feeding on NSKE

treated food resulted in various degrees of growth disruption in pupal and adult morphogenesis

in a dose-dependent manner.

2.2. Field evaluation.

Rajasekaran e tGFEDCBA0 1 . , (1988) evaluated 5% eem seed kernel extract (NSKE) and

neem coated urea (NCY)@ 100 kg+ 150 kg neem cake/40m2 plot against rice stem borer,

S c i r p o p h a g a in c e r tu la s (Walker); leaffolder, C n a p h a lo c r o c is m e d in a l i s (Gunee) and ear

head bug,L e p to c o r is a o r a to r iu s (F abricus). NSKE significantly reduced damage by leaffolder.

The efficacy was comparable to monocrotophos while NSKE hadno effect on stem borer

and earhead bug.

Neem oil at 4% cone. was recorded to be very effective against white back

planthopper (WB PH), S o g a te l la fu r c ife r a (Horvath) and green leafhopper

( G L H ) ,N e p h o te t t i x spp. The treatment was at par with monocrotophos and chlorpyriphos

(Shukla e t a l . , 1 9 8 8 ) .
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Neem oil at 4 cone. 1 %,2 %, 3 % and 4 % mixed with teepol 0.4 % was evaluated

by Singhet al., (1993) against rice leaffolder, C.XWVUTSRQPONMLKJIHGFEDCBAm e d in a l i s (Gunee) on PR 160. Observations

on all treatments were significantly better with 20.56 to 26.9 t percent damage leaves than

untreated control with 33.32% leaf damage with minimum infestation of20.56 % on 2 % neem

oil treatment. The difference with respect to yield in various treatments (4678 to 5048 kg/ha)

and untreated control (4360 kg/ha) were non significant andhigher conc. (4 %) ofneem oil

treatment exhibited less effectiveness against rice leaffolder.

Dilawari e t a l . , (1991) reported that application of Nee mark at 0.25 kg a.i.lha at

white head stage was effective against rice stem borer,S c i r p o p h a g a in c e r tu la s(Walk.) and

found to at par with chlorpyrifos (0.5 kg a.i.lha) and yield was also significantly better than

control and was at par with carbofuran, phorate, phosphamidon and chlorpyrifos.

According to Jayaraj, (1991) neem seed kernel extract (3-5 %) was effective against

rice leaffolder, Marasmia patnalis (Bradly).

Neemark, Repelin, Neemrichr and IIalone or in combination with synthetic insecticide

monocrotophos (N uvacron) were evaluated against the rice leaffolder, C.m e d in a l i s (Guenee)

in the field by Singh e t a l . , (1994). Repelin recorded minimum percentage offolded leaves

(10.08 %) as compared with control (21.04 %). The combine treatments (Neemark-

monocrotophos) significantly reduced the leaffolder damage, which were found to be at par

with monocrotophos alone.

Dhaliwal e t a l . , (t 993) reported that Repelin and eemrich II were effective in reducing

rice leaffolder incidence with leaf damage 18.91 % and 20.64% respectively as compared to

untreated control with 32.15 % damaged leaves.

Muralibaskaran e t a l . , (1993) evaluated six plant products for their efficacy against

sesame shoot Webber and pod borer during 1987 and 1988 rainy season by spraying them

twice at 30 and 50 days after sowing. Among them neem oil (2 %) reduced shoot Webber

damage even upto 7 days after each treatment and also registered lower pod borer damage (4

%). In addition neem oil yielded highest cost benefit ratio of3 :67 followed by endosulfan (0.07

%) neem kernel extract (2 %) and tobacco decoction(I %). Neem leaf extract, karanj oil (2

%) and Mahuwa oil (2 %) were not profitable treatments and recorded cost benefit ratio less

than one.

•••
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Ambethgar (1996) eval uated the efficacy of different neem products, viz., neem cake •••.

(200 kg/ha basal application), neem cake (200 kg/ha basal application) + neem seed kernel

extract (NSKE) 5 %, neem leaf decoction (0.5 kg/one litre of water), and neem oil3 % was

compared with chlorphyriphos (0.5 kga.i/ha) and quinalphos (0.4 kg a.i/ha) against rice leaffolder,

C.XWVUTSRQPONMLKJIHGFEDCBAm e d in a l i s Guenee under field conditions. The treatments were appliedat two times at 7

day interval, the first at 25 OAT. Chlopyriphos proved to be the most effective exhibiting the

leaf damage 11.10 % and 10.08 % followed by Neem cake+NS KE 5 % with 12.11 % and

12.29%, Quinalphos 15.80 % and 14.57 %, neem seed kernel extract 16.02 % and 16.08 %

and neem oil 16.47 % and 16.84 % leaf damage after the first andsecond sprayings respectively.

Both the applications of neem leaf decoction and neem cake proved least effective in reducing

the percentage of damaged leaves due to rice leaffolder.

Kaul and Sharma, (1999) evaluated efficacy of six neem products, viz., Nimbicidine,

Neemark, Neemgold, Econeem, Neemazal and Fortune in the field against major insect pests

of rice. All neem formulations were at par with the insecticide chloropyriphos for the control of

stem borer,S e i r p o p h a g a in n o ta ta (Walle); rice hispa, D ic la d is p a a r m ig e r a (Olivier); and

leaffolder,C m e d in a l i s (Guenee), damaging rice varietyK a s tu r i B a s m a t i . Significantly higher

yields (30-31 Q/ha) were obtained in treated plots as compared to (28 Q/ha) in the untreated

plot.

Krishnamurthi e t a l . , (1999) evaluated locally available botanicals, viz.,L a n ta n a

c a m e r a , E u p h o r b ia h i r ta , A n d r o g r a p h is p a n ic u la ta , B o u g a in v i l l a e p r o s o p is in comparison

with proven botanicals neem and pungam deri vati ves and an insecticide chlorpyri phos against

rice leaffolder,C m e d in a l i s . Results revealed that the application of plant extracts forcontrolling

rice leaffolder incidence was as effective as that ofNSKE and these two were found to be

equally effective as that of chlorpyriphos in reducing the population of rice leaffolder.

Field evaluation of custard apple( A n n o n a s q u a m o s a .L ) and neem (Azadirachtai n d ic a

A. Juss.) based formulations against castor semi-looperGFEDCBA(A c h a e a ja n a ta L.) indicated that

reduction in the larval population at 24 and 72 hI'Safter treatment respectively was 58.89 % to

66.70 % by Annona oil concentrate 2.5 EC; 46.45 % to 58.52 % by NSKE 1500 ppm,

48.28 % to 56.80 % by Annona oil36 EC+ neem oil36 EC and 45.96 % to 55.10 % by

Annona oil 72 EC respectively. The activity of botanicals decreased to some extent 3 days

after treatment (Ramane t a l . , 2 0 0 0 ) .
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Studies on bioefficacy of neem derivatives integrated withconventional pesticides like

monocrotophos, phorate and chloropyri phos sprayed on ricevarietiesXWVUTSRQPONMLKJIHGFEDCBAJ a y a and L a la t against

rice leaffolder, C.m e d in a l i s (Guenee) revealed that neem oil and neem seed extract@2%

(along with 0.1% Teepol) at 20 and 70 days after transplanti ng and monocrotophos @ 0.4 kg

a.i. at 40 days of the transplanting, proved effective against rice leaffolder with a moderate

suppression in between the maximum protection by chemicalsonly and the neem derivatives

(Nanda e t a l . ,GFEDCBA2 0 0 0 ) .

A field experiment on the efficacy of different plant products along with seed dresser

and chemical insecticides againstL i r io m y z a t r i fo l i : on ridge gourd indicated thatNSKE 5%

conc. found promising in control ofleafminer(28.35 %) and recorded highest yield (32.71q l

ha) whereas karanji oil (29.68%) and Monocrotophos failed to offer satisfactory control of

leafminer(Rosaiah, 2001).

Belina e t a l . , (2005) has reported that endosulfan (0.07%) was as effective as twice

to cow-five (3%) with or without soap nut solution (0.5%). The injury to the flag leaves

indicated no difference in treatment effects. There was no significant difference among the

treatments in terms of certain plant characters and grain yield.

••
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3. MATERIALS AND METHOD

The materials used and the methods adopted in the present investigation are classified

and described in detail as per the need of the experiments.

3.1. Test insect -ZYXWVUTSRQPONMLKJIHGFEDCBAC n a p h a lo c r o c is m e d in a l i s (Guenee)

Adult moths are golden yellow in colour with black wing margins in the apical region.

Males are brighter than the females. There are three dark brown zig-zag horizontal lines on

each forewing (Plate IE). The anterior onei s longer and extended from the coastal margin

to the anal margin. The middle onei s short and comma-like, curved outwards and the inner

one is shorter than the outer one and do not reach the anal margin. In the hind wing, there are

two brown lines, outer being much longer than the inner. Abdominal terminal of male is

pointed whereas it is blunt in females. The males have a tuft of black adrocorial scales on the

coastal margin and a thick black hair tuff on the fore tibiae.Wing span of male is 15.0 to

16.0 mm whereas in females it is 15.0 to 17.0 mm. Adult males and females live for 3.0 to

4.0 and 5.0 to 7.0 days respectively. The moths are nocturnalin habit and during daytime

they remain hidden under the leaf canopy. Mating occurs during the night. Copulation lasts

for 10 to 20 minutes and oviposition starts 2 to 3 days after mating. The female lays eggs

singly or in groups of2 to 6 in a single line on either surface of the leaves but very often on

the upper surface, parallel to the midrib, often concentrated on the tips of long drooping

leaves or on the culms, especially near the soil level. Freshly laid eggs are hexagonal,jelly

like, translucent with a reticulate upper surface but turn to ovoid in shape and yellowish

white in colour when mature and measure 0.73 to 0.92 mm in length and 0.31 to 0.42mm in

breadth (Plate lA). The incubation period varies from 3 to 4 days. A female lays 68 to 182

eggs in her lifetime. The newly hatched first instal' larvaeare whitish with black head and

measure about 1.50 mm in length and 0.30 mm in breadth. In thisinstar the larvae are

gregarious and do not fold the leaves. They scrape chlorophyll on the youngest unfurled

leaves in group of2 to 4 and as they feed (Plate 2AfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& 2B), their body colour turns greenish

and the larvae becomes solitary and folding of the leaves starts during the second instar

(Plate IB). There are five larval instars and a full grown larva is yellowish green with an

orange tinge on the dorsal side. It measures 17.0 to 18.0 rnm long and 2.50 rnm wide (Plate

IC). Before pupation the larvae turn sluggish and cease to feed and measure [2.0 to
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EYXWVUTSRQPONMLKJIHGFEDCBA

P la t e 1 . Different stages of rice leaffolder, C.ZYXWVUTSRQPONMLKJIHGFEDCBAm e d in a l i s (Guenee).
A. Egg mass. B. Newly hatched larva. C. Full grown larva. D. Pupa.fedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE . Female moth.



P la t e yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. Rice leaves infested by rice leaffolder.
A. Leaf rolls as damage symptoms. B. Folded leaves as damage symptoms.fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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13.0mm in length and 2.50fedcbaZYXWVUTSRQPONMLKJIHGFEDCBArn rn in width and this stage lasts forI to 2 days. Newly formed

pupae are yellowish brown but turn reddish brown later and measure 8.0 tot 0.0 rn rn in length

and 1.0 to 2.0 nun in breadth (Platet D). Pupal stage lasts for 6.0 to 7.0 days. Total life span

from egg to adult is 33.0 to 48.0 days in male and it i 36.0 to 52.0 days in female.

3.2. Plants used for the experiments:

Poisonous plants growing widely in Nagaland have been selected and are described

below:

3.2.1. Botanical nameZYXWVUTSRQPONMLKJIHGFEDCBA: A m h in e u r o n a p u le n tu m (Kault) Holtum.

Family : Thelypteridaceae

Vernacular name : A s a n g (Ao), M a - a - c l ta i (Assamese)

It grows as wild fern all over agaland in fallow land and in degraded forest. Fronds

are light green in colour and hispides emit a strong pungent smell when disturbed (Plate 3A).

Leafpaste mixed with a herbH y p e r ic u m ja p a n ic u m (Ao-Chani) are applied to relief

tooth ache. Crushed leaves are kept in poultry house to repelthe mites from the birds.
. .

Fresh leaves collected from fallow and degraded forest areain and around Medziphema

were dried in shade. The leaves were spread on bamboo mat for about 10-15 days. Dried
•

leaves were grinded in a grinder into fine powder (Plate 38).
1

3.2.2. Botanical name v C te r o d e n d r u m v is c o s u m Vent.

Family : Verbanaceae.

Vernacular name : A k a w a (Ao)

The plant is a shrub and grows up to 3 m height. It is a common shrub in secondary

forest and fallow land. Leaves are ovate to lanceolate, acute or acuminate, dentate. Flowers

are white or tinged with pink and reddish bracts, drubes bl uih black. Flowering takes place

during the month of February-August (Plate 4A).

Young shoots crushed in the form ofa paste are applied on the hairto kill head lice and

itsoftens the hair.

Leaves collected from the fallow land and secondary forest was dried in shade. The

dried leaves were grinded into powder and used for the extraction (Plate 48).
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AYXWVUTSRQPONMLKJIHGFEDCBA

P la t e yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3.ZYXWVUTSRQPONMLKJIHGFEDCBAA s a n g ,KJIHGFEDCBAA . a p u le n tu m (Kauf) Holtum.
A. Wild growing fern. B. Dry leaf powder.



AyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

BYXWVUTSRQPONMLKJIHGFEDCBA

P la t e 4.ZYXWVUTSRQPONMLKJIHGFEDCBAA k a w a , C v is c o s u m Vent.

A. Wild shrub in full bloom. B. Dry leaf powder.
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3.2.3. Botanical name :ZYXWVUTSRQPONMLKJIHGFEDCBAL i ts e a c i t r a ta BI. Bijdr,

Family : Lauraceae

Vernacular name :O n g r e t (Ao)

It is a small tree and grows wi ld in fallow land and secondary forest areas. Leaves are

alternate, buds naked or scaly, leaves somewhat in equilateral, lanceolate or narrow ovate

lanceolate and dark green in colour. Flowers are dioecious,umbellate or capitate. Fruits are

insetted in small calyx tube, copular and enlarged (Plate SA).

Bark and leaves are used as carminative, expectorant and stimulant. Paste of leaves

and fruits are used as acaricide and fruits are used as spices. Crushed berries mixed with finely

grinded meat of "for" (kind of rat which lives under the culmsof bamboos) and fermented

bamboo shoots ofB a m b u s s a sp. is boiled and taken by patients suffering from dysenteryand

diarrhea. Twigs are crushed and used as insecticide and the plant is smoked inside the house to

kill the larvae which eats away the roof made of palm leaves( L e v is to m ia j in k e m s ia andKJIHGFEDCBA

C O /yo /a sp.).

Ripe fruits were collected and dried in shade by spreading onbamboo mat (Plate 58).

3.2.4. Botanical name :M i l le t t ia a u r ic u la ta Baker' ex, Brand,

Family : Fabaceae.

Vernicularname :S u l i (Ao)

A large robust, woody climber found in secondary forest and fallow land. Leaves are

petiolate, leaflets green, glabrous above, pale below and obovate. Flowers in den e axi llary

racemes near the end of the branches, pods are straight and very hard (Plate 6A).

Pastes of roots are appl ied to sores in cattle to kifedcbaZYXWVUTSRQPONMLKJIHGFEDCBAII the worms and the plants are

crushed and washed into the streams to kill the fishes. The birds collect and keep small twigs

of this plant in their nests and it is said that the twigs are kept as medicine for their young ones.

Roots of the plants were chopped into small pieces 3l1ddriedunder shade on a bamboo

mat and were grinded into powdered form (Plate6 B ).
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P la t e yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5.ZYXWVUTSRQPONMLKJIHGFEDCBAO n g r e t , L . c i t r a ta Bl. Bijdr.

A. Tree growing wild in the forest of Nagai and. B. Leaves and fruits. C. Dry fruits.
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BYXWVUTSRQPONMLKJIHGFEDCBA

P la t e 6.KJIHGFEDCBAS u li, M ZYXWVUTSRQPONMLKJIHGFEDCBAa u r ic u la ta Baker ex. Brand.
A. Woody climber growing wild in the secondary forest of Nagal and.

B. Dry root powder.fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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3.2.5. Botanical name :ZYXWVUTSRQPONMLKJIHGFEDCBAM im u s o p s h e x a n d r a Roxb. Cor.

Family : Sapotaceae.

Vernicularname :A l in e n g b a (Ao)

It is a large woody climber; sometimes a shrub, often gregarious. Leaves are wholly

glabrous, shinning, generally crowded at the ends of branchlets. Leaves are obovate-oblong in

shape, obtuse or emarginated with 2-4 blade, petiole1;4 inch. Flowers Y 2 inch across, pale

yellow in colour, pedicels1;4 inch, calyx segments-6, stamens 6-8, staminods glabrous, frequently

bifid. Berry Y z inch long, 1 seeded (sometimes 2), flowering from November to February.

It grows in ecotone belt (Plate 7A).

Crushed roots are washed into the stream to poison the fish. (All the performances are

carried out with ritual and handlings of roots are done against the wind direction to avoid body

contact with the gas which causes serious body inflammationand swelling).

Roots collected from the forest are chopped into small pieces and dried in shade by

spreading on bamboo mats. Dried roots are grinded into fine powder with the help of a grinder

(Plate 7B).

3.2.6. Neem oil:

eem oil is a product of seed extract of eem tree,A z a d i r a c h ta in d ic a (A.Juss).

It is tropical/sub-tropical tree where fruits usually appear 3-6 years after planting but sometimes

it is produced after 2 years in high salinity soil and fruiting generally takes place during the

month of June/July. Neem oil is extracted form crushed seedsby steam pressure or solvents.

eem oil is a thick, dark brown fluid with bitter taste and pungent garlic odour. Azadirachtin is

theprimary toxin in neem oil which contains mainly triglycerides and triterpenoids. eem oil is

effective against a wide range ofpests at several stages of the life because of its feeding and :

oviposition deterrent, repellent and growth inhibiting properties. Further more, it disturbs a

number of physiological processes in insects and their activities are strongly affected. eem oil

has been selected as a standard from insecticide of plant origin to compare the effectiveness of

plantextracts in the experiment.
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AYXWVUTSRQPONMLKJIHGFEDCBA

P la t e 7 . Alinengba,ZYXWVUTSRQPONMLKJIHGFEDCBAM h e x a n d r ayxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARoxb. Cor.
A. Woody climber growing wild in the secondary forest of nagaland.

B. Dry root powder.
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3.2.7. Fenvalerate:

Technical name of Fenvalerate is (R.S)-Cyno-3-phenoxybenzyl (R,S)-2-( 4-

chlorophenyl)-3-methylbutyrate. It is a pyrethrin derivative insecticide and it exhibits broad

spectrum activities against a number of insects such as orthoptera, hemiptera and Lepidoptera.

Its low toxicity and wide range of effectiveness make this aneffective insecticide for field crops

especially for leaf eating and sucking pests. Its LD50 for rat is 451 mg/kg. Chronic problems

have not been demonstrated for this class of chemicals, except for dermatitis that occurs as an

allergic response in individuals ensitive to the pyrethrumextract. Fenvalerate has been selected

as a standard from scientific insecticide for comparing theeffectiveness of plant extracts in the

experiment.

3.3. The rice cultivar -ZYXWVUTSRQPONMLKJIHGFEDCBAJ a y a .

It is a high yielding variety of rice being a selection from the cross -1 and [41. The

male parent is a tall, photosensitive variety.

The plant is dwarfing having erect leaves and short and stiffculms. The variety does

not lodge with high dose of nitrogenous fertilizers. The yield of the variety keeps on increasing

progressively even at 200 to 250 kg/ha. The variety is non-sensitive to photoperiod but sensitive

to temperature and matures within 130-140 days. The kernelsare long and medium and grains

are fine. At vegetative stage it is difficult to distinguishJ a y a from IR 8 but at flowering stage it

can be identified by full erection of panicle unlike IR 8 andrN-l.

Evidence indicates that at a particular nitrogen level the spacing can be increased from

effect on the yield. It has a yield potential of about 10 to 15%more than that ofIR 8 which

ranges from 9,000 to 10,000 kg/ha. This variety is grown in comparatively lowlands as the

plants require about 5 to 8 cm standing water in the plot during its active growth period.

J a y a is susceptible to most of the important pest of rice.

3.4. Mass rearing of rice leaffolder:

In order to get a continuous supply of test insect in a particular stage in

sufficient number for the experiments the insect was rearedin the net house by
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adopting the methods developed by Waldbauer and Marciano (1979). The steps are

mentioned below.

Moths collected from the field in the morning hour with the help of insect net were released

in the potted rice plants (var.ZYXWVUTSRQPONMLKJIHGFEDCBAJ a y a ) kept under nylon net. The net was supported on

bamboo structure outside the laboratory (Plate 8A).

Moths were allowed to lay eggs on the leaves of the potted plants. The eggs were collected

from the leaves 24 hrs. after release of the moth.

Leaves were examined for the presence of eggs and the leaves with eggs were cut with the

help of scissors. The cut ends of the leaves were wrapped withmoist cotton and 2-3

leaves were kept in glass tubes. The opening ends of the glasstubes were plugged with a

cotton cork. After labeling, the tubes were kept in a desiccator having water for hatching.

• Newly hatched larvae were carefully transferred to the fresh leaves with the help ofa wet

camel brush.

• Larvae were reared in the glass tubes plugged with cotton cork (Plate 88). The tubes

were kept in a desiccator with water for normal growth.

Fresh leaves wrapped with moist cotton were supplied daily.The tubes were cleaned

every alternate day to remove the fecal matter and to dry the glass tubes which used to

receive water due to condensation.

• The pupae formed were taken out from the glass tubes and keptin glass jars for emergence

of moth. The moths thus emerged were released on the potted plants covered with nylon

net. The process was continued through out the experimentalperiod.YXWVUTSRQPONMLKJIHGFEDCBA

3 .5 . L a b o r a t o r y /n e t h o u s e e x p e r im e n t s :

I n the Laboratory/ Net House experiments, the plant extracts were evaluated for their

actions as antifeedant effect on oviposition and larval development of
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P la t e 8. Mass rearing of rice leaffolder, C.ZYXWVUTSRQPONMLKJIHGFEDCBAm e d in a l i s (Guenee).
A. Potted plants inside the nylon net cover. B. Glass tubes used for larval rearing.



3.5.1. Plant extraction process:

The details of plant parts used for extraction are tabulatedin Table 1. Dry

Plant materials of 300 gms were used for each extraction in soxhlet apparatus

(Plate 9A) using acetone and methanol as solvents. The solvents in the boiling flask

were filled up to 314 capacity and the extraction was done at4SoC for 6 hours. After

extraction the solvents were recovered in the extractor by filtering process and the

crude extract left behind in the boiling flask were collected in bottles and kept for

use during the experiments (Plate 98).

Table 1. Details of plant parts used for extraction in different solvents.

SI. Scientific name Vernacular/Common Family Plant Solvent

No. name parts
used

I.ZYXWVUTSRQPONMLKJIHGFEDCBAA m p h in e u r o n A s a n g (Ao) Thelypteridaceae Leaves Acetone /

a p u le n tu m (kaulf) M a - a - c h a i (Assamese) Methanol

Holtum

2. C le r o d e n d r u m A k a w a (Ao) Verbanaceae Leaves AcetoneKJIHGFEDCBA
v isco su m Vent.fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

~
L i ts e a c i t r a ta BI. O n g r e t (Ao) Lauraceae Fruits Acetone /j.

Bejdr. Methanol

4. M i l le t t ia a u r ic u la ta S u l i (Ao) Fabaceae Roots Acetone /
Baker ex. Brand. Methanol

5. M im u s o p s h e x a n d r a A l in e n g b a (Ao) Sapotaceae Roots Acetone /
Roxb.Cor. Methanol

3.5.2. Preparation of plant extract emulsions:

For preparation of plant extracts emulsion, 20 ml of plant extract and I ml

of tritonX 100 at 0.1% cone. were taken in measuring cylinder of 1 It capacity. The

water was added up to the mark and the mixture was shaken well so that the extract

could disperse well and uniform emulsion was obtained. The neem oil and

fenvalerate emulsions were prepared from commercially available formulations.

3.5.3. Planting of rice plants in earthen pots:

Soil mixed thoroughly with rotten FYM at the ratio 2: 1 was filled up to

~ capacity of the earthen pots (16 ern dia.). Healthy rice plants of J a y a variety at

tillering stage were uprooted from the fields and planted inthe pots. Plants were

watered periodically and the potted plants were used for theexperiments after a

weekof planting.
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P la t e yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9, Extraction from various plant parts.

A. Soxhlet apparatus. B. Plant extracts processed from different plants.
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3 .5 .4 . S p r a y in g o f e m u ls io n s :yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

The potted plants were sprayed with emulsion prepared for the purpose with

the help of pneumatic hand spray up to run-off stage. The sprayer was rinsed

thoroughly with water before changing the emulsions and a separate sprayer was used

for spraying water to maintain the control treatment. All the plants were allowed to

dry before the experiments were set up.

3 .5 .5 . E v a lu a t io n o f p la n t e x t r a c t s f o r th e a n t i f e e d a n t p r o p e r t y a g a in s tZYXWVUTSRQPONMLKJIHGFEDCBA

C n a p h a lo c r o c is m e d in a l i s(G u e n e e ) :

The test on rice leaffolder C.m e d in a l i s (Guenee) was carried out in a net

house at SASRD. Plants were sprayed to the runoff stage with 2fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA% conc. of plant

extract emulsion. Emulsions prepared from Neern oil (1.5% ) and fen valerate (0.1% )

were used as standard check and plants sprayed with plain water were kept as control

for comparison. Healthy larvae of 6 day old were preconditioned for 3 hours and

released @ 5 larvae/treatment on potted plants. The plants were covered separately

with nylon net cover supported by bamboo sticks (Plate lOA).All the treatments were

replicated three times and were arranged in completely randomized design (CRD)

(Fig. I). The leaf area consumed by the larvae was recorded after 48 hrs of release by

measuring the length and width of the parts of the leaf affected. The affected parts are

seen as parallel streaks on the leaf was measured by using a scale and the leaf area

consumed by the larvae was calculated by multiplying the total length of all such

streaks on a leaf by 1.0 mm, the average width of one streak. Totake a measurement,

the leaf was clipped off the plant and placed between two transparent glass plates to

prevent the leaves from rolling due to desiccation. The feeding ratio was calculated by

using the formula as described by Wada and M una Kata (1968). The formula is

mentioned below.

Feeding ratio = % leaf area consumed in treatment X 100

% leaf area consumed in control

The value thus collected was transformed into angular transformation and

were analyzed for analysis of variance. F Test was used to determine the significant

level and least significant difference (LSD) was calculated for comparison between

two treatment means.

The maximum temperature during the experimental period ranged from 26°C -

28°C and minimum from 24°C - 25°C while relative humidity varied from 78 % -

88%.
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Design: Completely randomized design. (CRD)
Replication: 3

N
O.SOm

Treatments:

T, - C. v is c o s u m (A)

T2 - A . a p u le n tu m (A)
T3 - A . a p u le n tu m (M )

T4 - L . c i t r a ta (A)
T5 - L . c i t r a ta (M )

T6 - M h e x a n d r a (A)
T 7 - M h e x a n d r a (M)
Tg - M a u r ic u la ta (A)

T9 - M a u r ic u la ta (M )

TjO - Neem oil
Tjj - Fenvalerate 20 EC

Tj2 - ControlYXWVUTSRQPONMLKJIHGFEDCBA

F ig . 1 . Placement pattern of the treatments for the assesment of plant extract as
antifeedantl detterents against C.m e d in a l i s (Guenee).

•••



A yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

EffectZYXWVUTSRQPONMLKJIHGFEDCBAO J

planf extractoo n

o v ip o 6 i1 ' io n Y 'o r c e te o t )

BYXWVUTSRQPONMLKJIHGFEDCBA

P la t e 1 0 . Net house experiments set up for evaluation of plant extracts as
A. Antifeedants / feed deterrents and oviposition deterrent under Choice.

B. Oviposition deterrent under No-Choice.
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R eduction in egg lay ingyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA% = N o. o f egg la id in contro l - N o. eggs la id in trea ted p lan ts X 100

N o. o f eggs la id in contro l

3.5.6. Effect of plant extracts on oviposition ofZYXWVUTSRQPONMLKJIHGFEDCBAC n a p h a lo c r o c is m e d in a l i s

(Guenee):

Oviposition of C m e d in a l i s (Guenee) was conducted under two different

situations, no choice and Choice test method in the net bouse. The rice plants were

sprayed with 2% cone. plant extracts till run off stage Emulsions prepared from neem

oil (l.5 %) and fenvalerate (0.1 %) were used as standard check and plants sprayed

with plain water were kept as control and spraying was carried outby using pneumatic

handspray.

3.5.6.1. No-Choice test:

In No choice experiment potted plants of the treatments werecovered

separately by nylon net and one pair of adultC m e d in a l i s (Guenee) (one male and

one female) was released in all the treatments (Plate lOB). The treatments were

distributed in completely randomized design (CRD) under three replications (Fig. 2).

Observations on number of eggs laid were recorded after 48 bours of release. The

percent reduction in egg laying in different treatments over control was calculated by

following the formula as described by Patil et al., (2003).

The data thus collected on reduction in oviposition were transformed into

angular transformations and were subjected to analysis of variance. F test was used to

determine the significant level and least significant difference (LSD) values were

calculated for comparison between two treatment means.

The maximum temperature recorded during the period of experiment varied

from 25°C - 26°C and minimum from 24°C - 25°C. Relative humidity ranged from

79%- 84%.

3.5.6.2. Choice test:

In choice test all tbe treated plants in pots after drying tbeleaf surface were

covered by a nylon net (Plate lOA). All the treatments were replicated three times and

the treatment sets were placed in completely randomized design (Fig. 3). Adult moths

of C m e d in a l i s (Guenee) (25 female and 20 male) were released into the treatment

set.Observations were made as in the case of No choice test.

37



•••

CD CD 0.50mfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
N

0 CD CD
CD CB CD
CD CDKJIHGFEDCBAC D10 11 12

® @13 14

@ CD G 016 17 18

C J i) @ ®19 20 21

CD CD CD Treatments :
22 23 24

T1 - C.ZYXWVUTSRQPONMLKJIHGFEDCBAv is c o s u m (A)

® C D C D
T2 - A . a p u le n tu m (A)

25 26 27 T
J

- A . a p u le n tu m (M )

T4 - L . c i t r a ta (A)

® ® aD
Ts - L . c i t r a ta (M )

T6 - M h e x a n d r a (A)
28 29 30

T7 - M h e x a n d r a (M )

Tg - M a u r ic u la ta (A)

CD CD aD T9 - M a u r ic u la ta (M )

31 32 33 TIO - Neem oil

T11 - Fenvalerate 20 EC

G D ® ® T12 - Control

34 35 36

Design: Completely randomized design (CRD).YXWVUTSRQPONMLKJIHGFEDCBA

F ig . 2 Placement pattern of the treatments for the study on effectof plant
extracts on oviposition of C.m e d in a l i s (Guenee) under No Choice situation.
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Design: Completely randomized design(CRD)
Replication: 3YXWVUTSRQPONMLKJIHGFEDCBA

F ig .3 . Placement pattern of the treatments for the study on effect of plant
extracts on oviposition of C.m e d in a l i s (Guenee) under Choice test.



Data on reduction in oviposition were transformed into square root

transformation and were analysed for analysis of variance.F test was used to

determine significance level and least significant difference (LSD) were calculated.

During the experimental period the maximum temperature ranged from 26°C

- 28 °C and minimum from 24°C - 25 "C. Relative humidity variedfrom 82 - 85fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA% .

3.5.7. Effect of plant extracts on larval development ofZYXWVUTSRQPONMLKJIHGFEDCBAC n a p l ta /o c r o c is m e d in a / i s

(Guenee).

Effect of plant extracts on larval development of C.m e d in a / i s (Guenee) was

set up in the net house in CRD design (Fig. 4). Emulsions of neem oil (1.5 % ) and

fenvalerate (0.1% ) were used as standard check and one treatment was kept as

control, treated with plain water only. The treated plants were allowed to dry and

5 larva each of 4 day old preconditioned for 3 hours were released in all the treatments

and potted plants were covered separately with nylon net. All treatments were

recorded at 5 days interval and fresh treated plants of all treatments were supplied at

an interval of 10 days till the larvae reached the adult stage(Plate 11).

Data recorded on larval growth and developments were statistically analyzed

by simple linear regression analysis. Correlation coefficient has been calculated

between larval growth and days of observation.

Maximum temperature recorded during the experimental period ranged from

24°C- 32°C and minimum from 23°C - 26°C. Relative humidity varied from 78 % -

90%.

3.5.8.1. Antifeedant test:

3.5.8. Statistical Analysis:

3.5.8.1.1. Transformation of data: The data on feeding ratio were transformed into

angular transformation before analyzing statistically.

3.5.8.1.2. Analysis of variance: The transformed values were subjected to analysis of

variance and F-test was used to determine significant difference between two means.

Least significant test (LSD) was calculated for comparisonat 5 and 1 percent

probability level. Co-efficient of variation (CV) was alsocalculated.
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3.5.8.2. Oviposition test:fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA •••

3.5.8.2.1. Transformation of data:

No-choice test: In force test study data on reduction in oviposition were

transformed into angular transformation before analyzingstatistically.

Choice test: The data on reduction in oviposition were transformed into

square root transformation before proceeding to analysis of variance in Choice test.

3.5.8.2.2.Analysis of variance:

The transformed values were subjected to analysis of variance in both choice

and force test. F-test was used to determine the significantdifference between two

treatment means and least significant difference were calculated for comparison. The

co-efficient of variation were calculated in both the cases.

3.6.YXWVUTSRQPONMLKJIHGFEDCBAF ie ld experiment:

3.6.1. Location: The trial was conducted in the experimental farm located at School

of Agricultural Sciences and Rural Development farm of Medziphema. The place is

situated in the foothills of agaland at an altitude of 304.80m (above MSL) with

geographical location of 24°45' 45"N latitude and 90
0

53' 04" E longitude.

3.6.2. Climate: The climate is humid sub-tropical climate with an average annual

rainfall ranging from 2000 mm to 2700 mm. The mean summer temperature varies

from21
0

C to 31
0

C and rarely falls below 8
0

C in winter.

The investigation was carried out in wet season during 2002 -2005 (May -

Nov.) and details of meteorological observations during the experiment period are

presented on forth nightly basis in Table 2 to 5& Fig. 5 to 8.
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Table 2. Meteorological data during the period of investigation (May - October 2002). •••

Period (fortnight) Temperature . C Relative humidity (RH) Rainfall

2002 Max. Min. (%)fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(m rn)

1/5-14/5 27.77 21.70 77.71 6.45

15/5 - 28/5 29.51 24.11 72.07 3.8
29/5 - 12/6 32.59 22.14 80.29 4.96

13/6 - 26/6 30.26 25.83 80.64 8.82

27/6-10/7 30.99 26.5 78.14 4.30
11/7 - 24/7 30.89 25.99 78.57 4.25
25/7 -7/8 30.47 25.67 80.86 21.16

8/8 - 21/8 28.92 25.22 82.42 12.70
22/8 - 4/9 30.68 25.35 80.50 5.30
5/9 - 18/9 31.51 24.59 79.07 5.92
19/9-2/10 28.30 23.98 83.64 4.45

3/10 - 16/10 29.43 22.28 82.50 0.47

17/10 - 30/1 0 27.29 21.32 76.07 0.31
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Table 3. Meteorological data during the period of investigation (May - October 2003).

Period (fortnight) Temperature' C Relative humidity (RH) Rainfall

2003 Max. Min. (% ) (m rn)

1/5 - 14/5 28.8 22.12 75.28 8.15

15/5 - 28/5 30.08 24.1 77.78 2.38

29/5 - 11/6 30.47 24.93 74.5 8.70
12/6 - 26/6 30.04 25.62 79.35 7.32

27/6 -9/7 29.75 25.44 81.78 3.18

10/7 - 23/7 29.78 25.15 82.71 9.32
24/7 - 6/8 27.88 25.58 83.57 3.42

7/8 - 20/8 25.88 24.90 86.35 10.23
21/8 - 3/9 28.03 24.93 84.28 10.11

3/9 - 17/9 25.81 25.78 84.35 4.30
18/9 - 1110 24.91 24.05 84.28 9.02

2/10 - 15/10 26.04 22.7 85.57 13.90
16/10 - 29/10 23.19 21.92 85.78 1.05

Table 4. Meteorological data during the period of investigation (May - October 2004).

Period (fortnight) Temperature 'c Relative humidity (RH) Rainfall

2004 Max. Min. (%) (rnm )

1/5-14/5 31.28 29.65 84.50 0.66

15/5-28/5 29.22 27.22 82.42 4.17

29/5-11/6 31.10 29.32 83.57 5.85

12/6-25/6 30.50 28.07 79.92 ·8.53

26/6-9/7 31.00 28.80 69.57 11.92

10/7-23/7 28.55 27.00 72.85 10.37

24/7-6/8 31.27 29.54 65.50 17.00

7/8-20/8 31.18 28.84 66.00 9.25

21/8-3/9 31.50 30.28 65.57 3.36

4/9-17/9 29.39 28.37 70.21 11.82

18/9-1110 30.10 28.61 64.57 11.22

2/10-15110 28.00 26.44 65.57 10.35

16/10-29/10 28.54 26.46 55.64 0.50



Table 5. Meteorological data during the period of investigation (May - October 2005). •••

Period (fortnight) TemperaturefedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC Relative humidity (RH) Rainfall

2005 Max. Min. (% ) (111m)

1/5-14/5 28.45 19.62 81.50 3.44

15/5-28/5 27.95 21.71 81.14 9.55
29/5-11/6 31.02 23.80 82.64 0.77
12/6-25/6 30.38 25.69 79.57 9.36ZYXWVUTSRQPONMLKJIHGFEDCBA
2 6 /6 - 9 1 7 31.00 26.07 79.50 10.64
1017-2317 29.98 25.32 79.85 3.35
2 4 1 7 - 6 /8 30.48 26.07 82.50 8.54

7/8-20/8 30.08 25.62 82.71 21.40

21/8-3/9 30.44 24.60 80.28 1.35

4/9-17/9 31.04 23.22 84028 8.53

18/9-1/10 31.02 23.31 85.14 8.97
2/10-15/1 0 28.68 21.81 82.28 0.93
16/10-29/10 26.02 20.00 83.64 7.07

3.6.3. Evaluation of plant extracts on the incidence of riceleaffolder

C n a p h a lo c r o c is m e d in a / i s (Guenee).

3.6.3.1. Design of the experiment:

Evaluation of plant extracts for insecticidal property wasconducted in

"Randomized Complete Block design" (RCBD) with three replications during the wet

season in 2002 and 2003. The field was divided into 3 equal blocks and each block

was again divided into 12 equal plots. The plot size was 4 sqm.(2x2 m) and as such

36 plots were prepared. The plots were separated from each other by bund / ridges of

0.5 m. The treatments were randomly distributed within the plots of a block. The

details on the layout plan of experimental field are illustrated in Fig. 9(Plate 12 A&

128).

3.6.3.2. Crop raising:

3.6.3.2.1. Nursery bed and raising of seedlings:

Plot for nursery bed was selected near the experimental area. Two beds were

raised in an area of 5 sqm each (Length 5m and breadth 1m). The field was ploughed

and mixed thoroughly with well decomposed FYM. Healthy dry seeds ofJ a y a variety

were sown in lines 10 cm row to row distance and by dropping at 2em - 3 cm depth

of furrows in the first week of May. After covering the furrows. water was sprinkled

periodically to keep the soil moist and the beds were protected from birds and

disturbances from other sources by putting a bamboo fence.
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F ig . 9 Field layout of the experiment on evaluation of plant extracts in Randomised
Complete Block Design (RCBD) during the Wet Season of2002 and 2003.
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sqm
Plant population:
Gross plot: 100 hills
Net plot: 36 hills
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T. - C .ZYXWVUTSRQPONMLKJIHGFEDCBAv is c o s u m (A )

T2 - A . a p u le n tu m (A)
T) - A . a p u le n tu m (M )

T4 - L . c i t r a ta (A)
T, - L . c i t r a ta (M)

T6 - M h e x a n d r a (A)
T 7 - M h e x a n d r a (M )

T, - M a u r ic u la ta (A)

T9 - M a u r ic u la ta (M)

TIO - Neem oil
Tll - Fenvalerate 20 EC

Tl2 - Control
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3.6.3.2.2.YXWVUTSRQPONMLKJIHGFEDCBAF ie ld p r e p a r a t io n :

The experimental field was ploughed twice during the last fortnight of May by

tractor drawn disc harrow and leveled properly. All stubbles and weeds were removed

and then field was set according to the layout plan.

3.6.3.2.3. M a n u r in g :

A well decomposed FYM was incorporated before 30 days of transplanting.

No other chemical fertilizers were used and the crop was raised at natural available

fertility level.

3.6.3.2.4. T r a n s p la n t in g :

Transplanting was done with 30 days old seedlings in the wellpuddled

experimental plots with water level of nearly 5 cm. Plant population of 100 hills / plot

with a spacing of 20x20 cm was maintained.

3.6.3.2.5. W e e d in g :

Manual weeding in the plots and ridges was done whenever necessary in order

to keep the field free from weeds.

3.6.3.2.6. G a p f i l l in g a n d r e m o v a l o f o f f types:

Gap filling was done to remove the gaps developed due to non-establishment

of seedlings in the field. Off type plants present in the field were roughed out

manually as and when appeared.

3.6.3.2.7. W a te r m a n a g e m e n t :

The water level in the plots were maintained at 5 to 10 em. The crop did not

suffer either from excess water or moisture stress during the experimental period.

3.6.3.2.8. H a r v e s t in g :

Harvesting was done when the plant showed physiological maturity discarding

two border rows from all the sides of the plots. Harvested plants were kept separately

in plot wise bundles.
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•••yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3.6.3.3.Spraying of plant extract:

Plant extract emulsions (2%) prepared were sprayed in the field upto run off

stage uniformly by using pneumatic hand sprayer. Sprayers in use were thoroughly

washed with water at the time of changing the emulsions. Precautions were taken to

avoid emulsion drift and contamination to adjacent plots atthe time of spraying and a

separate sprayer was used for spraying water to maintain thecontrol treatment.

3.6.3.4.Collection of data:

In field experiment, data was collected on damaged leaves at30 DAT and

subsequent readings were recorded at an interval of 10 days prior to next spray after

reading. From every plot / treatment, 15 hills were selectedrandomly and the total

number of leaves and infested leaves by rice leaffolder wererecorded. The plant in

two border rows in each plot were not included in the observations. The infestation

percentage (%) was calculated by using the following formula.

Infestation percentage(% ) = No. of damage leaves x100

Total No. of leaves

3.6.3.5. Measuring of grain yield:

Plant hills in two border rows from all the sides of the plot were discarded and

remaining plants were harvested. After threshing, cleaning and drying, grain yield

from each net plot were weighed separately. Immediately after weighing, the moisture

content of the grain was measured. Grain weight was adjustedto 14 per cent moisture

by using the formula suggested by Gomez (1972).

Adjusted grain weight = A x W

A = 100-M
86

Where 'A' is the adjustment co-efficient andOW' is the weight of harvested

grains. The co-efficient' A' was calculated by using the formula-

where 'M' is the moisture content(% ) of the grain.
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•••yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3.6.3.6.Grain yield measurement in plots with missing hills and off types:

Off-types roughed plants removed from harvest and plants surrounding the

missing hills were not included in the harvest. Grain yield per plot was adjusted by

using the formula suggested by Gomez(1972).

Grain yield per plot = W x N
n

where W' is the weight of grains from harvested hills, 'n' thenumber of

harvested hills and 'N' is the total number hills in normal plot. In none of the case,

reduction in the no. of hills harvested due to the presence ofeither missing hills or off

type were more than 10 per cent.

3.6.3.7. Calculation of yield per hectare:

Grain yield in kg per plot at 14 per cent moisture content was calculated to

express as Kglha by using the formula-

Grain yield / ha = Wx 10,000
A

Where 'W' is the weight of the grain yield in net plot and 'A' isthe area of the

plot after discarding the border lines from all the sides.

3.6.3.8. Statistical Analysis:

3.6.3.8.1.Transformation of data:

In screening of plant products and dose precession experiment, the data on leaf

damage percentage were transformed into square root transformation (?x + 0.5)

before analyzing statistically. (Where 'x' is the leaf damage per cent).

3.6.3.8.2. Analysis of variance:

The transformed values were subjected to analysis of variance. F-test was usedZYXWVUTSRQPONMLKJIHGFEDCBA

to determine the significant level at 5 and 1 percent probability level. CV was also
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calculated. The presence of (NS) indicates that F-test was not significant at respective

probability level.fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•••

3.6.3.8.3. Comparison among treatment means:

Duncan's multiple range test (OMRT) was used to test differences among all

possible pairs of treatment means and expressed with the help of alphabets (Gomez&

Gomez 1984).

3.6.4. Efficacy of plant extracts at different concentrations on the incidence ofZYXWVUTSRQPONMLKJIHGFEDCBA

C n a p h a lo c r o c is m e d in a / i s (guenee).

3.6.4.1. Design of the experiment:

The trial was laid down in split-plot design with 3 replications during the wet

season in 2004 and 2005. Plant extracts were assigned to mainplots and doses to sub-

plot. The main plot was divided into 3 sub-plots of 4 sq.m size(2x2m) in order to

accommodate 3 doses (0%, 2%, and 4%). Four plant extracts namely A . a p u le n tu m

(methanol), L . c i t r a ta (acetone & methanol) and eem oil were allotted to 4 main

plots and whole set up was replicated 3 times. The main plots were separated from

each other by passage of 0.75 m width where sub plots were separated by a passage of

0.5 m wide (Fig.IO & Photo PlateI3A & 13B).

3.6.4.2. Spraying of plant extracts:

Plant extract emulsions 2% and 4% prepared were sprayed in the field up to

the run off stage uniformly by using pneumatic hand sprayers. The sprayers were

rinsed thoroughly with water at the time of changing the emulsions after use.

Precautions were taken to avoid emulsions drift and contamination to adjacent plots at

the time of spraying and a separate sprayer was used for spraying water for

0% concentration treatments.

Experiment on effect of plant extracts at different dosagesagainst C.m e d in a l i s

(Guenee) was conducted by following the same cultivation practices and data

collection procedures as in the previous field experiment and similar steps were

adopted for grain yield measurement and processing of data into hectare.
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Plant population:
Gross plot: 100 hills
Net plot: 36 hills

Plant extracts (Main plot) :

P, -ZYXWVUTSRQPONMLKJIHGFEDCBAA . a p u le n tu m (M)
PfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 - L . c i t r a ta (A)
P3 - L . c i t r a ta (M)

P
4

- Neem oil

Passage 0.75 m

Dosages (Sub-plot)

Do - 0 %

D, -2%

D2 -4 %

Design: Split plot design
Replication: 3

Fig.tO. Field layout of the experiment on the efficacy of plant extracts (main plot)

at different dosages (sub-plot) during the wet season of2004 & 2005.
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P la t e .yxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA13. Evaluation of some plant extracts under different cone.on rice leaffolder

during wet season A. 2004. B. 2005.
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•••YXWVUTSRQPONMLKJIHGFEDCBA
3 .6 .4 .3 . S t a t i s t i c a l A n a ly s i s :

3 .6 .4 .3 .1 . T r a n s f o r m a t io n o f d a t a :

The data on leaf damage percent were transformed into squareroot transformation

before analyzing statistically. The formula used for transformation is

~x+O.5

Where x is the leaf damage percent.

3 .6 .4 .3 .2 . A n a ly s i s of variance:

The transformed values were subjected to analysis ofvariance and F-test was used to

determine the level of significance at 5fedcbaZYXWVUTSRQPONMLKJIHGFEDCBA% and 1% probability level. Least significant difference

(LSD) was calculated for comparison between the treatment means and the presence of(NS)

in place of LSD indicated that F-test was not significant at respective probability level. Co-

efficient of variation (CV) was calculated and since split-plot analysis had two error terms, two

values were calculated, one for the main plot analysis CV(a ) and another for sub-plot analysis

CV (b) (Gomez & Gomez 1984).
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•••VUTSRQPONMLKJIHGFEDCBA
4 . E X P E R IM E N T A L F IN D IN G S qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Findings on the present investigation on the topic "Evaluation of some indigenous plants

for their insecticidal property against rice leaf folder, CONMLKJIHGFEDCBAm ed in a l i s (Guenee), a serious pest of

rice in Nagaland" is being presented in this chapter by categorizing them under the Net house/

Laboratory and Field experiments. The results are described in the following manner, The data

were analyzed statistically and are presented in tables andillustrated by erecting the histograms

to give a quick visual assess ofthe silent findings.

4 .1 . N e t h o u s e / la b o r a to r y e x p e r im e n t :

4 .1 .1 . E v a lu a t io n o f p la n t e x t r a c t s f o r th e ir a n t i f e e d a n t p r o p e r t y a g a in s t

C n a p h a lo c r o c i s m e d in a l i s (G u e n e e ) :

It is revealed from the data presented in Table 6 and depictedin Fig.11 , that none of

the treatments exhibited absolute antifeedant property and larval feeding took place in all the

treatments. The data on leaf area (ern") consumed by five larvae revealed that there were

significant di fferences among the treatments and all the treatments recorded significantly lesser

area consumed by the larvae than control. Moreover, in fenvalerate, minimum feeding ratio

(15.29 % ) with highest (84.71 % ) protection was observed, which was at par with neem oil

(15.89 %) feeding ratio. Acetone extracts ofA . a p u le n tu m and C v i s c o s u m were found to

be equally effective as neem oil exhibiting 80.57% and 80.12% protection with 19.43% and

19.88% feeding ratio respectively. These were followed by methanol extract of A . a p u le n tu m

On comparison with untreated control methanol extract ofM h e x a n d r a with maximum

with 25.98 % feeding ratio. Maximum feeding ratio of62.65% was recorded from methanol

extract of M h e x a n d r a with 37.35 % protection level.

feeding ratio 62.65% significantly reduced the feeding. A significant reduction in feeding ability

of larvae were observed in all the treatments when compared with control.

The data on protection percentage on leaf area over control due to treatments

in the chronological order of various treatments was: Fenvalerate > neem oil>

A . apulentum (acetone extract) >C . viscosum (acetone extract) > A. apulentum
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(methanol extract)edcbaZYXWVUTSRQPONMLKJIHGFEDCBA>ONMLKJIHGFEDCBAL . c i t r a ta (acetone extract) > L . c i t r a /a (methanol extract) >

M a u r i c u la ta (acetone extract) > M h e x a n d r a (acetone extract) >M a u r i c u la ta

(methanol extract) > M h e x a n d r a (methanol extract).

Table 6. Effect of plant extracts on the larval feeding ofC n a p l t a l o c r o c i s m e d in a l i s (Guenee).

Mean (%)*

Treatments C one, Feeding area Feeding Ratio Protection due to

(%) (ern") treatment over

control

TI C. v i s c o s u m (A) 2.0 55.66 19.88(26.45) 80.12

T2 A . a p u le n tu m (A) 2.0 54.66 19.43(26.14) 80.57

T3 A . a p u le n tu m (M) 2.0 73.00 25.98(30.62) 74.02

T4 L. c i t r a ta (A) 2.0 98.33 35.57(36.31 ) 64.43

Ts L. c i t r a ta (M) 2.0 108.00 38.33(38.19) 61.67

T6 M h e x a n d r a (A) 2.0 124.66 45.09(42.07) 54.91

T7 M h e x a n d r a (M) 2.0 175.00 62.65(56.10) 37.35

Tg M a u r i c u la ta (A) 2.0 124.00 44.05(41.56) 55.95

T9 M a u r i c u la ta (M) 2.0 147.00 52.68(46.71 ) 47.32

TIO Neern oil 1.5 56.66 15.89(23.52) 84.11

TII Fenvalerate 20 EC 0.1 43.00 15.29(23.0 I) 84.71

TI2 Control 0.0 280.66 100(90) 0

CY 25.56 % 16.51%

LSDo5 48.13 I 1.15

LSDo, 65.22 15.11

* Mean of three replications

Figures in parentheses are angular transformation values.

A= Acetone extract, M= Methanol extract.

4.1.2. Effect ofVUTSRQPONMLKJIHGFEDCBAp la n t extracts on ovposition of C n a p h a lo c r o c i s m e d in a l i s

(Guenee):

4.1.2.1. No-choice test:

The effect of treatments on oviposition of rice leaffolder was highly

significant in No-choice condition and the percent reduction in egg laying ranged

from 42.25 % to 80.99 %. Methanol extract ofA . a p u le n tu m exhibited maximum

reduction in oviposition with 80.99% and was significantly superior to neem oil

which showed 72.07 % reduction in oviposition. Acetone extract of A . a p u le n tu m

with 76.83 % reduction was at par with methanol extract ofM h e x a n d r a (76.83 %)

while acetone extract ofL . c i t r a ta with 76.53 % oviposition deterrency was equally

effective with neem oil. Minimum reduction in oviposition was observed in acetone

extract of C. v i s c o s u m (44.22 %) followed by fenvalerate (64.42 %) which also

differed significantly with untreated control (Table 7& Fig. 12).
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The effect of plant extracts based on oviposition deterrency percentage in

No-choice test in chronological order was:ONMLKJIHGFEDCBAA . a p u le n tu m (methanol extract) >

A . a p u le n tu m (acetone extract) >L . c i t r a ta (acetone extract) >M . h e x a n d r a (acetone

extract) >M h e x a n d r a (methanol extract) >M a u r i c u la ta (methanol extract) > neem

oil> L . c i t r a ta (methanol extract) >M a u r i c u la ta (acetone extract) > fenvalerate.

Table 7. Reduction on rice leaffolder oviposition due to effect of treatments inedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
h .net ouse experiment,

Reduction in oviposition
Treatments Conc. (%)*

(%) No-Choice Test Choice Test

TI C. v i s c o s u m (A) 2.0 44.25 (41.73) 70.51 (8.41)

T2 A . a p u le n tu m (A) 2.0 76.83 (61.24) 77.02 (8.80)

T3 A . a p u le n tu m (M) 2.0 80.99 (64.34) 87.45 (9.37)

T4 L. c i t r a ta (A) 2.0 76.53 (61.11) 92.19 (9.62)

T s L. c i t r a ta (M) 2.0 73.97 (59.45) 92.29 (9.63)

T6 M h e x a n d r a (A) 2.0 76.05 (61.09) 98.15 (9.93)

T7 M h e x a n d r a (M) 2.0 76.83 (59.58) 100 (10.02)

Ts M a u r i c u la ta (A) 2.0 69.80 (56.67) 87.81 (9.40)

T9 M a u r i c u la ta (M) 2.0 73.49 (59.55) 96.29 (9.83)

TIO Neem oil 1.5 72.07 (58.19) 93.26 (9.68)

TII Fenvalerate (20EC) 0.1 67.42 (55.21) 84.93 (9.23)

Tn Control 0.0 0(0) 0(0.70)

CY 7.94% 3.80%

LSDos 7.12 0.19

LSDol 9.65 0.25

Means of three repl ications.
Figures in parentheses in No-Choice test are Arc sine transformation.
Figures in parentheses in Choice test are Square root transformation.
~ = Acetone extract, M= Methanol extract.

4.1.2.2. Choice test:

The plants treated with methanol extract ofM h e x a n d r a were not preferred

for egg laying by the moths when allowed to choose egg laying site, as no eggs were

found on the plants. However, preferential differences recorded significant effect of

treatments on oviposition. Maximum reduction in oviposition was exhibited by

acetone extract ofM H e x a n d r a (98.15 % ) and was significantly superior to neem oil

(93.26 %). It was followed by acetone and methanol extract ofL . c i t r a ta with 92.19 %

and 92.29% reduction in oviposition respectively, which were at par with neem oil.

The moths preferred the plants treated with acetone extractof C v i s c o s u m more for

oviposition than other treatments and it showed the minimumoviposition deterrency

(70.51 % ). All plant extracts were highly effective in reducing egg laying ability of

the moths (Table 7).
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The effect of plant extracts based on oviposition deterrency percentage in choice condition in

chronological order was:ONMLKJIHGFEDCBAM . h e x a n d r a (methanol extract) >M h e x a n d r a (acetone extract)

> M a u r i c u la ta (methanol extract) > Neem oil>L . c i t r a ta (methanol extract) >L . c i t r a ta

(acetone extract) >M a u r i c u la ta (acetone extract) >A . a p u le n tu m (methanol extract) >

Fenvalerate >A . a p u le n tu m . (acetone extract) > Cv i s c o s u m (acetone extract).edcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•••

4.1.3. Effect of treatments on larval development ofC n a p h a lo c r o c i s m e d in a / i s

(Guenee):

It is revealed from the data presented in Table 8 and depictedin Fig.-13 that none of

the treatments could cause the larval mortality and all the larvae survived upto 24 hrs after

foliar treatments. However on 61hDATI'larvae could not survive in fenvalerate resulting in 100

% larval mortality. Observations recorded on l l " DATr revealed that larvae could survive

only in acetone extract ofA . a p u le n tu m , M . h e x a n d r a (acetone extract) andM a u r i c u la ta

(acetone extract) treatments whereas on 161hDATr larvae survived only in methanol extract of

M h e x a n d r a . In none of the treatments larvae could reach the pupal stage whereas in control

all the larvae survived resulting into moth emergence at 25 DATr.

Observation on the effect of plant extract on length and breadth of larvae indicated

no difference among the treatments at 24 hrs offoliar spray.On 61hDATr maximum effect

was exhibited by fenvalerate as the larvae could not survivebeyond 24 hI'S.Among the

treatments acetone extract ofL . c i t r a ta exhibited maximum retardation of growth (0.30

em) on the larvae and differed significantly with control (0.35 cm). It was followed by

L. c i t r a ta (methanol extract) and was at par with neem oil (0.32 em). Methanol extract of

par with control (0.35 ern). Effect of treatments on the breadth of the larvae on 61hDATr

M a u r i c u la ta was least effective in reducing the length of larvae (0.36 em) and was at

were not significant. Observations on the length and breadth recorded on l l " DATr and

l6'hDATr could not be analyzed statistically due to the survival oflarvae was observed in

few treatments only. The lowest larval length (0.37 ern) wasobserved in methanol extract

of M h e x a n d r a whereas it was 1.25 ern in control at l l" DATr. While comparing the

breadth of the larvae it was found 0.1 cm in acetone extract ofA . a p u le n tu m , M h e x a n d r a

(acetone& methanol extract) whereas in the control it was 0.20ern. Acetone extract of

M. h e x a n d r a recorded on 161hDATI' showed highly retarted larval growth (0.44 em)
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as compared to control where it was observed 1.43 ern, whereas the larval breadth in the

same treatment was 0.14 em as compared to 0.27 em in control (Table 8).

Table 8. Effect of plant extracts on larval growth of C.ONMLKJIHGFEDCBAm e d in a / i s (Guenee).

Observation (DATI')edcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I DATI' 6 DATI' II DATI' 16 DATI'
Treatments Length B readth Length B readth Length B readth Length B readth

(em ) (em ) (em ) (em ) (em ) (em ) (em ) (em )

TI C . v i s c o s u m *0.30 0.10 0.35 0.10 - - - -

(A) (0.92)

T2 A . a p u le n tu m 0.30 0.10 0.36 0.10 0.39 0.10 - -
(A) (0.93)

T3 A . a p u le n tu m 0.30 0.10 0.37 0.10 - - - -

(M) (0.93)

T4 L.c i t r a ta (A) 0.30 0.10 0.30 0.10 - - - -
(0.89)

Ts L.c i t r a ta (M) 0.32 0.10 0.32 0.13 - - - -

(0.91)

T6 u. h e x a n d r a 0.32 0.10 0.33 0.10 0.51 0.10 0.44 0.14

(A) (0.91)

T7 ! v i . h e x a n d r a 0.32 0.10 0.36 0.10 0.37 0.10 - -
(M) (0.98)

Ts M . a u r i c u la ta 0.32 0.10 0.39 0.10 - - - -

(A) (0.94)

T9 u. a u r i c u la ta 0.32 0.10 0.37 0.10 - - - -

(M) (0.93)

T lo Neem oil 0.30 0.10 0.32 0.10 - - - -
(0.91)

TII Fenvalerate 0.32 0.10 - - - - - -
20 EC

TI2 Control 0.32 0.10 0.35 0.20 1.25 0.20 1.43 0.27
(0.92)

LSDo5 0.04 NS

DATI' = Days after treatment

*= Mean of three repl ications.

- = moribund / dead larva.

NS= Non significant.

A= Acetone extract, M= Methanol extract.

Figures in the parentheses areJ x + 0.5 values.

4.2. Field experiments:

4.2.1. Evaluation of plant extracts on the incidence of riceleaffolder C n a p h a lo c r o c i s

m e d in a l i s (G) in the wet season during 2002 and 2003.

The experimental plots were observed for the assessment ofinfestation level before

treatments were applied at 30 OAT.lt was found that general infestation level was very low to

the value on.58 % and 1.78% at 30 OAT during 2002 and 2003 respectively.
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4.2.1.1. A t 40 DAT-2002: •••

All the treatments were equally effective and were found to be at par with each other

and were significantly superior than untreated control (Table 9edcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Fig.14). Treatment fenvalerate

was superior in reducing the leaffolder infestations from 2.12 % in untreated control to 0%

with 100 % treatment effectiveness and was followed by methanol extract ofONMLKJIHGFEDCBAA . a p u le n tu m

with 0.57 % level of infestation showing 73.11% effectiveness overcontrol while maximum

infestation 1.36 % was exhibited byM . h e x a n d r a (methanol extract) giving 35.84%

effectiveness in comparison with the treatments over control.

Table 9. Effect of treatments on rice leaffolder infestation during the wet season of2002.

Conc. 40DAT 50DAT

Treatments (%) Infestation (%) Effecti veness Infestation (%) Effectiveness (%)

(%)

TI C v i s c o s u m (A) 2.0 * 1.I5( 1.28)bc 45.75 0.36(0.93)bc 66J6

T2 A . a p u le m u m (A) 2.0 0.80( 1.22)bcde 62.26 0.29(0.89)bc 72.90

T3 A . a p u le n tu m (M) 2.0 0.57( 1.03)bc 73.11 0.00(0.71 )bd 100.0

T4 L . c i t r a ta ( A ) 2.0 0.70( 1.09)bcde 66.98 0.21 (0. 84)bcd 80.37

r, L . c u r a ia (M) 2.0 0.77( 1.I2)bcde 63.68 0.22(0.85)bcd 79.44

T6 M h e x a n d r a ( A ) 2.0 0.82( 1.15)bcde 61J2 OJO(O.89)bc 71.%

T7 M h e x a n d r a ( M ) 2.0 IJ6( IJ6)b 35.84 0.35(0.92)bc 67.29

T8 M a u r i c u fa ta (A) 2.0 1.23( IJ I)b 41.98 OJ6(0.92)bc 66J6

T9 M a u r i c u la ta (M) 2.0 0.80( 1.I4)bcde 62.26 0.24(0.86)bcd 77.57

TIO Neemoil 1.5 0.70( 1.07)bcde 66.98 0.12(0.78)bcd 88.79

TII Fenvalerate 20E C 0.1 0.00(0.70)bf 100.0 0.00(0.71)bd 100.0

TI2 Control 0.0 2. 12(1.62)a 1.07( 1.25)a

CV 8.47% 11.36%

~,Mean of three repl ications

Figures in parentheses are ~ values

Means followed by some letters are not significantly different at P= 0.05, as per Duncan's Multiple

Range Test.

DAT = Days after transplantation.

A= Acetone extract, M= Methanol extract.

4.2.1.2. At 40 DAT- 2003:

Effect of treatments on the incidence of rice leaffolder at 40 OAT in 2003 are presented

in Table 10 and illustrated in Fig. 15. Comparison of treatment means revealed that maximum

infestation (1.29 %) was observed in control followed by methanol extract ofM . h e x a n d r a

with 1.27% infestation which were found to be at par with control while most effective treatment

with 100 % effectiveness was exhibited by fenvalerate followed by methanol extract of

A . a p u le n tu m with 0.34 % level of infestation showing 73.64% effectiveness over control.
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T a b le 1 0 . E f f e c t o f t r e a tm e n t s o n r ic e le a f f o ld e r in f e s t a t io n d u r in g th e w e t s e a s o n o f 2 0 0 3 .edcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0\qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
'-0

Conc. 40 DAT 50 DAT 60 DAT
Treatments (%) Infestation Effectiveness Infestation EffectivenessQPONMLKJIHGFEDCBAIn festation Effectiveness

(%) (%) (%) (% ) (%) (%)

TI C.ONMLKJIHGFEDCBAv i s c o s u m (A) 2.0 * 1.16( 1.29)a 10.08 0.54(1.02)abc 22.86 0.38(0.94)a 33.33

T2 A . a p u le n tu m (A) 2.0 1.07( 1.25)abc 17.05 0.28(0.88)bcd 60.00 0.25(0.87)abc 56.14

T3 A . a p u le n tu m (M) 2.0 0.34(0.19)e 73.64 0.00(0.70)d 100.0 0.00(0.70)bc 100.0

T4 L . c i t r a ta (A) 2.0 0.67(1.09)cd 50.38 0.00(0.70)d 100.0 0.00(0.70)bc 100.0

Ts L . c i t r a ta (M) 2.0 0.74((1.12)bcd 42.64 0.39(0.82)abc 44.29 0.1 1(0.78)abc 80.70

T6 M . h e x a n d r a (A) 2.0 1.08( 1.26)ab 16.28 0.32(0.90)abcd 54.29 0.35(0.90)ac 38.60

T7 M . h e x a n d r a (M) 2.0 1.27( 1.33)a 1.55 0.89( 1.18)a -27.14 0.45(0.97)a 21.05

Tg M . a u r i c u la ta (A) 2.0 I. 19( 1.30)a 7.75 0.68(1.09)ab 2.86 0.41 (0.95)a 28.07

T9 M . a u r i c u la ta (M) 2.0 0.88(1.23)bc 31.78 0.18(0.82)cd 74.29 0.18(0.91)abc 68.42

T lo Neem oil 1.5 0.60(1.05)de 53.49 0.00(0.70)d 100.0 0.00(70)bc 100.0

TII Fenvalerate 20 EC 0.1 0.00(0.70)f 100.0 0.00(0.70)d 100.0 0.00(70)bc 100.0

TI ::> Control 2.0 I .29( 1.35)a 0.70(1.09)ab 0.57(1.01)a

CV 5.45 % 19.68% 15.06%

* Mean of three repl ications

Figures in parentheses are- J x+0.5 values

Means followed by some letters are not significantly different at P= 0.05, as per Duncan's Multiple Range Test.

DAT = Days after transplantation.

A= Acetone extract, M= Methanol extract.
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•••VUTSRQPONMLKJIHGFEDCBA
4 .2 .1 .3 . A t 5 0 O A T -2 0 0 2 :

The differences among the treatments were not significant and were equally effective.

All the treatments significantly reduced the incidence of rice leaffolder and treatmentONMLKJIHGFEDCBA

A . a p u le n tu m (methanol extract) and fenvalerate proved the best recording 0edcbaZYXWVUTSRQPONMLKJIHGFEDCBA% infestation

followed by neem oil treatment with 0.12% infestation as compared to 1.07% untreated

control (Table 9& Fig.16). Among the treatments, acetone extract ofC v i s c o s u m recorded

0.36 % infestation which was next to untreated control with an effectiveness of66.36 %.

4 .2 .1 .4 . A t 5 0 D A T -2 0 0 3 :

Treatment effects on the level of rice leaffolder infestation at 50 OAT in TableQPONMLKJIHGFEDCBA1 1 &

Fig. 16 indicates the lowest level of infestation was observed in treatmentsA. a p u le n tu m

(methanol extract),L . c i t r a ta (acetone extract), neem oil and fenvalerate exhibiting 100%

effectiveness followed by methanol extract ofM a u r i c u la ta with O.IS% infestation giving

74.29 % effectiveness of treatments while maximum infestation (0.S9 %) was revealed by

methanol extract ofM h e x a n d r a followed by control with 0.70 % infestation.

4 .2 .1 .5 . A t 6 0 O A T 2 0 0 3 :

Comparison of treatment means reveals that highest infestation was observed in control

with 0.57% followed by methanol extract ofM h e x a n d r a with 0.45% infestation while most

effective treatment was observed inA . a p u L e n tu m (acetone extract) showing 100%

effectiveness. TreatmentL . c i t r a ta (acetone extract), neem oil and fenvalerate were found to

at par withA. a p u le n tu m (acetone extract) followed by methanol extract ofL . c i t r a ta with

0.11% infestation. Methanol extract ofM . a u r i c u la ta (O.IS % ) was at par with methanol

extract ofL. c i t r a ta showing 6S.42% effectiveness over control (Table 10& Fig. 15).

4 .2 .2 . E f f e c t o f t r e a tm e n t s o n g r a in y ie ld :

4 .2 .2 .1 . G r a in y ie ld 2 0 0 2 :

The data on the effect of treatments on grain yield presentedin Table 12

and illustrated in Fig. 17 revealed significant differencein grain yield among the

treatments where highest yield (3901.59 kg/ha) was recorded in fenvalerate which
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T a b le 1 1 . E f f e c t o f t r e a tm e n t s o n r ic e le a f f o ld e r in f e s t a t io n d u r in g th e w e t S e a s o n o f 2 0 0 2 a n d 2 0 0 3 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

40 DAT 50 DAT

Treatments Conc. 2002 2003 2002 2003
(%) Infestation Effective Infestation Effective Infestation Effective Infestation Effective

(%) -ness (%) (%) -ness (%) (%) -ness (%) (%) -ness (%)

TI C.ONMLKJIHGFEDCBAv i s c o s u m (A) 2.0edcbaZYXWVUTSRQPONMLKJIHGFEDCBA* 1.15( 1.28)bc 45.75 1.16( 1.29)a 10.08 0.36(0.93)bc 66.36 0.54( 1.02)abc 22.86

T2 A . o p u le n tu m (A) 2.0 0.80(1.22)bcde 62.26 1.07( 1.25)abc 17.05 0.29(0.89)bc 72.90 0.28(0.88)bcd 60.00

T3 A . o p u le n tu m (M) 2.0 0.57(1.03)be 73.11 0.34(0.19)e 73.64 0.00(0.71)bd 100 0.00(0.70)d 100.0

T4 L. c i t r a ta (A) 2.0 0.70(1.09)bcde 66.98 0.67( 1.09)cd 50.38 0.21 (0.84)bcd 80.37 0.00(0.70)d 100.0

T s L. c i t r a i a (M) 2.0 0.77( 1.12)bcde 63.68 0.74(1.12)bcd 42.64 0.22(0.85)bcd 79.44 0.39(0.82)abc 44.29

T6 M . h e x a n d r a (A) 2.0 0.82( 1.15)bcde 61.32 1.08( 1.26)ab 16.28 0.30(0.89)bc 71.96 0.32(0.90)abcd 54.29

T7 M . h e x a n d r a (M ) 2.0 1.36( 1.36)b 35.84 1.27(1.33)a 1.55 0.35(0.92)bc 67.29 0.89( 1.18)a -27.14

Ts M . a u r i c u la ta (A) 2.0 1.23( I.3I)b 41.98 1.19( 1.30)a 7.75 0.36(0.92)bc 66.36 o .68( I .09)ab 2.86

T9 M . a u r i c u la ta (M) 2.0 0.80( 1.14)bcde 62.26 0.88(1.23)bc 31.78 0.24(0.86)bcd 77.57 0.18(0.82)cd 74.29

T10 Neem oil 1.5 0.70( 1.07)bcde 66.98 0.60(1.05)de 53.49 0.12(0.78)bcd 88.79 0.00(0.70)d 100.0

TII Fenvalerate 20 EC 0.1 0.00(0.70)bf 100.0 0.00(0.70)f 100.0 0.00(0.71)bd 100 0.00(0.70)d 100.0

T1
"

Control 0.0 2.12(1.62)a 1.29( 1.35)a 1.07( 1.25)a O.70( 1.09)ab

CV 8.47 % 5.45 % 11.36% 19.68 %

* Mean of three replications

Figures in parentheses are Vx+0.5 values

Means followed by some letters are not significantly different at P= 0.05, as per Duncan's Multiple Range Test.

DAT = Days after transplantation.

A= Acetone extract, M= Methanol extract.
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was followed by methanol extract ofONMLKJIHGFEDCBAA . a p u le n tu m with 3746.41 kg/ha yield. Neem

oil (3710.88 kg/ha) was found to be at par withA . a p u le n tu m (methanol extract).

Lowest grain yield was observed in acetone extract of Cv i s c o s u m with 2919.94

kg/ha followed by methanol extract ofM h e x a n d r a with 3097.22 kg/ha. Grain yield

in acetone extract ofM h e x a n d r a with 3104.49 kg/ha were at par with methanol

extract ofM h e x a n d r a .

•••

Table 12. Grain yield due to the effect of treatments on rice leaf folder infestation during the

wet season of 2002& 2003.

Treatments Grain yieldedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* kg/ha

2002 2003

TI C. v i s c o s u m (A) 2919.94g 3912.43ab

T2 A . a p u le n tu m (A) 3353adef 4113.12ab

T3 A . a p u le n tu m (M) 3746.4labc 4120.23ab

T4 L . c i t r a ta (A) 3615ad 4122.15ab

Ts L . c i t r a ta (M) 3538.70ad 4117.29ab

T6 M . h e .x a n d r a (A) 3104.49 3968.56ab

T7 M . h e x a n d r a (M) 3097.22fg 3542.41 be

Ts M . a u r i c u la ta (A) 3399.05ad 3542.71bc

T9 M . a u r i c u la ta (M) 3380.07ade 3925.71ab

T10 Neern oil 3710.88abc 4502.20a

TII Fenvalerate 3901.59ab 4502.03a

TI2 Control 3616.69acd 3870.00ab

CY 9.62% 9.06%

* Means of three repl ications
Means followed by same letters in the column are not significantly different at
p= 0.05, as per Duncan's Multiple Range Test.
A= Acetone extract.
M= Methanol extract.

4.2.2.2. Grain yield 2003:

Fenvalerate recorded maximum yield (4502.03 kg/ha) as it isrevealed in

Table 12 and depicted in Fig. 17 which were at par neem oil and this was followed by

acetone extract ofL . c i t r a ta with 4122.15 kg/ha.A . a p u le n tu m (methanol extract) and

methanol extract ofL . c i t r a ta with grain yield 4120.23 kg/ha and 4117.29 kg/ha

respectively are at par with L . c i t r a ta (acetone extract). Minimum yield

(3542.41 kg/ha) was observed in methanol extract ofM h e x a n d r a and are at par with

methanol extract ofM a u r i c u la ta (3925.71 kg/ha). Treatments effects in yield were

found to be insignificant.
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4 .2 .3 . E f f ic a c y o f p la n t e x t r a c t s a t d i f f e r e n t c o n c e n t r a t io n s a g a in s t r ic e

le a f f o ld e r d u r in g th e w e t s e a s o n 2 0 0 4QPONMLKJIHGFEDCBA& 2 0 0 5 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

General infestation level of rice leaffolder was found to below when assessed

at 30 OAT, before spraying the plots with plant extracts. It was observed that

infestation level in 2004 was 5.66edcbaZYXWVUTSRQPONMLKJIHGFEDCBA% while 5.11 % was recorded during 2005.

4 .2 .3 .1 A t 4 0 D A T - 2 0 0 4 :

The perusal of dataIII Table 13 revealed that all the plant extracts were

effective in reducing the leaffolder infestation. The lowest infestation (3.78 %) was

recorded in neem oil with 53.41% effectiveness. It was significantly superior to other

plant extracts.Neem oil was followed by methanol extract ofONMLKJIHGFEDCBAA . a p u le n tu m (3.98 % )

giving 46.45 % effectiveness.

Comparison of concentration means indicated that both the conc. were highly

significant when compared with untreated control and higher conc. (4% ) was superior

with 2.97 % leaf damage than 2% cone. (3.10% ) in reducing the level of infestation

(Fig.-18). The effectiveness of higher concentrations of treatments in the over control

(4 % ) was 48.98% and lower cone. (2% ) was 46.62% .

Though the interactions between plant extracts and cone. were insignificant,

minimum infestation (2.63 %) was recorded in neem oil (4 %) while maximum

infestation (3.24 %) was observed inL . c i t r a /a (methanol extract) (2 % ) among the

treatments.

4 .2 .3 .2 A t 4 0 D A T - 2 0 0 5 :

It is clear from the result (Table 14) that variations in the level of infestation

due to different treatments were highly significant. Minimum infestation of 3.04 %

was observed in methanol extract ofL . c i t r a ta which was followed by neem oil

treatment (3.64 % ) while maximum infestation (3.97% ) was recorded in acetone

extract ofL . c i t r a /a .

Comparison of concentration means revealed the lowest infestation of 3.01%

in 4 % cone. with an effectiveness of 45.40% and highest of 5.50% in untreated

control (Fig. 19) and both the concentrations were found to be highly significant when

compared with untreated check.
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T a b le 1 3 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n a t 4 0 D A T d u r in g th e w e t s e a s o n 2 0 0 4 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-..J
-..J

Co C1 C2 Mean
Plant products Infestation Infestation Effecti veness Infestation Effectiveness Infestation Effectiveness

(%) (%) (%) (%) (%) (%) (%)ONMLKJIHGFEDCBA
A . a p u le n tu m (M) *5.77 (2.50) 3.15(1.91) 45.41 3.03 (1.88) 47.49 3.98 (2.10) 46.45

L. c i t r a ta (A) 5.78(2.51) 3.20 (1.93) 44.64 3.08 (1.90) 46.71 4.02 (2.11) 45.68

L. c i t r a ta (M) 5.87 (2.52) 3.24 (1.93) 44.80 3.14(1.91) 46.51 4.08 (2.12) 45.65

Neern oil 5.87 (2.53) 2.84 (1.83) 51.62 2.63 (1.77) 55.20 3.78 (2.04) 53.41

Mean 5.82 (2.52) 3.10(1.90) 46.62 2.97 (1.87) 48.98

CV(al = 0.67% CV(bl = 1.69%

LSD
5% 1%

To compare any two treatment means - 0.015 0.02
To compare any two cone. meansedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 0.024 0.05
To compare any two conc. means of the same treatment - NS NS
To compare any two treatment means at same level of conc.- NS NS

Figures in parentheses areJ x + 0.5 values

* Mean of three repl ications

NS Non Significant

CV(a) = Co-efficient variation of main factor (treatment).

CV(bl = Co-efficient variation of sub factor (conc.).

C = Cone. Co =0%
C

1
=2% C

2
=4%

t
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T a b le 1 4 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n a t 4 0 D A T d u r in g th e w e t s e a s o n 2 0 0 5 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

---J

\0

Co C1 C2 Mean

Plant products Infestation Infestation Effectiveness Infestation Effectiveness Infestation Effectiveness

(%) (%) (%) (%) (%) (%) (%)ONMLKJIHGFEDCBA
A . a p u le n tu m (M) *5.6\ (2.47) 3.13(1.91) 44.21 3.02 (1.87) 46.17 3.92 (2.08) 45.19

L. c i t r a ta (A) 5.49 (2.45) 3.28 (1.95) 40.26 3.13 (1.91) 42.99 3.97(2.10) 41.62

L. c i t r a ta (M) 5.55 (2.46) 3.35 (\.96) 39.64 3.22 (1.93) 41.98 3.04(2.12) 40.81

Neem oil 5.35 (2.41) 2.93 (1.86) 43.23 2.65 (1.78) 50.47 3.64 (2.02) 47.85

Mean 5.50 (2.45) 3.17(1.92) 42.34 3.01 (1.87) 45.40

CY(a) = 0.52% CY(b) = 0.92%

LSD
5% 1%

To compare any two treatment means - 0.012 0.018
To compare any two conc. means - 0.019 0.029
To compare any two cone, means of the same treatment - 0.048 0.074
To compare any two treatment means at same level of conc. - 0.097 0.148

Figures in parentheses are.J xedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ 0.5 values

* Mean of three repl ications

CYi'i = Co-efficient variation of main factor (treatment).

CY
1bl

= Co-efficient variation of sub factor (conc.).

C = Cone. Co = 0%

C
1
=2% C

1
=4%

t
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The interaction of plant extracts and cone. were highly significant reflecting minimum

infestation 2.65 % in 4 % neem oil treatment followed by neem oil (2%) treatment

with 2.93 % infestation while maximum infestation 3.35% was recorded in methanol

extract ofONMLKJIHGFEDCBAL . c i t r a ta (2edcbaZYXWVUTSRQPONMLKJIHGFEDCBA% ) among the plant extracts.

•••

4.2.3.3. At 50 DAT-2004:

Critical reading of Table 15 revealed that effect of treatments on the level of

infestation was highly significant. Minimum infestation of 2.51 % was recorded in

neem oil treatment with an effectiveness of 84.89% followed by methanol extract of

A . a p u le n tu m (2.75 % ) with an effectiveness of 80.17% while maximum infestation

of 3.02 % was observed in methanol extract ofL. c i t r a ta with 70.94 % effectiveness.

Differences of the conc. means indicates that plant extracts at both the

concentrations were significantly superior than untreated check and higher cone. of

4 % recorded the least infestation of 1.17%. Infestation of 1.44% was recorded in the

lower cone. of2 % with 75.16 % effectiveness over untreated check (Fig. 20).

The interaction of these two factors were found to be highly significant

revealing minimum infestation of 0.80% in 4 % neem oil followed by 0.95% in 2 %

neem oil treatment and maximum of 1.87% in 2 % methanol extract ofL . c i t r a ta

(Table 15).

4.2.3.4. At 50 DA T -2005:

It is evident from the data in Table 16 and Fig. 21 that variations in the level of

infestation due to different treatments were highly significant. Minimum infestation of

2.64 % with 86.64 % effectiveness was recorded in neem oil treatment which was

followed by methanol extract ofA. a p u le n tu m (2.79 % ) with 79.90 % effectiveness.

Observation in Acetone extract ofL. c i t r a ta was found least effective with 2.99%

infestation level.

As it is revealed from Table 16, that both the concentrationssignificantly

reduced the infestation level as compared with untreated control and differences

among conc. were also highly significant. Minimum infestation (1.14 %) was

recorded in higher conc. with an effectiveness of 80.97% whereas in 2% showed

1.35 % infestation with 77.50 % effectiveness. The untreated control depicted 6.01%

infestation.

The interaction of treatments and conc. which was found significant revealed

that 4 % neem oil treatment showed the lowest (0.75%) infestation which was
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tVUTSRQPONMLKJIHGFEDCBA

T a b le 1 5 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n a t 5 0 D A T d u r in g th e w e t s e a s o n 2 0 0 4 .

00qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
tv

Co Cj C2 Mean

Plant products Infestation Infestation Effectiveness Infestation Effectiveness Infestation Effectiveness

(%) (%) (%) (%) (%) (%) (%)ONMLKJIHGFEDCBA
A . a p u le n tu m (M) *5.90 (2.53) 1.27 (1.33) 78.47 1.07 (1.25) 81.86 2.75 (\.70) 80.17

L. c i t r a ta (A) 5.73 (2.50) 1.65(1.47) 71.20 1.35 (1.36) 76.44 2.91 (\.78) 73.82

L. c i t r a ta (M) 5.73 (2.50) 1.87 (1.54) 67.36 1.46 (1.40) 74.52 3.02(1.81) 70.94

Neem oil 5.79 (2.51) 0.95 (1.23) 83.59 0.80(1.14) 86.18 2.51 (1.63) 84.89

Mean 5.79 (2.51) 1.44 (1.39) 75.16 1.17 (1.29) 79.75

CY(a) = 1.82% CY(b) = 0.93%

LSD
5% 1%

To compare any two treatment mean - 0.034 0.051
To compare any two conc. means - 0.017 0.025
To compare any two conc. means of the same treatment - 0.031 0.048
To compare any two treatment mean at same level of Conc. - 0.056 0.085

Figures in parentheses are ~ values

* Mean of three repl ications

CY(a) = Co-efficient variation of main factor (treatment).

CY(b) = Co-efficient variation of sub factor (conc.).

C = Conc. Co = 0%
C

j
=2% C

2
=4%
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T a b le 1 6 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n a t 5 0 D A T d u r in g th e w e t s e a s o n 2 0 0 5 .edcbaZYXWVUTSRQPONMLKJIHGFEDCBA

00

~qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Co C[ C2 Mean
Plant products Infestation Infestation Effectiveness Infestation Effectiveness Infestation Effectiveness

(%) (%) (%) (%) (%) (%) (%)ONMLKJIHGFEDCBA
A . a p u le n tu m (M) *5.97 (2.54) 1.32 (1.35) 77.89 1.08 (1.25) 81.91 2.79 (1.71) 79.90

L. c i t r a ta (A ) 5.86 (2.52) 1.69 (1.48) 71.16 1.42 (1.39) 75.77 2.99 (1.80) 73.46

, L. c i t r a te (M) 5.96 (2.55) 1.45 (1.40) 75.67 1.30 (1.34) 78.19 2.90 (1.76) 76.92

Neem oil 6.25 (2.60) 0.92(1.19) 85.28 0.75(1.12) 88.00 2.64 (1.64) 86.64

Mean 6.0 I (2.55) 1.35 (1.36) 77.50 1.14 (1.28) 80.97

cv., = 1.20% CY(bl = 1.45%

LSD
5% 1%

To compare any two treatment means - 0.022 0.033
To compare any two cone. means - 0.024 0.037
To compare any two cone. means of the same treatment - 0.048 0.074
To compare any two treatment means at same level of cone. - 0.044 0.066

Figures in parentheses are- - I x + 0.5 values

* Mean of three replications

CY('l = Co-efficient variation of main factor (treatment).

CY(bl = Co-efficient variation of sub factor (cone.).

C = Cone. Co = 0%

C [ = 2 % C] =4%

,
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followed by 0.92 % in 2 % neem oil treatment, while highest level of infestation

6.25edcbaZYXWVUTSRQPONMLKJIHGFEDCBA% was revealed in untreated contro!'

•••VUTSRQPONMLKJIHGFEDCBA

4 .2 .3 .5 . A t 6 0 D A T - 2 0 0 4 :

The data on the effect of plant extracts in different conc. at60 OAT in 2004

are presented 1I1 Table 17 and illustrated in Fig. 22. The data revealed that the

variation due to different treatments were highly significant. Minimum level of

infestation (2.20 % ) with 93.09 % effectiveness was recorded in neem oil treatment

whereas in acetone extract ofONMLKJIHGFEDCBAL . c i t r a ta , maximum infestation of 2.99% was recorded

with 71.64 % effectiveness. Neem oil treatment was followed by methanolextract of

A . a p u le n tu m with 2.58 % infestation and 84.4 I % effectiveness.

Comparison of cone. means revealed that lowest infestationof 0.83 % with

85.63 % effectiveness was observed in higher cone. (4% ) and lower cone. (2% )

revealed 1.34% infestation with 76.85% effectiveness. The variations due to different

level of conc. in infestation level were highly significantwhen compared with 0%

cone. and untreated control recorded a maximum of 5.79% infestation.

The interaction between treatments and cone. were highly significant.

Minimum infestation of 0.22% in 4 % neem oil treatment which was followed by

2 % neem oil treatment (0.58% ) whereas maximum infestation (2.18% ) was

observed in acetone extract ofL . c i t r a ta . Neem oil at both the concentrations was

superior to other plant extract (Table 19& Fig. 24).

4 .2 .3 .6 . A t 6 0 D A T - 2 0 0 5 :

The various levels of infestation due to effect of treatments at different cone.

are tabulated in Table 18 and depicted in Fig. 23. Critical examination of the table

revealed that there were significant effects of plant extracts on the level of infestation.

Minimum infestation (2.17% ) with 93.30 % effectiveness was recorded in neem oil

treatment which was followed by methanol extract ofA . a p u le n tu m with 88.32 %

effectiveness whereas acetone extracts ofL . c i t r a ta proved the lowest effectiveness

(74.60 %).

Comparison of cone. means reflected lowest infestation of 0.84 % in 4 % cone.

and highest of 6.25% infestation in untreated control while 1.24% infestation with

79.50 % effectiveness was observed in 2% cone. and the conc. effects were highly

significant.
86



T a b le 1 7 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n a t 6 0 D A T d u r in g th e w e t s e a s o n 2 0 0 4 .edcbaZYXWVUTSRQPONMLKJIHGFEDCBA

00
-...)qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Plant products Co C1 C2 Mean

Infestation Infestation Effectiveness Infestation Effectiveness Infestation Effectiveness
(%) (%) (%) (%) (%) (%) (%)ONMLKJIHGFEDCBA

A . a p u le n tu m (M *5.90 (2.53) 1.02 (1.23) 82.71 0.82(1.15) 86.10 2.58 (1.64) 84.41

L. c i t r a ta (A) 5.73 (2.50) 2.18(1.60) 61.95 1.07 (1.26) 81.32 2.99(1.79) 71.64

L. c i t r a ta (M) 5.73 (2.50) 1.56 (1.44) 72.77 1.21 (1.30) 78.88 2.83 (\.75) 75.82

Neem oil 5.79 (2.51) 0.58 (1.04) 89.98 0.22 (0.84) 96.20 2.20 (1.46) 93.09

Mean 5.79 (2.51) 1.34 (1.33) 76.85 0.83 (1.14) 85.63

CV la) = 8.57% CV(b) = 1.91 %

LSD

5% 1%

To compare any two treatment means - 0.15 0.22
To compare any two cone. means - 0.03 0.05
To compare any two cone, means of the same treatment - 0.06 0.09
To compare any two treatment means at same level of cone, - 0.23 0.36

Figures in parentheses are ~ values

* Mean of three replications

CVlal = Co-efficient variation of main factor (treatment).

CVlbl = Co-efficient variation of sub factor (conc.).

C = Conc. Co = 0%
C

I
=2% C

2
=4%
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,VUTSRQPONMLKJIHGFEDCBA

T a b le 1 8 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n a t 6 0 D A T d u r in g th e w e t s e a s o n 2 0 0 5 .

00
\0qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Plant products Co C1 C2 Mean

Infestation Infestation Effectiveness Infestation Effectiveness Infestation Effectiveness

(%) (%) (%) (%) (%) (%) (%)ONMLKJIHGFEDCBA
A .a p u le n tu m (M) *7.79 (2.51) 1.01 (1.22) 87.03 0.81 (IAI) 89.60 3.20 (1.62) 88.32

L. c i t r a ta (A) 5.63 (2A9) 1.79(1.51) 68.21 1.07 (1.26) 80.99 2.83 (1.75) 74.60

L. c i t r a ta (M) 5.82 (2.52) 1.61 (IA5) 72.34 1.27 (1.33) 78.18 2.90 (1.77) 75.26

Neern oil 5.75 (2.50) 0.55 (1.02) 90A3 0.22 (0.85) 96.17 2.17 (1.46) 93.30

Mean 6.25 (2.51) 1.24 (1.30) 79.50 0.84(1.14) 86.24

CV(a) = 1.36% CV(b) = IA8%
LSD

5% 1%

To compare any two treatment means - 0.026 0.041
To compare any two cone, means - 0.024 0.037
To compare any two conc. means of the same treatment - 0.048 0.074
To compare any two treatment means at same leve I of conc. - 0.053 0.081

Figures in parentheses areJx:;o.s values

* Mean of three replications

CV
1al

= Co-efficient variation of main factor (treatment).

CV
1b1

= Co-efficient variation of sub factor (conc.).

C = Conc. Co =0%
C

1
=2% Cz =4%
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T a b le 1 9 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n d u r in g th e w e t s e a s o n o f 2 0 0 4 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

'-0

CedcbaZYXWVUTSRQPONMLKJIHGFEDCBA * Infested leaves %
Plant products 0 40 DAT 50 DAT 60 DAT

n 2004 Effectiveness 2004 Effectiveness 2004 Effectiveness
c (%) (%) (%)ONMLKJIHGFEDCBA

A . o p u /e n tu m (M) 0.0 5.77(2.50) 5.90(2.53) 5.90(2.53)

"
2.0 3.15(1.91) 45.41 1.27( 1.33) 78.47 1.02(1.23) 82.71

"
4.0 3 .03( 1.88) 47.49 1.07( 1.25) 81.86 0.82( 1.15) 86.10

L. c i t r a ta (A) 0.0 5.78(2.51) 5.73(2.50) 5.73(2.50)

"
2.0 3.20(1.93) 44.64 1.65( 1.47) 71.20 2.18( 1.60) 61.95

"
4.0 3 .08( 1.40) 46.71 I .35( 1.36) 76.44 I .07( 1.26) 81.32

L. c i t r a ta (M) 0.0 5.87(2.52) 5.73(2.50) 5.73(2.50)

"
2.0 3.24(1.93) 44.80 1.87(1.54) 67.36 1.56(1.44) 72.77

"
4.0 3.14(1.91) 46.51 1.47(1.40) 74.52 1.21(1.30) 78.88

Neern oil 0.0 5.87(2.53) 5.79(2.51 ) 5.79(2.51)

"
2.0 2.84(1.83) 51.62 0.95(1.21) 83.59 0.58( 1.04) 89.98

"
4.0 2.63(1.77) 55.20 0.80(1.14) 86.18 0.22(0.84) 96.20

CY(a) 0.67% 1.82% 8.57%
CY1bl 1.69% 0.93% 1.91%

LSD 5% 1% 5% 1% 5% 1%

To compare any two treatment 0.015 0.02 0.034 0.051 0.015 0.22
means

To compare any two c. means 0.03 0.05 0.017 0.025 0.03 0.05

To compare any two c. means of NS NS 0.031 0.048 0.06 0.09
the same treatment

To compare any two treatment NS NS 0.056 0.085 0.23 0.36
means at the same level of conc.

Figures in the parentheses are- j x+0.5 values * Mean of three repl ications C= Concentration
NS = Non Significant DAT = Days after transplantation

,
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Interaction between treatment means and cone. were highly significant where'"

minimum infestation 0.22edcbaZYXWVUTSRQPONMLKJIHGFEDCBA% was observed in 4% neem oil treatment followed by 2%

neem oil treatment with 0.55% infestation. Maximum infestation 1.79% was

recorded in acetone extract ofONMLKJIHGFEDCBAL . c i t r a ta among the treatments (Table 20& Fig. 25).VUTSRQPONMLKJIHGFEDCBA

4 .2 .4 . I n f lu e n c e o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n g r a in y ie ld :

4 .2 .4 .1 . G r a in y ie ld 2 0 0 4 :

Differences among plant extracts on gram yield were found tobe highly

significant. Neem oil treated plots recorded maximum yield(3344.13 kg/ha) (Table

21 & Fig. 26) giving the highest grain yield increased (364.75 kg/ha). Neem oil was

followed by methanol extract ofA . a p u le n tu m with 3294.12 kg/ha grain yield which

showed an increase (292.71 kg/ha). Minimum grain yield (3203.48 kg/ha) was

recorded in methanol extract ofL . c i t r a ta with lowest increase (168.50 kg/ha) in grain

yield over control.

Both the concentrations resulted in significant increase in yield as compared to

untreated control. Highest grain yield of 3377.15 kg/ha with highest increase in yield

(285.50 kg/ha) was recorded in higher cone. (4 %) while 3369.71 kg/ha grain yield

with 278.07 kg/ha increase in yield over control was recorded in lower cone. (2 %).

Lowest grain yield (3091.64 kg/ha) was observed in untreated control (Fig. 26).

The interaction between these two factors ie. Plant extracts and concentrations

were found to be highly significant where maximum grain yield of 3471.19 kg/ha was

recorded in neem oil (4% ) followed by 3460.23 kg/ha yield in neem oil (2% ). Neem

oil (4 %) gave the highest grain yield increase (370.23 kg/ha) over the control as

compared to other plant extracts. Moreover neem oil (2 %) showed 359.29 kgiha

increase in grain yield over the control. Lowest yield (3256.76 kg/ha) was observed in

2 % methanol extract ofA . a p u le n tu m recording 288.3t kg/ha increase in yield over

the control.

4 .2 .4 .2 . G r a in y ie ld 2 0 0 5 :

The data on the effect of plant extracts in different cone. ongrain yield are

tabulated in Table 22 and illustrated in Fig. 27. The significant effect of plant extracts

on grain yield is evident from with the record of highest grain yield (3776.54 kg/ha) in
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,VUTSRQPONMLKJIHGFEDCBA

T a b le 2 0 . E f f e c t o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n r ic e le a f f o ld e r in f e s t a t io n d u r in g th e w e t s e a s o n o f 2 0 0 5 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-.0
.j::..

C * Infested leaves %

Plant products 0 40 OAT 50 OAT 60 OAT

n 2005 Effectiveness 2005 Effecti veness 2005 Effectiveness
c (%) (%) (%)ONMLKJIHGFEDCBA

A . o p u le n tu m (M ) 0.0 5.61(2.47) 5.97(2.54) 5.79(2.51 )

"
2.0 3.13(1.91) 44.21 1.32( 1.35) 77.89 1.0 I (1.22) 87.03

"
4.0 3.02(1.87) 46.17 1.08( 1.25) 81.91 0.81(1.14) 89.60

L. c i t r a ta (A) 0.0 5.49(2.45) 5.86(2.52) 5.63(2.49)

"
2.0 3.28(1.95) 40.26 1.69( 1.48) 71.16 1.79(1.51) 68.21

,. 4.0 3.13(1.91) 42.99 1.42( 1.39) 75.77 I .07( 1.25) 80.99

L. c i t r a ta (M) 0.0 5.55(2.46) 5.96(2.55) 5.82(2.52)

"
2.0 3.35(1.96) 39.64 1.45( 1.40) 75.67 1.61 (1.45) 72.34

"
4.0 3.22(1.93) 41.98 1.30( 1.34) 78.19 1.27( 1.33) 78.18

Neem oil 0.0 5.35(2.41 ) 6.25(2.60) 5.75(2.50)

"
2.0 2.93(1.86) 43.23 0.90( I. 19) 85.28 0.54( 1.02) 90.43

"
4.0 2.68(1.78) 50.47 0.75( 1.12) 88.00 0.22(0.85) 96.17

CY1a) 0.52% 1.20% 1.36%

CY1b) 0.92% 1.45% 1.48%

LSD 5% 1% 5% 1% 5% 1%

To compare any two treatment 0.012 0.018 0.022 0.033 0.026 0.041

means

To compare any two C means 0.019 0.029 0.024 0.037 0.024 0.037

To compare any two C means of 0.048 0.074 0.048 0.074 0.048 0.074

the same treatment

To compare any two treatment 0.097 0.148 0.044 0.066 0.053 0.081

means at the same level of C

Figures in the parentheses are - J x + 0 .5 values * Mean of three repl ications C= Concentration OAT = Days after transplantation
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T a b le 2 1 . I n f lu e n c e o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n g r a in y ie ld d u r in g th e w e t s e a s o n o f 2 0 0 4 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

'-0edcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0\

* Grain Yield Kg/ha
Plant products Co C1 C2 C3

Yield Increase in yield Yield Increase in yield Yield Increase in yield
over control over control over controlONMLKJIHGFEDCBA

A . a p u le n tu m (M) 3098.98 3387.29 288.31 3396.08 297.10 3294.12 292.71

L. c i t r a ta (A) 3075.48 3374.60 299.12 3378.74 303.26 3276.27 301.19

L. c i t r a ta (M) 3091.15 3256.72 165.57 3262.57 17/.42 3203.48 168.50

Neern oil 3100.96 3460.23 359.27 3471.19 370.23 3344.13 364.75

Mean 3091.64 3369.71 278.07 3377.15 285.50

CY
1R

\ = 7.45% CY(b) = 7.22%

LSD

5% 1%
To compare any two treatment means - 9.89 14.98
To compare any two cone. means - 4.14 6.26
To compare any two conc. means of the same treatment - 8.27 12.53
To compare any two treatment means at same level of conc. - 9.69 14.68

*Mean of three replications
CY (a ) = Co-efficient variation of main factor (treatments)
CY (b)= Co-efficient variation of sub factor (conc.)
A= Acetone extract.
M= Methanol extract.

C = cone. Co = 0%
C1=2% C2 = 4%

,
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,VUTSRQPONMLKJIHGFEDCBA

T a b le 2 2 . I n f lu e n c e o f p la n t e x t r a c t s in d i f f e r e n t c o n c e n t r a t io n s o n g r a in y ie ld d u r in g th e w e t s e a s o n o f 2 0 0 5 .qponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

'-0
00

* Grain Yield Kg/ha

Plant products Co C1 C2 C3

Yield Increase in yield Yield Increase in yield Yield Increase in yield

over control over control over controlONMLKJIHGFEDCBA
A . a p u le n tu m (M) 3341.54 3964.84 623.30 3974.66 633.12 3760.35 628.21

L. c i t r a ta (A) 3350.89 3713.48 362.59 3895.33 544.44 3653.23 453.52

L. c i t r a ta (M) 3342.73 3726.93 384.20 3766.40 423.67 3612.02 408.44

Neern oil 3348.49 3985.40 636.91 3995.73 647.29 3776.54 655.60

Mean 3345.91 3847.66 576.75 3908.03 637.12

CY(iI) = 0.074% CY(o) = 0.072%

LSD

5% •. 1%

To compare any two treatment means - 3.13 4.74

To compare any two cone, means - 2.66 4.029

To compare any two cone, means of the same treatment - 5.33 8.08

To compare any two treatment means at same level of cone. - 6.22 9.41

*Mean of three replications
CY(") = Co-efficient variation of main factor (treatments)
CY (0 ) = Co-efficient variation of sub factor (conc.)
A= Acetone extract.
M= Methanol extract.

C = conc. Co =0%
C1=2% C2 = 4%
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neem oil with 655.60 kg/ha increase in yield which was followed by methanol extract

of A. apulentum (3760.35 kg/ha) giving 528.21 kg/ha increase in grain yield over

control. Lowest yield (3612.02 kg/ha) with 408.44 kg/ha yield increase was recorded

in methanol extract ofL.ONMLKJIHGFEDCBAc i t r a /a .

Both the cone. resulted in significant increase in grain yield as compared to

untreated check and differed significantly with each other. Higher cone. (4 %), proved

to be the best amongst the concentrations with 3908.03 kg/hawhile lower conc. (2 %)

of grain yield was recorded 3847.66 kg/ha. Higher cone. (4%) foliar spray gave

higher increase in yield (637.12 kg/ha) while in lower conc.(2edcbaZYXWVUTSRQPONMLKJIHGFEDCBA% ) 576.75 kg/ha

increase in yield was recorded over control.

The interaction of plant extracts and cone. were found to be significant

revealing highest yield (3995.73 kg/ha) and highest increase in yield (647.29 kg/ha) in

neem oil (4 %) which was followed by neem oil (2 %) (3985.40 kg/ha) showing

636.91 kg/ha increase in yield over control. Lowest yield (3713.48 kg/ha) with 362.59

kg/ha increase in yield over control was recorded in 2% acetone extract ofL . c i t r a ta .

•••
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5 . D IS C U S S IO N YXWVUTSRQPONMLKJIHGFEDCBA • •

5 .1 . N e t h o u se I la b o r a to r y e x p e r im en t .

5 .1 .1 . E v a lu a t io n o f p la n t e x tr a c t fo r th e ir a n t ife e d a n t p r o p e r ty a g a in s tZYXWVUTSRQPONMLKJIHGFEDCBA

C napha lo c ro c is m ed in a l is (G u en e e ) .rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

None ofthe treatments exhibited complete antifeedant activity and feeding took place

in all the treatments. The data on the feeding ratio and protection due to different plant extracts

revealed that maximum protection was observed in acetone extract of A . a pu len tum which

was followed by acetone extract of C.AviSCOSUl1t and was found to be at par. However maximum

antifeedant activity was offered by fenvalerate and neem oil among the treatments. Mayabeni

(1997) reportedthat neem derivatives (neem oil, leaf extract and leaf decoction) reduced the

feeding of 4th instar larvae of C.m ed in a l is when recorded after 48 hours. Similarly feeding of

C. m ed in a l is were reduced on neem oi I (3, 6, 13, 25 and 50% ) treated leaves when observed

after 24 hours (IRRI 1979). Minimum antifeedant property was showed byM hexand ra

(methanol extract) followed byM au r icu la ta (methanol extract) but they differ significantly

with untreated control. Though complete feed deterrent wasnot offered by any of the plant

extracts in the test, a high to moderate antifeedancy was recorded in all the treatments. Antifeedant

activity against C.m ed in a l is were reported by Saxena et al. (1980) where neem oil treated

leaves significantly lowered the 11LU11beroflarvae arri ved. Feeding acti vi ty at 12% c o n e , reduced

feeding period ofleaffolder on neem seed bitters treated leaf cuts was shown by Kareem et al.

(1988) and similarly on neem seed oil against C.m ed in a l is (Saxena et al. 1987).These

corroborate with the present findings on neem oil performance in the present study. These

plant extracts under the investigation were not reported byresearch workers in the past, so a

support to the result could not be assured and the findings seems to be a new report.

5 .1 .2 . E ffe c t of plant e x tr a c ts o n o v ip o s it io n o f C napha lo c ro c is medina/is (G u en e e ) .

The present finding in reduction in oviposition under No-choice situation revealed

that maximum reduction in oviposition was revealed by methanol extract of A . a pu len tum

and was found to be superior than neem oil treatment which wasfollowed by acetone

extract of A . a pu len tum , M . h exand ra (methanol extract) and acetone extract of

L . c itra /a which were at par with neem oil treatment. Similar effect of neem oil as oviposition

deterrent was reported by Krishnaiah and Kalode (1991) where 12% conc. reduced egg
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laying inZYXWVUTSRQPONMLKJIHGFEDCBAN i la p a rva ta lu g en s and 25YXWVUTSRQPONMLKJIHGFEDCBA% neem oil adversely affected the egg laying inN epho te tt ix

v ire scen s . Minimum reduction in oviposition was observed inC v isco sum (acetone extract)

treatment followed by acetone extract ofM au r icu la ta but they differ significantly with untreated

control.

When the moths were given a choice for egg laying, methanol extract ofA M.

hexand ra was not preferred for egg laying while in other treatments egg laying took place.

Maximum reduction in oviposition was exhibited by acetone extract of M hexand ra followed

by L . c itra ta (acetone and methanol extract) andA . a pu len tum (methanol extract) which

were at par with neem oil. In a report published by IRRl (1979)a similar effect of neem oil as

oviposition deterrent against C. medinalis (Guenee) indicating 113 reduction in egg laying ability

ofthe moth when applied as foliar spray at various cone, (3, 6, 13,25 & 50). This is in line of

present findings of neem oil against the moth under the test.Minimum reduction in oviposition

was revealed in acetone extract ofC v iseo sum in Choice condition followed by acetone

extract ofA . a pu len tum .

Thus in both the situations (Choice and No Choice condition)plant extracts reduced

the egg laying inC m ed in a l is and a prominent deviation in egg laying pattern was noticed in

that eggs were not laid in clusters as in the case of untreatedcontrol; they laid singly which may

be due to effect of plant extracts present on plant leaves. Though no comparison with earlier

workers could be made with the present findings of the plant extracts, Kareem et al. (1989)

reported that oviposition ofN ila p a rva ta lu g en s and N epho teu ix v ire scen s was adversely

affected when rice plants were sprayed with neem seed and leaf bitters at 500, 2500 and 5000

ppm. Moreover, the present findings on neem oil are in accordance with Nelson et al. (1996)

where azadirachtin rich neem fractions (NS58 /G SN /O U ) highly deterred the oviposition of

Sogatellafurcifera with 89.13 % reduction in egg laying as compared to control.

5.1.3. Effect of treatments on larval development ofC napha lo c ro c is m ed in a /is

(Guenee).

All the larvae either died or were unable to emerge as normal adults in all the treatments

and as such all the larvae developed into normal moth in watersprayed (untreated) control. It

is revealed that the larvae in treatmentC v isco sum (acetone extract), methanol extract of

A . a pu len tum , acetone and methanol extract ofL . c itra /a , acetone and methanol extract of

M au r icu la ta and neem oil could not survi ve for more than 6 days and in treatment neem oil
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andZYXWVUTSRQPONMLKJIHGFEDCBAL c itra ta (acetone and methanol extract), there were no growth in larvae while in others •••

slight growth was observed but not as in untreated control. Moreover Saxena et al. (1980)

reported that confinement of 51h instar larvae of Cm ed in a l is to cut leaves treated with 12YXWVUTSRQPONMLKJIHGFEDCBA%

or more neem oil resulted in pronounce aberrations in larvalbehaviour and form resulting into

enhanced mortality during metamorphosis. Simi larly Mayabeni (I 997) also reported that neem

bark decoction effectively reduced the rate of pupation in Cm ed in a l is when the larvae were

fed for 48 hours. In acetone extract ofA . a pu len tum and methanol extract ofM hexand ra

larvae could survive only forII days while in acetone extract ofM hexand ra the larvae could

survive for 16 days and failed to pupate unlike those larvae in untreated control. The present

findings of neem oil is in confirmation with Schmutterer et al. (1983) where methanolic seed

extract ofA . in d ica and partially purified fractions of neem exhibited pronounced developmental

abnormalities and high mortality rate in the succeeding larval instars and in pupal and adult

stages.

There were no differences on the growth of the larvae after 24hrs of foliar spray

among the treatments but larvae on fenvalerate treated plants could not survive beyond 24 hrs

after the treatments. Effect of treatments on the breadth ofthe larvae on 61h DATr were not

significant but maximwn retardation in length of the larvaewas observed in acetone extract of

L . e itra ta differing significantly with untreated control. It was followed by methanol extract of

L . e itra ta and was at par with neem oil. Among the treatments Methanol extract ofM au r icu la ta

was least effective in reducing the length of the larvae and was at par with control. On IIlh

DATr, methanol extract ofM hexand ra exhibited lowest larval length among the survived

larvae while on 161h DATr larvae survi ved only in acetone extract ofM hexand ra among the

treatments showing a high level of retardation in length andbreadth of the larvae as compared

to control. No comparison with earlier workers could be madein support of the present

findings and it seems to be the first report on these plant extracts.

5.2.ZYXWVUTSRQPONMLKJIHGFEDCBAF ie ld e v a lu a t io n :

The present findings of the investigation on "Evaluation ofsome indigenous plants for

their insecticidal property against rice leaffolderC napha lo e ro c is m ed in a l is(Guenee), a serious

pest of rice in Nagaland" are being discussed in the light of information available in the literature

and are presented in the following manner.
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5.2.1. Evaluation ofZYXWVUTSRQPONMLKJIHGFEDCBAp la n t extracts on the incidence of rice leaffolderZYXWVUTSRQPONMLKJIHGFEDCBAC napha lo c ro c is

m ed in a l is (Guenee).

From the present findings, it is observed that all the treatments significantly reduced the

level of infestation as compared to the control. It is evident from the data in Table 12YXWVUTSRQPONMLKJIHGFEDCBA& Fig.17

that methanol extract ofA . a pu len tum provided better protection in the early stage of the crop

growth and was found to be superior than neem oil treatment inreducing the rice leaffolder

infestation in both the years (2002& 2003). Moreover acetone extract ofAL. c itra ta was at

par with neem oil which was followed by methanol extract ofL. c itra ta . Velayutham et aI.,

(1988) reported the effectiveness of2% neem oil in reducing the rice leaffolder incidence

under field conditions which is in line with the present findings on neem oil. Methanol extract of

M hexand ra was least effective followed by acetone extract ofM . au r icu la ta in both the

years but they differ significantly with the untreated control in 2002 and 2003 and were at par.

In the late stage of the crop growth, maximum protection against rice leaffolder infestation was

recorded in methanol extract ofA . apu len tum and acetone extract ofL . c itra ta . They were

found to be at par with treatment ofneem oil and fenvalerate.No information on effectiveness

of these plant extracts is available in the literature, neither against C.m ed in a l is (Guenee) nor

other crop pests. Sarojaand Raju, (1982) has reported the effectiveness offenvalerate (22.99

% leaf damage) as compared to untreated control (39.135 leaf damage) in field condition

against C.m ed in a l is (Guenee). The present findings are in confirmation with Raoe t a I ., (2 0 02 ) ,

Dhaliwal e t a l. (1993) and Singhe t a l.(1 9 90 )where 2% neem oil was reported to be effective

in reducing rice leaffolder infestation.

Reduction in the level of infestation was also marked with increase in grain yield where

maximum yield was recorded in methanol extract ofA. apu len tum followed by acetone extract

of L. c itra ta in 2002 while maximum yield in 2003 was revealed byL. c itra ta (acetone)

treatment which was followed by methanol extract ofA. apu len tum and L . c itra ta . Though

increase in yield was observed in the treatments they do not differ signi ficantly with the untreated

control. Similar observations in neem oil treatments at different cone. was reported by Singhe t

a l. (1993) where it resulted in significantly increased grain yield over the control. Acetone

extract of C.v isco sum yielded the lowest yield followed by methanol extract ofM hexand ra

in both the years. In 2002 it was observed that grain yield waslow as when compared with

2003 yield and in treatment C.v isco sum the yield was lower than the untreated control which

may be due to heavy neck blast infection in the field and especially in that particular treatment

where severe infection was observed during the late stage ofthe crop.
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5 .2 .2 . E ff ic a c y o f p la n t e x tr a c ts a t d if fe r e n t c o n c en tr a t io n a g a in s t r ic e le a f fo ld e r .rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

During the wet season 2004 and 2005 (Table 20YXWVUTSRQPONMLKJIHGFEDCBA& 21) methanol extract ofZYXWVUTSRQPONMLKJIHGFEDCBA

A . apu len tum was found to be most effective and resulted in lowest infestation as when

compared among the plant extracts while methanol extract ofL . c itra ta was least effective in

reducing the leaf damage in both the years. Neem oil gives maximum protection when compared

among the treatments. Effectiveness of neem oil in controlling rice leaffolder damage has been

reported by Murugesan and Venugopal (1987) where in 3% neem oil at 40 days after treatment

was as effective as phosphamidon@ 250 ml/ha or monocrotophos@ 500 mllha or endosulphan

@ 750 mllha. Moreover Rajasekharan et a!., (1988) also reported that neem oil at 5%

effectively reduced the damage due to rice leaffolder.

Treatments in higher cone. (4% ) showed more pronounced effect in all the cases

when compared to lower cone. (2% ) and untreated control. It was observed that during the

early and late stage of the crop growth, 4% A . a pu len tum (methanol extract) gave the best

result in reducing the level of infestation which was followed by 2% A . apu len tum (methanol

extract) and 4% acetone extract ofL . c itra ta . Moreover 4 % A . a pu len tum (methanol

extract) was found to be inferior than 2% neem oil and therefore neem oil at both the cone.

were superior among the treatments. Similar results were also reported by Nandu et al., (1996),

Ambethgar (1996) and Krishnaiah and Kalode, (1990), where in 3 % neem oil reduced the

leaffolder incidence in field condition. ThoughA L. c itra ta extracts (methanol& acetone) could

give only moderate protection and proved significantly better on comparison with untreated

check. The interaction between treatments and cone. were highly significant and increase in

yield was also recorded with the decrease in infestation level.

Maximum grain yield was recorded in methanol extract ofA . a pu len tum while minirnurn

yield was observed in methanol extract ofL . c itra ta and they differ significantly with neem oil

where highest yield was recorded among all the treatments. Interaction of the two factors

factors were also highly significant.

Kaul and Sharma, (1999) reported that neem based insecticides not only reduce the

level of infestation but also resulted in significantly higher yields (30.9 q/ha) as compared to

28.3 q/ha which corroborate with the present findings. Plant extracts of the present findings

have not been reported by earlier workers and as such providenew information.
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6 . S U M M A R Y A N D C O N C L U S IO N rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Rice leaffolder,ZYXWVUTSRQPONMLKJIHGFEDCBAC napha lo c ro c is m ed in a l is(Guenee) is an important pest of rice in all

rice growing countries of Asia. The larvae feed on the green matter by scrapping it from the leaf

blade. Infested leaves show white streaks and in case of severe infestation, there is a heavy

loss in grain yield. Synthetic insecticides though effective in quick reduction of pest populations,

could not be considered ideal one due to reasons of safety to human beings, environment, pest

resurgence etc .. Natural products, on the other hand with better degree of selective toxicity to

various fauna may form ideal substitute for synthetic insecticides. So, the present study was

carried out on the crude plant extracts of locally availableplants namely, Am ph in eu ro n

apu len tum (Kaulf) Houltum, C le ro dend rum v isco sum (Vent), L itsea c itra ta BI. Bejdr,

M il le tt ia a u r icu la ta Baker ex. Brand,M im usop s hexand ra Roxb. Cor. extracted in acetoneYXWVUTSRQPONMLKJIHGFEDCBA

& methanol for their antifeedant property, oviposition deterrency and their effect on larval

development in Iaboratory/net hou e conditions whereas in field condition crude plant extracts

were screened out for their efficacy against the pest and thepromising plant extracts were

further evaluated at different cone. for their effectiveness. The findings of the investigations are

summarized below:

• Evaluation of plant extracts for their antifeedant property was conducted in net house

in completely randomized design (CRD) on rice varietyJa ya . Potted rice plants were sprayed

with 2 % crude plant extracts. Neem oil (1.5% ) and fenvalerate (0.1% ) were used as standard

check for comparison and rice plants sprayed with plain water were kept as control. It was

revealed that none ofthe treatments exhibited absolute antifeedant property and larval feeding

took place in all the treatments. The data on leaf area (cm ') consumed by the larvae recorded

after 48 hrs of treatment revealed that there were significant differences among the treatments

and all the treatments recorded significantly lesser area consumed by the larvae as compared

to untreated control. Among the plant extracts minimum feeding ratio was exhibited by acetone

extract ofA . a pu len tum with highest protection level and was found to be equally effective as

neem oil which was used as standard check. Antifeedancy of the treatments arranged in

decreasing order is: fenvalerate > neem oil>A . a pu le ru u tn (acetone extract) >C v isco sum

(acetone extract) >A . a pu len tum (methanol extract) >L . c itra ta (acetone extract) >

L . c itra ta (methanol extract) >M au r icu la ta (acetone extract) >M hexand ra (acetone

extract) >M au r icu la ta (methanol extract) >M hexand ra (methanol extract).
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• Effect of plant extracts on oviposition was carried out in net house in CRD design

under o-choice and Choice situations. Potted rice plants were sprayed with 2YXWVUTSRQPONMLKJIHGFEDCBA% crude plant

extracts. eem oil (1.5% ) and fenvalerate (0.1% ) were used as standard check for comparison

and rice plants sprayed with plain water were kept as control. Treatment effect on oviposition

after 48 hrs of moth release was highly significant in o-choice condition where maximum

reduction in oviposition was recorded in methanol extract ofZYXWVUTSRQPONMLKJIHGFEDCBAA . apu len tum and was significantly

superior to neem oil. The effect of treatments based on oviposition deterrency in No-choice

test in chronological order was:A . a pu len tum (methanol extract) >A . apu len tum (acetone

extract) > L . c itra ta (acetone extract) >M . hexand ra (acetone extract) >M . hexand ra

(methanol extract) >M . au r icu la ta (methanol extract) > neem oil>L . c itra ta (methanol

extract) >M au r icu la ta (acetone extract) > fenvalerate > C.v isco sum (acetone extract).

When the moths were given a choice for egg laying site plants treated with methanol

extract ofAM hexand ra were not selected and as a result not even a single egg was een on

such plants. However, acetone extract ofM . hexand ra showed maximum reduction in

oviposition and was significantly superior to neem oil. Oviposition deterrency under choice

situation arranged in decreasing order is:M hexand ra (methanol extract) >M hexand ra

(acetone extract) >M au r icu la ta (methanol extract) > neem oil>L . cu ra ta (methanol extract)

> L . c itra ta (acetone extract) M. auriculata (acetone extract) >A . a pu len tum (methanol

extract) > fenvalerate >A . a pu len tum (acetone extract) > C.v isco sum (acetone extract).

In both Choice and No-choice conditions a prominent deviation in egg laying pattern

was noticed wherein eggs were not laid in clusters as in the case of untreated control, the

moths laid eggs singly on treated plants.

• et house experiment on the effect of treatmentson larvaldevelopment of C.m ed in a l is

(Guenee) was laid down in CRD design onJa ya cultivar. Potted rice plants were sprayed with

2 % crude plant extracts. eem oil (1.5 %) and fen valerate (0.1%) were used as standard

check for comparison and rice plants sprayed with plain water were kept as control. It was

revealed that none of tile treatments could cause the larvalmortality and all the larvae survived

up to 24 hrs after foliar spray. However on 6th DATr larvae could not survive in fenvalerate

resulting in 100% larval mortality. Observations recorded on l l " DATr revealed that larvae

could survive only in acetone extract ofA . a pu len tum , M . h exand ra (acetone extract) and

M au r icu la ta (acetone extract) treatments whereas on l o'" DATr larvae survived only in

acetone extract ofM hexand ra but their length was significantly retarded as compared to
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untreated control. In none of the treatments larvae could reach the pupal stage whereas in

control all the larvae survived resulting into 100 % moth emergence at 25 OATr.

• Screening of plant extracts against rice leaffolder in field condition during the wet season

2002 and 2003 was laid down in completely randomized block design (CRBO) on rice varietyZYXWVUTSRQPONMLKJIHGFEDCBA

Ja ya . The crop was sprayed at 30, 40, and 50 OAT with 2YXWVUTSRQPONMLKJIHGFEDCBA% crude plant extracts. Neem oil

(1.5 %) and fenvalerate (0.1 %) were used as standard check for comparison and rice plants

sprayed with plain water were kept as control. Methanol extract ofA . a pu len tumwas recorded

as most effective treatment and was at par with fenvalerate.Treatment effects on the incidence

ofleaffolder differed significantly with control as evident by reduction in infestations at various

intervals of observations (40,50,60 OAT). Effectiveness of treatments at 50 OAT during

2002 arranged in decreasing order was: Fenvalerate= A . apu len tum (methanol extract) >

neem oil> L . c itra ta (acetone extract) >L . c itra ta (methanol extract) >M au r icu la ta

(methanol extract) >A . a pu len tum (acetone extract) >M . hexand ra (methanol extract) >

M au r icu la ta (acetone extract) = C.AvisCOSUI11 (methanol extract).

Reduction in levelof infestationwas alsomarkedwith increasein grainyieldwhere maximum

yield was recorded in methanol extract ofA . a pu len tum . Grain yield arranged in decreasing

order was: Fenvalerate > A.apu len tum (methanol extract) > neem oil>L . c itra ta (acetone

extract) >L . c itra ta (methanol extract) >M au r icu la ta (acetone extract) >M au r icu la ta

(methanol extract) >A . a pu len tum (acetone extract) >M . hexand ra (methanol extract) >

M hexand ra (acetone extract) > C.viscosum (acetone extract). More or less similar results

were obtained during 2003 wet season which confirm findingsof the experiment during 2002.

• Promising plant extracts based on the findings of field experiment conducted during

2002 and 2003 viz.A. apu len tum (methanol extract),L . c itra ta (acetone& methanol extract)

were evaluated at different cones. ie. 2 % and 4 % in split plotdesign on rice varietyJa ya

during 2004 and 2005 wet seasons. Effectiveness of treatment arranged in decreasing order

was: Neem oil> A . a pu len tum (methanol extract) >L . c itra ta (methanol extract) >

L . c itra ta (acetone extract). Comparison of conc. means revealed thathigher cone. (4 %)

showed greater effectiveness and higher grain yield. Efficacy of plant extracts revealed that

minimum infestations with maximum effectiveness were recorded in methanol extract of

A . a pu len tum at 4% cone, The findings were confirmed in the next year 2005 wet season as

more or less similar trend was recorded during the observation on infestation level and grain

yield.
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C O N C L U S IO N rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

The fmdings of the present investigation on the plant extracts in lowering down the pest

infestation in the field by their antifeedant property, oviposition deterrency and effect on the

larval development has generated the hope that use of these plant extracts could provide

improved management tactics in the management ofZYXWVUTSRQPONMLKJIHGFEDCBAC napha lo c ro c is m ed in a l is which could

be utilized in designing integrated pest management programmes. These plant extracts provide

a better management practice of the pest and safeguard the environment and agro-ecosystem

as these are eco-friendly. The salient findings are concluded as per the following:

• Among the plant extracts, acetone extracts ofA . a pu len tum and C.v isco sum exhibited

the highest antifeedant property.

• ln No-choice condition maximum reduction in oviposition was revealed by methanol

extract ofA . a pu len tum while in Choice condition the moths did not prefer to lay eggson the

plants treated with methanol extracts ofM hexand ra and as such not even a single egg was

noticed on treated plants.

• The larvae could not develop into adult stage in all the treatments even though larval

feeding took place.

• It is revealed that methanol extract ofA . a pu len tum was the most effective plant

extract in lowering the level ofleaffolder infestation in both the early and latter stage of the crop

growth. Reduction in the level of infestation with marked increase in grain yield was recorded

in all the treatments. Highest grain yield was observed in methanol extract ofA . a pu len tum .

• Effectiveness of plant extracts increased with increase in cone. and 4YXWVUTSRQPONMLKJIHGFEDCBA% methanol

extract revealed maximum reduction in the level of infestation and recorded the highest grain

yield than the lower cone.

These plant extracts were for the first time tested against rice leaffolder infestation. The

findings seems to be the first report which requires furtherconfirmation in testing at large scale

before recommending them for use in making formulations at commercial level and

recommending the use against rice leaffolder Cm ed in a l is . These findings have further provided

support to plant products/botanicals for their safe use in integrated pest management system.

The results obtained in the net house/laboratory experiments with plant extracts are

explainable on the basis offield experiments as propertiesof the plant extracts might have

worked well in making the plant extracts effecti ve in lowering the pests' incidence significantly

in the field.
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APPENDICESYXWVUTSRQPONMLKJIHGFEDCBA

I . Analysis of variance for antifeedant test on feeding area byrice leaffolder due to ef

treatments in net house experiment. Design: CRD.

SL no. Source of Degree Sum of Mean sum of F-caL F-tabulate
variation of squares squares value

freedom 5% I 0

I Treatment II 149859.22 13623.57 16.70** 3.39 4.5

2 Error 24 19576.00 815.67

3 Total 35

CY = 25.56 %

** = Significant at I % level

I I . Analysis of variance for antifeedant test on feeding ratio by rice leaffolder due to

of treatments in net house experiment. Design: CRD.

S l.n o , Source of Degree Sum of Mean sum F-caL F-tabulated
variation of freedom squares of squares value 5% 1%

I Treatment II 12604.92 1145.90 26.18** 3.39 4.59

2 Error 24 1050.42 43.77
, . ,

Total 35J

CY = 16.51 %

** = Significant at I % level

I I I . Analysis of variance for reduction on rice Ieaffolder oviposition in No-choice test d

effect of treatments in net house experiment. Design: CRD.

S l.n o , Source of Degree of SUIllof Mean sum F-caL F-tab. value
variation freedom squares of squares value 5% 10;(

I . Treatment II 10309.53 937.23 52.53 3.395 4.595

2. Error 24 428.08 17.84
, . ,

Total 35 10737.61 955.07J.

CY = 7.94%

** Significant at I % level
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, rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

IV. Analysis of variance for reduction

effect of treatments in net house exp

Sl.no. Source of Degree of Sum
variation freedom squat

I . Treatment I I 217.51

2. Error 24 2.5

" Total 35 220.0"J.

C

** Signi

V. Analysis of variance on larvallengt

Design: CRD.

S l.n o . Source of Degree of Sum
variation f r e e d o m squat

I . Treatment 10 0.04

2. Error 22 0.02

3. Total 32 0.6

C

* Signifi

VI. Analysis of variance onrice leaffol

2002. Design: CRBD.

S l.n o , Source of Degree of Sum
variation f r e e d o m squat

I Replication 2 0.06
2 Treatment I I 1.57

" Error 22 0.15J

4 Total 35 1.78

C

** Signi

on rice leaffolder oviposition in Choice-test due to

eriment. Design: CRD.

of Mean sum
·e of squares

F-cal.

value
F-tab. value

5% 1%

179.7219.77

2 0.11

J 19.88

4.59

v = 3.80 %

3.39

ficant at I% level

h for the effect of treatments in net house experiment.

0.004

0.001

0.005

F-cal.

value
of Mean sum
·e of squares

F-tab. value

3.39 4.604

5% 1%

v = 3.80 %

cant at 5% level

der infestation at 40 OAT during the wet season of

of Mean sum F-cal. F-tabulated
'es of squares value

5% 1%

0.03
0.14 14** 3.19 2.27
0.01

ficant at I % level

V=8.47%

I I I



V II . A n a ly s is o f v a r ia n c e o n r ic e le a f fo ld e r in fe s ta t io n a t 5 0 O A T d u r in g th e w e t s e a so n o f

2 0 0 2 . D e s ig n : C R B D .rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

••

Sl.no. Source of Degree of Sum of Mean sum F-cal. F-tabulated
variationYXWVUTSRQPONMLKJIHGFEDCBAf r e e d o m squares of squares value

5% 1%

I Replication 2 0.03 0.02
2 Treatment II 0.69 0.06 6 * * 3.19 2.27
" Error 22 0.12 0.01j

4 Total 35 0.84

CY = 11.36 %

** Significant at I % level

V II I . A n a ly s is o f v a r ia n c e o n g r a in y ie ld d u e to th e in f lu en c e o f p la n t extracts o n r ic e

le a f fo ld e r d u r in g th e w e t s e a so n o f 2 0 0 2 . D e s ig n : C R B D .

Sl.no. Source of Degree of Sum of squares Mean sum of F-cal. F-tabulated
variation freedom squares value 5% 1%

I Replication 2 559549.79 279774.90
2 Treatment 1\ 2893172.78 263015.70 2.39* 2.27 3.19
3 Error 22 2419817.72 2419817.72
4 Total 35

CY = 9.62 %
* Significant at 5 % level.

IX . A n a ly s is o f v a r ia n c e o n r ic e le a f fo ld e r in fe s ta t io n a t 4 0 D A T d u r in g th e w e t s e a so n o f

2 0 0 3 . D e s ig n : C R B D .

Sl.no. Source of Degree of Sum of Mean sum F-cal. F-tabulated
variation freedom squares of squares value

5% 1%

I Replication 2 0.04 0.02
2 Treatment 1\ 4.51 0.41 102.5** 2.27 3.19

" Error 22 0.09 0.004j

4 Total 35 4.64

CY = 5.45 %

** = Significant at I % level

1 1 2



X . A n a ly s is o f v a r ia n c e o n r ic e le a f fo ld e r in fe s ta t io n a t 5 0 O A T d u r in g th e w e t s e a so n o f

2 0 0 3 . D e s ig n : C R B D .rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Sl.no. Source of Degree of Sum of Mean sum F-cal. F-tabulated
variation freedom squares of squaresvalue

5% 1%YXWVUTSRQPONMLKJIHGFEDCBA

I Replication 2 0.16 0.08
2 Treatment I I 0.99 0.09 3 * 2.27 3.19
3 Error 22 0.60 0.03
4 Total 35 1.75

CY = 19.68 %

* = Significant at 5 % level

X I . A n a ly s is o f v a r ia n c e o n r ic e le a f fo ld e r in fe s ta t io n a t 6 0 O A T d u r in g th e w e t s e a so n o f

2 0 0 3 . D e s ig n : C R B D .

Sl.no. Source of Degree of Sum of Mean sumF-cal. F-tabulated
variation freedom squares of squares value

5% 1%

I Replication 2 0.10 0.05
2 Treatment I I 0.48 0.04 2.5* 2.27 3.19

" Error 22 0.36 0.016j

4 Total 35 0.94

CY = 15.06 %

* = Significant at 5 % level

X II . A n a ly s is o f v a r ia n c e o n g r a in y ie ld d u e to th e influence o f p la n t e x tr a c ts o n r ic e

le a f fo ld e r d u r in g th e w e t s e a so n of 2003. D e s ig n : C R B D

Sl.no. Source of Degree of Sum of squares Mean sum of F-cal. F-tabulated
variation freedom squares value 5% 1%

I . Replication 2 315243.32 157621.70
2. Treatment I I 3012147.80 273831.60 2.06115 2.27 3.19
3. Error 22 2919276 132694.40

4. Total 35

CY=9.06%
ns = Non significant.
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XIII. Analysis of variance on rice leaffolder infestation in different conc. at 40 OAT during

the wet season of 2004. Design: Split-plot.YXWVUTSRQPONMLKJIHGFEDCBA

S l.n o . Source of Degree Sum of Mean sum F-cal. F-tab u lated

variation of squares of squares value 5% 1%

freedom
I . Replication 2 0.0001 0.00005

2. Main factor (A) 3 0.0354 0.0118 59** 3.58 5.51

(plant products)

3. Error (a) 6 0.001 0.0002

4. Sub-factor (B) 2 3.2 1.6 1280** 3.00 4.13

(conc.)

5. Interaction AxB 6 0.025 0.004 3.2N S 3.34 4.54

6. Error (b) 16 0.02 0.00125

7. Total 35 3.28

C V 1a) = 0.67% C V (b I = 1.69%

* * = Significant at I% level

NS= Non-significant

XIV. Analysis of variance on rice leaffolder infestation indifferent doses at 50 OAT during

the wet season of 2004. Design: Split-plot.

Sl.no. Source of Degree Sum of Mean F-cal. value F-tabu lated

variation of squares slim of 5% 1%
freedom squares

I . Replication 2 0.004 0.002

2. Main factor (A) 3 0.20 0.066 66** 3.58 5.51

(plant products)

3. Error (a) 6 0.006 0.001

4. Sub-factor (B) 2 11.0 I 5.505 21173.07** 3.00 4.13

(conc.)

5. Interaction AxB 6 0.13 0.021 80.76** 3.34 4.54

6. Error (b) 16 0.0043 0.00026

7. Total 35 11.35

C V (a ) = 1.82% C V (b ) = 0.93%

** = Significant at 1% level.

1 1 4



xv.ZYXWVUTSRQPONMLKJIHGFEDCBAA n a ly s is o f v a r ia n c e o n rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArtce leaffolder in fe s ta t io n in d if fe r e n t c o n e . a t 6 0 D A T d u r in g

th e w e t s e a so n o f 2 0 0 4 . D e s ig n : S p lit -p lo t .

Sl.n Source of variation Degree Sum of Mean sum F-caL F-tabulated
o. of squares of squares value 5% 1%

freedom
I. Replication 2 0.02 0.01

2. Main factorYXWVUTSRQPONMLKJIHGFEDCBA(A ) 3 0.57 0.19 9.50** 3.58 5.51
(plant products)

" Error (a) 6 0.12 0.20.).

4. Sub-factor (8 ) 2 13.20 6.60 6600** 3.00 4.13
(conc.)

5. Interaction 6 0.38 0.06 60** 3.34 4.54
A x 8

6. Error (b) 16 0.02 0.001

7. Total 3 5 14.31

C V 1a) = 8.57% C V 1b) = 1.91%

* * = Significant at 1% level.

X V I . A n a ly s is o f v a r ia n c e o n g r a in y ie ld d u e to th e in f lu en c e o f p la n t e x tr a c ts o n r ic e

le a f fo ld e r d u r in g th e w e t s e a so n o f 2 0 0 4 . D e s ig n : S p lit -p lo t .

SI. Source of Degree Sum of Mean sum F-cal. value F-tabulated

no. variation of squares of squares 5% 1%
freedom

I. Replication 2 81.77 40.88

2. Main factor (A ) " 91614.95 30538.32 1784.36** 3.58 5.51.)

(plant products)

3. Error (a) 6 109.12 18.19

4. Sub-factor (8 ) 2 635563 317781.5 18568.03** 3.00 4.13

(conc.)

5. Interaction 6 40466.68 6744.45 394.08** 3.34 4.54

A x 8

6. Error (b) 16 273.83 17.11

7. Total 35

C V (3) = 7.45% C V (b ) = 7.22%

* * = Significant at I % level.
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XVII. Analysis of variance on rice leaffolder infestation in different conc. at 40 DAT during

the wet season of 2005. Design: Split-plot.

SI. Source of Degree Sum of Mean sum F-cal. F-tabulated
no. variation of squares of squares value 5% 1%

freedom
I. Replication 2 0.00025 0.00012

2. Main factor (A) 3 0.0503 0.0167 139.16** 3.58 5.51
(plant products)

3. Error (a) 6 0.00075 0.00012

4. Sub-factor (B) 2 2.4615 1.2307 3326.21** 3.00 4.13
(cone. )

5. Interaction AxB 6 0.0108 0.0018 4.86** 3.34 4.54

6. Error (b) 16 0.006 0.00037

7. Total 35 2.53YXWVUTSRQPONMLKJIHGFEDCBA
C Y al = 0.52% C Y (b l = 0.92%

* * = Significant at I% level.

1 1 6

XVIlI. Analysis of variance on rice Ieaffolder infestationin different conc. at 50 DAT during

the wet season of 2005. Design: Split-plot.

SI. Source of Degree Sum of Mean sum F-cal. F-tabulated
no. variation of squares of squares value 5% 1%

freedom
I. Replication 2 0.00009 0.000045

2. Main factor (A)
, . ,

0.13 0.043 100** 3.58 5.51J

(plant products)

3. Error (a) 6 0.0026 0.00043

4. Sub-factor (B) 2 12.3392 6.1696 9793.01** 3.00 4.13

5. Interaction AxB 6 0.1393 0.0232 37.01** 3.34 4.54

6. Error (b) 16 0.0102 0.00063

7. Total 35 12.62
C Y (a ) = 1.20% C Y (b ) = 1.45%

* * = Significant at 1% level.



XV IX. Analysis of variance on rice leaffolder infestation in different conc. at 60 DAT during

the wet season of 2005. Design: Split-plot.YXWVUTSRQPONMLKJIHGFEDCBA

S I. Source of Degree Sum Mean sum of F-cal. value F-tabulated

no. variation of of squares 5% 1%
f r e e d o m square

s
I . Replication 2 0.002 0.001

2. Main factor (A) 3 0.55 0.18 360.00** 3.58 5.51
(plant products)

3. Error (a) 6 0.003 0.0005

4. Sub-factor (B) 2 13.18 6.59 10983.33** 3.00 4.13

(conc.)

5. Interaction 6 0.31 0.05. 83.33** 3.34 4.54

AxB

6. Error (b) 16 0.01 0.0006

7. Total 35 14.06

CVla\ = 1.36% CVlb\ = 1.48%

* * = Significant at 1% level.

XX. Analysis of vartance on g"ain yield due to the influence of plant extracts on rtce

leaffolder during the wet season of 2005. Design: Split-plot.

SI. Source of D.F Sum of Mean sum of F-cal. value F-tabulated

no. variation squares squares 5% 1%
I. Replication 2 I 1.23 5.62

2. Main factor (A) 3 174836.09 58278.70 7855.93** 3.58 5.51

(plant products)

3. Error (a) 6 44.51 7.42

4. Sub-factor (B) 2 2285481.80 I 142740.9 160834.60** 3.00 4.13

(conc.)

5. Interaction 6 118246.58 19707.76 2773.76** 3.34 4.54

AxB

6. Error (b) 16 113.68 17.11

7. Total 35

CV(a) = 0.074% CV b\ = 0.072%

* * = Significant at 1% level.

1 1 7



BIBLIOGRAPHY



7 . B IB L IO G R A P H Y rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A lford, R.A. and Bentley, MD.1986. Citrus limonoids as potential antifeedants for the spruce

budwormZYXWVUTSRQPONMLKJIHGFEDCBA(L ep id o p te ra : T o r tr ic id a e i. Jo u rn a l o f E conom ic E n tom o lo gy . 79: 35 - 38.

Alice,YXWVUTSRQPONMLKJIHGFEDCBA1 . , Sujeetha, R.P.and Venugopal2000. Role of botanicals on thegrowth and development

of rice brown planthopper,N ila p a rva ta lu g en s (Stal.) on rice with different methods of

application. P es to lo g y 24 (12): II - 15.

Anonymous, 2004. S ta tis t ic a l H andboo k o f N aga la n d .Government of Nagaland.

53 - 60.

Ambethgar, V. 1.996. Effectiveness of neem(A zad ira ch ta in d ica A.Juss) products and

insecticides against rice leaffolder.C napha lo c ro c is m ed in a l is Guenee. Jou rn a l o f

E n tom o lo g ica l R esea rch .2 0 (I ): 83 - 85.

Atwal, A.S. and Dhaliwal, G.S. 2002.In A g r icu ltu ra l P es t o f Sou th A s ia a nd th e ir

M anagem en t. Kalyani Publishers, New Delhi. 498 P.

Bansal, D., Prasoon, K., Joshi. P.K.. Dubey. P.K., Kasana, Y.K. and Pant A.K. 200 I

Antifeedant activity of someA ju ga species growing in the Himalayan region.P es to lo g y

25(5):38-41.

Bartelt, R.J. and Mikolajezak, K.L. 1989. Toxicity of compounds derived fromL im na th es

a lb a seed to fall armyworm (L ep id o p te ra : N o c tu id a e ) and European corn borer

(L ep id o p te ra : P y ra l id a e ) larvae.Jou rn a l o f E conom ic E n tom o lo g y .8 2 (4): 1054 - 1060.

Belina, E., David, P.M.M. and Pillai, M.A.K.(2005). Effects of cow-five, a fermented mixture

of cow products and soapnut on leaffolder. International Rice Research Notes3 0 (I): 31-32.

1 1 8



Binder, R.G and Waiss, A.C.1984. Effects ofleaf extracts ongrowth and mortality ofbollworm

(Lepidoptera: Noctuidae) larvae.ZYXWVUTSRQPONMLKJIHGFEDCBAJou rn a l o f E conom ic E n tom o lo g y . 77: 1585 - 1588.

Bisen J.S. and Kumar,YXWVUTSRQPONMLKJIHGFEDCBAR . 1997. Studies on the antifeedant properties of some plant extracts

against bunch caterpillar(A nd ra ca b ip u n c ta ta ) on tea(C am e ll ia s in en s isL.). P es to lo g y .ZYXWVUTSRQPONMLKJIHGFEDCBA

2 1 (10): 13 - 15.

Chin S.( 1993). Investigation on botanical insecticides insouth China. InB o ta n ica l p es tic id es

in in teg ra ted P es t M anagem en t.M.S. Chari and G. Ramaprasad (Eds.). Indian Society of

Tobacco Science, Rajahmundry, New Delhi, India.134-137.

Desai, S.K and Patil, R.S. 2000. Antifeedant properties of some plant material extracts against

Spodop te ra l i tu ra . P es to lo g y2 4 (8) 62 - 64.

Dhaliwal, GS., Singh, J. and Dilawari, VK. 1993.Potential of neem in insect pest management

in rice. Paper presented atW or ldANeem C on fe ren ce ,February 24-25, Bangalore, India.

Dhaliwal, GS., Singh,1 . and Dilawari, VK. 1996. Potential of neem in insect pest management

in rice. In N eem and E nv iro nm en t.Vol. 1. R.P. Singh, M.S. Chari, A.K. Raheja and W.

Kraus (Eds.). Oxford& IBH Publishing Co. Pvt. Ltd., New Delhi, India. 485-491.

Dilawari, Y.K, Singh, 1 . , Dhaliwal, G.S. 1991. Efficacy of neemark against rice stem borer,

Sc irp o phaga in ce r tu la s (Walk.). N eem N ew s/e f/e r .8 (2): 18-19.

DRR 1990. Management of pests and diseases. In:T echno lo g y fo r R ice P ro du c tio n .

Directorate of Rice Research, Hyderabad, India. 169-173.

Dubey, O.P, adak, S.c. and Gargava, VP. 1991. Evaluation of anti-feeding properties of

indigenous medicinal plants against the larvaeo fH e lio th is a rm ig e ra (Hubner). Jou rn a l o f

E n tom o lo g ica l R esea rch .1 5 (3): 208 - 211.

1 1 9



Dwivedi, S.c. and Mathur, M. 2000. Laboratory evaluation ofeight floral species inhibiting

egg hatching in diamondback moth,ZYXWVUTSRQPONMLKJIHGFEDCBAP lu te l la xy /o s te l la (L) (L ep id o p te ra : p lu te l l id a e ) .

P es to lo g yZYXWVUTSRQPONMLKJIHGFEDCBA2 4 (2): 36 - 39.

Grainge, M. and Ahmed, S. 1988.H and B oo k o f P la n ts w ith P es t C on tro l P ro pe r t ie s .

John Wiley& Sons, ew York, USA. 469 P.

Gogoi, I., Rahman, I. and Dolvi,A.K. 2003. Antifeedant properties of some plant extracts

against tea mosquito bug,H e /o pe lt is th e ivo ra Waterhouse.Jou rn a l o f E n tom o lo g ica l

R esea rch . 27 (4): 321 -324.

Gomez, K.A 1972. Techniques for field experiments with rice. International Rice Research

Institute, Los Banos, Philippines. 46 P.

Gomez, K.A and Gomez, A.A. 1984. Statistical procedures foragricultural research. With

special reference to rice. International Rice Research Institute, Los Banos, Philippines. John

WielyYXWVUTSRQPONMLKJIHGFEDCBA& Sons, ew York (USA). 680 P.

Harvey, A. Yoshida and Toscano, N. 1994. Comparative effects of selected natural insecticides

on H e lio th is v ire sceu s (Lepidoptera: Noctuidae) larvae.Jou rn a l o f E conom ic E n tom o lo g y .

87 (2): 305 - 310.

IRRI 1979. R epo r t o n in sec tic id e eva lu a tio n .International Rice Research Institute, Los

Banos, Philippines. 10-15.

Jacob, S. and Sheila, M.K. 1994. Studies on the antifeedant activity of some plant products

against the leaf caterpillar,Se lepa do c i l isButl. on brinja1and wooly bear,P e r ica l l ia r ic in i F.

on castor.In d ia n Jou rn a l o f E n tom o lo g y . 56 (3): 276 - 279.

Jayaraj, S. 1991. Recent scientific advances and future directions in botanical pest control. In

proceedings Midterm project Review meeting, Dhaka, Bangladesh. 4-14.
1 2 0



---- ------- - - -~ ----

John, D.S., Roger,I.V, and Ronald. K.T. 1990. Azadirachtin: Effects on metamorphosis,

longevity and reproduction of three Tephritid fruit fly species (Diptera :Tephritidae ).ZYXWVUTSRQPONMLKJIHGFEDCBA

Jou rn a l o f E conom ic E n tom o lo g y .83 (6): 2168 - 2174.

Joseph, T.M. 2000. Antifeedant and growth inhibitory effects of neem seed kernel extract on

Ailunthus defoliator, E ligm a na rc issu s in d icaRoth. (Lepidoptera: Noctuidae).

E n tom on 25 (l): 67 - 72.

Kalode, M.B. 1985. Rice brown planthopper, leaffolder and gall midge as national pests. In

in teg ra ted P es t a n d D isea se M anagem en t.S. Jayaraj, (Ed.) Tamil Nadu Agricultural

University, Coimbatore. 18-33.

Kareem A., Saxena R.C. and Boncodin M.E.M. 1988. Neem seed kernel extract and neem

seed bitters affect on oviposition and hatchability of eggsof N epho te tt ic v ire scen s(Distant).

N eem N ew s le tte r .5 (1): 9-10.

Kareem, A.A., Saxena, R.C., Boncodin, M.E.M. and Malayba, M.T. 1989. Effects ofneem

seed and leafbitters on oviposition and development of green leafhopper and brown planthopper.

In te rn a tio n a l R ice R esea rch N ew s le tte r .14 (6):26-27.

Kaul, B.K. and Sharma, P.K. 1999. Eficacy ofneem based insecticides against the major

insect pests of rice in the hills of Himachal Pradesh (Lndia).Jou rn a l o f I in iom o lo g ica l R esea rch .

23 (4): 377 - 379.

Khan, Z.R., Barrion, A.T., Listinger, lA., Castilla, .P. and Joshi, R.C. 1988. A

bibliography of rice leaffolders(L ep id o p te ra : p y ra l id a e i.In sec t S c ien ce A pp lica tio n .9 (2):

129-174.

Krishnaiah,YXWVUTSRQPONMLKJIHGFEDCBA.v . and Kalode, M.B. 1984. Evaluation ofneem oil, neem cake and other non-

edible oil against rice pests.In d ia n Jou rn a lAofPlant P ro tec tio n .ZYXWVUTSRQPONMLKJIHGFEDCBA1 2 (2): 101-107.

1 2 1



Krishnaiah N.V and M.B. Kalode 1990. Efficacy of selected botanicals against rice insect

pest lmder green house and field conditions.ZYXWVUTSRQPONMLKJIHGFEDCBAInd ia n Jou rn a l o f P la n t P ro tec tio n .18 (2): 197

-205.

Krishnaiah, .V and Kalode, M.B. 1991. Efficacyofneem oil against rice insect pests under

green house and field conditions.In d ia n Jou rn a l a /P la n t P ro tec tio n . 19YXWVUTSRQPONMLKJIHGFEDCBA( I ) : 11-16.

Krishnaiah, N.v, Kalode, M.B. and Pasalu,I .C , 1993. New approaches in utilization of

botanicals in rice insect pest control. In Botanical Pesticides in Integrated Pest management.

M.S. Chari and G. Ramaprasad (Eds.). Indian Society of Tobacco Science, Rajamundry,

New Delhi, India. 203 - 216.

Krishnamurthi, V V, Manoharan, T. and Kumar, K.1999. Efficacy of certain botanicals against

Rice leaffolder and Brown spot incidence.P es to lo g y 2 3 (8): 11- 12.

Koshuya, D.J. and Ghelani, A. B. 1990. Anti feedant acti vity of different plant deri vati ves against

Spodop te ra fi tu ra (Fab) on groundnut. InB o ta n ica l p es tic id es in In teg ra ted P es t

M anagem en t.M.S. Chari andG. Ramaprasad (Eds.).Indian Society of Tobacco Rajamundry,

New Delhi, India. 270 - 275.

Kumar, S.P . and Babu, P.C.S.1999. Evaluation of Antifeedant properties ofneem azal against

certain leaf feeders ofbrinjal. P es to lo g y 2 3 (10): 62 - 64.

Kushwaha, K.S. and Singh, R. 1984. Leaffolder outbreak in Haryana. In te rn a tio n a l R ice

R esea rch N ew s le tte r .9 (6): 20.

Mariappan, V, Jayaraj, S. and Saxena, R.C. 1988. Effect of non edible seed oils on survival

of N epho te tt ix v ire scen s(Homoptera: cicadellidae) and on transmission ofrice tungro virus.

Jou rn a l o f E conom ic E n tom o lo g y .81 (5): 1369 - 1372.

1 2 2



Martin, Jacqueline S., Robertson, L. and Ralph E. W. 1994. Effect ofneem seed extract upon

the gypsy moth.ZYXWVUTSRQPONMLKJIHGFEDCBA(L ep id o p te ra : L ym an tru d ae iand its nuclear polyhedrosis virus.Jou rn a l o f

E conom ic E n tom o lo g y . 87 (2): 356 - 360.

Mayabeni, J. 1997 Efficacy of some neem products against neeleaffolder,

C napha lo c ro c is m ed in a l is (Guenee). In d ia n Jou rn a l o f P la n t P ro tec tio n .25(2): 160-

161.

Metha, P.K., Sood, A.K., Parmar, S. and Kasyap, N.P. 2002. Antifeedant activity of some

plants of north-western Himalayas against cabbage caterpillar, P ie r is b ra ss ica e(L). Jou rn a l

o f E n tom o lo g ica l R esea rch .ZYXWVUTSRQPONMLKJIHGFEDCBA2 6 (I): 51 - 54.

Morale, R.S, Sarnaik, D.N., Satpute, V.S.and Sadawarte, AX. 2000. Effect of plant products

on growth and development ofH e /ico ve rp a a rm a ig e ra (Hubner) on cotton.P es to lo g y 2 4

(I): 26-28.

Murugesan, S. and Chelliah, S. 1986. Yield loss and economicinjury by rice le a ffo ld e r .ln d ia n

Jou rn a l 0 /A g r icu ltu ra l S c ien ces . 5 6 (4): 282-285.

Murugesan, S. and Venugopal, M.S. 1987. Efficacy and effectof neem products on rice pests

and wolfspider in rice ecosystem.N eem N ew s le tte r . 4(4):51.

Muralibaskaran, R.K., Mahadevan, .R. and Thangavelu, S. 1993. Evaluation of plant

products against the sesame shoot webber and pod borer,A n tig a s tra ca ta la u na lis

D uphon che l.ln d ia n Jou rn a l o f E n tom o lo g y .5 5 (4): 385 - 389.

aitam, N.R. and Sharma, R.S. 2000. Evaluation ofbiorational insecticides in comparison

with conventionals against the pest ofber.P es to lo g y 2 4 (7): 66 - 68.

Nanda U.K., Parija, B., pradhan, N.C., Nanda, B. and Dash. D.O. 1996. Bioefficacy of

neem derivatives against insect pest complex of rice. InN eem and E nv iro nm en t. V o l. I .R.P.

Singh, M.S. Chari, A.K. Raheja and W. Kraus (Eds.). OxfordYXWVUTSRQPONMLKJIHGFEDCBA& IBH. Publishing Co. Pvt.

Ltd., New Delhi, India. 517-527.
123



NandaYXWVUTSRQPONMLKJIHGFEDCBAU .K , Mahapatro O.K., Sahoo A. and Mahapatra S.C.2000. Rice leaffolder: Lntegrating

neern-derivatives in its management.ZYXWVUTSRQPONMLKJIHGFEDCBAP es to lo g yZYXWVUTSRQPONMLKJIHGFEDCBA2 4 (7): 31 - 33.

Nandu, U ., Mohapatra, O.K., Sahu, A. and Mohapatra, S.c. 1996. Perspectives ofneem

pesticides in insect pest management of rice.N eem N ew s le tte r .13(3): 44.

Nelson, S.J, Sundarababu, P.C, Rajvel, D.S., Sreernanarayan, 0. and Geetanjali, Y. 1996.

Antifeedant and growth inhibiting effects of azadi r a c h t in - r ic h neem fractions on rice whitebacked

planthopper, Soga te l laAfurcifera Horvath, Spodop te ra l i tu ra Fb. andH eL ico ve rp a a rm ig e ra

Hb. in N eem and E nv iro nm en t.Singh R.P. (Eds.). Oxford& fB H Publishing Co. Pvt.

Ltd. New Delhi. 1:243-252.

Pandya, H.V, Shah,A.H. and Purohit, M.S. 1987. Yield lossescaused by leaffolderdamage

alone and combined with yellow stem borer damage.In te rn a l io n a l R ice R esea rchNewsletter.

1 2 (5): 28.

Pandya, f-LV, Shah,A.H. and Purohit, M.S. and Patel. c.B. 1994. Estimation of losses due

to rice leaffolder C napha lo c ro c is m ed in a l isGuenee. G u ja ra t A g r icu ltu ra l U n ive rs ity

R esea rch Journal. 2 0 (1): 171-172.

Pangtey, VS. and Sachan, J.N. 1982. Leaffolder outbreak in Kohima district, Nagaland.

In te rn a tio n a l R ice R esea rch N ew s le tte r .7 (I): 13.

Patel,GP. andJhala,R.C.1999. Oviposition deterrent. antifeedant and larvicidal action of

neem-based formulations on sawfly,A th a lia lu g en s p ro x im a (Klug) (Tenthredinidae:

Hymonoptera) infesting radish,R aphanu s sa liv aLinnaeus. P es to lo g y .23 (12): 68-71.

Pathak, P.K., Kalsa, M.S. and Verma, S.K. 1982. Controllingmajor insect pests of rice plant.

In d ia n F a rm e r sD ig es t. 15 (10): 6-9.

Patil, R.S. and Goud, K.B. 2003. Efficacy of methanolic plant extracts as ovipositional repellents

against diamond back moth,P lu te l la xy lo s te l la (L). Jou rn a l o f E n tom o lo g ica l R esea rch .

27(1): 13-18.

1 2 4



Pedigo, L.P. 1999.ZYXWVUTSRQPONMLKJIHGFEDCBAE n tom o lo g y and P es t M anagem en t.Mac. Millan Publishing Co., New

York, USA. 691 P.

Prabhaker, N., Coudriet, D.L. and Kishaba,A.N. 1986. Laboratory evaluation ofneem seed

extract against larvae of the cabbage looper and beet armyworm. ( Lepidoptera:

Noctuidae ).Jou rn a l o f E conom ic E n tom o lo g y .79: 39 - 41.

Pruthi, H.S. and Singh, M. 1950. Stored grain pests and theircontrol. Im pe r ia l C oun c i l o f

A g r icu ltu ra l R esea rch .New Delhi. Miscellaneous Bulletin. No. 57.

Purohit, P., Jyotsna D. and Srimannahayan G. 1989. Antifeedant activity ofindigenous plant

extracts against larvae of castor semi-looper.P es tic id esZYXWVUTSRQPONMLKJIHGFEDCBA2 3 (I): 23 - 26.

Rajasekaran, 8., Jayaraj, S., Saroja, R. and Raju, N. 1988. Field evaluation ofneem products

on the management of certain insect pests of rice. Final Workshop of Indian Rice Research

Institute-ADB-EWC project onB o ta n ica l p es t co n tro l in R ice -b a sed C ro pp in g sys tem .

International Research Institute, Los Banos, Philippines.

Raman, G.V, Rao, M.S. and Srimanuarayana, G. 2000. Efficacyof botanical formulations

from A nnona squam osaLinn. andA zad ira ch ta in d icaA. Juss against semi looper,A chaea

ja n a ta Linn. Infesting castor in the field.Jou rn a l o fE n tom o lo g ica l R esea rch .2 4 (3): 235-

238.

Ramarethinam, S., Loganthas, S., Marimuthu, S. and Marugesan, N.Y. 2002. Studies on

evaluation ofneem oil based EC formulation (0.038 azatirachtin) on semi looper caterpillar,

A chaea ja n a ta (L) (Lepidoptera: noctuidae) in festing castor plant,R ic in u s cum m un isL.

P es to lo g y 2 6 (l): 9 - 14.

Rao, S. M., Chitra, K.C., Gunesekhar, D. and Rao, P. K. 1990 Antifeedant properties of

certain plant extracts against second stage larva ofH enosep ila ch na v ig in t io c to p un c ta ta

Fabricius. In d ia n Jou rn a l o f E n tom o lo g y . 5 2 (4): 681 - 685.

125



Rao, M. S., Venkateswarlu, B. and Sankaram, A. VB. 1996. Evaluation of neem and custard

apple formulations against castor semi looper,ZYXWVUTSRQPONMLKJIHGFEDCBAA choeaAjanata Linn. P es to lo g y . 20 (8): 16-

19.

Rao, M., Raman, G V, Srimannarayana. G and Venkateswarlu, B. 1999. Efficacy of botanicals

against gram pod borer,H e lico ve rp a a rm ig e ra Hub. P es to lo g y .YXWVUTSRQPONMLKJIHGFEDCBA2 3 ( I ) : 18 - 22.

Rao, N.B.V, Singh, VS., and Chander, S. 2002. Evaluation of some new insecticides against

rice leaffolder, C.m ed in a l is .In d ia n Jou rn a l o fE n tom o lo g y . 64 (4): 438-446.

Reddy, GVP. and Urs, K.C.O.1988. Effect of plant extracts onbrown planthopper (BPH)

oviposition. In te rn a tio n a l R ice R esea rch N ew s le tte r .13(4): 42.

Reed, O.K., Warthen, Jr. J.O, Uebel, E.C. and Reed, L. 1982. Effects of two triterpenoids

from neem on feeding by cucumber beetles(C o leo p te ra : ch ryssom e lid a e ) . Jo u rn a l o f

E conom ic E n tom o lo g y . 75: 1109-1113.

Reissing, W.H., Heinrichs, E.A., Litsinger,.J .A., Moody, K., Fieldler, L., Mew, T. W. and

Barrion, A.T.1985. I l lu s tra ted G u id e to In teg ra ted P es t M anagem en t in R ice in Tro p ica l

A s ia . 411 P.

Rosaiah, B. 2001. Effect of different plant products against serpentine leaf minerL ir iom yza

trifolu on ridge gourd Luffa a cu ta n gu la . P es to lo g y . 2 5 (4): 7 - 9.

Rao, N.B.V., Singh, VS., Chander, S. 2002. Evaluation of some new insecticides against rice

leaffolder, C.m ed in a l is .In d ia n Jou rn a l o f E n tom o lo g y . 64 (4): 438-446.

Saikia, P. andParameswaran,S. 2000. Repellent and antifeedant effect of EC and dust

formulation of plant derivatives against rice leaffolder,C napha lo c ro c is m ed in a l is (Guenee).

P es to lo g y 24 (4): 32 - 34

Saroja, R. and Raju, N. 1982. Synthetic pyrethroids for controlling leaffolders on rice.

In te rn a tio n a l R ice R esea rch N ew s le tte r .7 (2): 15.

1 2 6



Saxena, R.C., Waldbaurer, G.P.,Liquido, N.J. and Puma, B.C. 1980. Effects ofneem seed oil

on rice leaffolder C.ZYXWVUTSRQPONMLKJIHGFEDCBAm ed in a l is , proc. 1S\ International Neem Conference. Rottach-Egern,

Germany. 189-204.

Saxena, R.c., Waldbaner, G.P.,Liquido, N.J., Puma, B.C. 1981. Effects ofneem seed oil on

the rice leaffolder,C napha lo c ro c is m ed in a l is(Guen.).YXWVUTSRQPONMLKJIHGFEDCBA[n N a tu ra lApesticides from th e N eem

tree (A . in d ica A . Ju ss ) : P ro ceed in g s o f11/ In te rn a tio n a l N eem C on fe ren ce .Schmutterer,

H. Ascher, K.R.S., Rembold, H. (Eds.). Rottach-Egern, Germany, 1980. 198-204.

Saxena, R.C. 1987. Neem seed derivatives of management of rice insect pest - a review of

recent studies.ZYXWVUTSRQPONMLKJIHGFEDCBAIn N a tu ra l Pesticidesfrom th e N eem and o th e r T ro p ica l P la n ts .Proceedings

of3rd International Neem Conference. July 1986, Nairobi.

Ascher (Eds.). GTZ, Eschborn. 81-93.

H. Schmutterer and K.R.S.

Saxena, R.C. andBarrion, A.A. 1987. Cytogenetic effects of neem seed kernel extract (NSKE)

on brown planthopper (BPH)N ila p a rva ta lu g en s spe rn 1a to cy tes .In te rn a tio n a l R ice R esea rch

Newsletter. 12 (5):25-26.

Saxena, R.C., Greenhalgh, R. (ed.) and Roberts, T.R. 1987. Neem seed oil a potential

antifeedant against insect pests of rice.P ro ceed in g s o f th e 61h In te rn a tio n a l C ong ress o f

P es tic id e C hem is try h e ld in O ttaw a , C anada ,10-15 August. 1987: 139-144.

Saxena, R.C., Zhang,Z .T . and Boncodin, M.E.M. 1989. Effect ofneem oil on courtship

signals and mating behaviour of brown planthopper (BPH) females.in te rn a tio n a l R ice R esea rch

N ew s le tte r . 1 4 (6): 28-29.

Schmutterer, H., Saxena, R.C. and Heyde, J. Van der. 1983. Morphogenetic effects of some

partially purified fractions and methanolic extracts of neem seeds onM y th im na sepa ra ta

(Walker) and C . m ed in a l is (Guenee). Z e itsch r i j i fu r A ngew and te E n tom o lo g ie .9 5 (3):

230-237.

Shrivastava, S.K. 1989. Leaffolder damage and yield loss onsome selected varieties.

In te rn a tio n a l R ice R esea rch N ew s le tte r .1 4 (5): 10.
1 2 7



Shukla, B.c., Shrivastava, S.K. and Gupta, R. 1988. Evaluation of neem oil for control of rice

pests. Final workshop ofIRRI-ADB-EWC project on botanicalpest control in rice-based

cropping system. International Research Institute, Los Banos, Philippines.

Singh, R.P. and Srivastava, B.G 1985. Alcohol extract ofneemZYXWVUTSRQPONMLKJIHGFEDCBA(A zad i.ra ch ta in d icaA. Juss)

seed oil as ovipositional deterrent forD acu s cu cu rb ita e(Wg). in d ia n Jou rn a l o f E n tom o lo g y .ZYXWVUTSRQPONMLKJIHGFEDCBA

4 5 (4): 497-498.

Singh, 1., Sukhija, H.S. and Singh, P. 1990. Evaluation ofneem oil against rice leaffolder and

stem borer. In Botanical Pesticides in Integrated Pest Management. Chari, M.S. and

Ramaprasad, G. (Eds.). Indian Society of Tobacco Science.Rajarnundary, New Delhi, India.

288-290.

Singh,1. and Dhalwal, GS. 1993. Insect Pest Management in Rice: A perspective. In Trends

in Agricultural Insect Pest Management. GS. Dhaliwal and R.Arora (Eds.). Commonwealth

Publishers. New Delhi. 56-112.

Singh, 1., Sukhija, H.S. and Singh, P. 1993b. Evaluation ofneem oil against rice leaffolder and

stem borer: InB o ta n ica l P es tic id es in In teg ra ted P es t m anagem en t.M.S. Chari and G.

Ramaprasad (Eds.). Indian Society of Tobacco Science, Rajamundry, New Delhi, India. 288-

290.

Singh, J., Dilawari, VK. and Dhaliwal, GS. 1994. Substitution ofinsecticides with neern for

management of rice leaffolderC napha lo c ro c is m ed in a l is(Guenee).N a tio n a l S ym pos ium

on R ecen t A d van ces in In teg ra ted P es t M anagem en t.Ludhiana, Punjab, India.A bs tra c t.

V o l. 9, P-153.

Sundararaju, D. and Babu, P.C.S. 2000. Oviposition andYXWVUTSRQPONMLKJIHGFEDCBAfe e d in g deterrency in thehe lo p e lt is

a n to n i i Signoret (Heteroptera: Miridae).Jou rn a l o f E n tom o lo g ica l R esea rch .2 4 (2): 103-

107.

1 2 8



Tripathi, A.K., Rao, S.M., Singh, D., Chakravarty, R.B. andBhakuni, D.S.1987. Antifeedant

activity of plant extracts againstZYXWVUTSRQPONMLKJIHGFEDCBASp ilo som a ob liq u aWalker.C u r ren t S c ien ce .S6 (12): 607 -

609.

Tripathi, A.K. and Singh, D. 1994. Screening of natural products for insect antifeedant activity.

In d ia n Jou rn a l o f E n tom o lo g y . S6 (2): 129 - 133.

Velayutham, B., Venugopal, M.S. and Chellaih, S. 1988. Evaluation ofthe botanical products

against the pests of rice. Paper presented at the final workshop on:B o ta n ica l p es t co n tro l in

r ic e b a sed c ro pp in g sys tem s.12-16. Dec. 1988. International Rice Research Institute, Los

Banos, Philippines.

Velusamy R., Rajendran R. and Sundara Babu P.C. 1987. Effectof three neem products on

brown planthopper (BPH) oviposition.In te rn a tio n a l R ice R esea rch N ew s le tte r .ZYXWVUTSRQPONMLKJIHGFEDCBA1 2 (2): 36.

Verma, 1.and Dubey, N.K. 1999. Prospectives of botanical and microbial products as pesticides

of tomorrow. C u r ren t S c ien ce .76 (2): 172-178.

Wada, K.and Kata, M. 1968. Naturally occurring insect control chemicals. Jou rn a l o f

A g r icu ltu ra l F o od C hem is try . 16(3) 471.

Waldbauer, G.P. and Marciano, A.P. 1979. Rice leaffolder: Mass rearing and a proposal for

screening for varietal resistance in the green house. International Rice Research institute.

R esea rch pape r se r ie s .27: 3-17.

Zehnder, G. and Warthen, .1.0.1988. Feeding inhibition andmortality effects ofneem-seed

extract on the colorado potato beetle (Coleoptera: chrysomelidae). Jou rn a l o f E conom ic

E n tom o lo g y . 8 1 (4): 1040 -1044.YXWVUTSRQPONMLKJIHGFEDCBA

1 2 9



B IO -D A T A rqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1.

2.

Name Moanaro

Mother's Name Temsusangla

Atenjenba

15th October 1977YXWVUTSRQPONMLKJIHGFEDCBA

, . ,
J. Father's Name

4.

5.

Date of Birth

Educational Qualification M.Sc. in Agrochemicals and Pest

Management, Delhi University, 2000.

6. Publications

6.1. Published Research paper

Moanaro, S. Changkija, D.P. Chaturvedi 2004. Comparative evaluation of some

indigenous plant extracts for the control of rice leaffolder, Cnaphalocrocis medinalis

(Guenee)(Lepidoptera: Pyralidae). NUR.I. 2: 18-24.

6.2. Research Paper accepted:

Moanaro, S. Changkija, D.P.Chaturvedi 2007. Antifeedant property of certain plant

extracts against the larvae of rice leaffolder,Cnaphalocrocismedinalis (Guenee).J .Appl.

Zool. Res. 18(1). (To be released shortly).

6.3. Research Paper communicated:

Moanaro, S. Changkija, D.P. Chaturvedi. 'Oviposition deterrent property of certain

plant extracts against rice leaffolder, Cnaphalocrocis medinalis (Guenee ),Entomon.

6.4. Popular ArticleAI Newspaper releases:

Moanaro, S. Changkija, D.P. Chaturvedi 2006. 'Rare phenomenon in wetland nee

cultivation'. agaland Post, 12th October 2006, P-2.

~

(MOANARO)


	01_title.pdf (p.1)
	02_dedication.pdf (p.2)
	03_declaration.pdf (p.3)
	04_certificate.pdf (p.4)
	05_acknowledgement.pdf (p.5)
	06_contents.pdf (p.6-9)
	07_list of tables.pdf (p.10)
	08_list of illustration.pdf (p.11-12)
	09_list of plates.pdf (p.13)
	10_list of abbreviations.pdf (p.14)
	11_chapter 1.pdf (p.15-18)
	12_chapter 2.pdf (p.19-33)
	13_chapter 3.pdf (p.34-75)
	14_chapter 4.pdf (p.76-118)
	15_chapter 5.pdf (p.119-124)
	16_chapter 6.pdf (p.125-129)
	17_appendices.pdf (p.130-138)
	18_bibliography.pdf (p.139-151)
	19_biodata.pdf (p.152)

