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1. INTRODUCTION 

Cotton, Gossypium spp., despite increasing 

stiff competition · from synthetic fibres, still 

retains · its unique place as king of textile . fibres all 

over the world. Among the several commercial crops grown 

in India, cotton has great impact on the rural economy 

besides providing employment to about five millions. 

India a p IC{ce · of P Jr id.e in the cot ton ump of the 

world, accounting for about 25 per cent of the area with 

about 7.76 million hectares and producing about 1.81 

million tonnes lint . Maharashtra has 2.69 million 

hectares under cotton with lint production of 0.44 million 

tonnes(Anonymous, 1980). 

The low yield level in our country is 

attributable to various reasons . But , of the several 

factors responsible for limiting the production, losses 

due to insect pests and diseases which reaches as much as 

35 per cent, (Bindra , 1983) is considered as the most 

important one . As many as 160 species of pests have been 

r epor ted t o attac k the c otton c rop in India . In 

Ma harashtra state 22 p e st sepcies have been reported t o 

i nfest the c o tt on c rop . ( K lka rni , 1 . 79) . 

Thr: c ot t on g ro wers o f t tH major r:ot ton •' row i n g 

s t ate s o f nd ia t h rou gh i r. ·;.e n s i ve i n s ecti cidal 
i 

a pplica tions wi th c o nventi onal insecti c ides were able to 

eont r ol these pest s t u ome extent , but riot completely and 
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the yields were therefore _ low . With the 

advent of new synthetic pyrethroids the task became easier 

and even the most destructive bollworms inflicting heavy 

losses could be effectively managed . This situation 

suddenly changed during 1984- 85 with build up of whitefly 

Bemisia tabaci Genn . which was till this period considered 

t o be the pest of min o r imp ortance , assumed the status of 

~ major pes t · in Andhra Prade s h , Tamil Nadu , Maharashtra and 

Karnataka so mu c h so this becom~national problem and this 
CIY') 

pest is now re c ognised asAimportant enemy of cotton in our 

country . 

The uniterrupted sap sucking by both nymphs and 

ad~ l t s o f whitefly lo c ated on t he u nd erside 0 f t he l.::s.f , 

c oup l ed with the ability to multiply rapidly , has 

resulted in yield losses in Maharashtra during 1984-85 

c r op seas on ( Puri e t al ., 1986 ). Moreover , the quality of 

Kapas, oil and protein content in seed was also 

dras tic a l l y aff ec t e d. Due to i t s c ontinuous fe edin g , the 

leaves d e v e l op c hloro t i c a ppearence , t urn reddish and 

bec ome brittle and f i nally d rop down fr om t he p lan t . This 

l eads t o t he s t u nting of p lan t s , s hedd i ng o f fruit i n g 
' ' 

bod ie s and redu cti o n i n the si ze o f b ol l s . The bo l l s a re 

a l s o f o r ced to burst p r emat u re ly , a ffe c t ing the qualit y o f 

lint . Bes i d e s t he se direct dama ges , the st i c ky hon eyd~w 

exud e d by the i n s e ct , drop s on the o p &n boll s a nd t h e 

co t ton get s d iscoloured d u e t o mo l d f o r ma ti on a ffe ct i n g 

p icking , s l o ws down g i nning and s pinning op e r at i on . 
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The unabated population explosion of whitefly 

in recurrent spells, season after season has expos~d the 

inadequacy of the existing control ~easures. Control of 8. 

tabaci through the use of insecticides has becone less 

effective because the insect has developed resistance to 

several insecticides. Therefore, the possibility of the 

insect further intensifying its activity in Maharasht r a 

and spreading in adjoining states in future posed a 

serious threat to cotton cultivation in the country . This 

grave situation calls for an all out attempt to develop 

other strate~ies for its effective management. The use of 

resistant genotypes offers an opportunity to avoid sole 

reliance on the use of chemicals for management of insect 

pest6 and is ~.ost important constituent for effective 

integrated pest man~gement programme. 

According to van Emden (1974) plant resistance 

to insect pests may be identified as "any reduction in 

growth rate of the pest populaltion, influer1ced by the 

host plant" . Since the damage to host plants is often 

correlated with pest population density, the resistance 

can also be expressed as any reduction in damage 

developmental rate' ' i.e. the reduction in the amount of 

damaae caused during a unit of time. 

Investigation were therefore initiated to study the 

mechanism of resistance and identify the most important 

source of resistance by studying different plant 
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characters. This may help to incorporate de~irable 

char ~ . ~ters in the future breeding progra~ne to develop 

resistant cultivars of cotton . 

The present research project was initiated with 

the following objectives 

1 . To study behaviour of 8. tabaoi on different cultivars 

of cotton. 

2 . To study ovipositional preference/non-preference for 

egg laying on different cultivars of cotton under 

choice and no choice conditions. 

3 . To deternine ega incubation period and developnent time 

on different cotton cultivars. 

4 . To exanine stability of resistance on different ootton 

cultivars. 

5. To observe inpact of morphological, anatomical. 

physiological, nutritional and biochemical characters 

of plant on intensity of whitefly. 

6. To study the behaviour of B. tabaoi in relation with 

cotton species. 





2. REVIEW OF LITERATURE 

The importance of whitefly Bemisia tabaci 

(Genn. ), is kn own since early part of this century in 

India. However, the work on this pest, particularly on 

cotton, 

pockets 

is scanty as this pest was confined to certain 

in India. The present investigations were 

therefore, undertaken to find out the most important 

source of resistance to whitefly. The literature reviewed 

pertaining to these aspects throughout the world is 

mentioned here under the following heads. 

2.1 The problem of whitefly 

Whitefly was originally described on tobacco in 

188~ in Greece. It i s a polyphagous pe~~ repor t~d on m0~ & 

than 506 host plants belonging to 74 botanical families 

and widely distributed over 98 countries of the world 

(Coc k, 1986 ). 

As early as in 1905, it was reported for the 

first time in India on cotton (Misra and Lamba, 1929) and 

was described as Bemisia g ossypiperda (M & L). 

Husain and Trehan (1933 ) had reported severe 

damage of whitefly to cotton crop i ; Punj ab . They further 

reported that whitefly damage redu c e d nutri t ion to plants 

l e ad ing to shedding of fru i ting p a r t s, reduc tion in boll 

sett ing, reduc t ion in bo ll size and s tunting of plants 

ultima te ly reducing yield and qua lity of cotton. 
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Hound (1965) reported reduction in yield to the 

extent of 50 per cent. Further, honey-dew excreted by 

nymphs of whitefly subsequently colonising black sooty 

mold fungi affected the photosynthesis of plant (Watson et 

a.l. > 1982 ) . 

Whitefly also acts as a potential vector of 

many viral diseases and its importance has increased many 

fold . Hore than 70 diseases have been reported in 

cultivated and weed plants, nost of them transmitted by B. 

ta.ba.ci (Huniyappa, 1983) . 

Borad (1991) reported that seasonal periodicity 

of yellow vein mosaic disease of Okra and leaf curl virus 

of tomato corresponded ~ith fluctuations in the 

population density of their vector, B. t8.b8.C i. The 

incidence, severity and rate of spread of yellow vein 

mosaic of Okra and leaf curl virus were maximum in summer 

and rabi, respectively. An appearent infection rate of 

leaf curl virus of different tomato varieties, was found 

to be more dependent on the stage of the varieties rather 

than abundence of B. taba.c i. 

Ther~ wa s sev ere infestation of whl~efly in 

cot t on which resu l ted in heavy lo sses i n Andhra Pradesh 

( Reddy et a. l ., 1986 a ) , Ka r nat a ka ( Pat i l et a.l. , 1986 ) , 

Maha rashtr a ( Puri et a l . , 1986 1 an d Gu ja at ( Patel e t al . , 

1987). The l osses due t o whitef ly in I nd j a were estimat e d 

by Rajak and Diwakar ( 198 7 to t he t une of 20 lakh bales 
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(worth Rs. 103 crores) in Andhra Pradesh and 1.52 lakh 

bales (worth Rs. 78 crores) in Karnataka during 1985-86. 

Whereas , during 1986 - 87 , the losses were estimated to the 

tune of 40 per cent in Gujarat and 20 - 30 per cent in 

Maharashtra . 

2.2 Nature of danage 

Adult s and nymphs of B. ta.ba. c i suck the cell 

sap fr o m l ower surface o f the leaves by inserting their 

sharp stylet in the leaf tissues . Due to contineous 

feeding chloratic spots develop on the leaves which later 

coalesce and the leaves become reddish , brittle and 

finally drop from the plant prematurely. This results in 

s ho r t age of I!Utri!. l ,.J1 1 to pl an :... l e;ad i ;; g t c she~d. :. ::~ ~ f 

fruiting bodies and reduction in size of both as well as 

stunting of plants. Th e b o lls are also for c ed to burst 

prematurely leading to poo r quality lint (Watson et al . 

1982 ). 

In addition t o d i rect damage , whitefly excrets 

~ honey - dew like sticky fluid which drops on lower 

le aves and fav ours the d ev e lopment of black soo ty mould 

wh ic h interfere-s with pho t o s ynthesis, u ltima t ely c reating 

def i cien c y o f nutr ients t o t he plants . Further , honey - dew ' 

f a l l s o n open boll s and cause s "c-t ickiness" wh ic h 

a f fe c ts the q ua lity of c ott o n (Be rlinger , 1983 ) . 
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2.3 Egg incubation period and Development time from egg 

to adult energence 

Biology of whitefly greatly vaired due to 

temperature and humidity as well as nutritive value of the 

plants. 

Husain (1931) studied the biology of B . tabaci 

on cotton and reported that duration of egg stage ranged 

from 4 to 5 days in Hay to October, while it lasted for 

13 days in April . A complete life cycle was observed to 

require 14 to 27 , 36, 72 to 107 and 30 days during April­

Sept., Oct.-Nb v., Nov. to Feb. and in· March respectively. 

Hu ain a~d Trch~n ( 1933) sturlied the life 

history of whitefly in detail on cotton and they reported 

that female laid 6 to 8 eggs per day with an egg laying 

capacity from 28 to 43, maxmum being 119 in total life 

span. Incubation, nymphal and pupal periods v aried from 5 

to 7, 14 to 17 and 3 to 5 days, respectively . Total life 

cycle was c ompleted in 22 to 35 days in October. 

Bedford (1936) reported that in the laboratory 

the developmental periods from oviposition to adult 

emergence varied from 14 to 23 days in August and 25 to 41 

days in December . 

El - He l ay et al . (1971 ) studied biology of 

whitefly on sweet potato in l aborat or y and f und that 

hatched in 10 . 7, 10.1 and 5 days at 23°C, 28°C and 

egg 

3~C 
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temperatures, respectively. The larval and pupal periods 

were 9.8 and 6.2 days at 24.5°C temperature, respectively. 

Azab et al. (1971) also studied the life cycle 

of B . t8baci o n sweet potato and reported that female laid 

48 t o 394 eggs with an average of 161 . The egg, larval and 

pupal peri ods lasted for 3 to 29, 5 to 18 and 4 to 23 

days, respectively. The total life cycle was completed in 

17 to81 days. Ne ne ( 1972 ) observed total life cycle of 13 

to 72 d ays on urdbean. 

Butler et al. (1983) studied biology of B. 

tabaci on cotton in laboratory at constant temperatures. 

The egg stage varied from 5 days at 32.5°C to 22.5 days at . 

0 32 . 5 C temper~ture ~ W~e~e~ ~ the total developmental time 

from egg to adult varied from 16.6 days at 30°C to 61 .5 

days at 14 . 9°C temperatures . 

Pimple and Summanwar (1984) studied the life 

c ycle of B. tabaci on tobacco under laboratory conditions 

during different months of the year and they reported 

duration o f tota l life cycle 11 to 17 days during April to 

J une , 17 t o 25 days during July to October and 83 days 

during De ce mb er to Feb ruary . They o bserved 15 broods of 

wh i tefly du r in g the y ear. 

Coud r iet et al . (1935) studied the t ota l 

deve l opmen tal time from egg to adu't o f B. tabaci on 

diffe rent hosts and reported t hat deve lopm e n t al t ime 

varied fr om 20 to27 days wit h an a ve rage of 2 1 . 7 ~ 1 .9 

days on co tton . 
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Gerling et a 1. ( 1986) reported total 

developmental period of B. tabaci ranging from 14 day~ in 

summer to 85 days in winter , of which 40 to 50 per cent 

t i1ne was u."r\cl.12.,t,_: :.. • pupal sta.ge. The nu1nber of eggs laid 

Pf~~ female were 100 during total life span. 

Coikesen and Sekeroglu (1987) studied the 

effect of changes in temperature on the development of the 

cotton whitefly under laboratory in Turkey and stated that 

total development from egg to adult required 68 and 36 

days at fluctuating temperature of 12° 20°c (mean 

16.8°C) and 18° - 24°C (mean 21 . 3°C), respectively, while 

it required 24 . 2 days at constant temperature of 25°C. 

Hohanty and B~-su ( 1987) had reporte<l total 

developmental period of 13 to 16 days from egg to adult 

stage in April-May and 33 to 47 days during November to 

February . 

Sakalkale (1987) also studied the biology of B. 

tabaci on cotton plants and reported that the developnent 

time was 15 to 24 days with an average of 17 . 7 days. 

Borad (1991) studied the development period of 

whitefly on differ e nt hosts and required comparatively 

shorter period when re a r ed on br . n j al , c otton , soybean, 

t oba cc o , gre engram and ~ omato in de s cending o rder compared 

wit h other hos t plant s . 
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2.4 Resistance to B. tabaci 

Painter ( 1951) reported that resistance of 

phrnt to insect attack may be defined c. c• 
<A•-' the relative 

amount of heritable qualities possessed by the plant which 

influence the ultimate degree of damage done by an insect . 

In practical agriculture it represents the ability of a 

cer tain variety to produce the large crop of good quality 

than do ordinary varieties at the same level of . insect 

population. 

The sweet potato whitefly Bemisia tabaci 

( Genn). has assufued a status of serious pest on cotton and 

several other important vegetable crops. Conventional 

methods of its control are ineffective because of 

positioning of B. tabaci on underside of leaves and 

natu r al coat ing of waxy material on immature forms that 

reduces the effi cacy of insecticides used. Further, rap id 

development of resistance to insecticides and undesirable 

effect on natural enemies of whitefly makes it necessary 

to develop alternative methods for whit e f ly management. 

Th e genetic r esistance in crop v ariet ie s to insects is 

o f te n ref · , red· a s pla.nts' firs t l i ne of de fence. Some 

mo rp ~ o l o gi ca l, phy s iologic a l and b iochemi c al t r ai ts c ou ld 

p l a y n i mp or t a n t r ole i n · mpar t i ng r esist an ce t o co tto n 
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2.5 Morphological Characters 

2.5.1 Leaf Hairiness 

The pubescence of the plant is increased by H, 

gene. When Sm gene is present, the stem and mature leaves 

have very few trichomes even though the terminal has 

increased pubscence . The combination of these two genes 

offers a possibility to reduce both trash content and 

t hrips suscept ib i 1 it y (Remey, 1962). 

Hound (1965) reported that B. taba.ci posses 

greater flight a.ctivity on glabrous than hairy cotton 
. 

cultivars. He concluded that whitefly stayed longer on 

hairy lea.ves because microclimate there was more 

favourable f o r them. 

The correlation was studied between hair 

density of leaf a nd whitefly incidence on different co tton 

varieties I crosses . It was observed that number o f 

whitef lies increased as the hair per 1/4 th circle of 

micros cop ic field increased. The correlation coefficient 

was 0.87 showing highly significant cor relation betwen 

number of whi t eflies and hair dens i ty (Butl er and 

Huramato , 196 7 ) . 

On s ybe an cu 1 ti vars B . ta.bac i 111 id mo re eggs 

or young l~ av es thar on matur e leaves of the s am e p lan t 

a lthoug h y ou ng leave s p osse ssed f,reat er hair density 

(Rossetto et a.I., 1977). 
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Omran and El-Khider (1978) have reported that 

hairy varieties were preferred by whitefly for egg laying. 

It fixed the egg at the base o f the hair. 

In an investigation in the Sudan on the 

c haracters 

cotton, low 

conferring r e sistance to B. tabaci (Genn.) in 

leaf hair density and deeply lobed cotton 

leaves reduced the infestation. These two characters 

conferred 40 and 20 per c en t resistance, respectively 

(Sippel: et al., 1983) . 

Butler and He nn ebe rry (1984) reported that 

Stoneville-825 and Delt a pine -41 cotton varieties with 

pubescent leaves had the highest population of B. ta.baci 

in Arizona a nd Califurn.i.a irt 1982. Eight s mooth leaved 

cotton had signifi cantly fewer adults in two minute vaccum 

samples than their semi - smo oth and pubescent counterparts. 

Smooth leaf cultivars ' AET-5 ' had significantly fewer 

adults of both whitefly s pecies viz. Bemisia. tabacci 

(Genn.) and Trialeurodes abutilonea (Haldeman), than did 

pubescent leaf plants ( Butl e r and Wilson, 1984 ). 

The numb e r of eggs and adu lt whiteflies were 

fo u nd s ignif ic~n t ly lower in the glabrou s vari e ties than 

ha i ry or p 1b e scen t vari e ti e s of cotton. The adu l t ac tivity 

an d c ultivar o v ipo s ition a l preferenc e o f B . 

co tt on St ir ev i ll e - 8 2 5 , with no rma l ha ~ry leave ~ had mo r e 

a.dnl ts and eggs ': han eithe r the semi - sm.:-ioth or '"'!u1ooth le ~.? 

iso- lines (Butler et al ., 1986 ). 
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Reddy et al. (1986)c. observed the lower 

incidence of whitefly on cultivars LK-861 and LPS-141 as 

c ompared to MCU-5 and LRA-5166 in Andhra Pradesh . 

Butter and Yir ( 1989) repor ted that there are 

high significant correlation between th e whitefly nymph 

population and hair density, and between eggs and hair 

density. They further found that gen otype USA 22 was 

almost resistant to whitefly be c au se it had fewer leaf 

hair s . 

Yenugopal Rao et al. ( 1990) reported that 

incidence of B. tabaci was proportion a l to the nuruber of 

stellate haris and total hair on the abaxial surface of 

leaves. The mean of ste l late hai r was 1 4: . 2 per cnn
2 

,>·md or 
2 . total hair was 67 . 1 per cm in resistant genotypes LK-861, 

LPS - 141, D-53, NHV-1, JK-97, FBRN, 2F, Aloz and JK - 286 

while , corresponding values in the most 

2 genotypes were 428.1 and 2439 per cm . 

susceptible 

Md. Ilyas (1988 ) studied 22 diversified cotton 

g enotypes and revealed that there was highly significant 

positive co rrel at i on between hair den s i ty and whitefly 

in c iden c e . 

Ajankar ( 1992 ' observ e d a h i g hly s igni f ican t 

p osi tive c 0 rrela t i r n b e L~ een ha ir de nsi ty a nrt Nhi t e f _y 

i 11 c l den c e o c ot t on a.t Pat·' !1 n i . 
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2.5.2 Hair length 

In a study with E. devastans Tidke and Sane 

(1962) found a high correlation of resistance with 

thickness of leaf lamina, angle of insertion of hairs, 

length of hairs per unit of leaf vein, and hairs on the 

leaf lamina. 

Huttuthamby et al. (1969) reported that the HP , 

gene is present in the local cotton varieties of Pakistan 

viz. Pak 51, 111 and Al 134 , producing hair of sufficient 

lengh and denrlty to confer resistance to jassid. 

When different cotton cultures were studied for 

their reaction against whitefly Hd. Ilyas (1988) found 

that there was also 

correlation between hair length and whitefly population. 

Butter and Vir (1989) concluded that hair 

length had a negative effect on the egg count of whitefly 

on cotton. 

In cultivars Eknath, Sarvottam and SH-150 

having higher hair density but lower incidence of whitefly 

could be due to shorter hair length (Ajankar, 1992). 

2.5.3 Leaf Are~ 

Nil e s ( 1980) r eported that modification of 

co tton leaf shape seemed to be an effec tive means to 

increase to l erance to t he banded-win ged whitef ly. 

J ones ( 1982) concluded that high l evel of 

resistance to banded wh itefly may probably be due tc the 



16 

decreased shade and humidity associated with the okra leaf 

canopy which is less favourable to this pest. 

Bind ra (198 3 ' thought that Okra. lea.f 

character might play an important part in imparting 

resistan c e to B . ta.ba. c i . 

Okra and super-okra type conferred high degree 

of resistance and this difference was related to the 

difference in microclimate which prevailed within the 

reduced canopy due to okra or super okra leaf shape. This 

indicated that the reduced canopy helped in better air 

movement providing lower rel~tive air humidity and 

probably higher temperatures, which as an overall effect 

rendered the environment less favourable for the whitefly 

( Sippe l:' et al . , 1983 ). 

According to Khalifa a nd Gameel (1983) the 

whitefly build up was significantly reduced in the Sudan 

on the okra leaf line. Plant with Lhis characters tends to 

have an open plant canopy which differs from the shady, 

humid and warm c onditi ons usu a lly favoured by the 

wh . te f ly. 

- - .J· 

l (. -- ~ -: 1 - -- -""- (~ 
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Butler aYJd W ;\so"'( 1984) found that increased B. 

ta.ba.ci caught on sticky traps might be due to dislike for 

the okra leaf character. thus in moving around to locate 

~ore suitable hosts more adult whitef lies encounterd the 

sticky traps. 

Chakravarthy et a.l. (1985) reported that the 

populations of B. tabaoi were positively correlated with 

the number of leaves per plant. 

The Okra leaf isolines of ST-8701 N and ST-8737 

N had significantly fewer whiteflies than the parental 

breeding stocks; but the Okra leaf isolines of ST-825 N 

a.!1d D52-24-8N did no t d ·ff Pr si r_r, if; cr<.ri 1.y ( Bn t. l er and 

Wilson, 1986) . 

Ozgur and Sekeroglu (1986) found that the 

cultivars having large, dense leaves a nd a closed canopy 

had much higher number of immature stages of whitefly, 

whereas, the resistant cultivars had less, either small or 

o kra l eaf shapes. were taller and had an open canopy. This 

op en canopy shape provided good air circulation and lacked 

the s ha dy and. humid c ond i tion usually favoured by B. 

ta.ba.ci. 

Sekeroglu and Oz gur (1988 ) r eported tha t the 

c u l t ivar in fe s t ed by smalle r popu l at i o o f ~ he a leu~odidae 

t han w re found on Caroline Qceen , loca l y ~rown v a ~iety. 

had an open canopy and glabrous leaves t hat were e ither 
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snall or shaped like okra leaves. The cultivar LA 510 was 

the most important resistant variety, as the population of 

B. ta.ba.ci was consistently lower on this type than those 

on Ca r o lin e Queen . 

Hd . Ilyas (1988) did not find significant 

correlation between leaf a rea of cotton plants ahd the 

whitefly inciden c e. Leaf area had a negative effect on the 

egg count o f B . t a.ba.ci on cotton ( Butter and Vir, 1989 ) . 

Flint and Parks ( 1990) stated that okra leaf 

characteristic did not have any considerable effect on the 

number of nymphs . 

2.6. Anatomical character of leaf 

ovipositor into the tissues for feeding and egg laying, 

respe c t i v e ly . Th e r e fore anatomical structure of leaf has a 

great effec t on their feeding as well as egg laying habit , 

that ultimate ly results into preference or non prefe rence 

of host . It would appear that the differences UI 

anatomical structure occuring in plants may affect the 

relative acce s sibility o f t he tissues, especially the 

vascular bundl es . Thu s an a t omical structure of leaf c ould 

Rlso p l a y Rn i mp or~R nt r n l e i n i mpa r ting r esis t ance t o 

~ ott on w ite fl y . 

~ ~ mphal wh i t efl ies alway ~ oc c ur on t h. lowe r 

s ur f a c e . Ha r greave s ( 19 15 ) s uggested t wo r eason s t or t h is ; 

i. e . t h i nnes s o f l owe r cuti c le and closeness o f p h l oem to 
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lower surface. With B. ta.ba.ci on cotton the most important 

is probably that its stylets can't reach the phloem from 

upper surface . 

Pollard (1955) reported that stylets of the 

nymphs on the l o wer surface can reach the phloem except 

when they follow a convoluted path. The stylets ususally 

penetrate bet ween the epidermal cells. Penetration through 

the parenchyma is predominantly intercellular. 

objective is phloem. 

and the 

Dobrowski (1972) reported that the thick leaf 

tissues of Pola.rg·on iwn pe 1 ta. tum served a.s a mec han ica 1 

obstacle to feeding by the green house whitefly 

' Aleurodidal vapora~ium). 

Garava et al .• (1982) also reported that lamina 

thickness was a contributing factor towards resistance to 

several sucking pests of cotton. 

Butter and Vir (1989) suggested a morphological 

basis of resistan ce to the whitefly, B. ta.ba.ci (Genn.) on 

cotton . The population o f whitefly nymphs and eggs were 

positively cor rel ated wi th leaf thickness . Thickness of 

leaf was directly related with anatomical structure. 

I n c·denc e of whitefly was inv ersely 

proportion~l t o the th ickn ess of 18.mina. a.s we 11 .s 

distan ce betwen a baxia l epid e rmis a nd phloem t issue of 

cotton leaf . Lamtna thickness and distance between abaxial 
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epidermis and phloem were higher in resistant group than 

susceptible group ( Venugopal Rao et al . • 1990). 

In a study for multiple resistance to sucking 

pest complex in cotton, Ansingkar et al. (1992) suggested 

tha t comp ac t arrangement o f c ellular layers . ac companied 

with shorter mesophyll layer. presence of palisade layer 

on abaxial surface and longer distance to phloem from 

a ba.Xi'3.l epidermis are the desirabl e c haracters in 

in dev e l op ing resistan ce. All th e se characters are 

favo u rable direction in diploid asiatic cotton species 

whil e most of them except one are evidenced in resistant 

hirsutum genotypes. 

Puri et al . ( 1993) studied the role of leaf 

They concluded that. the pr obable reason for differential 

reaction of B . taba c i towards different cultivars o f 

cot t oG could be due t o differences in their anatomi ca l 

struc tures. Genotypes having shorter distance to phloem 

tissu e s could help in easy penetration of stylets as 

compared to cultivars with longer distance . Increased 

dis tance o f phloem fr om abaxial epidermis resulted i n 

signi f i c ant reduction in adult populati on . Simi lar ly , 

c ot on v arie t i e s ~ i th t h i cke~ mesnphyl l t i ~su~ ) Ry~ - we r e 

pref 8 c r e d by whit ~ f l y a dult s . Wid er wid t h o f mesophy l l 

tissu e might p~ ovid e an e a sy a n d amp l e foo_ a nd space f o r 

hold-ing t he egg p e d uncl e (J I. wh i t e fly. Hen . .,;r"'; , 1nost of t ,:e 

upland c ot t on vari et i e s a r e s u s cep ti b le tJ whi tef lies a s 

c ompared to asiati c cotton. 
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2.7 Physiological characters 

2 . 7.1 pH of cell sap 

Husain et a.1 . ( 193 6 ) ' - obs e rv e d that 

there was correlation between whitefly incidence and pH of 

cot ton leaves . They reported that whitefly p opulati on had 

increased on the cotton having higher pH of leaves . 

Hqgal et a.l. ( 1982) studied effect of pH on 

whitefly in cidence within the range o f 4 to 8 under 

laborat o ry conditi ons. They f ound that old leav es with 6.8 

pH were significantly more attractive to whitefly as 

• 
compared to y qung leaves hav i ng pH values 5.9. 

Berlinger et al . { 1983) reported that whitefly 

adults were able to differentiate between pH values at the 

level o f 0 . 25 and showed clear preference for pH varying 

from 6 to 7 .2 5 . They reported that the number of r e sting 

whiteflies were highest at pH 7 . Th e re was significant 

reduction in the number of resting whitef lies below 6 and 

above 7 pH . They further observed that in commercial c rop 

whitefly preferr e d old co tt on leaves ( 120 days o l d havin g 

pH 6 .8 than y ou nger cot ton leaves (60 days o ld ) hav ing pH 

5 . 9. 

Md . Ilyas ( 19 88 ) a l o obs erv e d hig h ly 

iSnificant ~os i ~ive correlat~ on b e t ween p H o f l ~a f antl 

Bhi te f ly in c:\ den ce . He observed ~ i g her p opul a ' io~ 

whitefly in the c ott o·1 cultiva.rs ha.ving high p H of. 6. 8.S 

compared to cotton cultivars ha ving l ow pH v alues. 
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Rote (1989) however reported that the 

association between pH of leaf and adult population of 

whitefly was non significant as the correlation co-

efficients were - 0.166 and - 0 . 144 during 1987-88 and 1988 -

89 , respe c tively . 

2.7.2 Chlorophyll 

Hd . Ilyas ( 19 88 ) found that there was highly 

singif icant negative correlation between chlorophyll 

content o f leaf and whitefly incidence. As the chlorophyll 

content of leaf increased the whitefly population showed 

a decrease . 

Shaw et al. ( 1989) reported that statistically 

no correlation could be established between the total 

chlorophyll content and the thrip population . The 

correlation co - efficient value between thrips population 

and percentage loss of chlorophyll was positive but was 

marginally lower than the s t atistical significance. The y 

a lso r e ported that the thrip population had no clear 

c or r e lat i on with t he c hlorophyll a as well a c • .... 
ch l o r ophyl l ' b ' but on the o t her hand thr i p population had 

osi t i ·r:: c orrelat i o n wit h perc e n t age ceducti o n u f 

ch l orop hy ll a a nd ' b". 
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2.8.1 Nitrogen 
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Nitrogen content of leaf plays an important 

role in whitefly incidence . It increases as a result of 

high fertilization and /or application of insecticides. 

Joyce (1958) and Joyce and Robert (1959) 

reported that whitefly incidence was associated with 

nitrogen content of leaf . Its population had increased 

with the increase in nitrogen content in leaf as a result 

of DDT application on cotton. 

Ripper and George (1965) found that whitefly 

population increased Proportionally with the increase in 

nitrogen content of cotton leaves because of stimulating 

effect of higher nitrogen content on fecundity of 

Qhitefly . 

Tester (1977) reported that there was low 

nitrogen level in two susceptible varieties of soybean 

viz . , ( Pl) 227687 and (Pl) 229358. 

Abdelrahman and Saleem (1978) found increased 

whitef l y population i n the plots fertilized with high 

n itrogen ous fert i lize r as a r e sult of r educt ion in lif e 

cycle o f whi t efly. 

We isser ( 19 80 ) epo r ted tha t whitefly 

pooulati on exhibited a, in crea~ in~ t r end wit h t he incre ase 

in leaf nitrogen following DDT application . 
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Harbough et al. (1982) observed that high 

dosages of nitrogenous fertilizers increased nitrogen 
~ 

content of Crysenthemum leaves and ultimately increased 
A 

fertility of whitefly resulting in higher incidence. 

Wilson et a l . (1 988) studied fecundity and 

total developmental time of mite, T. utricael,on grapevine 

leaves having different nitrogen content under field 

condition and reported that mite population had resp onded 

significantly to increasing nitrogen content of leaf. They 

further reported that fecundity of mite was increased and 

total developmental time was reduced significantly due to 

higher nitrogen c"Ontent of leaf. 

Hrl Tlyas ( lRRR ~ r~po?terl th~t nitrogen c ontent 

o f leaf and whitefly incidence were also highly 

significant and p ositively correlated . 

Ro t e (1989 ) indicated that there was highly 

signifi c ant positive association between nitrogen content 

of leaf and whitefly populat~on indicating increase in 

whitefl y population with an increase in leaf nitrogen. 

2 . 8.2 Vitamin ·c· 

Vanderzant and Davic h (19 61 ) and Vanderzan t e t 

a l . ( 19 6 2) fo und t hat a.scorbi c' acid was n e P-ssary fo r 

prooer d evelop me nt o f the boll weevil Anthon omus grandis 

Boh e1nan. When adults (bi t n o t ::.. _ ·3_e) were fed i,ii th 100 mg 

o f asco r b i c acid I 100 g of ~ie t , the e gg ha tch was 

norma l; however, 50 mg/100 g o f diet reduced the hatch . 
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The weight of adult Anthonomous grandis Boheman 

an d the length of the dev elopmental period were normal 

ov e r 4 g enerati on s whe n a dult and larv al diets were 

fo r mul at ed with 7.50 - 3 9 3 . 7 5 mg of ascorbic ac i d per 100 

g o f die t. Approxi matel y 500 adult s were produced in each 

generat i on. When both diets were prepared without ascorbic 

ac i d only 10 adult s were produced in the 2nd generation 

an d none t h e r eafter ( Hud s pe th et a l., 1969 ) . 

2. 8 .3 Sugar 

Tester (197 7 ) demonstrated that two plant 

in t roduc tions have h i gher sterol and carbohyderate 

con centration than susceptible varieties to soybean 

in s ec t s . 

Adult whitefl i es were fed artific i ally, via a 

p a r af ilm 

d i f f e r en t 

membr-ane, on media solution consisting of 

buff e r-s at v arious pH values, with or wi thout 

s u c r o s e . The pr-eferred sucrose c oncentration in the media 

was 5 -15 /.; adding 101. more sucrose to the medium increased 

somewhat the a c c epted r- ange of pH, alt h ough it d i d n o t 

c h a nge the prefe r red pH (Mag al e t al. , 1982). 

T he r e wa s a statist i cal ly s ign i f i c ant µ u0:>..i. t i VE 

c Jt°Te} a t ion betwe e n t: h e aver age nu mbe r o f larvae o f 

B. t a bac .J. on t he ' ma xi mal l e af ' on o : e h a n d , a n c 

r ed u ci ng s u g ar· s a n d t he othe r han d . 

(R.t mon , 198 4 -). 
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Sundermurthy et a 1. ( 1986) found that sugar 

content of cotton leaf did not have any significant 

relationsh i p wi th whi tefly population. 

Ve n u gopal Ra o e t al (1990 ) found that sugar 

c ontent o f co t t o n leaf did not show any signif i cant 

relat i on s h i p wi th whitefl y build up. 

2.8.4 Micronutr i ents 

Venu gop a l Rao et al. (1990) found that 

cultivars whi c h sho wed res i stan t reaction against whitefly 

h ad higher con t ent s of phosphorus and magnecium and lower 

of nitrogen a nd i ron than their coulil terparts. But the 

other parameters like sugar, protein, potassium, calcium 

and copper did not s how any significant re i ationship wi t~ 

whitefl y bui l d u p. S i milar results were observed by 

Sundermurthy et a l . ( 1986) and Anonymous (1987). 

2.9 Biochemical parameters 

Plant biochemicals that have adverse effects on 

in s ec t feedi ng behavi ous ma y thereby reduce the 

pro ba b i l ity fo r s ur viv a l , particularly among species in 

1<-ihich t he l arval fo rms a r e incapable of loca ting a more 

hos t . I nsec t mor ta lity ma y t hen result f r om 

s tarv a t ion o r semi s t a r vation , c o mb i n ed with unf avou r ab l e 

e rov · ronmental force s . A di s tinct i on need s t o be drawn 

between r es i s tanc e to f e edi ng and r e s istan ce tha t 

interfe r ring with t h~ p h ysio l ogic al p roc ess o f t he 

c t s b y 

in sec 

(Beck, 1965) . 
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2.9.1 Gossypol 

Gossypol, tannins and phenols are present in 

varying amount in plant s and block the availability of 

nutrients to insects (Reese and Schmidt, 1986). 

cotton 

Elewa et al. ( 1978) reported that glandless 

were found to be more susceptible than glanded 

ones to infestation by B. tabaci. 

Antibiotic effects of gossypol are positively 

due to redu ced nutritional quality or non availability of 

nutrients or enzyme inhibition, which lead to the 

prolonged development and reduced growth of the • insect 

(Sharma et al., 1982). 

Baloch et al. ( 1982) reported that glandless, 

nectariless and gossypol free varieties proved susceptible 

to whitefly. 

Khalifa and Gameel (1983) tested cotton 

varieties against whitefly a nd they found that high 

gossypol content supported s ign i ficantly small population 

of B . ta.bac i. 

Patil et al . ( 1986 ) reported lower populati on 

o f white f ly adult s on p igmen t ed cu ltiva rs as compar ed to 

DCH -- 32 . 

Butter and Vir ( 198 ~) worked out c orrelation 

and £ound that t he adult pop u lat ion of B . tB. bac·i and 
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gossypol glands on stem internodes were positively 

correlated . 

Ajanka r ( 1992) observed that the re wa s highly 

signif icant p osi t ive co rre lati on between density o f 

g ossyp o l gland s on st e m internode and boll bract and 

whitefly in c idence . However, there was no signific ant 

co rr e l a t ion b e t ween d e nsity o f g ossyp o l glands o n leaf 

l a min a a nd wh ite fl y i n ciden ce. 

2.9.2 Phenol 

In c re a s e in phenolics was reported to be 

responsible for disease resistance in cotton seedlings 

( Ramas am i and Shan mug ha m, 1977 ) . 

Bhat e t a l . ( 1981) and Zummo et al. (1984 ) 

repor t ed t he v a riations i n the levels of phenols, tannins 

a nd p ro teins in c o tton c ultures, showing differential 

reacti on t o su c king and bollworm pe s ts . 

Phenoli c compounds are known t o impa rt 

r esist a n ce i n ma ny c r op plants against pest and diseases . 

I lango a nd Uthama s a my ( 1989 ) reported that there was 

hi gher pr ecen tag e o f tot a l phen o l in resi s t ant v ari e ty ( JK 

260 ) of ~n tt on to hJ Jl wo r ms . 

P h enol c on t ent s we r e h i g he r ~ n resis t ant g r oup 

than in h ig h l y sosc ep t i b le , su s cept i b l R and ru od e ra t~ ly 

re s i stan ce · su lY 8 , HERS 7, G o t 12, G Co. 100 ~nd 

L 38 ) g r o u ps. But its r e l ation ( r = - 0 . 142 7 ) HJ.t h 

wh i tef ly i n c i de n c e was no t s i gnif icant . 





3. KATERIALS AND KETHODS 

The field evaluation of germplasm entries and 

pot culture studies wer e c oducted at Cotton Research 

Station of Harathwada Agr icultural University at Nanded 

and Parbhani . The c hemi c al analysis were carried at the 

Department of Biochemistry, College of Agricultural 

Technology, Parbhani. The material used and 

adopted are de scribed here . 

methods 

3.1 Prelininary Field Screening of Cotton Gernplasn 

Against Whitefly 

Germplasm maintained by Cotton Research 

Sta.t ion, H. A.U., Nanded was utilized for the study. Two 

Gos~y;;iu!!': 

hirsutum a nd arboreum groups . The experiment was conducted 

during 1988 . The number of adults on the 2nd (top leaf), 

sixth (middle leaf ) and t enth leaf from the top (lower 

leaf) were recorded from two plants in each germplasm 

line . The result s pooled together and mean nu~ber of 

adults on upper, middle and lower leaf were calculated. 

3 . 2 Rapid Leaf Screening of Cotton Gernplasn 

The· gen er a l p opulat ion level of B . tB.bB. c i on 

cott on at Pa r bhan i wa s very low dur i n g 1989 and hen ce 

s e l ec t ion pressure on t he entr i e s uring t he f i '7J ld 

s c ··· een i n g was v e ry l ow . To a void t he l owe r p opu l a tion of 

wh i tef li es on t he leaf an d a lso for a accur a t e e valuati on 

of prefe re n ce/n o n - p r e f erence c haracter of t he host plant 
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from the test entries, a rapid leaf screening method 

devised by Ranjeet(1987)was used. Since whiteflies prefer 

to lay eggs on the first fully opened leaf from the top, 

such leaves of cotton cultivars were excised from the 

plants and immediately brought to the laboratory. The 

petioles were immersed in small vial filled with water and 

entry numbers were tagged on the leaves . A wooden cage (75 

cm x 45 cm x 30 cm) covered with black muslin cloth was 

placed over the leaves in the vials and females of B. 

tabaci were released int o the cage at the rate of 10 

females per leaf. Black muslin cloth was used to prevent 

the general tendency of the whitef lies to ascend to the 

top of the cage due to their strong phototrophic response 

~nd t0 8id ~~Rm in settlin~ on the leaves . Whiteflies were 

released during evening hours to facilitate their easy 

settling on the leaves . Each entry was replicated twice. 

The whiteflies were allowed to oviposit for 24 hours and 

average number of eggs laid per leaf were worked out. The 

results were analysed as a CRD usingjx +1 transformation. 

Check entries were also subjected to laboratory 

scre e ning in confinement to find out the preference/non 

pref e rence for. egg laying under no choice c ondition. The 

tes en Lries were g ro wn i n po ts in clot h house with two 

p lan t s/pot replicated four t i mes . When t he plants attained 

nin eLy d ay s age, whi c h is the mos t p r ef e ~. ed stage f or e g g 

l a ying ( Berlinger et al. , 4B83). The pl anL s in each of t h . 

po ts were covered using p oly thene cylind rical cages with 



PLATE 1 SPECIALLY DESIGNED CLOTH HOUSE FOR 

BIOLOGICAL STUDY OF Bernisia tabaci 



PLATE 2 SPECIALLY DESIGNED WOODEN CAGES 

COVERED BY BLACK MUSLIN CLOTH FOR EGG LAYING 

BEHAVIOUR OF Bernisia tabaci UNDER CHOICE 

CONDITION. 



PLATE 3 SPECIALLY DESIGNED CYLINDRICAL 

POLYTHENE SHEET TO COVER A POT FOR EGG LAYING 

BEHAVIOUR OF Bemisia tabaci UNDER NO-CHOICE 

CONDITION. 
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the muslin cloth on top. Adult female whiteflies were 

released in individual cages during late evening at the 

rate of 10 whiteflies per leaf. Oviposition was allowed 

for 24 hours and the number of eggs laid were noted on all 

the leaves in the c ages and averaged out per leaf. The 

results were analysed as a CRD usingjx + 1 transformation. 

3 . 3 Field Screening of Gernplasm 

Prelininary Field Screening 

Selected fr on 

32 c ultivars were selected from preliminary 

field screening including s01ne 

sinc e whiteflies have cultivars 

propertion in many of the cotton 

co1rinerc ial ly 

assumed 

growing 

grown 

epidemic 

tracts. 

Ob 3e~~~tions ~~ wh i tef ]y innidence were recorded at 30 

days interval on five plants selected at random from the 

net plot . Adults a nd nymphs of whitef lies were count e d 

s epe r a tely from three leaves (top, middle and bottom) per 

p lan t (Sippel et al ., 198 3 ). Adult population was coun ted 

by r ~ tating leaf gent l y by holding the petiole in betw een 

t huru b a nd index f i n g er, s o as not to di s turb the a d lil t 

wh it ._. fl i e s r i::st ing on the l ower s i de o f the leaf ( Ro Le , 

1 9 89 ~. T he ny mphs of wh i t 8 f lies wer e cou n t ed with the h e lp 

of -~ x len s . Obs erv ~tion s we re reco~ded d uring mo rn in~ 

ho u1 between 6 .0 0 a n d 9. 0 0 a . m. ~ h ~ n the ~ 1 it efl y adu lt ~ 

wetT less mo b i le . TCu: d.<J.ta .-_, n h hitcf l y :<:l'J11 lts a nd nyz:~' :-\:::; 

we r t· t ransf -:- c ui e d toj-;:--+"- 1 ~--' .'.:" !!!D i a ,.,,f T. -- --._:tsfn :rmi=:-. c i.on .•n rJ 

n _· ,_y :; ed sta t i.st.ica. l ly. 
T 

LI BRARY 
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3.4 Egg Incubation Period and Duration of Developaent of 

B. tabaci on Different Cultivars 

Total developmental period ( from egg to adult) 

o f wh i tefly was studied seperately i n eac h cultivar to 

f i nd out the reaction o f whiteflies to expo s ure to these 

types and evaluate the antibiosis component available, if 

any. Two plants from each cultivar were selected and one 

fully expanded leaf from each plant a t a pex was tagged . 

Plastic cages specially designed for studying the life 

cycle of whitefly were placed on the plants (Borad, 1991) 

and each leaf was covered in such a way that whitefly 

adults could not come out. The leaf was cleaned earlier to 

ensure that no egg, larva or pupa of whitefly remained on 

i t b e f ore rel e asing whitef l y a d u l ts . Appr0x~. mat e i1 f ~ f ~ y 

adults of whitefly were rel e ased in each cage and kept for 

24 hours . Thereafter , the adults were removed from the 

c ages and the leaves were examined for further development 

upto the emergence of adults . The results were analysed as 

CRD usin~x + 1 transformat i on . 

3.5 Morpholog i cal Studies 

3 . 5 .1 Hair density 

The ha i r d ~n~ ity pe ~ -, - 2 -. 1 r. n O C' f' « l l ,_, a.a.t v n ~ ,.,, a. .. . .,, ...., c _ . ____ ...... t hl;' 

cultivars wa s r ec orded at 90 d ay aft er germi nat i on . Three 

f ully mat ured leav es we r e s el ected ~t rand om f r 0m e a ch 

c u l tivar and l eaves were b r ought to t h e laborat o ~y f or 

estimat ing t he ha ir densit y . Numb e r of hai = pre sen t i n t he 
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field visible in magnification were counted at 5 spots 

per leaf and transformed into dens i ty i.e. number of hair 

per cm 2 and averaged out. The real leaf area visible in 

magnification is known from its real diameter with a real 

scale . 

3.5.2 Hair length 

The matured leaves o f each cultivar were 

brought to the laboratory and the length of the hair was 

measured with the help of occular micrometer by cutting 

the transverse section of leaf . Five samples were taken 

from each cultivar for measurement at 200 X mag_nification 

and averaged out. 

3.5.3 Lt.if a-ea 

Leaf area of each cultivar was measured with 

the help of electric leaf area neter . Upper, middle and 

lower leaf of five plants selected from each cultivar were 

collected and brought to the laboratory for estimating the 

leaf area. 

3.5.4 Nunber of stomata 

Three :ully matured leaves were 3elected at 

random from each genotypes. The frequency of stomata (No. 

of stomata per sq cm) at 200 x magnification was worked 

out in five different R"ticroscopic field by using "Fevicol " 

sticker (Nayeem and Dalvi, 1989). The number of stomata 

per cm 2 are observed and transformed similarly 

density (3.5 . 1 above) . 

as hair 
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3.6 Physiological, Nutritional and Biochemical Studies 

3.6.1 Glassware and chenicals 

"Corning" and "Borosil" glasswares were used 

: t hroughout the experiments . Glassware. were cleaned with 

detergent and again rinsed throughly in tap water and 

finally with distilled water and were dried thoroughly. 

3.6.2 Preparation of reagents and solution 

3.6.2.1 Ascorbic acid standard solution 

100 mg of ascorbic acid was accurately wighed 

and made upto 100 ml with 2% HP03. 4 rul of this solution 

was diluted to 100 nl with 2Z HP03 (1 nl = 0 . 04 mg of 

ascorbic acid) . 

3 . 6.2.2 Indophenol reagent 

100 ma of 2,6-dichlorophenol-indo phenol dye 

and 84 mg of sodium bicarbonate were dissolved in hot (85-

950C) distilled water, cooled and made upto 100 ml. The 

solution was filtered and diluted 25 nl to 500 nl with 

distilled water. 

3.6.2.3 Ethanol extract 

One gram of fresh ieaf samples were ~rushed to 

fine paste in few ~l of boiling al co hol and the extract 

was filtered through Whatnan No . l filter paper. · The paste 

was again resuspended in few ml of boiling alcohol and 

again filtered. The final volume of the extract was nade 

to 10 nl. This extract was used for estimation of gossypol 

and sugar etc. 
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3.6.2.4 Ammonium nolybdate solution 

Twenty five g of ammonium mc!ybdate was 

dissolved in 300 ml distilled water containing 200 ~l 

diluted HzS04. 

3.6.2.5 Arsenoaolybdate colour reagent 

Solution A : In 445 ml of distilled water 2.5 g 

of ammonium molybdate was dissolved and to this 2.1 ml 

concentrated NazS04 was added. 

Solution B 0.3 g of sodium arsenate was 

dissolved in 2.5 ml distilled water. 

Solution A and soultion B were mixed and stored 

inbrown bottle at 37°C for about 30 hours before use. 

3.6.2.6 Catechol standard solution 

Dilutions were nade with distilled water to get 

10 mg to 80 mg catechol per ml. This solution was stored 

at room temperature. 

3.6.2.7 Copper reagent 

Copper reagent A : Sodium carbonate 2.5 g, 

potassium sodium tartarate (Rochelle salt ) 2.5 g, sodiun 

carbonate 2 g and 20 g sodium sulphate (unhydrous) were 

rltsolverl seperately in small quantities of distilled water 

and volume made upto 100 ml with distilled water, filtered 

and stored at roon temperature. 

Copper reagent B : Copper sulphate 5.7 g was 

dissolved in 50 ml distilled water to which one drop of 

concentrated HzS04 was added . 

25 parts of reagent A and l part of reagent B 

were nixed just before use. 
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3.6.2.8 Folin-ciocalten reagent 

The commercialy prepared reagent (2N) was mixed 

with equal quantity of distilled water and stored in amber 

colour bottle at z0 c . 

3.6.2.9 Sodium carbonate 

20 g of sodium carbonate was dissolved in 

distilled water and the volune was made upto 100 ml. 

3.6.2.10 .Annoniun nolybdate-sulphuric acid reagent 

25 g ammonium molybdate was dissloved in 300 ml 

water. 75 ml concentrated HzS04 diluted to 200 ml was then 

added to the ammonium molybdate solution . 

3.6.2.11 Hydroquinone solution 

0.5 g hydroquinone was dissolved in 100 hll 

water and 1 drop of concentrated HzS04 was added to re~ard 

the oxidation. 

3 . 6.2.12 Standard phosphate solution 

0.4394 g pure dry KHzP04 was dissolved in water 

and diluted to 1 litre. 10 ml of this solution was diluted 

to 100 ml to give working standard solution. (1 ml = 0.01 

mg p hosphorus ). 

3 . 6.2 . 13 Reagents for gossypol estimation 

So l u t ion A : 715 ml o f ethano l was diluted t o 

1000 ml wi t h distil led wa ter und t o t h is J. 2 ml g lac ial 

aceti~ acid and 200 mi et her (pe r oxide fr e e) ·ere added 

So l u tion ;_; : 3 g Jr 3.SC· rb ic ac .\..d ..- a s dis s lov ed 

i n 4 5 ml o f so l ut i on A. 
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3.6.3 Estimation of pH of leaf 

The pH of cell sap was estimated at 90 and 120 

days after germination. The leaves from four replications 

were collected, mixed through and treatment wise pH of 

"leaf was estimated . Each sample of ten grams was crushed 

in a blender, mixed with 50 ml distilled water and pH of 

crude extract was estinated by using a pH meter (Toshniwal 

pH meter Cat . No. CL 46) . The pH of leaf extract was 

estimated twice and averaged out as suggested by Berlinger 

et al. ( 1983) . 

3 . 6.4 Estimation of chlorophyll of leaf 

The a, b and total chlorophyll content were 

e s ti~~led t 9 0 and 120 day s c fter germinat~ on. 

2 g leaf tissues were homogenised with few ml 

o f pure acetone. It was filtered through filter paper 

( Whatman No.l) with the addition of 80 p e r cent acetone . 

The filtration was repeated with 80 per c ent acetone till 

the pulp and filter paper lost green colour . Volume of the 

filt erate was made upto 100 ml by adding 80 per c ent 

a.cet one (Arnon, 1949 ) . The optical d ensity of the 

chlo ophyll extract was recorded wi th spe c trometer set a t 

645 a nd 663 nm a gainst BO per cent aceton e solven t blan k . 

The q uantity o f chl o r op hy ll p resen t (mg/ g o f tissue ) i n 

t he t: ~ t r a c t was c alc1 l ated -4'--,..cwf t he f..·.:.:ua.t ion s. ca-i~11 bU'tlC.O. 
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v 1 
Chlorophyll a = (1.27 x D 663) - (2.69 x D 645 ) x x -

1000 w 

v 1 
Chlorophyll b = ( 2 . 69 x D 645) - (4.68 x D 663 ) x x -

1000 w 
v 1 

Total . chlorophyll=(l.27 x D 663) - (2 . 69 x D 645 ) x---x -
1000 w 

Where, 

D = optical density at 645 and 663 W/L 

V = The final volume of the 80 per cent acetone 

chlorophyll extract. 

W = Fresh weight in grams of the tissue extracted. 

3.6.5 Estimation of nitrogen 

Nitrogen content of leaf was estimated at 90 

and 120 days after germination . Fully expanded leaves from 

each net plot were plucked and brought to the laboratory 

and kept in an oven for dryin g . The dried leaves were 

finally powdered in grinder and fine leaf powder was used 

for estimaion o f nitrogen. It was estimated by Kjeldahl's 

method (Jackson, 1967) . 

3.6.6 Estimation of calcium 

A~ aliquot (i5 ml ) of the mineral solution was 

dilu ted to about 150 ml with distilled water. A f e w drop s 

o f ~ethyl r~d were a dded and t he mixtu r e neutral i sd wit h 

ammonia till the p ink colou r cha nged to y e l l ow. T h ~ 

solution was heated to boiling and 10 ml of a mmoni um 

oxalate were a dded . The mixture was then allowed to boil 
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for a few minutes and glacial acetic acid added till the 

colour became distinctly pink. The mixutre was kept aside 

in a warm place, and when the precipitate settled down, 

the supernatant was tested. The precipitate was then 

filtered through Whatman No. 40 or 42 filter paper, and 

washed with warm water till free of oxalate. The 

precipitate was transferred to a beaker by piercing a hole 

in the filter paper and pouring over it dilute (2 N) 

sulphuric 

heated at 

acid (about 5- 10 ml). The solution was then 

about 70°C and titrated against N/100 KHn04 

solution . 

l ' ml of N/100 KMn04 = 0.2004 mg of calcium. 

3.S.7 Dete~~inat i orr of t0tal phosphorus 

To an aliquot 0 . 1 ml of the mineral solution 

are added to 1 ml of ammonium molybdate, 1 ml of 

hydroquinone and 1 ml o f N~S03 solutions in this order 

mixing well after each addition. The volume is then made 

up to 15 ml with water and the solution throughly mixed. 

After 30 minutes. The optical density of this solution is 

measured in a photoelectri c c olorimeter, against a reagent 

blank (prepared in the same way as the test except that 

the test solut i on i s omitted) using a ied filter (660 

m/u ). The phosp horus c ontent of the sample is 

fr om standard urve pr epared with 3tandard 

solu tion (rang e 0 . 01 - 0.1 mg P) following 

procedure as desvribed ab ove. 

read off 

phosphate 

the same 
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Graph reading (x mg) volume of mineral solution (ml) 
Phosphorus = 

(mg/g) Volume taken 
x -----------------------------

Weight of sample (g) 

3.6.8 Estimation of ascorbic acid 

The requisite volume of standard ascorbic acid 

solution 1, 2, 2 .5, 3.4 and 5 ml were pipetted to dry 

test tubes and made upto 5 ml with the requisite amount of 

10 ml o f dye was added with a rapid delivery 

pipette. After shaking, reading was taken within 15 to 20 

seconds. Spectrometer was set to 100% transmission using a 

blank consisting of 5 ml of 2% HP03 solution and 10 ml of 

water . The red colour was measured at 518 nm . Standard 

curve was obtained by plotting absorbance against 

concent!'.'ation. 

For each sample 5 ml of the extract was taken 

in a dry test tube towhich 10 ml of dye was added Rnd 

measured as in standard . 

Th e concentration of ascorbic acid from the 

standard curve was noted and the ascorbic acid content in 

the s ample was calculated as given below. 

mg o f ascorbi c . 
acid per 100 g/ml = 
of sample 

Ascorbic acid Volune 
sample x made up x 100 

1 ml o f solution 
taken for 
es timat i on 

Volume of 
x 1000 x sample 

taken 
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3.6.9 .Esti•ation of sugars 

3.6.9.1 Reducing sugars 

To 0 . 1 ml of ethanol extract , distilled water 

was a dded to adjust the v o lume of 1 ml. The copper reagent 

mixtu re was added and the tube s were kept in boil i ng water 

f or 20 minutes. Later, they were taken out, cooled and 1 

ml o f a mm on ium molybdat e co lour reagent was added . The 

volume was made up to 25 ml with distilled water. After 

adjus ti ng the colorimeter with blanks (all reagents except 

tissue e xtrac t ) absorbance was recorded at 520 nm. The 

es t i mates are e xpressed a s Hg of reducing sugars per g of 

dry s a mple from standard curve (Nelson 1944). 

3.6.9.2 Total sugars 

The ethanol e xtr ac t was used for the estimation 

of to t a l s ugars . The e x tr a c t ( 0.5 ml) was t aken in tes t 

t ubes and 2 ml o f 1 N HzS04 was added . The tubes were kept 

in wat e r bath at 49°C for 30 minutes and then cooled. One 

drop o f methyl red i nd icator and 2 ml of lN NaOH were 

added . The volume was mad e up to 1 ml with distilled water . 

One ml of c opper reagent mixture was added a nd kep t in 

boiling wa t er · f or 20 mi nut es. Aft er cool ing 1 ml of 

~ el sor · s a r s en umolybdat e reag e nt g a s added a nd volume was 

made to 25 ml wit h distil l e d w at e ~. Afte r adj u s t i n g th e 

col or ~m e t er wi t h b lank ( al l reagen t s e xcept e thano l 

e x tra ---t) the c olour i ntensi ty wa s read a t 520 11!'.ll . Tota l 

sugars were c alculat ed us i n g t he s tanda r d c urv e o b tain ed 
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from various concentration of glucose solution. The 

results for quantity of total sugars were expressed in 

mg/g of dry sample. 

3.6.10 Measurement of total phenols 
€ x h Q d - oJ. F'Cl-nt­

The alcohol ~ · tissue was used 

total phenol content colorimetrically 

Ciocalteau reagent (Bray and Thorpe, 1954) . 

to estimate 

using Fol in -

To 0 . 1 ml extract , 0 . 9 ml of d i stilled water 

was added . One ml of 1 N Folin-Ciocalteau reagent and 2 ml 

of 20 per cent sodium carbonate solution were added to 

diluted extract . After shaking the tube vigorously it was 

boiled for one ninute on boiling water both. The tubes 

we r ~ vo o l od i n runni~g tap water. Th~ colour intensity 

was measured by spectrophotometer at 645 nm. A blank 

c ontaining all reagents except extract was used to adjust 

absorbance to zero . For standazrd curve sane procedure wa s 

followed by using standard solution of catechol of various 

concentraion and from the recorded OD values standard 

c urve was plotted. The phenol catechol equivalents f rom 

standard c urve of c a t echol and expressed in mg/ g of d r y 

samp le . 

3.6.11 Determination of gos sypol 

3.6.11. 1 Free gossypol 

0 . 1 g o f s amp l e was t r a ns f e r r od t o a 2 50 ~ l 

g l a s s s top r.. e r ed f la. ·k . 3 ml -o"f so l • t. ion B ~nd 0 . 5 lr.t l , f 

concentrated HCl were a dd e d to th i s a nd mi xed g en t l y. 
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After about 3 minutes for the decolourization of the 

chlorophyll. 30 ml of ethyl ether was added and swirl the 

flask in warm water until the ether boils sufficiently to 

e xpe l the air . The st opper wa s insert e d with a twisting 

moti on. The flask was shaken vigorously for a 10 minutes 

on a mechani c al shaker. The extract was filtered under 

reduced pressure through a filter paper disc. The flask 

was washed and then filter ed with small portion of ethyl 

e ther without pouring the s mall amount o f water layer on 

the filter . This procedure prevented the transfer of any 

anthocyanins into filterate . The filterate was transferred 

to a 50 ml volumetric flask and made to 50 ml with a 

solution A. Immediately 5 ml aliquot was pipetted in 

triplj~ate to 25 nl volumetric flask containing 5 ml of 

solution A. 0.5 ml of freshly distilled aniline was 

quickly added to two of the flasks, reserving the aliquot 

in the third flask for the r eference solution . Th e flasks 

c ontaining the sample and reference were placed into water 

bath heated to 75°C for 40 mi nutes. A cap was placed over 

the flask containing t he reference solution to preve nt 

cont ami nati on with an i lin e vapour . After cooling, the 

re f e r e nc and s amples we re di luted t o 25 ml with solution 

A . The absorb an c e was d e termined at 445 mm using a n il i ne 

8 .S 8. e f erence . ( Sm;t!.- / 19bf>) 

The gossyp o l con tent o f the s amp l e was 

c a l c u l a ted f r o B s tand a r d a ~sorbance c onc e~t ration c urve 

prepa r ed by c onv ert ing pu~ gossypol d i sso lv ~d i n sou ltion 

A to the dianiline de r ivat i v e. 



44 

Standard curve: The standard curve was prepared 

by dissolving 25 mg of gossypol in a few nl of ether in a 

100 ml volumetric flask. This was diluted to 100 ml with 

solution A and mixed. 10 ml of this solution was diluted 

to 100 ml in a volumetric flask with solution A and mixed. 

From this, aliquots in triplcate were pipetted into 25 ml 

volumetric flasks covering a range of 0.025 to 0.200 mg of 

gossypol and diluted the smaller aliquots to 5 ml with 

solution A. One aliquot was diluted from each replicate to 

25 ml with solution A, it was mixed and reserved as a 

refer ence solution. The gossypol in the remaining aliquots 

converted to dianilinogossypol as previously described and 

abso rbance was at 445 mm using the appropriate refer e nce. 

The free gossypol was calculated from the 

following equation 

1 
% Fre e gossypol = absorbance x x 100 mg of sample in 
in sample a the aliquot used 

Where a = absorbance mg of gossypol as dianilinogossy pol 
in 25 ml of solution A = 3.064 

3.6. 11. 2 Bound gossypol 

The extracted residue from the free gossypol 

determination was trans ferred to a 250 ml g lass stoppered 

flask . To this 2 ml o f solution a a nd 2 ml of fresh l y 

distilled aniline, wer e added and placed 00 th~ me t al top 

of a team bath (not d irect ly exposed to ~he steR ro) and 

heated for 4 5 t o the ste a m) and heat ed for 45 min utes t o 
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convert the gossypol to dianilinegossypol . The flask was 

removed fron the steam bath. To this 50 ml of 

redistilled hexane was added . The flask was warmed by 

swirling in hot water (60-70°C) to expel air. The stopper 

was inserted with a twisiting motion, and then shaken 

vigorously for 30 minutes on a mechanical shaker. With the 

funnel covered with watch glass, a portion of the extract 

was filtered through a Whatman filter paper No. 4 into a 

small narrow neck flask . The absorbance of the filterate 

was estimated at 440 mm using hexane as the referen c e 

solution . Bound gossypol was calculated from the following 

equat ion. 

Z gossypol -

1 
absorbance x 2 x - x 100 

a 

weight of sample in mg 

Where a = absorbance I mg of gossypol as dianilinogossypol 
in 25 nl o f hexane= 3 . 172 

Standard curve : The standard absorbance curv e 

was prepared by dissolving 25 mg of pure gossypol in 25 ml 

o f ethyl ether in a 100 ml volumetric flask and then 

dilu ted to volume wi th hexane and mixed. 10 ml of the 

solution was transferred to a 10 0 ml volumetric flas k and 

dilu t ed to volume with hexane and u s ed a s the gossypo l 

stand a_rd . Aliquo ts were taken conver ted to 

dian i linogossypol and determined for leav es except he x ane 

was •1 <.:>ed as i:. he solvent and t he a bsorban cF; was determined 

at 440 mm . 
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3.7 Anatoaical studies 

For the anatomical studies, inf estd\Jion free 

plants were selected at ramdon from each genotypes after 

90 days of sowing . The second leaf from the top on the 

main ~tem was selected for studies. One leaflet was fixed 

in FAA (Formaldehyde Acetic Acid : Alcohol 70% 5:5:90). 

The leaflets were cut into 0.5 cm x 1 cm rectangular 

segments ~nd were processe~ by following the steps as 

below. 

Steps in tissue processing for blocks 

Leaf segment ---> 70% Ethanol 
(overnight) 

----> 90% Ethanol 
(4 hours) 

I 
I 

v 
100% Ethanol<--100% Ethanol<--100% Ethanol<-- 100% Ethanol 

( 6 hours) ( 6 hours) ( 6 hours) (6 hours) 

v 
100 % Ethanol + Xylene 
(Equal parts, 4 hours ) 

----> Xylene 
(12 hours ) 

--------7 

' 
~ 

Embeded in< --­
par·aff in 
b loc ks 

Melted paraffin< - -­
( changed for 

Xylene + s oild paraffin 
(equal parts, 4 hours ) 

evry 8 hrs t il l 
traces of xylene 

removes a t 60° 
in incubator 

The section o f 10 ym thickne s s were cut using 

ro ~ry microtome . Th i n ~ e ctions were mounted on glass 

rui c roslide ~ in Maye r ' s egg l bumin (S a s s . 1351 ; . 
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Steps in staining with saffranin and light green 

Xyl e ne ---> 

Water <---
I 
I 

v 
1% Saffr anin 
( 15 ninutes ) 

(ethanol + Xylene) 
( equal parts) 

Xy l e n e ---> l OO Z ethanol --- > 
( 2 to 5 min . ) 

90% ethan o l 
(2 to 5 min. ) 

y 
30 % ethanol <--- 50% ethanol <- - - 70% ethanol 
--------- - -- -- - 2 to 5 minutes-- - - ---- - ------ -

---> Water ---> 30% ethanol -- -> 50% ethanol 
------- 2 minu t es --------

I 
I 

v 
100 Z etha nol <---- 90% ethanol <---- 70% ethanol 

- -- ---- - --------- - ---- 2 minutes - ----- - --- - -- --------
' I 

y 
1% light greed ----> 

( 10-15 s e c onds ) 

Xylen e <--- Xylene 

~ 
Mount in DPX 

100% ethanol ----> 100% ethanol 
-------------- 2 minutes ---- -- ---

<--- -
' 'V 

Xylene + 100% ethanol 
(equal parts) 

The masureme n t of vari ous cell were taken us i ng 

occular micrometer at 100 x magnifi c ation in five. 

differ e n t microsc opic fie l ds . 

3 . 8 Correlation and Regression of Whitefly Abundence with 

Different Characters of the Test Entries. 

Horp~olog i ca l chara ct ers s u c h a s nuEb e r of 

st e l l ate hairs on t he leaf , l eng th of s tellate ha i rs , ·eaf 

are a a nd nu~ber of sto~ ~ t a a nd phys i logica l charac~ers 

like p H o f ce l l s a p a n d l o ta.l chlorophy ll con ten t o f le a f, 

nu~ r itiona l parameter s l i ke n i t rogen, p hosp horus, c al c i u ID, 



48 

sugars and vitamin C, biochemical parameters like phenol 

and gossypol content of leaf have been reported to 

interfere with normal ovipisitional preferences of 

whitef lies and development of nymph and adult of B. 

tabaci . Hence, genotypic correlations and regressions of 

these characters and whitefly population were worked out. 





4. EXPERIHHBTAL FINDINGS 

Four hundred genetically diverse genotypes of 

cott on were screened critically against whitefly for their 

resis t ance reaction at Cotton Research Station, Nanded. 

Based on preliminary screening 32 resistant and 

s usc e ptibl e genotypes comprising of G. hirsutum, G. 

arboreum and hybrids of hirsutum x hirsutum and hirsutum x 

barbadense were selected for detail studies. Some of the 

lines have been reported to be resistant to B. tabaci 

e arlier and they were also included for confirmation. The 

results of present investigation are presented under 

f a l low~r.g heads . 

4 . 1 Behaviour of whitefly during the entire season . 

4 .2 Ovipositional preference / non preference of B. 

tabaci under choice and no-choice conditon . 

4.3 Egg incubation period and development time from egg 

t o adult on different cultivar s. 

4 . 4 Stability of cotton cultivars for resistance against 

whi t efly. 

4 .5 Imp a ct of morph o l og i cal, a natomical , p hysiological , 

nut r i ti onal a nd bi o c he mi ca l c har a cters o f plan t o n 

incidence of whitef ly . 

~. 6 Co r re lation a nd reg r e ssio n s tudi es . 

Be haviour o f B. t abaci i n ~ lation to cotton 

s ecies . 
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4.1 Behaviour of whitefly during the entire season 

The experiment was conducted to screen 32 

cultivars against whitefly during kharif 1989-90 and 1990 -

91. The results ar e presented below. 

4.1.1 Adult population of B. tabaci during 1989- 90 and 

1990- 91 . 

The data presented in Table 1 reveal e d that the 

adult population per leaf varied from 2.22 to 8 . 94 adults/ 

leaf at 90 days during 1989-90. The lowest population of 

B. tabaci adults was recorded on desi cultivars viz. 

Namdeo, Rohini, Eknath and Jyoti followed by LK 861, PF, 

NK 2:0 an~ NH 350 . These 

signifi c antly superior over rest of the cultivars. 

Cultivars LRA 5166, Pournima, DHY 286, NHH 44 and PKV HY. 2 

showed highest mean population. 

Obsertation recorded at 120 days after 

germination (1989-90) indicated significant differences 

a mon g 32 genotypes for a du lt populat ion o f B .tabaci (Table 

1). The lowest population was r e co r ded on cultivars viz . 

American Nectar : less , LPS 141, LK "6 1 , OKRA, PF. PNF . 

PO NF , NH 210, NH 360 , Eknath, Rohin i , Namdeo a nd Jyoti. 

~HH 44 , PKV Hy. 2 , Gland less , PH 9 3 , LRA 5166, Pournima , 

DHY 286 and NS 15 harbored highest p opulat ion i.e. mo re 

t han 6 adults pe r leaf. 
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>- Table 1: Reactic:n of selected cot ten CL\l ti vans aga.i.nst. B. tabaci adults 

-------- .. ·- ·-·-·--- · .. - ·-·-· .. --
~vnber o'f whi te·f l y adults per leaf 

1989 1990 
Variety Mean 

Days after germinatic:ri 

90 1~10 9(1 120 

DS 28 6.64 (2.76) 5.00 (2.44) 10. 59 (3.40) 8.54 (3.00) 7.69 (2.94) 
N3 15 7.11 (2. 78) 6.76 (2. 78) 12.95 (3. 73) 9.34 (3.21) 9.04 (3.16) 
~.l'ECT ~.52 (2.55) 3.74 (2.17) 8.82 (3.13) 5.95 (2.43) 6.01 ( 3 • .16) 
G 67 6.57 (2.75) 5.32 (2.51) 8.73 (3.11) 8.38 (2.89) 7.23 (2.65) 
PC 7.!8 7.76 (2.95) 5.99 (2.64) 10.9 (3.44) 8.46 (3.07) 8.28 (3.04) 
Efll 1 6.55 (2.74) 4.66 (2.37) 9.39 (3.22) 8.46 (3.07) 7.'Z7 (2.87) 
[ff( 286 8.~..o (3.04) 7.06 (2.83) 10.54 (3.39) 8.99 (3.16) 8.72 (3.11) 
AK 3.2 6.r:R (2.75) 4.96 ( ~ .44) 8.(13 (3.03) 6.71 (3.16) 6.57 (2. 7:5) 
l'"O..J ·~ 6.92 (2.81) 4.63 (2.37) 9.ffl (3.29) 8.16 (3.02) 7.40 (2.89) 
~I~ 6.72 (3.11) 6.74 (2 . 78) 8.63 (3.10) 7.11 (2.84) 7.g) (2.96) 
L.PS 141 4.15 (2.26) 2.86 (1.96) 7.12 (2.84) 4.37 (2.31) 4.62 (2.37) 
LK 861 3.79 (2.18) 2.16 (1.77) 6.98 (2.82) 3.6(1 (2.14) 4.13 (2.26) 
LRA 5166 8.01 (3.ClO) 6.13 (2.67) 12.02 (3.72) B.94 (3.15) 8.99 ( 3 • .16) 
a-MON 6.45 (2.72) 3.48 (2.11) 8.93 (3.15) 6.86 (2.00) 6.43 (2. 72) 
SLFRIYA 6.M (2.74) 5.23 (2.49) 8.85 (3.13) 6.99 (2.82) 6.90 (2.81) 
FH93 

" 
6.98 (2.82) 6.21 (2.68) 10.44 (3.38) 7.'27 (2.87) 7.73 (2.95) 

a.AND..ESS 7.73 (2.95) · 6.33 (2.70) 11.93 (3.59) 8.67 (3.10) 8.99 (3.16) 
~ 4.02 (2.24) 2.99 ( 1. 99) 6.44 (2 . 72) 3.88 (2.20) 4.33 (2.30) 
FF 3.25 (2.06) 2.67 (1.91) 5.68 (2.~) 2.81 (1.95) 3"&> (2.14) 
Pl'IF' 3.87 (2.20) 2.37 (1.83) 4.78 (2.40) 2.91 (1.97) 3.48 (2.11) 
PCN= 2.72 (1.92) 1.91 (1. 7(1) 4.87 (2.42) 2.15 (l.77) 2.91 (1.97) 
~ 210 2.66 (1.91) 2.25 (1.B)) . 3.46 (2.11) 3.~ (2.09) 2.94 (1.98) 
~ 360 2.67 (1.91) 2.11 (1.76) 3.23 (2.05) 3.86 (2.20) 2.97 (1.99) 
H4 6.88 (2.B:I) 5.95 (2.63) 11.31 (3.~) 8.60 (3.Cl9) 8.18 (3.02) 
1\1-ti 44 8.60 (3.09) 6.92 (2.81) 11.23 (3.49) 9.65 (3.26) 9.10 (3.17) 
PKV HY.2 8.94 (3.15) 6.':!7 (2.75) 10.82 (~.43) .t0.34 (3.36) 9.18 (3 • .19) 
DOi 32 6.43 (2. 72) 4.78 (2.4(1) 8.02 (3.00) 6.90 (2.81) 6.53 (2.74) 
N-£1 12 6.49 (2. 73) 4.96 (2.44) 8.47 ( 3. 07) 6.32 (2.70) 6.56 (2.74) 

,..- E~TH 2.54 ( 1.B3) 2.31 (1.81) 3.e'O (2.12) 2.47 (1.86) 2.71 (1.92) 
RCJ-iINI 2.39 ( 1.84) 1.93 (1. 71) 3.83 (2.19) 2.39 (1.84) 2.63 (1.90) 
~ 2.22 (1. 79) 2.28 ( 1.81) 2.19 ( 1. 78) 1.64 (1.62) 2.08 (1. 7~) 
JYOTI 2.77 (1.94) 2.1(1 (1. 76) 3.55 (2.13) 2.~'3 ( 1.87) 2.74 (1.93) 

SE ± .39 .39 .52 .48 4.28 
a> at 51.. .79 .79 1.06 .98 1.18 

l\bte : FigLlres in parentheses indicate transformed values. 

'l 
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Incidence of adult whitefly during 1990-91 (90 

days) indicated that adult population varied from 2.19 

adults per leaf (Namdeo) to 12.95 adults per leaf 

(NS 15 ) (Table 1). The lowest population varied in between 

2.19 to 3 . 83 adults per leaf and was recorded on 

Namdeo, NH 360, NH 210, Eknath, Jyoti and Rohini . 

Cultivars PF and PNF showed higher population mean of 

whitefly as compared to year 1989 . Highest population of 

more than 10 adults per leaf was r ecorded on NHH 44, PKV 

Hy.2, H 4, Gland less, PH 93, LRA 5166, DHY 286, AC 738, 

NS 15 and DS 28. 

Comparison of the number of B. tabaci adults at 

120 days (1990-91) on 32 genotypes (Table 1) showed that 

all ~Lgment ed and arbore um s~ r a~n s except on e of the 

asiatic genotype Namdeo (1.64 adults per leaf) had 

significantly lower adults over their counterparts. The 

cultivar Pournima which recorded highest population at 90 

and 120 days (1989) and 90 days (1990) showed moderate 

number s of whitefly. The highest population of nore than 8 

adults per leaf was recorded on PKV Hy. 2, NHH 44, H 

4, DS 28, NS 15, G 67, AC 738, BN , DHY 286, MCU 5, LRA 

51 66 a d Glandless. 

4 . 1. 2 i.iynph vopullli.iun of 8. taba. ;:; i duri~b 1989-90 ~nd 

1990- 91 

t ~ O days ( 188 9- 90 ) s ~ng if i c a~ t diff e Le nces 

a mong 32 genotypes ' Ta bl e 2) for 1 ymph population ~ ere 

eviden t . The populat · on v a.r ied fr- om 2. 34 nymph / l e .f 

(Namde o ) to 11.68 nymph/ lea f (PKV Hy . 2). NHH 44 and PKV 
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Table 2z Reacticn of selected cotter cul ti vars against B. tabaci nymphs 

Variety 

DS 28 
NS 15 
Pl1.f'.ECT 
G 67 
PC 738 
a..i 1 
D-iY 286 
AK 3.2 
t'OJ 5 
PO...RNim 
LPS 141 
LK 861 
LRA 5166 
~ 
9.FRIYA 
FH 93 
a..PNCX..ESS 
OKRA 
PF 
PN= 
PGF 
N-i 21(1 
N-i 31::1:.> 
H4 
N+i 44 
PKV HY.2 
001 32 
N-£1 12 

- a:NAlH 
RO-HNI 

"~ 
JYOTI 

SE+ 
CD at 51. 

- - -·--·------···-·····--·-----·----------- ·--·- - ----··-··-- -·--

N...unber of wh.i tef 1 y nymphs per leaf 

1989 

90 

6.00 (2. 79) 
8.41 (3.06) 
5.(18 (2.46) 
6. '/:R (2. 75) 
8.23 (3.(>3) 
6.60 (2.75) 
9.49 (3 • .23) 

5.53 (2.55) 
5.39 (2.52) 
8.60 (3.(19) 
4.C>9 (2.25) 
3. 54 (2.13) 
7.86 (2.97) 
5. 51 (2. 55) 
6 . 83 (2. 79) 
7 . 55 (2 . 92) 
e. ::.\O (3.04> 
4.16 (2.27) 
3.36 c2.oen 
3.26 (2.06) 
2 • B3 ( .1.. 96) 
3.36 (2.CS) 
3.00 (2.01) 
7 .B3 (2.97) 

10.71 (3.42) 
11.68 (3. 56) 
5.66 (2. ::€) 

6.20 (2.68) 
2.94 (1.98) 
2.B3 ( 1.96) 
2.~'4 (1.82) 
2.81 ( 1. 95) 

.56 
1.15 

1990 

Dtli\y!S a·fter germin.aticri 

120 

8.66 (3.10) 
10.72 (3.42) 
6.03 (2.65) 

10.Z? (3.35) 
10.12 (3.33) 
7.38 (2.89) 

10.15 (3.33) 
6.72 (2.77) 
7.68 (2.94) 
9.57 (3.25) 
4. 73 (2. :39) 
3.92 (2.21) 
8.76 (3.12) 
5.6.3 (2.57 ) 
7.C>9 (2.84) 
s .:.o (3.05) 
7.85 (2 .97) 
3.77 (2.18) 
4.07 (2.25) 
3.(16 (2.01) 
1.86 (1.69) 
3.11 (2.02) 
3.20 (2.(14) 

9.07 (3.17) 
13.:52 (3.78) 
14.13 (3.B3) 

7 .31 (2.EE) 
7.40 (2.89) 
2.76 (1.93) 
2.61 ( 1.90) 
2.47 (1.86) 
2.6.3 (1.90) 

• "Y7 
1.22 

90 120 

11.74 ( 3 .56) 18.57 
15.99 (4.12) 22.48 
7.98 (2.99) 10.48 
s.60 c:.>.<>9> 1e.65 
9.46 (3. 23 ) 13.52 
8.26 ( 3.(14) 10.26 

12.83 C'..' . 71) 14.65 
8.00 (3.14) .10.33 

12.60 (3.68) 19.78 
11.34 (3.51) 23.44 

5.67 (2. ~) 
6.13 (2.67) 

1::.~. 52 (3.81) 
6.02 (2.64) 
8. 50 (3.08) 

10.19 (3.34) 
9.66 ('.2.>.26) 
4.86 (2.42) 
5 .62 (2.57) 
3.4(> (2.C>9) 
3.26 (2.(16) 
2.15 (l.77) 
2.Z2 (.1. '79) 

6. r;y:y 
7.52 

20.26 
11.~'4 

12.10 
12.53 
13.87 
6.02 
6.58 
5.21 
3.71 
4.14 
4.17 

.10.25 (3. 35) 21. 52 
1:: •• c19 (4.0l) 23.75 
16.(>9 (4.13) 24.49 
6.22 (2.68) 12.22 
6.90 (2.81) 11.31 
3 • .12 (2.02) 3.49 
2.98 (1.99) 3.00 
2."Y7 (1.89) 3.16 
2. 78 ( 1. 90) 3. 13 

-~ 
1.99 

.43 

.87 

(4.42) 
(4.84) 
( 3 . 38) 
(4.43) 
(3.81) 
(3.3~·) 

(5.(16) 
(3.36) 
(4.55) 
(4.94) 
(2.75) 
(2.91) 
(4.61) 
(3.51) 
(3.61) 
(3.67) 
(3.85) 
(2.64) 
(2.75) 
(2.49) 
(2 • .17) 
( "· 26) 
(2.27) 
(4.74) 
(4.97) 
(:5.04) 
(3.63) 
(3.~) 

\2 • .11) 
(2.00) 
(2.02) 
(2.03) 

Mean 

11.44 (3. 52) 
14.40 (3.92) 
7.39 (2.89) 

11. 02 ( 3 . 46 ) 
10.:::.\2.; (3.36) 
8.12 ( 3 .01) 

14.28 (3.90) 
7.86 (2.97) 

11.36 (3. ~11) 
13.Z3 (3.77) 
5.27 (2.~>) 

5.27 (2. ~I) 
12.60 (3.68) 

7 . 12 (2 . 84) 
8.63 (3. 10 ) 
9.65 (3.26) 
9.92 (3.30) 
4.70 (2.38) 
4.90 (2.42) 
3.73 (2.17) 
2.92 (1.97) 
3.19 (2.(14) 

3 • .1.6 (2.03) 
12.18 (3.63) 
15. 71 (4.CJ8) 
16.59 (4.19) 
7.85 (2.97) 
7 .95 (2.99) 
3 .07 (2.01) 
2.86 (1.96) 
2.64 (1.90) 
2.83 (1.95) 

1.18 
3.27 

l\bte 1 Fj.gures in parenthe.>seJ.I> indicilte transformed values. 
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Hy .2 harbored significantly higher number of whitefly 

nymph and they were significantly superior over rest of 

the cultivars . Lowest population of nymph was recorded on 

PONF and all asiatic cotton varieties. 

Results from Table 2 indicate that. at stage of 

120 days (1989-90) all arboreum strains , Namdeo (2. 4 7), 

Rohini (2.6 1 ). Jyoti (2.63) and Eknath (2.76) and one 

hirsutum pigmented variety PONF (1.86 ) recorded lower 

nymph population per leaf . The hirsutum cotton varieties 

LK 86 1 (3.9 2 ), OKRA (3.77 ) . PNF (3.06). NH 2 10 (3 .11 ) 

a nd NH 360 (3.20) also recorded lower nymph population 

over r est o f the tetraplo id genotypes . Recommended hybrids 

viz. NHH 44 (13.32) and PKV Hy . 2 (14.13) recorded highest 

over rest of the cultivars . NS 15 (10.72). G 67 (10.27), 

AC 738 (10. 12 ) and DHY 286 ( 10 . 15) also recorded 

significantly higher p opulation per leaf but were at par 

with Pournima (9.57). a presently recommended straight 

va riety fo r Marathwada regi on. 

In respect o f nymph population during 1990-91 

~eason at 90 days it was observed tha t the c ult ivar NH 

2 i 0, NH 360 , Rohin i, Namdeo and Jy ot i r eco rded 

s ignificant ly loM popul~tinn o f whi t e fly nyrup h and we re 

significantly superi o r over r est of t he genotypes. On the 

~ ontrary the h iehest p opul a tion per l eaf was re co rded on 

NS 15 , LRA 5166, NHH 44 and PK V Hy.2 which ·ere 

s tatist ically at par i th DS 28 DHY 28 6 , HCU 5 -.nd 

Pournima . 



55 

The incidence of whitefly nymph at 120 days 

during the same year was also studied. Analysis of 

varien ce indicated significant differences amongst 

genotypes. Among all genotypes NS 15, Pournima, NHH 44, 

PKV Hy .2 and DHY 286 recorded highest population per leaf 

i.e . 22.48, 23.44, 23.75, 24.49 and 24.65, respectively. 

On the other hand PONF and all arboreum strains recorded 

lower population 

nymphs/leaf. The 

with infestation level less 

cu ltivars DS 28 (18.57),G 67 

MCU 5 ( 19 .78) and LRA 5166 (20.26) also 

than 4 

( 18 . 65), 

recorded 

significantly higher population while PF, PNF, NH 210, NH 

360, OKRA, LPS 141 and LK 861 were moderate and recorded 

population higher than arboreum but lower than rest of the 

cultivars . 

4.1.3 Kean adult population of B. tabaci during 1989-90 

and 1990-91 

Results depicted in Tab l e 1 revealed that there 

were significant differeces among 32 genotypes for adult 

population of B. tabaci. Hean sum of squares due to 

environment x genotypes was highly significant revealing 

the predominace of environment in harbouring population. 

It wa s lo w during 1989-90 than in 1990- 91 . After advanc~ 

age o f crop the population decreased during bot h tha 

ye ars . Betwe e n the two years , 1990-9 1 was rather 

favou ~ able for whitefly build up. Amongst genotypes, PKV 

Hy . 2 and NHH 44 recorded highest populat i on mean during 

both the years while all desi cotton varieties invariably 
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recorded lowest population mean, even under favourable as 

well as unfavourable years. 

4.1.4 Hean nymph population of B. tabaci. during 1989-90 

and 1990- 91 

Perusal of Table 2 revealed that mean sum of 

squares at each stages of crop as well as for individual 

environment, variety and variety x environment components 

were highly significant for nymphal population of B. 

tabaci. It indicate that the genotype selected for present 

investigation possess substantial genetic variability and 

thereby expressed differential reactions. Intensity of 

pest also changed with the c hange in environment or stage 

of the crop. 

Nymph intensity was significantly higi1~r at 12G 

days during 1990-91 as compared to 90 and 120 days (1989) 

and 90 days (1990) . Strains like NS 15, DHY 286 and 

Pournima of G. hirsutum and intra hirsutum hybrids like 

PKV Hy.2 and NHH 44 recorded significantly higher nymphal 

population over rest of the genotypes. Nynphs of B. tabaci 

showed non preferential behaviour for LPS 141, LK 861, 

Su man, AK 32, Ameri c an Nectari less, NH 210, NH 360, three 

pigmented vari~ties , two i nter specific hybrids and all 

asirtic cotton varieties. It is interesting to note tha~ 

nymphs of 8. tabac i preferred PKV Hy.2 under favourable .s 

well as unfavourab le environments while amdeo , a diploid 

cotton even under favou rab le e nv i ronment was not prefer ~ed 

by t he pest. 
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4.2 Ovipositional preference I non preference of B.tabaci 

on different cultivars under choice and no-choice 

condition 

Table 3 revealed that the intensity of egg 

laying on genotypes was varied and most of them showed 

significant differences among each other . Lower number of 

eggs were observed on Namdeo (2.2 eggs/leaf) and it was at 

par with NHB 12, NH 210, Pourinma, AC 738 and all arboreum 

strains. AK 32 (14 . 70 eggs/leaf) had significantly higher 

eggs which was at par with NS 15, G 67, MCU 5, LK 861, LRA 

5166, Gland less, PF~ · H 4, NHH 44 and PKV Hy 2 . Pubescent 

varieties like AC 738, DHY 286 and Pourinma had 

significantly fewer eggs whiLe the resis~ant genotypes LK 

861 (10.68) had more number of eggs than its counterpart 

LPS 141 (8 . 95) . 

During 1990, the results for egg laying 

i ndicated significant difference among 32 genotypes (Table 

3 ) . Mean sum of squares due to genotypes was highly 

significnt revealing the presence of substantial genetic 

v ariability. Al l desi cotton v arieties had fewer eggs and 

a t par with NHB 12 , DCH 32 , NH 360, PONF, PNF , OKRA, PH 

93 , LK 861 , LP S 141 , Pour i nma , HC U 5, BN l, American 

nec t a r i l ess a nd NS 15. 
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Table 3 Average number of eggs la.id per leaf unde r choice and 

no choi~e condi t ions during 1989 and 1990 

Varieties Choice No c ho ice 

DS 28 9 . 88 5. 17 
tJ c: 1 "' 7 . 99 6.57 "._, ..... ..., 
AME . Hect . 6 . 42 4 . 90 
G 67 9 . 40 5 . 49 
AC 738 9.68 4.07 
BN I 7 . 06 4 . 05 
DHY 286 10.97 6 . 68 
AK 32 14 . 70 4.43 
PourniJrJ.a 7 . 70 6.58 
LPS 141 5.24 6.56 
LK 861 4.66 3.95 
LRA 5166 12.41 4 . 21 
Suma.n 9 . 71 6 . 39 
Supriya 9 . 00 3.82 
PH 93 7 . 19 7 . 55 
Gland less 11.40 6.04 
Okra 6.13 2.29 
PF 9.68 2.82 
PNF 7 . 57 7 . 52 
POH F 6 . 79 4 . 45 
NH 210 8 . 45 4 .16 
NH 360 7.42 4.50 
H 4 3.96 5 . 17 
NHH 44 12.37 k 3. 96 
PKV Hy. 2 10.41 6.58 
OCH 32 6.76 7.62 
NHB 12 7 . 04 5.69 
Eknath 3.83 3.51 
Rohini 4.84 4 . 19 
NAMDEO 3 . 51 3 . 34 
.JYOTI 4 . 32 3 . 11 

SE ±. 1. 73 1. 22 

CD at 5% 4.79 3 . 39 



59 

Pournima recorded consistant performance and it 

was lowest in egg number while LK 861 which had higher 

e ggs during 1989, however it was not prefe rr e d by B . tabac i 

for egg laying during subsequent year . NHH 44 ha d 

sign i fi can t ly higher egg numbe r than rest of the cultivars 

and was a t par with LRA 5 166 , Glandless and AK 32 . 

Under no-c hoice c onditi ons, cultivar Namdeo 

rec orded lowest number of eggs ( 1 . 43 eggs / l eaf ) and at par 

with DS 28 , American ne c tariless, BN 1, AK 32, LPS 141, LK 

861, Glandless, Okra , PONF, NH 360, H 4,DCH 32 and NHB 12 

and all arboreum . strains. G 67 and PKV Hy.2 on the 

contrary were significantly superior over rest of the 

cu 1 ti vars and record ed l _;_g11e s t r1mnbe r o f e gg::; . 

Du ring 1990, Gl a ndless ( 2 . 29 ) recorded lowest 

number of eggs and was at par with okra, two pigmented and 

all asiasti c c ot ton cult i vars . The hybrid PKV Hy . 2 

ind icated similar tr end and preferred most by B.tabaci 

even under no c hoic e cond ition . 

4.3 Biology of B . tabaci on different cultivars 

4.3 . 1 Egg incubat i on period of B.tabaci 

Tabl e 4 rev ea led t he l owest i n cubation period 

on all int r a spec ifi c hy br i d s a n d wa s signif i cantly 

sup e rior over r es t of he cult i a s . Pournim a a nd DCH 3 2 

alsn r e corded l ow i nc ~ation peri ~d a nd were a t par wi t h 

e a ch ot he r . Okr a (5.92) r e corded hi ghes t i nc ubation per i od 
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Table 4 Egg incubation period and Developinent tine of 

B . taba c i on different cotton cultivars 

Variety Egg incuwton 
( ) 

p e riod Developmen t L time -( Ckp 
OS 28 4 . 10 (2.25 ) 25 . 9 (5 . 18 ) 
NS 15 4.00 (2.23 ) 26.2 (5 . 21) 
AME.NEC'!'. 4.40 (2.32 ) 25 . 4 (5. 13) 
G 67 4 .10 (2.25 ) 25 . 3 (5 . 12) 
AC 738 4 .10 (2.25) 22.0 ( 4.79) 
BtH 4.90 (2.42) 24 . 6 (5.05) 
OHY 286 4 . 80 (2.40) 24 . 1 (5 . 00) 
AK 32 4.90 (2.42 ) 25 . 5 ( 5. 14) 
MCU 5 4.60 (2.36) 25.6 (5.15) 
P.ournima 3.70 (2.16) 21. 8 (4.77} 
LPS 141 4.40 (2.32) 26.7 (5.26) 
LK 861 5.30 (2.50) 26.1 (5.20) 
LRA 5166 4 . 80 ( 2 .40) 25 . 5 ( 5. 14) 
Suman 5.20 (2.48) 27.0 (5.29) 
Supriya 5.10 (2.46) 26.5 (5.24) 
PH 93 5.10 (2 . 46) 25 . 5 ( 5 . 14) 
G. less 4.80 (2.40) 25 . 6 (5.15) 
OKRA 5 . 92 (2 . 62) 26 . 1 (5 . 20) 
PF 5.40 (2.52) 25.4 (5.13) 
PHF 5.30 (2.50) 25.5 ( 5 . 14) 
PONF 5.50 (2.54 ) 25 . 1 ( 5.18 ) 
HH 210 4.80 (2.40) 23.8 (4.97} 
NH 360 4.20 (2.28) 24 .1 (5.00) 
H 4 3.50 (2.12} 21. 7 (4.76) 

·NHH 44 3. 4'0 (2.09) 21. 8 (4.77) 
PKV Hy.2 3.30 (2.07) 21. 9 (4.78) 
OCH 32 3.90 (2.21) 23.6 (4.95) 
HHB 12 4 .10 (2.25) 23.2 (4.91) 
Eknath 5.90 (2.62) 26 . 5 (5 . 24) 
Rohini 5.80 (2.60) 26.7 (5 . 26 ) 
Namdeo 5.90 (2.62) 26 . Z ( 5. 2..1) 
Jyoti 5.60 ( 2.56 } 2.6. 1 l 5. 10) 

S.E.±.. 0.89 1. 62 

C.D . at 5% 2.62 4 . 31 

Figures in parentheses indicate transformed values. 
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and it was significantly higher over rest of the 

cultivars. Eknath, Namdeo, Jyoti and Rohini also recorded 

high incubation period and were at par with LK 861, Suman, 

Supriya, PH 93 a nd all pigmented strains. 

4.3.2 Development tine of B.tabaci from egg to adult 

energence 

The Table 4 indicated significant differences in 

development time of B.tabac i on different genotypes. H 4 

recorded lowest development time (21.7 days) and was at 

par with PKV Hy 2, NHH 44 and Pourinma. AC 738 also 

recorded low development time and it was at par with NHB 

12, DCH 32, NH 210 and NH 360. 

Highest development time was recorded on Suman 

(27 days) and it was significantly superior over rest of 

the cultivars. Rohini als o recorded more development time 

and it was at par with LK 861, LPS 141, NS 15, Supriya, 

Okra and all arboreum strains. 

4.4 Stability of genotypes against infestation of B. 

tabaci 

The . s tability of resistan ce over diff en::n t 

~o c3.t ion and pop1 lat ion s a nd durabi 1 i ty in the face of 

select i on for res i ~t ance breaking biotype s, has long b een 

a concern (Paint e r, 1951 ; . Geographical differences ere 

ound in t he adap t ion of greenhouse white fly, Tri B.leu!"odes 

vaporariorum ( Westwood), t o sweet peppers ( Lent e ren et 
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al., 1989). Inconsistencies in resistance could be due to 

differences in the behaviour or physiology of pest, or to 

interaction of environmenta l factors with the expression 

of resistance ( Stoner, 19 9 2). 

4.4.1 Analysis of varience 

Pooled analysis o f varience for egg, nymph and 

adult are presented in Table 5,6 and 7. It revealed that 

large portion of variati on for adult and nymph was 

attributed to genotypes and environment. The genotypes and 

environment components whe n tested against genotype x 

environment, environment c omponent was predominent. These 

results satisfied the basic requirement for such study, 

since they indicate the average perfornance of genotype 

·..iiv :-1 rE:spe c t to ~du i ~ end ~~ymph ·~!1ich v r ied ~ig . i .Li cc>r1 t.~:.­

under different environments. 

The magnitude of environment 

considerably high for adu l ts and nymp hs. 

that the environment had major role 

variation is 

This indicates 

in whitefly 

infestation either in a form of nymph or adult. The 

variation due to genotype x environment interaction was 

found to be highly signifi c ant for most of the characters . 

Th i s suggested t hat gen otypes WP.re unable to maintain 

c ons i stent perfurmance un d er different environments . 

4.4.2 Grading e nvironments 

Eb erhart and Russel l ( 1966) suggested tha~ t he 

perfo rman ce valu e of l arg e gr oup o f v a riety prov ided an 

ab- ~ rac t ~easu r e o f env ironment. In pre~ent invest l gat Lo n 

this method was used qual i tatively to grade environments . 
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Table 5 : Analysis of varience for adult 

SOURCE OF VARIATION df SIJM OF SQUARES HEAN SQUARES F RATIO 

Va.riet ies 31 699 . 6 1381 
Env.+ (Var.* Env .) 96 290 . 29240 
Enviromnents 3 223 . 00687 
Var . * Env. 93 67 . 28553 
Environments (Lin. ) 1 223.00687 
Var . *Env ( Ljn.) ~1 47 12869 
Pooled devia.t ion 64 20.15685 
POOLED ERROR 384 45 . 20632 
TOTAL 127 989.90609 

Table 6 · Analysis of varience for nymph 

SOURCE OF VARIATION 

Varieties 
Env.+ (Var.* Env.) 
Environments 
Var.* Env. 
Environments (Lin.) 
Var . *Env. (L i n.) 
Pooled deviation 
POOLED ERROR 
TOTAL 

Table 7 . Analysis 

SOURCE OF VARI AT I OH 

Va.riet ies 
Env . + (Var.* Env.) 
Env ironn:1en ts 
Var.* Env. 
Environments ( Lin . ) 
Var . *Env . (Lin. ) 
Pooled deviation 
POOLED ERROR 
TOTAL 

df 

31 
96 

3 
93 

1 
31 
64 

384 
127 

SIJH OF SQUARES 

1140 . 80089 
182 . 39008 
120 . 50598 
61. 88410 

120.50598 
47 . 54219 
14.34192 
67.42690 

1323.19099 

of varience for egg 

df SUH OF SQUARES 

31 38.51409 
96 35.92386 

3 32.96364 
93 2.96022 

1 32 . 96364 
31 1. 20317 
64 1 . 75705 

384 7.33858 
127 74.43794 

22 . 56819 
3.02388 

74.33562 
0 . 72350 

223.00687 
1 . 52028 
0.31495 
0 . 11772 
7.79454 

HEAN SQUARES 

36.80003 
1.89990 

40 . 16866 
0.66542 

120.50598 
1. 53362 
0.22409 
0.17559 

10 . 41883 

HEAH SQUARES 

1 . 24239 
0.37421 

10 . 98788 
0 . 03183 

32.96364 
0 . 03881 
0 . 02745 
0.01911 
0.58613 

14. 845 
1 . 989 

236 . 023 
2 . 297 

146 . 688 
4 827 

F RATIO 

23 . 996 
1 . 239 

179 . 250 
2 . 969 

78.576 
p 0 .~,. 
'-' . .. , -..: ... 

F RATIO 

32.010 
9 . 642 

400.231 
1 . 159 

849.314 
1 . 414 
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Thus, a comparison of any environment mean with grade mean 

helped to grade environment . In present investigation, 90 

and 120 days crop age during 1989 and 1990 were treated as 

four environments viz. E I (90 days, 1989) E II (120 days, 

1989),E III (90 days, 1990 ) and E IV ( 120 days, 1990) 

because microclimatic conditions during the age of 90 days 

under rainfed conditions is completely different from that 

of conditions prevailing at 120 days of cotton crop . 

Horevoer , crop at 90 days is in green stage while it 

reaches to physiological naturity at 120 days. 

The environment at 120 days (1990) followed by 

environment at 90 days (1990) indexed as most favourable 

for ~ u:!.t :' OP'.1 :!.at i on of 

whitefly. This is evident as these two environments for 

two stages of whitefly recorded positive and highest 

environmental index va l ues except III for nymph . The 

negative environment index values indicate unfavourable 

fr om t he point of view of pest development . It suggest 

that for epidemic development of pest use E IV is 

8.dhesive. 

4.4.3 Regression an~lysis of phenoty pic stability 

The fo ur environments used in the study provided a 

s uf ficient r ange of variability . The v ar iation fo r 

genotypes i~ highly s ignificant for a dult and nymph . 

Significant di ff erence among var iety mean fo r two 

parameters was eviden t as revealed by the large varience 
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ratio of MSI /MS3. Mean squares for pooled deviation from 

regression are significant for these two parameters. 

Genotype x env ironmen t (Lin.) variation is 

observed to be significa n t for egg, nymph and adult 

parameters . The l ow HS2/ HS3 ratio or non significant 

genotype x environment ( Lin ). variation indicate that 

there are no significa nt d i fferences amongst genotype for 

their regression on enviro nment index for egg , nymph a nd 

adult. 

4.4.4 Stability of genotypes 

Adaptability of 32 genotypes was studied under 

four environments. In the present study, highly 

susc epti b le g eno type s viz. PKV Hy . 7. m~u 44 ar.d s tr £.ig ~1t 

variety NS 15 , a parent o f recommended hybrid (NHB 12) 

were highly attacked by t he adult whitefly . These 

gen otypes recorded b i va lue more than one, e i ther 

significan t or non signifi cant. Varieties like PONF, NH 

2 10 and all f ou r v a r iet ies o f desi cotton recorded lea.st 
$ 

whitefly p opulati on wi th regresjon coefficient value 

signif ican tly l e s s than un it y . Out o f 32 genotypes si x 

geno t y pe s r eco r d e d reg ression c oefficient value 

sign ificun t l y h i gh ~ r t han u nity ~ hi le s evRn genotypes 

pos s e s sed b i v alu e s ign if icantly less than o ne . The se 

genotypes wi t h be l ow and a bove a v e rag e s tab ili t y, 

respect i vely re corded infestat i on level hig her t nan 

p opulat ion mean. It s uggest s that g~notypef · ith a b ove 

averag e st a bil i ty may not s how i ncreased infes tation l e ve l 
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even under favourable environment for pest . Ninteen 

genotypes recorded regres s ion coefficient value nearer to 

unity thereby indi ca ting t hat the i r reacti on agains adu l t 

infestation my rema i n cons is t en t e v en unde r favourabl e a s 

well as unfavourabl e condit i on s. 

The di s tribution of 3 2 genotypes in f cu r 

quadrants wa s 5 , 

respectively . 

15 , 5 a nd 7 in QI,QII, QIII and QI V 

The gen o type s falling in Q IV are important 

because they have less infestation level and bi value is 

less than unity . These genotypes may not show increased 

infestation level even under favourable environment. 

4.4.5 Stability of population of 8. tabaci 

I n . r es~~ ~ t o f a du l t p opul a t ion £i~ht a nd 

eleven genotypes recorded regression coefficient value 

significantly less and highet than unity, respectiv ely. 

From resistance point of view, those eight genotypes are 

most desirable as the infestation level due to adult ~ay 

not elevate even with change in the environment or even 

under availability of favourable environments. Three 

hirsutum cultivars and four arboreum cultivars of above 

average stability rec orded infestation level below 

population mean . Amongst those three hirsutum cultivars 

PF, PONF and PNF are worth mentioning due to their non­

significant s 2di values. It suggests that stability for 

resistance may not disturb in these genotypes . 
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Table 8 Stability of different genotypes for egg population of 

B. tabaci 

Var ieties Mean s2ct i Bi 

DS 28 3.52 0.08 0. 7 7 
NS 15 4 . 04 0.03 0 . 96 
AM . HECT . 3 . 30 0.01 1. 04 
G 67 3.62 0 . 03 0.91 
AC 738 3.97 0.08 0 . 97 
BN 1 4. 15 - 0 . 07 0. 82 
DHY 286 3.62 0.18 0.92 
AK 32 3.63 0.03 0 .89 
MCIJ 5 4. 12 0.02 1. 06 
POU RN IMA 2.94 - 0.04 0 . 84 
LPS 141 2 . 70 -0.08 1. 12 
LK 861 4.06 -0.01 l. 02 
LRA 5166 3.27 - 0.01 0 . 84 
SUMAN 3.59 0.03 l. 00 
SIJPRIYA 4.00 - 0.01 0.89 
PH 93 3.72 -0.01 0 . 64 
GLANDLESS 3. 30 - 0 . 01 1.07 

• OKRA 3.68 - 0.01 l. 14 
PF 3.56 - 0.01 1. 03 
PNF 3. 59 0 . 07 0.86 
PONF 2. 76 -0.01 0 . 91 
NH 210 2 . 84 .D 7 l . 2 G 
NH 360 3.60 -0.01 1. 09 
H 4 3.94 - 0.03 0.80 
HHH 44 4 .13 - 0.01 0 . 76 
PKV Hy.2 3.34 -0.01 0.90 
OCH 32 3. 35 0.05 0.94 
NHB 12 2 . 29 -0 . 01 0.81 
EKNATH 2. 30 0.08 1.43 
ROH I NI 2.51 - 0.01 1. 36 
HAMDEO 2. 36 - 0.01 l. 25 
JYOTI 2.36 0 . 01 1.43 

S.E.± 0.239 

C . D. at 5% 0.475 

• 
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Ta.ble 9 Stability of d ifferent genotypes fo r ny~phal popula t ion 

of B. t B.be.ci 

V8.riet ies He a,1 s2cti Bi 

DS 28 11 .44 -0 . 01 0. 76 
NS 15 14.40 0 . 42 1. 62 
AH . NECT . 7.33 n 1? 

V ~ L'- 0 . 07 
G 6 7 11. 02 - 0.. 12 0 . 75 
AC 738 10.33 0.09 2.22 
BN 1 8.1 2 0 . 03 1. 56 
DHY 286 14. 28 0.03 1. 76 
AK 32 7.86 -0.08 1.82 
MCU i: 

J 11.36 0.76 1. 13 
POU RN IHA 13.23 0.17 1. 84 
LPS 141 5.27 -0.12 O.v2 
LK 861 5.27 - 0.16 0.76 
LRA 5166 12.60 0.27 1. 03 
SUMAN 7.12 -0.16 0 . 74 
SUP RI YA 8.63 0.28 0.92 
PH 93 9.65 0.09 1. 93 
GLAHDLESS 9.92 0 . 29 2.39 
OKRA 4.70 -0.02 0.83 
PF 4.90 -0 . 06 0 . 54 
PNF 3.73 -0.05 0.84 
P:....Lf 2 . 8 2 _ , . 16 0 . 35 
NH 210 3 .19 -0.09 0.37 
HH 360 3 .16 -0.15 0 . 43 
H 4 12.18 0.22 1. 31 
NHH 44 15.71 -0.14 1. 16 
PKV Hy.2 16 . 59 -0 .11 1. 09 
DCH 32 7.85 0.63 1.23 
NHB 12 7 . 95 0 . 14 1. 11 
EKHATH 3.07 -0.15 0.25 
ROH I NI 2 . 86 -0.14 0.09 
HAMDEO 2.64 -0 . 17 0.32 
JYOTI 2 . 83 -0 . 15 0 . 16 

S.E. + 0.650 -
C.D. at 5% 1 .29 1 



l""JY MP H 

'! ~: i- ----- --------- - -----

~. (J 

t .S 

t . G 

u .. _ 

U.L 

1 

I 
I 
I 

I 

I 
I 
I 
I-

I 
I 
I 

?U 
12 

Hl 

n 19 ti 

J J 11 " 
··: <_ • 

. . n 
JV ~'.l 3 

jlj 

e 
(: 

6 
( ; 

7.7 
: • s 28 ! ' 
. ~- · ~ 
. 15 ' 

1 '·1j 
..:.,, .) 

f 
<) 

1617 
".) 

2 
• 

N 
.·. 
v 

10 
1 (; 
~:: 

25 26 
0 

3'1 <, 

1- - ... --· ------- ----~------<-------! 
l 4 6 8 10 • 12 14 

M e a.r-i v a l . LA (-=:? 

Fig. 2 1 Relatienship •etween regressien ~efficient an• 

Nynph pepul•tien •f_!. taa..ci. 



69 

Table 10 Stability of d i fferent genotypes for adult population 

of B . tabB. c i 

Va ri.et ies Hean s 2ct i Bi 

OS 28 7 .69 0 . 24 1. 55 
NS 15 9.04 0.98 1. 77 
AM.HECT . 6.01 - 0.09 1. 37 
~ 67 '1 . 23 0. 62 0. 9 6 
AC 738 8 . 28 - 0. 11 1. 33 
BN 1 7 . 27 0.64 1. 29 
DHY 286 8 . 72 - 0 . 09 0.94 
AK 32 6.57 - 0.01 0 . 80 
MCIJ 5 7 . 40 0 . 20 1. 41 
POURNIMA 7.80 0 . 79 0 . 43 
LPS 141 4.62 - 0 . 01 1. 16 
LK 861 4. 13 0.17 l. 30 
LRA 5166 8.99 0.05 1. 86 
SUMAN 6.43 0.29 1.43 
SUPRIYA 6 . 90 -0 . 11 0.98 
PH 93 7 . 73 0.26 1. 17 
GLAHDLESS 8.66 0 . 03 1. 55 
OKRA 4 . 33 0.09 0 . 93 
PF 3.60 0.46 0.82 
Ptff 3.48 0.28 0.60 
PONF 2 . 91 0.37 0 . 80 
NH 210 2 . 84 ·- 0. 0 8 0 ~ ::l 

HH 360 2.97 0.38 0.31 
H 4 8.18 0 . 22 1 . 51 
HHH 44 9. 10 0.01 1. 17 

' PKV Hy.2 9 . 18 0.86 1. 12 
OCH 32 6 . 53 0.01 0.86 
NHB 12 6 . 56 - 0.01 0.93 
EKNATH 2 . 71 - 0.05 0 . 32 
ROHitH 2 . 63 -0.04 0.52 
NAMDEO 2.08 0 . 01 - 0 . 03 
.JYOTI 2 . 74 - 0 . 07 0 .38 

S.E . ± 0.538 

C . D. a.t 5% 1 . 069 
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Eleven genotypes, which recorded below average 

s t ability ( regression coeffi c ient value more than unity ) 

shewed adul t in fe s tation at par o r l e ss than popula tion 

me an . Strains like LPS 141 , LK 861 , which expressed h ig h 

l evel of resistance a bi l i ty a re undesirable and t hei r 

resistan c e ability may be d i sturbed with change i n t he 

environment or they are resistant under sp e cifi c 

c onditions . A look at graph ( Fig . 7) clearly shows t ha t 

under unfavourable conditions , these two strains re co rded 

adult population of 3.50 per leaf (LPS 141) and 2.97 per 

leaf ( LK 861 ) , however , with availability of favourabl e 

conditions , infestation level increased to the level o f 

5 . 74 per leaf(LPS 141 ) and 5 .29 per leaf (LK 861 ) . In 

other words , it can be said that these two cultivars a re 

very sensitive to e nvironment s. 

Average stability (bi =1) was expressed by 13 

ou~ of 32 genotypes. Amongst these 13 genotypes, only four 

genotypes re c orded infestation level less than p opulation 

mean while it was numerically or significantly higher 

adult p opulation in rest of the genotyes. It suggests that 

genotypes having higher mean and bi equal to unity may 

show high level of infestation even under favourable 

conditi ons and hence while rcommending such gen o types 

either for general cultivation o r for using as par e n t s in 

crossing programme, it is n ec essary t o t ake d u e ca re . 

Popular hybrids viz. NHH 44 and PKV Hy . 2 recorded non­

significant bi but high population (Fig. 8). 
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Stability of 32 genotypes was also evaluated 

for whitefly population. Data presented in Table 9 and 

Fi g . 11 pointed out that 8,10 an d 14 g e enotypes re co rded 

av e rage (bi = 1 ) , below a verage (b i > 1 ) and abov e av e rage 

(bi < 1 . 00) stability, respectively . All arboreum 

genotypes may show least nymph infes tation eve n u nder 

favourable and unfavourable conditions . Am ongst hirsutum 

gr oup, may be variety or hybrid, LP S 141 , LK 861, PF and 

PONF cultures re c orded significantly low nymph 

population. LPS 141 and LK 861, which recorded below 

average stability for adult, while it was above average 

stability for nymph. This indicate contradictory behaviour 

o f genotypes and suggests that the charac ters contributing 

for resistance against nymph and adult are altogether 

different. Likewise, NHH 44 and PKV Hy . 2 which showed 

below average stability against adult possessed average 

stability (bi = 1) for nymph population. However, PF, PONF 

and PNF and arboreum cultures expressed low mean coupled 

with regression coefficient value significantly less than 

unity (above average). 

A comparison of arboreum ( above average) with 

hirsutum (below average) depicted in Fig . 3,6 and 9 

revealed that intensity of whitefly populat~on increased 

with c hange in the environment in hirsutum and intra 

specific hirsutum hybrids but su c h trend was not observed 

with desi cultivars. 
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Data presented in Table 9 indicated that none 

of the genotypes, having bi value equal to unity, recorded 

nymph population signif icantly less t han population mean 

(6.81 nymph/ leaf ). The s e geno t y p es under all kinds of 

enviro nments may show high level of infestation. Fig . 11 

indicates that 8,9 and 15 gen otypes occupied position in 

QI , QII and QIII respectively. Host of the genotypes 

clustered either in QI I and QIV for nymph as well as 

adult . 

As regards eggs, only one hirustum culture 

recorded regression coefficient value significantly higher 

than unity, thereby indicating below average stabi li ty 

performance. Cultivars like DS 28, Pournima, LRA 5166, PH 

93, H 4, NHH 44 and NHB 12 possessed above average 

stability aP evidenced from bi values significantly higher 

than unity. Amongst these H 4, NHH 44 and NHB 12 hybrids 

recorded egg nu1nber at par with pop.u lat ion. These 

genotypes may not show higher level of infestation even 

under favourable conditions . Their performance just 

coincide with that expressed by arboreum cultivars (Table 

8) . 
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4.5 Impact of different characteristic of plant on 

developnent of whitefly 

4.5.1 Horphological characters and their impact on 

infestation level 

Morphological characters like leaf area, number 

of stomata, hair - length and hair density have been studied 

in 32 genotypes at 90 and 120 days during 1989-90 and 

1990-9 1 to understand their impact on development of 

whitefly . 

4.5.1.1 Leaf ·a.rea 

The data presented in Table 11 the presence of 

suL::;tantial variat io~ i u e t~ genotypes a s we l~ 

environments . Variation due to genotype x environment was 

highly significant indicating differential expression per 

leaf area with change in environment. Year 1990-91 may be 

90 days or 120 days showed pronounced effect on leaf area. 

It was 57.4 
? 

cm~ in 1990 at 120 days which was 

significantly higher over leaf area expressed in 90 days 

(1990), 120 days (1989) a nd 90 days (1989) by a margin of 

9, 12 . 1 a.nd 18 p er cent respectively. Pooled mean of 32 
ry ry 

genotypes was 50 . 9 c1nL. ti.ud L·&ng;:;d. frOiii 27. 2 c m.L. (Jyoti} to 

85.14 c m2 (NHB 12) . Perusa l of Table 11 reveals tha t 18 

and 12 genotyp e s recorded s tatstically less and hieher 

values for lea f area resp e c tiv e ly ove r population me an 

2 (50.9 c m ) . Hybrid NHB 12, H 4, DCH 32 and varieties l ~ ke 



Table 11 . 

Variety 

OS 28 
NS 15 
AH.HECT 
G o7 
AC 738 
BN 1 
DHY 286 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SUH AN 
SUP RI YA 
PH 93 
GL4NDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
HHH 44 
PKV HY . 2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
NAMDEO 
JYOTI 

SE±. 

CD at 5% 
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Leaf are8 of selected cotton c ultivars exhibi ting 
different degree of susceptibility to 8. tabaci 

90 

55.18 
57 . 42 
32.32 
68.70 
37 . 89 
36 . 97 
42 . 51 
43 . 20 
40 . 17 
41 . 67 
45 . 18 
51. 75 
41. 20 
53 . 60 
49.91 
42.50 
51. 78 
23.16 
38.72 
39.57 
25.08 
42.30 
~1.05 
75.05 
48 . 84 
50 . 17 
70.23 
79.38 
26 . 17 
22 . 46 
23.38 
22.72 

1. 29 

2.56 

1989 

Leaf area ( cm2 ) 

Days after germination 

120 

58 . 163 
61 . 327 
36.365 
72 . 220 
40 . 193 
40 . 063 
43 . 862 
45 . 480 
42 .732 
45 .297 
47 . 660 
53.105 
44 . 450 
54.885 
50.870 
44.765 
53.483 
26.870 
40.012 
41. 335 
27.923 
45 . 015 
45 . 925 
78.560 
50.890 
50.087 
73 . 295 
82.120 
28.278 
24.460 
26.700 
22 . 792 

1. 36 

2.71 

90 

67 . 931 
68.511 
40.720 
75.177 
47.340 
45.563 
51.188 
49.803 
50.222 
52.683 
55.658 
55.982 
51. 433 
62.807 
56.161 
48.611 
61. 293 
33.369 
46.583 
44. (' ()5 
34.735 
52.695 
51. 955 
83.913 
55.764 
61.765 
75 .Co 2 
87.415 
34 .191 
29.663 
31. 893 
29.645 

1. 34 

2 . 67 

1990 

120 

67 . 033 
74.052 
48 . 877 
83.279 
52.055 
50.621 
54.075 
57 . 331 
55.182 
54.485 
56.265 
81.563 
54. 195 
65.496 
61 . 782 
53.024 
66.550 
38.957 
51.138 
53.507 
37.357 
54 . 334 
55 . 370 
85.544 
60.201 
66 . 828 
87.427 
87.672 
36 . 162 
34.407 
37.245 
33 . 918 

1. 43 

2 . 85 
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G 67, NS 15 and DS 28 recorded significantly higher leaf 

area over rest of the genotypes. However, LRA 5166 and PKY 

Hy 2 as well as NH 360, AK 32 and LPS 141 showed at par 

values for leaf area. 

Geneti c correlation and regression studies 

between leaf area and whitefly population at different 

stages were worked out seperately. The correlation 

coff icient and regression equations are presented in Table 

12 . 

Table 12 Correlation coefficient and regression 

equations between whitefly adult population and leaf area . 

- -- --------- - -----------------------------.------------- -
Year Days After , · r ' va.lues 

Planting 

1 oS 90 0. 509* ,( 

1989 120 0 . 488** 

1990 90 0.549** 

1990 120 0 . 580** 

Hean 0 . 517** 

Regre.ssion equation 

y - 2. 153:!'. + G . 0 74 

y = 1.536 + 0 . 060 

y - 1.852 + 0.117 -

y - - 0.070 + 0.108 -

y = 1.206 + 0 . 094 

** Significant (P = 0 . 01), *Significant (P = 0.05) . 

y .. 
x 

x 

x 

x 

From the results , it is evident that there was 

hi g hly significant posit ive correlation between whit efly 

population and leaf area du ring both the years . 

4 .5. 1.2 Sto11ata I 2 en 

Variati on u e to treatment s at both stages in 

b o t h year s as well a s va ri a ti on to e nvi =onment and 

varie t ies in pool e d an ~ lysis we r e highly sign ificant 

(Table 13 ' ,. . Environmental index v alue for s tomata 



Table 13 . 

Variety 

~0 S 28 
NS 15 
AH.HECT 
G 67 
AC 738 
BH 1 
DHY 28~ 
AK 32 
HCU 5 
POU RN IMA 
LPS 141 
LK 661 
LRA 5166 
SUMAN 

, SUPRIYA 
~~H 93 
GLAHDLESS 
OKRA 
PF 
PNF 
PONF 
UH 210 
HH 360 
H 4 
NHH 4-* 
PKV HY.2 
OCH 32 
NHB 12 
fKHATH 
ROH I NI 
HAMDEO 
JYOTI 

SE±. 

CO at 5% 

76 

Number of stomata in selected cotton cultivars 
exhibiting different degree of susceptibility to 8. 
tabaci 

1989 

Stomata I 2 c m 

Days after gernination 

1990 

--------------- ------------- - ------- - ---------------
90 120 90 120 

245.32 258.467 262.313 273.899 
265 . 878 257 . 620 287.038 288.438 
138.175 151 . 165 152.345 180.594 
234.763 237 . 162 242.982 261. 015 
234.197 241. 750 259 . 706 270.967 
320 . 117 349.408 334.346 371 . 935 
200.543 201. 193 224.576 222.021 
158.245 165 . 607 169 . 574 192.219 
189 . 403 180 . 098 214.764 209.492 
145 . 455 142 . 827 166.634 161 . 032 
158.355 155 . 852 182.499 172.077 
142 . 280 151.217 151.103 167.694 
204 . 927 209.400 226 . 604 228.318 
192.503 176.630 216.551 199.048 
169. 192 177.095 202.943 200.554 
220 . 807 236.895 228.584 248.587 
240.182 254.160 266.866 287.418 
237.605 236.645 262.068 269.760 
177.305 176.757 197.557 204.439 
179.707 178.680 185 . 410 207 . 318 
215.410 215.682 236.935 231. 267 
251. 682 234.550 281 . 278 251 .194 
249.465 271. 825 265.670 288.984 
233.010 231. 837 267 . 827 249.909 
256 . 492 231.837 267 . 670 249.909 
250.732 237.802 272.974 264.816 
196 . 583 205 . 212 201. 646 237.229 
122.945 130 . 083 135.929 144.020 
251. 335 251.140 268.526 275.940 
295 . 272 302 . 300 311.990 319.314 
313.840 320 . 795 326.509 343 . 350 
263.672 260 . 918 290 . 351 288.318 

1. 65 1. 06 1. 23 1. 58 

3.29 2.98 2.62 3 . 10 
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parameters indicated unfavourable effects during 1989-90 

as compared to year 1990- 9 1 . The highest number of stomata 

I 
2 cm was re cord e d in 1990 - 91 at 120 days and i t W8. S 

followed by a ~ 90 day s ( 1990 ) ( 23 5. 6 I 2 cm ) wh ich was 

significantly le s s over mean value at 120 days (1990 . and 

significantly hi ghe r over mean values at 90 day s ( 1989) 
~. 

and 120 days ( 1989) . Weigh ted me an was 22 8. 2 cirt.!. ·'3.nr.i 

ra.nged between 174. 2 c m2 (AK 32) and 350 . 8 c m2 ( BN 1 ) . 

Popular recommended hirsutum variety, Pourn i ma re ~ o rd ed 

lowest number of stomata (152.8 2 cm ) while reco1mnended 

Brboreum variety Namdeo and BN l, a parent of NHH 44 

recorded highest value for this parameter . 

Genetic correlation and regression studies 

between number of stomata and whitefly population at 

different stages were worked out seperately. The 

correlation cofficient and regression equations a.re 

presented in Table 14. 

Ta.b le 14 Correlation coefficient and regression 

2 equations between whitefly adult population and stomta/cm 

Year Days After 
Planting 

1989 90 

1989 120 

1990 90 

1990 120 

Hean 

· r · VB.lues 

- 0.168** 

-0.093 

-0.128** 

-0 . 054 

-0.135** 

Regression equation 

y - 7.169 - 0.006 x 
y - 6.063 - 0 . 003 x 
y = 9.766 0.007 x 

y - 6.810 - 0.002 x 
y - 6.472 - 0 . 001 x 

** Significant (P = 0.01), * Significant (P = 0.05) . 
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Table 15 . Hair length in selected cotton cultivars exhibiting 
different degree of susceptibility to B. tabaci 

Variety 

OS 26 
NS 15 
AM . NECT 
G 67 
AC 738 
BN 1 
DHY 266 
AK 32 
HCU 5 
POU RN IMA 
LPS 141 
LK 861 
LRA 5166 
SUMAN 
SUPRIYA 
PH 93 
GLAND LESS 
OKRA 
PF 
PNF 
POHF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
NAMDEO 
JYOTI 

SE±. 

CD at 5Z 

1989 

90 

195.35 
379.318 
98.51 

292 . 898 
359 . 185 
209 . 31 
228 . 15 
532 . 84 
310.803 
178.92 
277.415 
290.120 
398.39 
228.63 
258.23 
449.46 
468.332 
332.450 
503.302 
354.420 
354.583 
174.242 
211. 555 
404 . 928 
453.285 
770.45 
270.26 
236.165 
132. 11 
139.79 
213.303 
141. 46 

2 . 82 

5 . 61 

Hair length ( microns) 

Days after germination 

120 

204.033 
385 . 105 
104.275 
310.313 
346 . 985 
217 . 158 
237.878 
564 . 595 
318.622 
188.805 
289.663 
307.540 
413.965 
241. 583 
273.365 
473 . 845 
486.325 
353.628 
447.355 
365.665 
307.443 
170.420 
160.045 
397 . 250 
483.008 
789.197 
293.120 
252.305 
148.085 
152.030 
203.167 
152.060 

1. 57 

3.13 

90 

201.704 
394.429 
116.171 
291.577 
380.189 
227.975 
256.259 
555.977 
344 . 915 
205.587 
310.049 
298.263 
427.350 
263.634 
278.386 
471.707 
522.284 
352.194 
523.104 
343.739 
371.875 
191. 554 
220.099 
408.162 
454.033 
810 . 591 
281. 247 
239.214 
157.922 
162.124 
219.147 
165.513 

1. 88 

4 . 48 

1990 

120 

212 . 196 
410.554 
122.433 
325.659 
389.759 
230.697 
249 . 751 
591. 748 
343.875 
197.278 
292.097 
310 . 361 
421.284 
255.139 
288.574 
467.480 
519.606 
382.392 
475.952 
391. 271 
311. 875 
179.552 
169 . 903 
394.119 
488.053 
817.575 
319.573 
251.450 
162.848 
171.585 
216.661 
168.334 

1. 62 

3.22 
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From the result it is evident that there was 

highly negative correla ti on be t ween whitefly population 

and number of stomata pe r c m2 

4.5.1.3 Hair length (in nicron ) 

Substantial g en eti ~ div e rsity a mongst 

genotypes for hair lengt h at 90 and 120 days of both y e ars 

was noted and it ~ hawed fila rke d diff e r e nces for expre ~~ i0D 

of the c haracter ( Tabl e 15). Wid er rang e was expressed f o r 

hair length by 32 geno t ypes and it was maxinum in AK 3 2 

(573.7)1) while it was lowest ( 113. l]') in American 

necteriless as against population mean of 321.0 y. 

Genetic corr e lation and regression studies between 

hair length and whitefly population at different stages 

were worked out seperately. The correlation cofficient and 

regression equations are presented in Table 16 . 

Table 16 Correlation coefficient and regression 

equations between whitefly adult population and Hair 

length. 

Year Days After 
Planting 

1989 90 

1989 120 

1990 90 

1990 120 

Mean 

· r · values 

0.425* 

0.470* 

0 . 435* 

0. 439* 

0 . 498** 

Regression equation 

y -- 3.619 + 0.006 x 

y -- 2.470 + 0 . 006 x 
y -- 5 . 030 + 0 . 009 x 
y = 3 . 480 + 0 . 008 x 

y -- 3.560 + 0.007 x 
**Significant (P = 0 . 01 ) , *Significant (P = 0.05). 
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From the results it is observed that there was 

significantly positive correlation between whitefly 

population and hair length . 

4.5.1.4 Hair density 

Analysis of variance for hair density in 

individual environment as well as pooled are depicted in 

Table 17. 

~ 

Highest hair density was to the tune of 35.2/c~ 

at 120 days (1990) which was significantly higher by 

margin of 27.3%, 56.3% and 56.9% , respectively over rest of 

the stages. The overall population mean for hair density 

? 2 was 26 . 9/ cm- a nd ranged between 3.S ~nd Sl , 42/c~ . nut . of 

32 genotypes, 13 and 14 genotypes recorded significantly 

higher and lower values for hair density when compared 

with population mean of 26.9 I cm2 . Most of the genotypes 

exhibited similar trend at all the stages of both years 

except LPS 141 and LK 861. 

Genetic correlation and regression studies between 

hair density and whitefly population at different stages 

we re worked out·seperately . The c orrelation cofficient and 

regression equations are p re s ented in Table 18. 



NAMDEO LK 861 

NHH 44 PKV HY 2 

PLATE 4 HAIR DENSITY ON LEAF LAMINA OF 

DIFFERENT COTTON CULTIVARS . 



NAMDEO LK 861 

NHH 44 PKV HY 2 

PLATE 5 HAIR DENSITY ON LEAF MIDRIB OF 

DIFFERENT COTTON CULTIVARS . 



PLATE 6 

ROH I NI NH 360 

DRY 286 LRA 5166 

HAIR DENSITY ON LEAF LAMINA OF 

DIFFERENT COTTON CULTIVARS. 



PLATE 7 

ROH I NI NH 360 

DHY 286 LRA 5166 

HAIR DENSITY ON LEAF MIDRIB OF 

DIFFERENT COTTON CULTIVARS. 



PLATE 8 

l>C H 32... 

G 67 NS 15 

HAIR DENSITY ON LEAF LAMINA OF 

DIFFERENT COTTON CULTIVARS. 



PLATE 9 

D C H 32.. 

G 67 NS 15 

HAIR DENSITY ON LEAF MIDRIB OF 

DIFFERENT COTTON CULTIVARS. 



Ta ble 17 . 

Variety 

DS 28 
NS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 286 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SUMAN 
SUP RI YA 
PH 93 
GLAHDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
HH 360 
H 4 
HHH 44 
PKV HY . 2 
OCH 3 2 
NHB 12 
EKNATH 
ROH I NI 
NAKDEO 
JYOTI 

SE±. 

CD a. t 5Z 

8 1 

Hair den s ity ir selected co t t on cu l tivars exh i bit i ng 
different degre e of sus c ep t ib i l i ty t o B . t aba c i 

1989 

90 

15 . 52 
29 . 928 

1 . 148 
: 1 . 423 
34 . 182 
12.78 
39.980 
18 . 96 
17 . 05 
35 . 68 

5 . 925 
9 . 01 

18 . 71 
15 . 533 

8.092 
29 . 78 

8 . 57 
20 . 925 
15 . 12 
19 . 60 
28.980 
1.620 
0 . 982 

22.85 
30 . 322 
39.072 

2 . 805 
11. 675 
35 . 475 
28.93 
32 . 360 
33.217 

3 . 21 

6 . 3 7 

Ha i r density / cm 2 

Days after g e rmination 

120 

18.405 
33.225 

0.718 
26 . 743 
31. 923 
17 . 945 
42 . 118 
2 1. 6 70 
20 . 920 
40 . 690 

6 . 778 
14 . 230 
23 . 013 
17 . 728 
10 . 967 
32 . 838 
11 . 425 
17 . 135 
17.873 
23.153 
17 . 050 
2.505 
1 . 000 

25 . 655 
38 . 870 
45 . 275 

3 . 885 
16 . 595 
41 . 320 
28.430 
40 . 128 
28.860 

1. 18 

2. 35 

90 

2 1 . 380 
42.605 

4 . 760 
29 . 392 
41. 608 
22.663 
48.042 
25 . 56 1 
25.394 
47 . 428 

8.944 
13 . 805 
27.538 
22 . 510 
14.062 
36 , 701 
16 . 116 
25 . 182 
22 . 921 
23 . 601 
34. 126 

5 . 290 
3.538 

31 . 714 
41 . 320 
52.903 

8.629 
18.570 
47.535 
37.901 
47 . 772 
41 . 432 

2.30 

4.85 

1990 

120 

3 1 . 96 2 
50 . 0 50 

2.548 
40 . 35 3 
46.656 
31.083 
52 . 296 
35 . 236 
35 . 5 78 
48 . 846 
14.687 
26 . 266 
34. 2 11 
29.381 
24 . 373 
42 . 716 
22.908 
30.060 
28 . 777 
35.964 
30.867 
12.046 
9.168 

40.048 
5 5 . 363 
62 . 454 
17.507 
29.260 
56.583 
42 . 461 
5 5 . 188 
42 . 527 

1. 31 

2.61 
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Tabl e 18 Correlation coefficient and rP,gr ession 

equations between whi te fly adult pop · lat i on and Hair 

density . 

Year Da.ys Afte r 
Planting 

1989 90 

1989 120 

1990 90 

1990 120 

Mean 

' r' values 

0.195* 

0.383** 

0.111 

0.236** 

0 . 244** 

Regressi o n equat i on 

Y. = 4 . 920 + 0. 032 x 
y - 3.090 + 0 . 56 x -

y = 7 . 371 + 0. 02 3 x 
y = 4 .500 + 0. 046 

,,. 
A 

y = 4 .760 + 0.04 7 x 

** Significant ( P = 0.01 ) . * Sign ificant ( P = 0 . 05) . 

From the results it is conc luded that ther e was 

highly positive correlation between whitefly population 

and hair density. 

4.5.2 Study of anatonical characters in different 

cultiva.rs 

Substantial diversity and significant 

differences were observed for palisade cell, mesophyll 

ce lls and distances between epidermis and phloem amongst 

32 genotypes under study ( Table 19 ) . 

The average length of palisade ce lls varied 

from 77.49 )1 ( .Jyoti) to 102.76y. ( DCH 32) . The two 

intersepcif ic hybrids DCH 32 an d NHB 12 re corded highest 

length of palisade cells and at par with three susceptible 

hirsutum hybirds CH 4. NHH 44 and PKV Hy.2) and two 
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Table 19 

Variety 

OS 28 
NS 15 
AHE . Nec t . 
G 67 
AC 738 
BH I 
OHY 286 
AK 32 
HCU 5 
Pourn i111a. 
LPS 141 
LK 861 
LRA 5166 
Suma.n 
Supriy a 
PH 93 
G la.nd l ess 
Okra. 
PF 
Ptff 
PONF 
NH 2 10 
NH 360 
H 4 
NHH 44 
PKV Hy . 2 
OCH 32 
HHB 12 
Eknath 
Rohini 
NAHOEO 
.JYOT I 

SE ±.. 

~O a.t 5% 

83 

Anatomical characters in selected cotton cultivars 
exhibiting different degrees of susceptibility to 
B. ta.baci. 

size of cells (micron) 
-- -- - ------ -------------
Palisade 

80 .91 
7 1. 7 0 
8 2.9 3 
8 1. 01 
82 . 78 
8 0.03 
8 1 . 99 
80 . 16 
78 . 72 
84 . 89 
8 6 . 12 
96 . 71 
83 .57 
87 . 08 
81. 47 
91 . 8 3 
87 . 15 
89 . 06 
84 . 89 
87.27 
86.64 
92.69 
96.04 
96 . 9 1 
87.4 1 
94.33 

102. 76 
102. 35 

78 .3 1 
77. 90 
80.93 
77 . 4 9 

4 . 11 

12 . 60 

Hesophyl 1 

77 . 62 
75 . 84 
76.38 
82 . 69 
87.89 
78.41 
89.72 
80 . 42 
91. 64 
90 . 22 
72.44 
74.44 
92 . 55 
86 . 76 
87 . 16 
71 . 15 
82.51 
79 . 24 
80 . 68 
81. 63 
82.61 
81 . 33 
81. 68 

101 .75 
92. 79 
98 . 52 
80.83 
83.33 
53 . 86 
5 5. 79 
56 . 63 
50 . 67 

2.30 

6 . 92 

Distance between 
epidermis and 
phloem (micron) 

94.32 
81. 01 

114.15 
82 . 93 
87.89 
92 . 59 
98.37 
96.41 
87 . 04 
92.56 

110.63 
109.62 
5 3 . 50 
91. 93 
99.47 

104.49 
91. 82 
88.28 
87.69 
88.66 
87.95 
98.67 
96 . 86 
92.52 
98.68 
96.39 
96 . 93 
97 . 39 

104 . - s 
106 . 26 
107 . 84 
102 . 67 

3 . 6 0 

8. 88 
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resistant hirsutum genotyes (LK 861 and LPS 141). All 

Brboreum varieties recorded lowest length of palisade 

cells and were at par with most of hirsutum varieties. 

The highest length of mesophyll cells was 

re c orded in H 4 ( 101 . 75y ) and it was at par with PKV Hy.2 

(98.52 y). The desi cotton varieties had lowest length of 

mesophyll c ells which was s i gnificantly superior over rest 

of the genotypes . The resistant genotype LPS 141 and LK 

861 recorded medium l e ngth of mes ophyll cells but 

significantly heigher over rest of the cultivars except DS 

28, NS 15, American nectariless and BN I. 

The mean distance between epidermis to phloem 

varied f rom 8 1.01 p 15 ) t o i l.4.1 5 Jl ( Amer i.:a11 

Ne c tariless ) . The two resistant strains LK 861 and LPS 141 

recorded higher di s tance be t wen epidermis to phloem and it 

was at par with PH 93 and a ll asiatic cotton varieties. 

4.5.3 lnpact of physiological characters under varied 

environnental conditions 

An a t t emp t ha s been made to understand the 

impac t of cel i cont ent s i. e . chlo rop hyll a, b,total 

ch l o rophyll and pH o f c ell s ap on sens itivity of genotype, 

pe s t development a nd genotype b ehavi ou ~ i n r e lation wi th 

pe s t . 
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4.5.3.l Chlorophyll ·a · 

Component c hlo rophyll a was e s timated in 32 

genotypes at 90 and 120 days during 1989 and 1990 . 

Statistical analysis presented in Table 20 revealed 

significant difference among the genotypes. Magnitude of 

c hlorophyll a was relatively less during 1989-90 at both 

the stages viz, 90 and 120 days as compared to rest of the 

treatments . Pooled mean for chlorophyll component was 1.55 

and ranged between 1 . 74 CH 4) and 1 . 29 (NS 15) . Out of 32 

genotypes, 14 recorded significantly higher chlorophyll a 

content over population mean. It was revealed that two 

straight varieties viz, HCU 5 and PF and intra hirsutum 

hybrid H 4 recorded significantly higher value over rest 

diploid variety Namdeo recorded chlorophyll a higher than 

recommended popular tetraploid hybrid NHH 44. 

Genetic correlation and regression studies between 

chlorophyll a and whitefly population at different stages 

were worked out seperately. The correlation cofficient and 

regression equations are presented in Table 21. 



Table 20. 

Variety 

DS 28 
NS 15 
AM.HECT 
G 67 
AC 738 
BH 1 
DHY 286 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SUMAN 
SUP RI YA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
NAMDEO 
JYOTI 

SE±. 

CD at 5% 

'16 

Chlorophyll a content in selected cotton cultivars 
exhibiting different degree of susceptibility to B. 
tabaci 

Chlorophyll a content ( mg/g) 

1989 

90 

2 . 327 
2.167 
2.431 
2.243 
2.233 
2 . 379 
2.418 
2.376 
2.548 
2.540 
2.547 
2.316 
2.337 
2.382 
2.442 
2.395 
2.496 
2.447 
2.606 
2.344 
2.526 
2.390 
2.539 
2.662 
2.539 
2.565 
2.414 
2.409 
2.427 
2.378 
2.558 
2 . 414 

0.07 

0.14 

Days after gernination 

120 

2.318 
2.185 
2.422 
2 . 257 
2.239 
2 . 341 
2 . 456 
2.381 
2.590 
2.598 
2 . 652 
2.345 
2 . 341 
2.354 
2.479 
2.373 
2 . 495 
2 . 451 
2.611 
2.349 
2.530 
2 . 351 
2.561 
2.618 
2.486 
2.561 
2.418 
2.518 
2.427 
2 . 381 
2 . 566 
2 . 426 

0.01 

0.02 

90 

2.518 
2.348 
2.634 
2.439 
2.548 
2 . 587 
2.651 
2.571 
2.793 
2.775 
2.794 
2.503 
2.561 
2.615 
2.646 
2.584 
2.769 
2.680 
2.835 
2.526 
2 . 754 
2.631 
2.750 
2.682 
2 . 738 
2.794 
2.593 
2 . 606 
2.641 
2.590 
2.761 
2 . 649 

0.08 

0 . 16 

1990 

120 

2.549 
2.442 
2.694 
2.504 
2.497 
2 . 586 
2.697 
2 . 640 
2.864 
2.822 
2.780 
2.570 
2 . 577 
2 . 600 
2.729 
2.593 
2 . 624 
2.725 
2.878 
2.612 
2.752 
2.582 
2.790 
2.828 
2.718 
2.820 
2 . 690 
2.721 
2.678 
2.615 
2 . 811 
2.682 

0.05 

0.09 
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Table 21 Correlation coefficient and regression 

equations between 

ch lo rophyll a. 

Year Days After 
Planting 

1989 90 

1989 120 

1990 90 

1990 120 

H.ean 

whitefly 

· r· valu e s 

-0. 102 

-0 .091 

- 0.181 

- 0. 175 

0. 149 

adult popu la.t ion and 

Regre ssion equat ion 

y - 6.520 2.02fJ x 

y = 5.000 1 .490 x 

y - 11. 120 4.780 x 

y = 9.060 4 . 270 x 

y - 4.600 + 2 . 630 x 

**Significant (P = 0 . 01), *Significant (P = 0.05 ). 

From above table it is found that ther e was 

non-significant correlation between whitefly population 

and chlorophyll a. 

4.5.3.2 Chlorophyll 'b' 

Perusal of Table 22 revealed presence of 

substantial genetic variability for chlorophyll b. H.aximum 

chlorophyll ' b ' was observed from the samples collected at 

120 days during 1990-91 which showed two fold increase in 

value over 1989-90 at 90 and 120 days of the crop. 

Chlorophyll b expressed fully at 120 days rather than at 

90 days . In rahking PKV Hy 2 and LK 861 wer e on the top 

and bottom respectively . The trend also indicated that 

intra/inter species hybrids showed a heteroti c effects for 

chlorophyll b, over their respective parent s as well as 

popular varieties like Pournima, H 4, LPS 141 were at par 
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Table 22 . Chlorophyll b in selected cotton c ul tiv a rs exhibi t ing 
different degree of susceptib i li t y to B. t abaci 

Varie t y 

DS 28 
NS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 286 
AK 32 
MCU 5 
POU RN IHA 
LPS 14 1 
LK 86 1 
LRA 5 166 
SUMAN 
SUP RI YA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
HH 360 
H 4 
HHH 44 
PKV HY . 2 
OCH 32 
NHB 12 
EK.NATH 
ROHINI 
NAHDEO 
JYOTI 

SE±. 

CD at 5% 

Chlorophyll b content ( ng/g) 

1989 

90 

1.327 
1 . 191 
1 . 401 
1.239 
1.232 
l. 331 
1 . 329 
l. 365 
1 . 497 
1 . 566 
1 . 566 
1 . 190 
1 . 239 
1 . 278 
1. 333 
1. 314 
1.431 
1 . 384 
1 . 544 
1.268 
1 . 466 
1 . 328 
1 . 522 
1.657 
1 . 497 
1.604 
1.319 
1.408 
1.334 
1 . 278 
1.431 
1. 531 

0 . 09 

0 . 18 

Da ys after ger~ination 

120 

1. 379 
1 . 192 
1.427 
1 . 255 
1. 255 
1 . 359 
1. 379 
1 . 354 
1. 510 
1. 545 
1 . 580 
1 . 24 5 
1 . 247 
1. 248 
1 . 324 
1 . 341 
1 . 446 
1 . 382 
1.541 
1 . 280 
1.450 
1. 3 16 
1 . 421 
1. 516 
1 . 456 
1.781 
1.381 
1. 317 
1.339 
1.290 
1 . 441 
1 . 361 

0.02 

0 . 04 

90 

1.586 
1.480 
1 . 674 
1.504 
1.530 
1 . 608 
1.632 
1. 62 8 
1. 813 
1 . 875 
1 . 886 
1 . 449 
1.533 
1 . 580 
1.606 
1 . 574 
1 . 741 
1.687 
1.483 
1.519 
1 . 766 
1 . 639 
1 . 803 
1 . 927 
1.764 
1.906 
1.569 
1. 674 
1 . 671 
1.560 
1.704 
1 . 655 

0.03 

0 .06 

1990 

120 

1. 7 10 
1.557 
1.808 
1.607 
1 . 620 
1 . 707 
1.723 
1 . 719 
1 . 890 
1 . 872 
1 . 898 
1 . 574 
1 . 586 
1 . 597 
1 . 677 
1 . 661 
1.826 
1 . 670 
1 . 904 
1 . 648 
1.776 
1 . 650 
1 . 755 
1.830 
1 . 791 
1 . 086 
1. 761 
1 . 630 
1 . 694 
1 . 629 
1 . 790 
1 . 723 

0 . 0 6 

0 . 12 
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but significantly superior over rest of the genotypes 

except PKV Hy 2 which was significantly higher. 

Geneti c corr~lati on an regression s tudies bet ween 

c hlorophyll b and whit e fly popu ation at different stages 

were worked out seperately. Th e correlation coffic i en t and 

regression equations are presented in Table 23. 

Table 23 Correlation coefficient and regr es s i. on 

equations between whitefly a.dul t population and 

chlorophyll b. 

Year Days After ' r values Regression equation 
Planting 

--------------------- - -- ------- ---- --- -------------- - - - --

1989 90 0 . 052 y - 5.290 + 0 . 948 x -

1989 120 0 . 093 y - 3 . 770 + 1.510 x -

1. 9u ~) -U.U4l y - 8 . oG 1) . ;;a 1 
. . 

- /I. 

1990 120 0 . 077 y - 4 . 810 + 1 . 810 x -

Hean 0.279 y - 3 . 900 + 3.960 x -

** Significant (P = 0.01 ), * Significant (P = 0.05) . 

From above results it is evident that non -

significant c orrelation existed between whitefly 

population and chlorophyll b . 

4.5.3.3 Total chlorophyll 

Estimates of total chlorophyll ranged from 1.50 ( PKV 

Hy 2) and 0 . 63 (HS 15). The overall population mean wa s 

1.09 and 13 genotypes recorded significantly higher values 

over population mean. Hybrid PKV Hy 2, H 4 and PF ranked 
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Table 24: Total chlorophyll in selected cotton cultivars 
exhibiting different degree of suscrptibility to 8 . 
tabtwi 

Variety 

OS 28 
NS 15 
AK.HECT 
G 67 
AC 738 
BN l 
OHY 286 
AK 32 
HCU 5 
POU RN IMA 
LPS 141 
LK 66 1 
LRA 5166 
Sf'MAN 
SUPRIYA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY . 2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
NAMDEO 
JYOTI 

SE±. 

CD at SX 

Total chlorophyll (ng/g) 

1969 . 

90 

3.654 
3.358 
3.832 
3.556 
3.464 
3 . 710 
3.747 
3.742 
4 . 045 
4 . 106 
4.113 
3.528 
3.575 
3.660 
3.775 
3.708 
3.927 
3.817 
4.150 
3.612 
3.967 
3.717 
4.061 
4.319 
4.036 
4.169 
3.738 
3.642 
3.762 
3.656 
3.989 
3.766 

0 . 19 

0.37 

Days after germination 

120 

3.697 
3 . 376 
3 . 849 
3 . 551 
3 . 495 
3 . 699 
3. 810 
3 . 734 
4 . 100 
4 . 132 
4 . 154 
3 . 591 
3.588 
3.602 
3.001 
3.715 
3.941 
3.833 
4 .152 
3.628 
3 . 979 
3 . 667 
3 . 982 
4 . 183 
3.941 
4 . 279 
3 . 797 
3.834 
3 . 766 
3 . 671 
4.006 
3 . 787 

0.15 

0.29 

90 

4.103 
3.864 
4.308 
4.014 
3.988 
4.194 
4.283 
4.199 
4.606 
4 . 649 
4.680 
3.974 
4.094 
4.195 
4.252 
4 . 158 
4.477 
4.353 
4 . 678 
4.045 
4.494 
4.270 
4 . 554 
4.789 
4 . 502 
4.699 
4.167 
4.305 
4.258 
4.150 
4.465 
4.305 

0 . 20 

0.39 

1990 

120 

4.258 
3.998 
4.502 
4.111 
4.117 
4.293 
4.395 
4.359 
4 . 754 
4.683 
4 . 689 
4 . 145 
4.163 
4.197 
4.403 
4.254 
4.595 
4.486 
4.?82 
4.260 
4.528 
4.233 
4 . 545 
4.705 
4.509 
4.906 
4.449 
4.350 
4 . 372 
4 . 243 
4 . 600 
4.405 

0 . 16 

0 . 32 
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1st, 2nd and 3rd in order of merit . These three genotypes 

also showed superior performance either for chlorophyll a 

or b component. 

Genetic correlati on and regressi on studies be t · een 

chlorophyll b and whitef ly population at different s t a ge s 

were worked out s e perately . The co rr e l at ion cofficien t and 

regression equations are presented in Table 25 . 

Table 25 Correlation coefficient and regres s ion 

equations between whitefly adult population and to tal 

ch lorophyll . 

Year Days After r ' values Regression equation 
Planting 

-------- --- ---- - ----------- --- - --- ---- - - ---------- - - - ----

1989 90 -0. 011 y = 5.740 0 . 109 x 

1989 120 -0 . 003 y - 4 . 370 0.025 x -

1990 90 -0.103 y = 9 .800 1.348 x 

1990 · 120 -0 .047 y - 6.980 0.586 x -

Mean 0.228 y - 4 . 050 1 . 824 x -

**Significant (P = 0.01 ), *Significant (P = 0.05). 

From the results it is evident that there was 

weak postive correlation between whitfly population and 

total chlorophyll. 

4.5 .3.4 pH of cell sap 

Perusal of Table 26 revealed that except at 120 

days (1990), all the three environments were unfavourable 

and recorded pH values nearer to 7. Highest value for pH 

was observed at 120 days (1990) and were ranged from 7.2 
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Table 26 . pH content in sele ~ ted cotton cultivars exhibit i ng 
different degree of susceptibility to B . tabaci 

Variety 

OS 28 
HS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 286 
AK 32 
KCU 5 
POU RN IHA 
LPS 141 
LK 661 
LRA 5166 
SUMAN 
SUPRIYA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
HHB 12 
EKNATH 
ROH I NI 
NAHDEO 
JYOTI 

SE±. 

CD at 5 Z 

1989 

90 

5 . 750 
6.606 
5 . 333 
5.615 
6.123 
5 . 938 
6.155 
8.202 
6 . 193 
6.180 
5.997 
5 . 763 
5 . 962 
6.090 
5 . 963 
6 . 342 
5.965 
5.768 
5 . 595 
5.770 
6 . 038 
5 . 782 
5.628 
5 . 710 
5.298 
6.550 
5 . 780 
5.943 
6.330 
6.350 
6.838 
7.137 

0 . 09 

0 . 19 

pH 

Days afte r g e rmination 

120 

5.565 
7 . 055 
5 . 905 
6.807 
7 . 280 
7 . 618 
7 . 122 
7.405 
7 . 712 
6 . 930 
6 . 918 
7 . 162 
7 . 255 
6 . 590 
6 . 907 
6 . 945 
6 . 217 
6 . 632 
6 . 912 
7 . 130 
6 . 883 
5 . 915 
6 . 263 
6.450 

. 7 . 647 
7 . 843 
6 . 255 
6.762 
7 . 293 
7 . 100 
7 . 012 
7 . 650 

0.02 

0 . 0 5 

90 

6 . 384 
7.051 
6.128 
6 . 280 
7 . 232 
6 . 765 
7.277 
8 . 877 
7 . 380 
7 . 275 
7.187 
6.331 
7.026 
7.226 
6 . 775 
6 . 959 
7.117 
6.85(, 
6 . 604 
6 . 288 
7.071 
6.895 
6 . 449 
6.497 
6.681 
7 . 590 
6.307 
6.665 
7.231 
7.231 
7.626 
8 . 309 

0.1 0 

0.21 

1990 

120 

7 . 83 7 
8.780 
7 . 681 
8 . 326 
8 . 976 
9 . 089 
8.527 
9 . 080 
9 . 508 
8 . 194 
8 . 104 
8.345 
8 . 596 
8 . 066 
8 . 427 
8 . 087 
7 . 988 
8 . 439 
8 . 523 
8 . 870 
8 . 113 
7 . 219 
7 . 580 
7.598 
8.784 
9 . 480 
8 . 050 
7.784 
8 . 840 
8.427 
8 . 486 
9 . 283 

0.06 

0. 13 
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to 9.5 whereas 6.3 to 8.3, 5.9 to 7.6 and 5 . 5 to 7.1 in 90 

days ( 1990) 120 days ( 1989 ) and 90 day (1989 ) 

respectively . 

A desi cott on var iety J yoti r e Jorded highes t 

overall mean for pH while OCH 32 rec orded lowest va lue . 

Except PKV Hy 2, other four top ranking genotypes wer e 

from G.arboreum type . Probably high values for pH content 

in arboreum varieties and low values in hybrids of 

tetraploid cotton might be cause for non preference by 

pest for diploid cott on . 

Genetic correlation and regression studies b e tween 

pH and whitefly population at different stages 

were worked out seperately. The correlation cofficient and 

reQression eouations are presented in Table 27. 

Table 27 Correlation coefficient 8.nd regression 

equa~ions between whitefly adult population and pH. 

Ye8.r Days After . 
r values Regression equation 

Planting 
---------------------------------------------------------

1989 90 -0.056 y = 7.650 0.327 x 

1989 120 0. 154 y - 0.322 + 0.581 x -

1990 90 -0.131 y = 13.880 0.844 x 

1990 120 0 .156 y - -0.253 + 0 . 761 x -

Mean 0.056 y = 4.900 + 0.162 x 

**Significant (P = 0.01) , *Significant (P = 0.05). 



It is found that there was non-significant 

correlation between whitfly population and pH (Table 27). 

4.5.4 Impact of nutritional parameters 

environmental condition 

4.5.4.1 Nitrogen 

under 

Analysis of variance and performance 

varied 

for 

nitrogen c ontent is given in Table 28. Nitrogen content in 

32 genotypes ranged from 1 . 42 (PF ) to 2 . 89 (PKV Hy 2) with 

overall mean of 2.35 . Six and fourteen genotypes recorded 

significantly 

compared with 

lower and higher nitrogen estimation when 

population mean . Highest estimates was 

recorded at 120 days (1990) (3.63) while it was lowest at 

i 20 days ( 1989) ( 1.51) . Cu lti ~ar· ::: .,~ i~ , t-l" HH 44 a n ci [K\' :;y ~ 

had highest nymphal count recorded high nitrogen content. 

Cultivars Eknath, Rohini, (desi) PF, PNF 

( hirsutum ) r ecorded relative ly lower values as compa r ed to 

tha t of preferred one. 

Genetic c orrelat i on and regression studies 

bet we e n nitrogen and whi tefly population at different 

s tage s were wo r ked out s ep e rately . The corr e l a t ion 

c officient and regr e s sion e yuat i ons a r o prc ~ ented in Tab le 

29 . 



Tab l e 28 

Varie t y 

OS 28 
NS 15 
AH.HECT 
G 67 
AC 738 
BN l 
DHY 286 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 861 
LR! 5166 
SUMAN 
SUP RI YA 
PH 93 
GLAHDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
SB 298 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EK.HATH 
ROH I NI 
HAHDEO 
JYOTI 

SE:t 

CD at 5:Z 

95 

Nitrogen c ontent in s ele c ted cotton c ultivars 
exhibiting diffe r en t degre e of susc~ptibil i ty to 
B . to.bo.c i 

90 

1 . 620 
1 . 730 
1. 543 
1 . 587 
1 . 780 
1 . 738 
1.745 
1.783 
1.660 
2 . 025 
1.473 
1.452 
1 . 348 
1 . 478 
1 . 555 
1 . 620 
1.665 
1 . 572 
0.563 
0.498 
0 . 768 
1. 310 
1.452 
1.855 
1 . 955 
2.058 
1.707 
1. 540 
1. 615 
1.640 
1 . 597 
l. 518 

0 . 10 

0 . 19 

1969 

Nitrogen ( Z ) 

Days after germination 

120 

2 . 16 
2 . 21 
2 . 31 
2 . 28 
2 . 17 
l. 90 
2 . 39 
2 . 42 
2 . 47 
2.97 
2 . 20 
2 . 11 
2 . 32 
2 . 09 
2 . 19 
2 . 22 
2. 91 
l. 89 
1. 31 
1. 23 
1. 120 
1 . 253 
1 . 390 
2 . 93 
2 . 85 
2 . 99 
1.680 
1 . 502 
1 . 575 
1 . 542 
1.492 
1 .467 

0. 1 1 

0 . 23 

90 

2.834 
3 . 108 
2 . 833 
2.820 
3 . 211 
3 . 043 
3 . 180 
3 . 020 
3.118 
3 . 457 
2.297 
2.651 
2 . 739 
2 . 910 
2.846 
2. 841 
3.112 
2 . 991 
1 . 926 
1.724 
2 . 141 
2.766 
2.777 
3.140 
3.223 
3.460 
2 . 876 
2.802 
2.951 
2 . 970 
2.891 
2.948 

0 . 10 

0.20 

1990 

120 

3 . 637 
3 . 934 
3 . 751 
3 . 684 
3 . 964 
3 . 837 
3.798 
3 . 923 
3 . 370 
3.994 
3 . 346 
3.426 
3.375 
3 . 590 
3 . 683 
3.576 
3.917 
3.806 
2 . 601 
2 . 916 
3 . 153 
3 . 302 
3 . 444 
3 . 706 
3 . 867 
4 .120 
3.967 
3.429 
3.733 
3 . 605 
3.618 
3 . 356 

0. 13 

0 . 26 
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Table 29 Correlat ion coefficient and regression 

equations between whitef ly adult population and nitrogen 

Yea.r Days After r val ues Regr e ssion equa.t ion 
Planting 

- - - - -- -- -- ---------------- ----------------- - ---- ---------

1989 90 0.505** y - 0.867 + 3.030 x -

1989 120 0 . 552** y - - 0 . 466 + J . 19tj -

1990 90 0.413** y - - 1. 640 + 3 . 358 x -

1990 120 0.494** y - -7. 660 + 3 . 805 x -

Hean 0.418** y - 3 . 110 + 1.225 x -

** Significant (P = 0 .0 1 ) , * Significant (P = 0 . 05). 

From the result it is evident that there was 

significantly positive correlation existed between whitfly 

population and nitrog en . 

4 .5.4. 2 Phosphorus 

ubstan t ial geneT.. ic d .i. v~ rs ..i. i.. y ;: 01: ~i 1 u~r-i1uJ. u;:. 

content is existing for 32 genotypes ( Ta.b le 30) . 

Environment also played vital role in changing the level 

of phosphorus content and thereby affect on intenstity of 

whitefly . Phosphorus content of a cultivar changed with 

change in environment. 

The overall population mean for phosphorus was 

3.93 mg/g m. Hybrid DCH 32 recorded very high estimates 

(4.26 mg/gm) while DHY 286 was the lowest (2.59 mg /gm) in 

order of merit. Hybrid DCH 32 recorded significantly 

higher value over population mean while rest of the 

cultivars recorded either at par or significantly less 

phosphor u s. 



Table 30. 

Variety 

OS 28 
NS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 286 
AK 32 
MCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SUMAN 
SUPRIYA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
HHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
NAMDEO 
JYOTI 

SE±. 

CD at 5,,; 
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Phosphorus content in selected cotton cultivars 
exhibiting different degree of susceptibility to B. 
ta.baci 

1989 

90 

2.010 
3 . 118 
2.717 
2.095 
3 . 135 
1.195 
1.963 
2.670 
2.277 
2.905 
2.188 
2.055 
1.565 
2.720 
3.015 
2.535 
1.873 
1 . 733 
1.973 
2.985 
1.300 
2 . 135 
2.683 
2.112 
2 . 173 
2.227 
4.390 
2.883 
2.685 
2.678 
2.430 
2.543 

0 . 06 

0.12 

Phosphorus (ng/g) 

Days after germination 

120 

2.918 
3.300 
2 . 983 
3.013 
3.127 
2.053 
2 . 054 
2.861 
2 .270 
Z.837 
2 . 178 
3 . 080 
3 . 120 
2.705 
3.055 
Z . 955 
2 . 193 
2.457 
3 ..... 55 
3.072 
2 . 088 
2.000 
2.563 
2 . 023 
3.425 
2.873 
3 . 488 
2 . 815 
2.678 
2.767 
2.563 
2.979 

0.02 

0 . 05 

90 

4 . 155 
5.520 
4.965 
4.262 
5.629 
4.195 
4.422 
5 . 034 
4.790 
5.379 
4.703 
4.163 
3 . 969 
5.219 
5.262 
4.672 
4 . 351 
4.172 
4.371 
5.012 
3 .62 .. 
4.665 
4.991 
4.363 
4 . 403 
4.637 
6.355 
5.078 
5.011 
4.993 
4.686 
5.031 

0.07 

0.14 

1990 

120 

5.999 
6.729 
6 . 474 
6.282 
6.526 
5.286 
5.252 
6.235 
5.697 
5.922 
5.227 
6.103 
6 . 260 
5.942 
6 . 325 
5 . 932 
5.637 
5.927 
6.374 
6.505 
5 .168 
5.116 
5 . 682 
5.042 
6.543 
6 .2 14 
7.006 
5.719 
5 . 963 
5 . 900 
5.797 
6 . 138 

0.06 

0 . 13 
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Behaviour of genotypes under varied environment 

indicated consistent performance of varieties f rom 

arboreum g r oup followed by three hirsu tum ~ ar·e i es. These 

gerwtypes though recorded re l .9.t i ve ly less v a.l ues 

maintained their position in all kinds o f environment 

Genetic correlati on a n d regression s tud ies be tw een 

pho sphorus and whitefly popula t ion · at different st a ges 

were worked out seperately . The correlation c officien t and 

regression equations are presented in Table 31 . 

Table 31 Correlation coe ffi ci ent D.nd regression 

equations between whitefl y adult population and phosphorus 

Year Days After ' r values Regres sion equation 
Planting 

---------- - - ------ ------------- -- --- - ----- - --- -- --- ---- --

1889 90 fl 077 y - 4 . 930 + 0.293 x -

1989 120 0. 190 y - 2.110 + 0.820 x -

1990 90 . -0.047 y - 9 . 310 0.270 x -

1990 120 0.153 y - 1 . 100 + 0.845 x -

Hean 0 . 274* y - 4.040 + 0.505 x -

**Significant (P = 0 .0 1) , *Significant (P = 0.05). 

It is found that there is positive corrrelation 

between whitefly population and phosphorus (Table 31) . 

4.5.4.3 Calcium 

Lowest estimates for calcium was recorded at 120 

days ( 1989 ) (23 . 74 mg/ gm ) followed by at 90 days ( 1989) 

(24.79 mg/gm) (Table 32 ) . This indicates that the year 

1989-90 in comparision with 1990-91 had inhibited for 



Tabl e 32. 

Variety 

OS 28 
NS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 286 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SU HAN 
SUPRIYA 
PH 93 
GLAHDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKHATH 
ROH I NI 
NAMDEO 
JYOTI 

SE±. 

CD at 5Z 
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Calcium content in selected cotton c ultivars 
exhibiting different degree of susceptibility to B. 
tabaci 

1989 

90 

20. 100 
34.455 
1':. 632 
30.550 
29.427 
18 .413 
20.380 
32.882 
34.120 
31. 930 
25 . 298 
21. 650 
23.403 
36.208 
22.490 
26.775 
17.417 
20.778 
33 . 630 
28 . 165 
24.070 
29.632 
31 . 107 
27.115 
24.950 
21.132 
31. 512 
31 . 408 

9.255 
7.942 
8 . 403 

21. 022 

1. 24 

2.46 

Ca le iulfl (mg/ g) 

1990 

Days after germination 

120 

19.022 
32 . 958 
16.225 
29 . 350 
28 . 473 
17 . 403 
19.270 
32.160 
33.357 
30.890 
21. 632 

. 20 . 360 
18 . 340 
34.320 
21. 522 
25.285 
16.660 
19 . 400 
31. 882 
27.560 
23.503 
27.738 
30.383 
26.735 
23.358 
20.260 
31. 140 
30 . 170 

9 . 455 
7.582 
8.045 

25.485 

0.62 

1. 24 

90 

22 . 9 :.4. 
38 . 855 
21. 568 
33 . 199 
34.294 
21.895 
24.961 
35.602 
39 . 556 
36 . 800 
30.324 
24.218 
27.809 
41. 4 70 
25.912 
29.427 
21 . 999 
25.306 
38 . 170 
30.202 
28.445 
35.033 
34 . 849 
30.455 
28.181 
25.416 
33.432 
34.388 
13.278 
11 . 656 
11 . 964 
25.670 

1. 27 

2 . 53 

120 

23.865 
39.566 
22.568 
35.013 
34 . 806 
22.846 
24.560 
38.491 
40. 189 
35.457 
26 . 166 
24.944 
23.434 
39 . 815 
27 . 125 
29.473 
22.969 
25.877 
38.664 
34. 081 
28.125 
32.456 
35.137 
30.886 
28.311 
26.167 
38 . 150 
32 . 452 
15.024 
12 . 793 
13.475 
31.490 

0.92 

1.84 
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expression of calcium c ontRnt. Pooled mean for calcium 

content was 26.59 mg / gm . Ge notypes showed a wider ran ge 

for t h is componen t j . e. from 9.9 mg / gm i n Ro hi r i to 37.9 2 

mg / g m in Suman. A' l G. a rb r eum variet ies excep t Jyo t 1 

re corded v e ry low calcium con tent . 

In gen e ra l calcium level in hybrid was l o we r as 

compar e_~ to their parents a.nd popula.r variety Pou rn im a . 

Susceptible c ultivar s were having level of calcium in the 

range of moderat e to very high. 

Genetic corre la.t ion and regression studie s 

between c al c ium and white fly population at dif ferent 

sta.ges were worked ou t seperately. The corre la.t ion 

coff icient and regression equations are presented in Tabl e 

33. 

Table 33 Correlatio n coefficient and regressi on 

~quat ions between wnitetly aault population and calcium . 

Year Days After r values Regression equa.t ion 
Planting 

-- - ------ ----- - - ----- - --------- ------------------- - - -----

1989 90 0 . 311* y - 3.400 + 0 .090 x -

1989 120 0 . 200*: y - 3.160 + 0 . 050 x -

1990 90 0 .268* y - 4.940 + 0 . 10 7 x -

1990 120 0.240* y = 3.580 + 0.087 x 

Hean 0 .324* y - 2 . 930 + 0 . 116 x -

**Significant (P = 0.01 ), * Significant (P = 0.05) . 

From the result it is found that there was 

significant positive correlation between whitefly 

incidence and calcium content in leaf. 
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4.5.4.4 Vitanin C 

Estimates for vitamin C are given in Table 34 . 

Va r iat i on due to v a r i eties was h i ghly signific ant . 

Es timat e s o f vitamin Cat 120 d ays ( 1990) was 15 . 61 mg / 100 

g~ whi c h showed signif ican t super io r ity at 9 0 days ( 1990 ) 

120 d a ys ( 1989) and 90 days (1 989 ) by mar g in of 23.2% , 

4 7. 9% and 50 . 6% , respect iv e ly . 

Th e overal l me a n f or v i tamin content was 

12 . 31 ng/100 gm . A reported resistant genotype LPS 141 

recorded highest vitamin C content ( 26.43 mg/100 gm) and 

it was significantly supe r io r over r est of the cultivar~ . 

G 67 followed by Okra and PF, had very less amount of 

vit~min c. 

Genetic correlation and regression studies between 

vitamin c and whitefly population at different stages were 

regression equations are presented in Table 35 . 

Ta.b le 34 : Correlation coefficient a.nd regression 

equations between whitefly adult population and vitamin c . 

Year Days After 
Planting 

1989 90 

1989 120 

1990 90 

1990 120 

Hean 

· r ' vB.lues 

-0 . 189 

- 0 . 224 

- 0. 133 

- 0. 194 

-0.070 

Regression equation 

y - 6 . 480 - 0 . 080 x 
y - 5 . 200 - 0.079 x 
y - 9.030 - 0.078 x 
y = 7.740 0.102 x 
y - 6 . 490 - 0.035 x 

**Significant (P = 0.01), *Significant (P = 0 . 05). 



Table 35". 

Variety 

OS 28 
NS 15 
AH.NECT 
G 67 
AC 738 
BH 1 
DHY 286 
AK 32 
HCU 5 
POURNIMA 
LPS 141 
LK 861 
LRA 5166 
SUMAN 
SUPRIYA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
NAHDEO 
JYOTI 

SE±. 

CD at SX 

Vitamin C content in selected cotton cultivars 
exhibiting different degree of susceptibility to 
B. tabaci 

1989 

90 

1 . 445 
6.385 

12.225 
1.376 
8.762 

11. 262 
7.270 
9.815 

11. 432 
8.340 

25.333 
16.305 

9.225 
10.358 

9.448 
6.698 

12.323 
18.757 

2.415 
2.420 

3 . 247 
7.295 
9.403 
8.358 
6.400 
5.760 

lv . 225 
17.325 
11. 283 
12.425 
14.605 
13.693 

0. 11 

0.21 

Vitanin C (~g/100 g) 

Days after germination 

120 

12.498 
5.413 

11.592 
o.978 
9.415 

10 . 235 
8.188 

10.340 
12.350 
9.467 

24.510 
17.388 

8.538 
9 . 677 

10.328 
7.6655 
13.600 
20.808 

2.525 
2.382 
3 . 442 
8.492 

10.465 
9.455 
7.175 
4.700 

18.065 
17 . 237 
11 . 450 
12.318 
14.310 
13.660 

0 . 15 

0.29 

90 

13.185 
8.778 

14.306 
3.499 

11. 386 
J3 . 429 

9.854 
11.729 
14.297 
10.923 
28.868 
19.632 
11.762 
13 . 088 
11. 562 
8.625 

15.176 
21.711 

4.752 
4.410 
5 . 615 

10.017 
11. 653 
10 . 469 
8.495 
8.184 

19.429 
19.161 
13.585 
14.701 
16.677 
16.544 

0 . 14 

0 . 28 

1990 

120 

17.096 
10 . 747 
17 . 313 
8.030 

14.816 
15 . 264 
13 . 128 
15.722 
17.995 
14 . 139 
28.556 
21. 676 
13.362 
14 . 715 
15.446 
12.167 
19.362 
26.924 

7.811 
7 . 635 
8 . 220 

13.219 
15.189 
13 . 895 
11. 988 
9.895 

24.079 
21.060 
16 . 626 
17 . 057 
19.349 
19.024 

0 . 17 

0 . 35 
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From the abov e tabl e it i s e vident that t her e 

was nega t ive c orelation be tw e en whit f ly popu l at i on a nd 

v i t a mi c . 

4 . 5 . 4 . 5 Tot al suga r 

I t wa s est i ma t ed at 90 a n d 120 day s du ring 

1989 - 90 and 1990-9 1 . Tab l e 36 reve aled tha t des i var i e t i es 

est ima t ed lower values during 1989 wh i l e NS 15, Amer ican 

nectariless , G 67 , LRA 5 166, Pournima , H 4 and DCH 32 

r ecorded higher values during 1990. 

Genetic correlation and regression studies be tw e en 

total sugar and whitefly population at different stages 

were wo rked out seperately. The correlation c off ic ien t an d 

r e gression equations are presented in Table 37 . 

Tabl e 3 6 Correlatio n c oefficient and regre s s ion 

equations between whitefly adult p opu l ation and tota l 

sugar . 

--------- ~ ---- - -- -- -- - - -- - ------ ~ --- - --- - --------------- -

Year Day s Afte r 
Planting 

1989 90 

1989 120 

1990 90 

1990 120 

Hean 

' r ' values 

- 0 . 146 

-0 . 166 

- 0 . 156 

-0 . 127 

0 . 124 

Regression equ a tion 

y - 6.650 0 . 165 -

y - 5 . 310 0 . 158 -

y - 10 . 590 0.259 -

y - 10.020 0.300 -

y - 5 .160 + 0. 101 -

** Significant ( P = 0.01 ), * S ignificant ( P = 0 . 05 ). 

x 

x 

x 

x 

x 

From the resul t it is f o und that non-signifi can t 

correlation existed betwe e n whitefly population and total 

s ug a r . 



Table 3 7 

Variety 

DS 28 
NS 15 
AM . HECT 
G 67 
AC 738 
BN l 
DHY 286 
AK 32 
HCU 5 
POURNIMA 
LPS 141 
LK 861 
LRA 5166 
SU HAN 
SUP RI YA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
HAHDEO 
JYOTI 

SE±. 

CD at 5Z 

1o4 

Total sugar content in selected cotton cultivars 
exhibiting differ~nt degree of susceptibility to 
B . taba.ci 

1989 

90 

6.565 
6.175 
8.150 
6.818 
6 . 847 
9.398 
7.318 
7.970 
9 .142 
6.370 
6.872 
7.125 
8.435 
6.148 
7.733 
8.878 
8.957 
8.855 
7.677 
6 . 125 
7 . 315 
7.120 
6.298 
7.363 
7 . 485 
8.425 
7.578 
7.480 
3 . 938 
5.207 
4.437 
3.870 

0.09 

0. 18 

Total sug~rs ( mg/g) 

Days after ger~ination 

120 

7.442 
8.165 
8 . 130 
4.905 
7 . 878 
8 . 213 
7 . 230 
7 . 960 
7 . 195 
7 . 358 
7 . 837 
8.037 
8.338 
7.112 
7.650 
7.898 
7 . 862 
7 . 798 
5 . 817 
5 . 160 
5 . 225 
7 . 876 
6 . 230 
8 . 240 
7 . 367 
8 . 258 
8.628 
7 . 890 
4 . 923 
5 . 213 
4 . 495 
3 . 815 

0 . 03 

0 . 06 

90 

7.006 
7.145 
5.868 
6.389 
7 . 922 
7 . 150 
6.548 
5.538 
5.358 
6 . 476 
6.090 
6.444 
6.390 
6.223 
5.438 
6.350 
6.176 
8 023 
7.836 
7 . 207 
6.420 
6.381 
7.116 
6.050 
6 . 123 
5.498 
6.656 
5.031 
6.785 
6.035 
6 . 092 
4.969 

0. 12 

0.24 

1990 

120 

7.008 
8.368 
8 . 429 
8 . 810 
6.997 
7 . 059 
7.996 
7 . 076 
7.174 
8.903 
7.286 
7.422 
8.001 
6 . 962 
7.553 
7.216 
7.206 
7.211 
7.330 
7.544 
8.642 
7 . 440 
6 . 819 
8.555 
6.984 
6.356 
8.217 
6.934 
7.870 
7.854 
7 . 344 
7 . 848 

0.09 

0 . 17 
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4.5.4.6 Reducing sugar 

P e rusal o f Table 39 r evealed signi f ir.:! ::. .. t 

d ifferences a mongst var iet i8 s fo r eac h environme nt . i t 

indicated that the geno t yp s elect e d possess su bs tan tia l 

gen e tic diversity f o r r educi ng sugar . 

Genet i c corr e 18.t ·on and . regress ion studi e s 

between r e ducing sugar and whitefly popu la.t ion a t 

different stages wer e wo rked out seperately . The 

correlation coff icient and regression equations o.re 

presented in Table 30 . 

Table 38 : Correlation coefficient and regression 

equations between whitefly adult population and reducing 

sugar. 

Y~ii. r· 0 ,.;,, --·- Aft.Jr .. 
:::- .... ":·. l~~ e f2 R, P. t;! r•~~ :-; j Ot'• eu :.i s. ~: i t:_tl; U<J. ¥ ~ 

Planting 
------- - ------------- - --- ------ - ------ --- --------------- -

1989 90 -0. 145 y = 6.790 0.415 x 

1989 120 -0.063 y - 4.760 0 . 151 x -

1990 90 - 0.085 y - 9 . 340 0.336 x -

1990 120 -0.220 y - 9 . 810 0.753 x -

Hea.n 0. 110 y - 5. 100 + 0 . 265 x -

**Significant (P = 0.01), *Significant (P = 0 . 05). 

From the above table it is evident that there was 

non-sign ifica.nt corre la.t ions hip between whitefly 

population and reducing sugar. 
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Tab le 3.9 : Reducing sugars c on tent in selected cot ton cu 1 ti vars 

Variety 

DS 28 
HS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 266 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 66 1 
LRA 5166 
SUMA~: 
SUP RI YA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
HH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
HAHDEO 
JYOTI 

SE±. 

CD at 5Z 

exhibiting different degree of susceptibility to 
B. ta.ba.ci 

1989 

90 

4 . 760 
4 .150 
4 .143 
4 . 910 
4.680 
4.755 
5 . 112 
5 . 213 
4.860 
4.150 
4 . 555 
4.950 
4 . 565 
4.200 
4.985 
4.800 
4.657 
4.800 
4.820 
4.115 
4.827 
4.117 
4 . 158 
4 . 763 
4.265 
4.810 
4 . 888 
4.943 
2.443 
3.875 
2 . 090 
2.660 

0 . 04 

0 . 08 

Reducing sugars (mg/g) 

Days after germination 

120 

5 . 7 17 
6 . 065 
5 . 140 
5. 813 
5 . 572 
6 . 747 
5.26 2 
5 . 235 
4 . 822 
5 . 1 17 
5.577 
5 . 983 
6 . 302 
5 . 092 
4 . 950 
4 . 773 
4 . 663 
4 . 767 
4 . 730 
4 . 085 
3 . 882 
4 . 040 
4 . 128 
4 . 755 
2 . 336 
5 . 715 
5.942 
4 . 975 
3 . 418 
2 . 878 
2 . 052 
2.632 

0 . 10 

0.21 

90 

4.731 
4.341 
3.230 
3 . 930 
2 . 889 
4 . 847 
4 . 380 
3 . 235 
3 . 108 
4 . 402 
3 . 842 
3.881 
4.800 
4 . 402 
4 . 055 
3.778 
3.947 
5 . 080 
5.067 
4.007 
4 . 062 
3.394 
3 . 273 
3.829 
3.322 
4.015 
4.747 
3.972 
4 . 577 
3.998 
3 . 170 
3 . 917 

0. 04 

0 . 0 9 

1990 

120 

4 . 753 
5.377 
4 . 431 
4.990 
4 . 823 
4.904 
5 . 386 
4.491 
4.118 
5 . 144 
4 . 573 
4 . 96 7 
5 . 3 76 
4 . 24 9 
5 . 135 
4 . 725 
5 . 007 
5.171 
5 . 132 
5 . 406 
5.867 
4 . 102 
4.198 
4 . 712 
4 . 415 
4.958 
5.886 
4.852 
5 . 624 
4 . 949 
4.209 
4 . 873 

0 . 11 

0.21 
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4.5.4.7 Non reducing sugar 

Table 41 ind icat e s significant values f Qr 

v a r iou s s ources of v a ri ation . Amon g 32 l in e s le ve l o f no n 

reducing sugar rang e d f ro m 8 . 9 ( PF ) to 3 . 0 ( Jyoti ) . Sugar 

content in recommended hy brids t hough at pa.r o r 

s i gnificantly super io r over populat ion me an. 

Genetic corre lation and · regressi on s tudie s 

between non reducing sugar a nd whi t efly population at 

different stages wer e worked out seperately. The 

c orrelation cofficient and regression equations are 

presented in Table 4D . 

Table 40 Correlation coefficient and regression 

equations between whitefly adult population and n on 

reducing sugar . 

Year Days After 
Planting 

1989 90 

1989 120 

1990 90 

1990 120 

Mean 

r va.lues 

- 0.106 

-0.177 

- 0.14 5 

- 0.179 

0 . 125 

6.160 0.155 x y --

y -- 5.060 0.215 x 
y -- 9.920 0 . 314 x 
y -- 8.590 0.305 x 
y -- 5.310 + 0.143 x 

** Significant (P = 0 . 01 ), * Significant (P = 0.05) . 

The result bring to the notice for the absence o f 

perfect relationsh i p be tween non reducing sugar anct 

infestation level . This is evident as strains which showed 

relatively higher susceptibility to the pest posses~ 
'"" 

higher I lower values than their population means. 



Tabl e 4i: 

Variety 

DS 28 
. NS 15 
AH.HECT 
G 67 
AC 738 · 
BN l 
DHY 286 
AK 32 
HCU 5 
POU RN IMA 
LPS 141 
LK 861 
LRA 5166 
SUH AN 
SUP RI YA 
PH 93 
GLANDLESS 
OKRA 
PF 
PHF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY . 2 
OCH 32 
HHB 12 
EKHATH . 
ROH IHI 
NAMDEO 
JYOTI 

SE±. 

CD at 5% 
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Non-reducing sugars content in selected cotton 
cultivars exhib i ting different degree of 
suscept ibi 1 i ty to B. tabac i 

1989 

90 

1 . 805 
2.027 
2.008 
1.908 
2 . 168 
2.642 
2 . 180 
2.758 
2.285 
2.220 
2 . 317 
2 . 175 
1.780 
1.947 
2 . 748 
2 . 078 
2 . 283 
2 . 055 
2.860 
2.010 
2.487 
3.002 
2.140 
2.600 
3.220 
3.165 
2.690 
2 . 537 
1.495 
2.330 
2 . 007 
1.210 

0. 12 

0.24 

Non - reducing sugars (mg/g) 

Days after germination 

120 

1 .7 25 
2.065 
2 . 990 
2.093 
2 . 305 
1 . 465 
1.967 
2.567 
3 .092 
2.240 
2 .260 
2 . 060 
1 . 785 
2 . 028 
2 . 700 
3 . 125 
3 . 200 
3 . 030 
1. 087 
1 . 080 
1 . 335 
3 .837 
2 . 102 
3.485 
2 .180 
2.543 
2 . 885 
2 . 915 
1. 505 
2.335 
2 . 193 
1 . 183 

0.09 

0.19 

90 

2.334 
2.806 
2.639 
2.460 
3. 03'."' 
2.303 
2.052 
2.304 
2.253 
2.074 
2.248 
2.562 
1.589 
1. 821 
1 . 384 
2.573 
2.229 
2 . 943 
2.772 
3.200 
1.359 
2.987 
3.842 
2.220 
2 . 802 
1 . 482 
1.910 
1 . 059 
2.208 
2.036 
2 . 644 
1 . 052 

0 . 13 

0.26 

1990 

120 

2.254 
2.975 
3.999 
3.820 
2 .174 
3. 156 
2.610 
2 . 424 
3.057 
3.759 
2.714 
2 . 459 
2.377 
2.720 
2 . 432 
2.491 
2.198 
2 . 040 
2 .198 
2.144 
2.767 
3.337 
2.620 
3.843 
2.7 18 
1.398 
2.068 
2.083 
2.247 
2.905 
2.885 
2.974 

0.11 

0.22 
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4.5.5 Impact of biochemical characters under varied 

environmental conditions 

4.5 . 5.1 Gossyp o c onten of leaf 

Total g ossypo l con ten t in leaf wa s 0.25 a nd 0 .23 at 

90 d ays and 120 days (1 989 ) resp e ctively, whi ch were at 

par wi th each other bu t sign i fi cantly less at90 and 120 

days ( 1990 ) me ans. The overall mean wa s 0 . 37 and al l 

gen otype s showed variat i on f o r total gossypol conten• in 

the range from 0.92 (Suman) to 0.23 (NHB 12 ) ( Tabl e 4 3 ). 

Highest estimates was obs erved at 120 days during 1990-91 

while lowest at 120 days of 1989-90 . 

Genetic correlation and regression studies 

between Total gossypol and whitefly population at 

different stages were worked out seperately. The 

correlation cofficient and regression equations are 

presented in Table 4~ . 

Table 4 2, Cor~elation coefficient and regression 

equations between whitefly adult population and total 

gossypol . 

Year Days After r va.lue s Regression equation 
Planting 

--- ---- -- --- - - - -- - --- - - ---- - - ------------- - -- - ---- ------ -

1989 90 0.002 y - 5 . 640 + 0 . 026 x -

1989 120 0 .213 y - 4.920 2.371 x -

1990 90 -0.011 y - 8.090 0.161 x -

1990 120 - 0 . 051 y - 6 . 660 0.854 x -

Mean - 0.082 y - 5 . 680 + 0 . 987 x -

** Significant (P = 0 . 01), * Significant (P = 0.05). 
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Table 43. Total gossypol content in selected cotton cultivars 
exhibiting different degree of susceptibility to 
B. tabaci 

Variety 

OS 28 
HS 15 
AH.HECT 
G 67 
AC 736 
BN 1 
DHY 286 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SU HAN 
SUPRIYA 
PH 93 
GLANDLESS 
OKRA 
PF 
PHF 
PONF 
NH 210 
HH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
HHB 12 
EKNATH 
ROH I NI 
NAHDEO 
JYOTI 

SE±. 

CD at 5Z 

Total gossypol (Z) 

1989 

90 

0 . 302 
0 .145 
0.146 
0.292 
0 . 213 
0 . 192 
0 . 190 
0 . 184 
0.238 
0 . 148 
0.231 
0.291 
0.279 
0. 286 
0.256 
0 . 119 
0.079 
0.267 
0.201 
0 . 208 
0 . 202 
0.248 
0.220 
14579 
0 .. 231 
0.178 
0 .174 
0.120 
0 . 262 
0.255 
0.265 
0 . 164 

0.007 

0.014 

Days after ger~ination 

120 

0 .293 
0. 145 
0 .147 
0 . 291 
0.211 
0 . 193 
18764 
0.184 
0.263 
0 .150 
0 .229 
0.285 
0 .334 
0.297 
0 . 401 
0.122 
0 . 078 
0 . 272 
0 . 204 
0 . 215 
0 . 207 
0.239 
0 .220 
0.142 
0.232 
0.132 
0.171 
0.117 
0 . 265 
0.262 
0.257 
0 .162 

0.056 

0 . 111 

0.410 
0.273 
0.269 
0.402 
0 . 347 
0.313 
0 . 324 
0.299 
0 . 378 
0 . 280 
0.371 
0.396 
0.413 
0.418 
0.378 
0.233 
0.210 
0.404 
0.331 
0.314 
0 .333 
0.390 
0 . 343 
0.265 
0 . 348 
0.308 
0.282 
0.238 
0.387 
0.279 
0.385 
0.299 

0.002 

0 . 016 

1990 

120 

0.642 
0.525 
0.534 
0.660 
0.590 
0.557 
0.548 
0.562 
0.650 
0.502 
0.574 
0.628 
0.688 
0.520 
0.768 
0.467 
0.460 
0.664 
0.589 
0.598 
0.556 
0.590 
0 .573 
0.486 
0.586 
0.505 
0 . 558 
0.456 
0.635 
0 . 616 
0 . 622 
0.535 

0.056 

0.111 
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From the results it is fo und that there was 

weak negative correlat ion exist ed between whitefly 

popu lat 10. Bnd tot J l gossyp o 1. 

4 .5 . 5 . 2 Free gossypo l 

Fre e gossypo l content i s depicted i n Tabl e 45 . 

I t ranged from 0 . 72 (Supriya ) to 0. 12 ( PONF ). Except Suma n 

and Sup r iya marginal differ e n c es fo r the c omponent among 

the res t of the c ultivars we re observed. Suman and Supriya 

maintained their posit ion and exhibited consistent 

performance whereas inconsistent performance was expressed 

by rest of the cultivars . This suggest probable change in 

behaviour of genotypes against pest with change ~ n the 

environment . 

Geneti c correlation and regression studies between 

free gossypol and whitefly population at different stages 

were worked out seperately. 1he correlation corr1 c 1en~ and 

regression equations are presented in Table 4 4 . 

Table 44 Correlation coefficient and regression 

equations between whitefly adult population and free 

gossypol . 

---- ---- ---- - - - - -------------------- - - --------- ----------
Year Days After r values Regression equa.t ion 

Planting 
--------------------- - -- -- ------- ------------- - --------- -
1989 90 0.070 y - 5.540 + 0 . 985 x -

1989 120 -0 . 049 y - 4.450 1.070 x -

1990 90 0 . 051 y - 7 . 820 + 1.030 x -

1990 120 0 .037 y - 5 . 780 + 1 .200 x -

Hean 0 . 170 y = 5.480 + 3 . 170 x 

** Significant (P = 0.01), * Significant CP = 0.05). 



Tab le 4 5 : 

Variety 

DS 28 
NS 15 
AM.HECT 
G 67 
AC 738 
BH 1 
DHY 286 
AK 32 
ttCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SUMAN 
SUPRIYA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
HH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKHATH 
ROH I NI 
NAMDEO 
JYOTI 

SE± 

CD 8.t 5~ 
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Free gossypol c ontent in selected cotton cultivars 
exhibiting different degr ee of susceptibility to 
B. tabaci 

1989 

90 

0 .104 
0.069 
0.067 
0.105 
0.088 
0 .106 
0.063 
0.058 
0.093 
0.072 
0 . 134 
0.102 
0.0~6 
0.143 
0.172 
0.0~5 
0.049 
0 . 075 
0.045 
0.052 
0.039 
0.089 
0 . 078 
0.079 
0.056 
0 . 069 
0.113 
0.069 
0.081 
0.069 
0 . 076 
0.008 

0.007 

0.014 

Free Gossypol (%) 

Days after germination 

120 

0 . 105 
0.071 
0.069 
0 .1 10 
0 . 089 
0 .109 
0 . 064 
0.062 
0.093 
0.077 
0 . 135 
0 . 103 
0 . 141 
0 . 152 
0 . 325 
0.041 
0.052 
0 . 080 
0 . 557 
0.059 
0 . 046 
0 . 091 
0 . 082 
0 .081 
0.057 
0 . 077 
0 . 113 
0.012 
0.089 
0.078 
0.082 
0.092 

0.057 

0.112 

90 

0.196 
0.172 
0.165 
0.199 
0. 194 
0.205 
0.169 
0. 154 
0 . 202 
0 . 178 
0 .245 
0.193 
0.191 
0 . 253 
0.270 
0.131 
0.155 
0.181 
0 . 148 
0. 144 
0.142 
0 . 199 
0. 178 
0.177 
0.154 
0.173 
0.202 
0.166 
0. 182 
0. 169 
0. 175 
0.195 

0.001 

0 . 015 

1890 

120 

0.309 
0.292 
0.293 
0.324 
0.309 
0 . 321 
0.275 
0.280 
0.316 
0.282 
0.336 
0.304 
0.348 
0.365 
0 . 539 
0.243 
0.275 
0.305 
0.276 
0.280 
0.251 
0.297 
0.288 
0.282 
0 . 265 
0.295 
0.339 
0 . 269 
0.304 
0.285 
0.294 
0.310 

0.056 

0. 112 
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From the resul t it is found that there was weak 

positive c o rre lation be t ween wh it efly population and free 

g os .::yp o l . 

4 . 5 . 5 . 3 B und gossypol 

Wi der r a ng e f o r bound gossyp o l was observ ed a 

NHB 12 re co rded lowes t v alue while Su ma n main ained i t . 

top positi on as in free and total gos~y~ol ( Tab l e 47 ) . 

F ifteen , out of 32 g e n otype s re co rd ed 

signifi can tly higher est imate s for bound gossypol wh en 

compared wit h overall population mean ( 0 . 19) . Host of the 

G.arboreum varieties ex0ep Jyoti a.nd few promising 

breeding lines (okra, PF, PNF, PONF) re co rded performance 

matchable with each other. 

Genetic correlation and regression studi es 

between bound g o ssypol and whitefly population 8.t 

correlation coff icient and regression equations are 

presented in Table 4 6 . 

Table 4 6 Correlation coefficient and regressi on 

equations between whit e fly adult population and bound 

gossypol. 

Year Days After r values Regression equation 
Planting 

------------------------ - - - ------------ - ------ ------ -----
1989 90 - 0 .077 y - 5.840 1.240 x -

1989 120 - 0 . 233 y - 4.820 3 . 220 x -

1990 90 -0.072 y - 8.310 1.580 x -

1990 120 - 0 .091 y - 6.700 1.870 x -

Mean -0.041 y = 6.200 0 . 791 x 

**Significant (P = 0.01), *Significant (P = 0 . 05). 



Table 41 

Variety 

DS 28 
NS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 286 
AK 32 
HCU 5 
POU RN IMA 
LPS 141 
LK 861 
LRA 5166 
SU HAN 
SUP RI YA 
PH 93 
GLANDLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY . 2 
OCH 32 
NHB 12 
EKNATH 
ROH I NI 
NAMDEO 
JYOTI 

SE±. 

CD at 5% 
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Bound gossypol content in selected cotton cultivars 
exhibiting different degree of susceptibility to 
B . tabaci 

Bound Gossypol ( Z ) 
------------------------------- --------------------

1989 1990 

Days after g e rnination 
-------------------------------------- --------------. ' 

BO 120 90 120 

0 . 199 0. 188 0 . 2 13 0.332 
0 . 076 0.074 0.101 0. 233 
0.081 0 . 079 0 . 103 0 .240 
0.186 0.181 0 . 203 0.336 
0.125 0.122 0.153 0 . 281 
0.086 0.083 0 .1 09 0 . 238 
0 .127 0 . 122 0 . 155 0 . 2 7 3 
0.126 0 . 124 0.145 0 . 282 
0 . 145 0 . 144 0 . 176 0 . 306 
0.016 0737 7 0.102 0 . 220 
0.097 0 .094 0.126 0 . 238 
0 . 189 0 . 182 0.203 0.323 
0 . 193 0 . 193 0 .222 0 . 340 
0.123 0. 145 0 . 165 0 . 155 
0 . 086 0 . 076 0 . 108 0.229 
0.083 0.081 0.102 0.224 
0 . 030 0. 026 0 . 055 0.185 
0.192 0 . 188 0.223 0 . 355 
0 .156 0 . 150 0.183 0 . 313 
0 . 157 0 . 156 0.170 0 . 318 
0 . 163 0. 162 0 . 191 0.305 
0 . 159 0 . 148 0 . 191 0 . 294 
0 . 142 0 . 138 0 . 166 0.285 
0 . 066 0.06 1 0 . 088 0 .204 
0 . 175 0 .175 0 . 195 0.321 
0.109 0 . 054 0 . 135 0.211 
0 . 061 0 . 058 0 . 080 0 . 219 
0 . 051 0 . 045 0.073 0.186 
0 . 181 0.176 0.205 0 . 331 
0.186 0 . 183 0.209 0 . 330 
0 . 189 0 .176 0 . 210 0.328 
0 . 076 0 . 069 0 .103 0. 226 

0 . 001 0 . 003 0 . 002 0.004 

0 . 002 0 . 006 0 .004 0 . 008 



115 

From the result it is evident that weak n e gative 

correl a tion ex isted between whi te fly popu lation an d bound 

gossyp ol. 

4.5.5 .4 Pheno l 

The overall popul a ti on me an f or p heno l cont ent 

was 5 . 23. Gen otype PNF r e cord ed v e ry high p henol ~ont e n t 

of 10 . 09 whil e Pou r nirua rec orded very low value of 3 .74 . 

Hybrid s re c orde d very less amount of Phenol t han t he 

population mean. Genotypes like PF , Jyoti, PONF showed 

phenol content significantly higher over populatio n mean 

(Table 4 9 ). Very high estimates of 8 . 07 was recorded at 

120 days (1990),while it was lowest (3 . 45) at 90 days 

(1989) . 

Genetic correlation and regression studies between 

phenol and whitefly population at different stages were 

worked out seper~ ·t.~l-y. LlLG .,;u ... rt::. <J. ~i .:; :-: ;; o~· f::.~ .:..c::;! '.:l.r. d 

regression equations are presented in Table 49 . 

Table 48 Correlation coefficient and regression 

equations between whitefly adult population and phenol. 

Yea.r Days After . r values Regression equation 
Planting 

- ------- ---- - - - - - - -------- - ---- - ----- - - - --- - - --- - - -- - - - - -

1989 90 -0.614 y - 8.670 0.875 x -

1989 120 -0 . 626 y - 6 . 980 0 . 747 x -

1990 90 - 0.584 y = 15 . 000 1 . 170 x 

1990 120 -0.634 y - 14.760 1 . 066 x -

Mean -0.150 y - 6.950 0.173 x -

** Significant (P = 0.01), *Significant (P = 0.05). 



Table 4 9. 

Variety 

OS 28 
HS 15 
AH.HECT 
G 67 
AC 738 
BN 1 
DHY 286 
AK 32 
HCU 5 
POU RN IHA 
LPS 141 
LK 861 
LRA 5166 
SUH AN 
SUP RI YA 
PH 93 
GLANOLESS 
OKRA 
PF 
PNF 
PONF 
NH 210 
NH 360 
H 4 
NHH 44 
PKV HY.2 
OCH 32 
NHB 12 
EKNATH 
ROH IHI 
HAMDEO 
JYOTI 

SE±. 

CO a.t 5% 

1 16 

Phenol content in selected cotton cultivars 
exhibiting different degree of susceptibility to 
B . tabac i 

1989 

90 

2 . 733 
2.273 
2.855 
3.815 
2.075 
2 . 798 
2.078 
3 . 908 
2.200 
2.170 
3.557 
3.487 
2 . 300 
3.652 
2.632 
2 . 730 
3 . 260 
3.077 
7.607 
8 . 400 
6 . 360 
3.680 
3.272 
2 . 348 
2 . 537 
2 . 345 
2 . 150 
2.582 
3.705 
4 . 287 
3 . 847 
5 . 650 

0.11 

0 . 21 

To tal Phenol (mg/g) 

Days after germination 

120 

3 . 755 
3 . 297 
3 . 943 
4 . 920 
3 . 165 
3.870 
3 . 102 
4 . 870 
3 . 178 
3 . 055 
4.670 
4 . 602 
3 . 233 
4 . 803 
3 . 772 
3 . 842 
4.275 
4 . 077 
8 . 922 
9 . 3 13 
7.260 
4 . 805 
4 .278 
3 . 390 
3 . 760 
3 . 300 
3 . 133 
3.783 
4.755 
5 . 233 
5 . 105 
6 . 815 

0.06 

0 . 13 

90 

4.977 
4.791 
5.230 
6.058 
4.666 
5.203 
4.676 
6 .170 
4.845 
4 . 754 
6.275 
5 . 658 
4.857 
6.325 
5 . 012 
4.985 
5.933 
5.698 

10.474 
10.271 

9 . 012 
6 . 425 
5.713 
4.726 
4.890 
4 . 891 
4.350 
4 . 910 
6.168 
6 . 739 
6 . 219 
5 .395 

0 .13 

0 . 26 

1990 

120 

7.124 
7.050 
7.803 
8 . 520 
6.886 
7 . 419 
6 . 606 
8 . 614 
6.963 
6.441 
7 . 942 
7 . 880 
6 . 680 
8 . 358 
7 . 364 
7 . 085 
8 . 130 
7 . 944 

12 . 919 
13 . 271 
10.504 

8 . 169 
7 . 67 2 
6 . 657 
7.18 2 
6 . 970 
6 . 963 
6 . 931 
8.379 
8 . 636 
8 . 658 
6 . 55 2 

0 .08 

0.16 
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From the resu lt it is concluded that there was 

negative correlation between whitefly p opulat ion and 

phen o l c on t e nt o f leaf . 

4 . 6 Correlation and regression studies 

Genoptypic c o rrelation were wor kedo u t for a du lt 

and nymph of whit e fly with lJ characters related wit h 

resistance I susceptibi lity of a ge n o t yp e in eac h 

environment as well as by pooling the data . However the 

results pertaining at 120 days (1990) were only present ed 

be c aus e this e nvironment recorded high environmental index 

value as well as high infestation level for adult and 

nymph. The study revealed that the association of adults 

with leaf area, hair length, nitrogen content was highly 

significant and positive . These parameters also recorded 

eitherb sr.rong I Wt:<1.i\. 1:-'U S .i.. ~ .i._v· t ieI e ... ic o.s s .::..:i::.. t :.o:: f ::; r 

nymph. f tomata number, chlorophyll a, vit. c, phenol, free 

gossypol, bound gossypol and total gossypol showed 

negative but weak association with adult and nymph of 

whitefly . Negative associat ion of these charac ters with 

adults and nymph suggested that increase in their level 

may result in reducing population may be nymph or adult . 

Strong positive association of leaf area, hair length, N 

content, with adult and nymph may be cause f or increasing 

the population with increase in the value of parameters . 

Total chlorophyll and chlorophyll b had a 

negative relationship with adult but positive for nymph. 
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Table 50 Genotyp ic c orre la.t ions betwe e u leaf c hdrnc tcrs end. 

B . ta.ba c .i 

Cha r- 8.c ter::: Egg Nymph Adu li 

Leaf area ( 0.389 0 . 513 0.5 71 

Numbe r o f storua t a -0 . 241 - 0.0SG ,.... .., 0 r 
- u.i L: J 

Hair length 0 .603 0.543 0 . 4 80 

Hair density 0.240 0 . 388 0 . 59 7 

Pa 1 is a.de ce 1 ls - 0.010 0 . 04 2 

Hesophy 11 cells 0.384 0.403 

Phloeir1 dist. -0.298 -0 . 193 

Chlorophy 11 a -0.432 - 0.368 - 0.597 

Chlorophyll b 0.401 0 . 716 0 . 402 

Total chlorophyll 0.483 0 . 739 -0 . 543 

pH O. 'J0 7 •]. 13i) 

Nitrogen 0.195 0.641 0.580 

Phosphorus 0 . 040 0.113 0 . 118 

Ca.le iuir1 0.440 0.238 0.274 

Vitamin C -0.476 - 0.242 -0 . 195 

Phenol -0.296 -0.638 -0.658 

Reducing sugar 0.117 - 0.097 -0. 145 

Non redu . sugar 0 . 122 - 0 . 107 -0 . 169 

Total sugar 0 . 136 - 0.127 -0.193 

Free gossypol -0 . 110 - 0 . 001 0.071 

Bound gossypol -0.143 -0 . 155 -0.115 

Total gossypol - 0 . 119 - 0.119 -0.049 
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Likewise, reducing suga r, non reducing sugar and total 

suga r showed strong or weak bu t invariably negative 

association with n ymph a nd adul t. Free gossypol had 

pos itive assnciation wi t h adul t but weak negativ e 

a ssociation with nymph . 

The correlation studies wi th anatom ical 

characters revealed that the averag~ length of palisa de 

cells ranged from 77.49 J ( Jyoti ) to 102.7By ( OCH 32). 

Statistically non significant correlation existed be t ween 

palisade cells and the population of whitefly adult and 

nymph . The trend noted indicated shortest thickness in 

asiatic cotton and two susceptible varieties of hirsutum 

cotton viz . HCU 5 and AC 738. However, the interspecific 

hybrids showed highest length of palisade c ells ( Table 

19 ) . 

The correlation between mesophyll cells and 

population of whitefly adults as well as nynph was 

positively correlated and treatment differences were 

highly significant ( Table 50). The r value between adullt 

population and mesophyll cell was 0.403 and between nymph 

population and mesophyll cells was 0 . 384 . The average 

length of mesophyll cells ranged from 50.67 y (Jyoti) and 

101.75 J~ CH 4).In arboreum varieties the length of 

mesophyll ce lls was lowest . 

Results (Table 50) indicated negative correlation 

between epidermis to phloem and population of whitefly and 

nymph. The r values between adult population of whitefly 
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and distance between epidermis t o phl oem was - 0 . 183 and 

between nymph population of whi tefly a nd distance bet ween 

epidermi5 to phloeru wa s ~ 0.28 8 . Th e a erage values var ied 

froin 81.0l_p ( NS 15 ) t o 114. 1.Jj-1 ( Aine ican ne c ta.ril e s s . 

However, all arboreum st r a i n s recorded higher distance 

betµeeD epider •i s anrl phloem Bnd at p ar wit h LK 861 and 

LPS 14 1. 

4.7 Behaviour of the pest in relation with the species 

Genus gossypium consist of 32 species out of 

which four are only cul tivated species . India is uniqu e 

country wherein, all four spec ies are cultivat~d ou t o f 

these four c ultivated spe c ies , two spe c ies hirsu tum and 

barbadense are tetraploid (2n = 4x = 52) while arbor eUin 

i ~ Je l o id (2n = 26) . ~~ att empt i pr e sent ~~v ~~tigati o ~ 

has been made to understand behaviour of whitefly in 

relation to species of arboreum hirsutum and intra and 

inter species tetraploid hybrids. Data collected from 

earlier experiment is categorised according t o spe c ies and 

mean performance from egg, nymph and adult are depicted in 

Table 51. 

For adult infestation , highest incidence was 

noti c ed in intra hirsutum hybrids and it was foll owed by 

hirsutum varieties. Very negligible incidence was evident 

in arboreum species. in respect of nymph population , the 

trend was just similar to that noticed for adult whitefly. 

Nymph population to the extent of 24.65 per leaf was 
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Table 51 Species wise cl a ssification showing relationship 
between leaf characters and B . ts.bs.c i 

Charac ters G . hirsutun G.a.rboreu111 Hybrid Hybrid 
( H x H ) ( H x B ) 

·-
Lea.f a r e a 4 8 . 98 28 . 31 64 . 36 80 . 91 

No . o f 2 13. 99 290. 29 2 39 . 98 17 1. 59 
St omata 
Hair length 331 . 17 169 . 31 55 5 . 79 271. 40 

H8.i r d en s ity 23 . 70 39.08 4 0. 22 12 . 4 2 

c hlor ophyll 2 . 5 1 2 . 55 2.67 2 . 54 . 
8 . 

c hlorophyll 1. 50 1.49 1. 71 1 . 49 
b 

Total 4.01 3 . 04 4 . 40 4 . 04 
chlorphyll 

pH 6.87 7 . 39 7.08 6.61 

Nitrogen 2 . 14 2.21 2.55 2.26 

Phosphorus 3.68 3 . 79 3 . 62 4. 54 

Calciu1rt 28 . 49 14 . 02 25.76 32. 89 

Vitamin c 11.07 14 . 08 8 . 08 18 . 82 

Phenol 4.76 5.63 3.66 3 . 62 

Reducing 3.30 3.31 3 . 16 3 . 88 
suga.r 

Non - redu c ing 4 . 46 3 . 37 5.45 7.35 
suga.r 

Total sugar 7.77 6.75 8.58 11 . 29 

Free 0. 15 0.13 0 . 12 0 . 14 

Bound 0.1 7 0. 16 0.11 0.06 

Total 0.33 0.29 0 . 23 0 . 20 

Egg 8.95 3 . 66 12 . 11 6 . 69 

Nymph 8 . 28 2 . 85 14 . 82 7.90 

Adult 6. 26 2 . 54 8. 8 2 6 .54 



122 

recorded on hirsutum while incidence was more or less 

similar in intra hirsutum hybrids and inter species 

hy b rids (H x B) . Numbe r of egg per le a f was considerably 

l ow in g e notypes of depl oid species while it was 2 to 3 

f o ld increase in rest of the groups. Amongst tetraploid 

species, hirsutun varieties showed relatively higher 

t o leren c e against egg laying . Data pr e sented in Table 51 

revealed that female of whitefly preferred g e notyp e s of 

hirsutum x hirsutum followed by hirsutum x barbadense for 

egg laying. 

Relation of various morphological, anatomical, 

physiological, nutritional and biochemical parameters was 

studied in relation with preference of the species by the 

pest. Scrutiny of data in this direction revealed that 

intra hirsutum hybrids were very much i · ked 

whitefly . These hybrids recorded highest mean values for 

leaf area, number of stomat~, hair length, hair density, 

chlorophyll and nitrogen content while they contains 

average values of pH of cell sap, Phosphorus, calcium, and 

sugar. Vitamin c , phenols and gossypom in genotypes of 

intra hirsutum hybrids were low as compare to rest of 

species. 



5. DISCUSSION 

A majo r ~ roble m e n c o~ntered in modern Indian 

ng ri c u l t ~ re, particul Lr ly i n cotton m0nocult u re areas of 

Haharash~ra, is with t he e mrgen c e of n ew pri~ary pes t like 

whitefly Bemisia t abaci Gen n . whi c h was f orme rly o 

sc o ndary importance . S ince c hemica l con trol a ga inst this 

pest is e xpensive, envir o nmentally disruptive and largely 

ineffective, growing of resistant or toleran t variety of 

cotton to whitefly could b e the possible alternative. 

In present i nvestiagtion, an attempt has been 

made to study the mechanism of resistance and tc 

identify most important source of resistance by studying 

various morphological , physiological, nutritional, 

biochenic 1 and a nat o mi c a l charact e~s of eott 0n r ~ ~r• . ~hP 

results obtained in these studies are discussed here. 

5.1 Intensity of Whitefly Incidence and Inpact 

Environnent Thereon : 

of 

The biotic and abiotic factors operating in a 

particular ecosystem are the deciding factors that govern 

development of pest in space and time. The abiotic factors 

like temperature and rainfall have profound influence on 

the sucessful development of B. tabaci . The envi ronmental 

conditions in various stages of crop varies and changes 

from year to year, thereby, affecting favourably or 
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unfavou rably on pest development . Hi c r ocl imatic and 

physiolog ica l conditions under rainfed c ondition at the 

a g e o f 90 days is c ompletel y different f r om t ha t o ' 

conditi ons prevailing at 120 days of c otton c rop . 

Likewis e, y ear 1989 - 90 a nd 1990 -91 were totally di ff e r ent 

from each other due to t he variation in a mount and pattern 

of ra infall distribut i on. Likewis e , testing of gen ot yp es 

under choice and no choi c e conditions provides pre c ise and 

reliable informati on about resistance ability of 

cultivar.It is therefore, worthwh ile to understand t hA 

impact of these conditions on developmen t of B. tabaci as 

well as on stability of resistant genotype. In present 

investigation the performance of selected 32 genotypes was 

tested under four varied conditions against whitefly. 

Rcsult5 indic a t e J ~hat the p cpul atio~ of 3. taba~ i f ul!; 

developed and heavily loaded on host plant during 1990-91 

at 120 days as compared to the rest of the environments . 

Environment during 90-91 at 120 days was quite congenial, 

not o nly f or increasing adult popqlation but als o 

favoured in increasing nymphal p opulation. The joint 

effect o f season and physiological stage of crop favoured 

heavy load of whitefly . 

Effe c t of environment on intensity of B. taba ci 

was studied by Venugopal Rao ( 198~). who reported 

pr o longed developmental period of 7.5 days fr om 13 to 25 

days and attributed it towards de c rease of s0 c in maximum 
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temperature and 4% ris e in r e lat iv e humid ity . Th e present 

i nv e s t iagat i on rev e al ed t ha t in add ition to t he d irect 

in f lu e nce o f envir onm e n t on p e s t , t he s ea a n al fa c to r an d 

physiologi c a l s tag e also e xercise i n f lu e n ce d irec t l y o r 

indirectly o n host phy sio l o gy wh ic h al so a l t er d e ve l opment 

pattern of wh it efly. S im i l a r v iews we r e als o e xp r ~ ssed by 

Hound and Halsey ( 1 9~~ ) whi c h co n fi rms r e su lts o f t he 

present investigation . 

5.2 Varietal Resistance to Cotton Whitefly 

long 

Growing resistant variety is most important and 

lasting component in pest management pr ogramme and 

would enhance the effectiveness of other component 

involved in the strategy. In the preliminary field 

screening, conduct eti d t.J.L· i. ne; 1987 88, 1100 sl:r "<. i ro r:: 1-:i f 

diverse origin and possessing diverse morphological 

features were screened . Ba.sect on their perfor1r1ance, 

finally 32 genotypes consisting of hirsutum varieties, 

intra and inter specific tetrapl o id hybrids and asiatic 

cotton varieties were selected and studied in detail for 

understanding cause of either high or low infestation of 

whitefly. (Arr~'Y\cl l llt' I) 

In understanding the reac tion of these 32 

genotypes against pest, various parameters have been 

considered. 

infestation 

Lines were evaluated on the basis 

level for egg, nymph and adult 

of 

under 
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individual environne nt at 90 and 120 days , for two years 

besides und e r c ho i ct: a nd no c hoi c e c ondi t ion s . Mo reover , 

sc r eening b ased ej t he r on individu al par amete r s f o r 

e gg / ny mph/ ad u lt has certain l i mit a tion s and may show 

contradic t o r y a n d i n ~ on sistant pe rf o rm a n ce. Many criteria 

like det e rm in a tion of numbe r of adults or la.rv ae , eggs 

ovip isi t e d , yi e ld losses , me asu r ing length o f insect li f e 

cycle, numb e r of surv i v ing p lants et c . a re used to 

evaluated resistanc e . So me of these measure only one 

factor, the others may measure the combined effect ( s ) o f 

all facto r s. Of ten comp a ri s ions are made with 0 v . kn own 

resistant / susceptible cultivar ( Dahms, 1972 ). To get mo re 

realisti c pic ture o f a cultivar f o r its resis t an c e 

ability, ranking of genotypes individually for egg , nyJrJ.ph 

and adult was done and s co re obtained by each gen otype 

undt:.r eb.ci1 L:unJi i: i..un w~s agg cega t ed. On 

aggregate s c ore the cultivars were grouped into resistant , 

moderately resistant, susceptible and highly susceptible 

group. Likewise mean infestation observed in asiati c 

co tton group has been c onsidered as a ba.s e f o r 

identifi c ation of resistant genotype . Us e of asiati c 

cott o n as a base for identification o f a g e notype 

resistant t o whitefly seems to be more s c ientifi c strategy 

in gett i ng precise res ult s. Thi s may be t he f i r st case 

whe rein infestation lev e l in as i at ic c ott on has been 

considered B.S criteria for identifying/measuring 

resistan ce ability of hirsutum c otton genotypes . 
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Classification of Genotypes Based on Individual 

Parameters Egg , Nymph and Adult Population of 

B.tabaci 

Grouping of genotypes was done by using poo led 

data . Genotypes for adu lt population were c lassi fied 

conside ring the rang e of 0-1 (Resis~ant ), 2- 3 (moderately 

resistant, 4 - 5 (susceptible) and 5 and above (H ighly 

susceptible). In present investigati on out of 32 

genotypes, 8 strains recorded adult population in the 

range of 0 - 1 with population mean o f 0.9 adults/leaf . 

Amongst these strains PF, PNF, PONF, LPS 141 , LK 861 and 

Okra showed high level of resistance ( Table 54 ). Hean 

infestation level of Group.I (0-1) is just at par wit h the 

infestation level observed in desi cotton cultivars which 

are well known for their inherent resistance ability. Out 

of 8 resistant genotypes, three genotypes viz . PF, PNF and 

PONF recorded adult population just at par with desi 

co tton cultivars. Likewise, highly susceptible group 

consisted of six genotypes which recorded high level o f 

infestation. These highly susceptible cultivars expressed 

higher hair density, longer hair length, pH above 7 and 

low phenol content as compared to level observed either in 

resistant hirsutum or arboreum cultivars. Hound ( 1965) 

reported pH of cell sap, Khalifa and Gameel ( 1983) hair 

density, Hagal et al. ( 1982 ) pH and Butter and Vir ( 1989) 

hair density and hair length as factors for imparting 

resistance. Amongst susceptible five cultivars, 
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Table 52 : Comparison of leaf characters based on egg of B. tabaci 

Characters Highly Sus ceptible 
susceptible 

Leaf area 51 .01 52. 84 

No . of 229 .08 224 . 68 
Stomata 

Hair length 417 . 25 

Hair der.sity 38 .70 

chlorophyll 2 .50 
. a. 

chlorophyll 1 . 52 
b 

Total 4.02 
chlorphyll 

pH 7.13 

Nitrogen 2.41 

Phosphorus 3.85 

Calcium 27 . 54 

Vitamin ~ ~.o7 

Phenol 3.54 

Reducing 3 . 34 
sugar 

Hon-reducing 4.12 
sugar 

Total sugar 7 .48 

Free 0 . 12 
gossypol 

Bound 0.12 
gossypol 

Total 0.24 
gossypol 

Egg 15.58 
population 

361.45 

22 . 10 

2 .55 

1.54 

4 . 10 

6.85 

2.05 

3.56 

27 .66 

8.91 

5.43 

3.42 

5.08 

8 . 51 

0.17 

0 . 13 

0 . 31 

12 . 26 

1 

Hoderately 
resistant 

57 . 56 

186 .64 

249.65 

13 .60 

2.52 

1.49 

4 . 02 

6.53 

2.20 

4 . 03 

28 . 71 

16 . !:>4 

4.12 

3.09 

5 . 35 

8.47 

0 . 14 

0 . 25 

0.40 

10 . 24 

Resistant Desi 

50 .66 28 .31 

209. 79 290.29 

242 .12 169 . 31 

7 .04 39 . 08 

2 . 55 2 .55 

1.53 1.49 

3 . 09 3.45 

6.60 7.39 

2.05 2 .21 

3.51 3 .79 

34 .06 14 .02 

16 . ~6 14.08 

4 . 75 5.63 

2 . 99 3.31 

4.83 3 .37 

7.82 6 . 75 

0 . 15 0 . 13 

0.15 0 . 16 

0.30 0 . 29 

7.38 5 . 15 
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Table 53 : Comparison of leaf characters based on nymph of s: tabaci 

Characters Highly Susceptible 
susceptible 

Leaf area 55.41 59.44 

Ho. of 232 . 04 218.16 
Stomata 

Hair length 424. 02 

Hair density 36 . ~7 

chlorophyll 2.55 
' a. 

chlorophyll 1 . 56 
b 

Total 4 . 11 
chlorphyll 

pH 7.03 

Nitrogen 2.45 

Phosphorus 3.75 

Calciun 27 . 25 

Vitamin C 9.19 

Phenol. 3.65 

Reducing 3. 25 
sugar 

Non-reducing 4 .37 
sugar 

Total sugar 

Free 
gossypol 

Bound 
gossypol 

Total 
gossypol 

Nymph 
population 

7.62 

0.11 

0 . 10 

0.21 

13.91 

318 . 04 

l!J.08 

2 . 50 

1.48 

3.98 

6.91 

2 . 24 

3.85 

28.35 

12.23 

4.02 

3 . 27 

4 . 64 

7.95 

0.20 

0.13 

0.34 

10.56 

Moderately 
resistant 

48.20 

172.50 

179.23 

11.20 

2.50 

1.47 

3 . 98 

6.41 

2.15 

3.93 

27.93 

12.07 

4.52 

1.69 

3.83 

5 . 53 

0.15 

0.47 

0.63 

6.78 

Resistant Desi 

43 .72 28.31 

209.95 290.29 

311 . 71 169.31 

14 .88 39.08 

2.57 2.55 

1.54 1.49 

4 . 12 3.45 

6.69 7.39 

1.81 2 .21 

3.50 3.79 

31.01 14.02 

12.18 14.08 

6.18 5.63 

3 . 71 3.31 

5.77 3.37 

9 .48 6 . 75 

0 . 12 0.13 

0.16 0.16 

0 . 29 0 .29 

4.14 2.85 
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T&ble 54 COEParison of leaf characters based on adult of B. tabaci. 

Characters Highly Susceptible Hoderately Resistant Desi 
susceptible resistant 

Leaf area 53 . 90 55.40 61.31 43 . 72 28 .31 

No. of 239 . 53 234 . 12 171. 60 209 95 290.29 
Stonata. 

Hair length 461.22 326.20 293 . 79 311 . ' l 168 . 31 

tlai:r dellsity 39.29 ')C' I')(') 14.25 14 . 38 '>'*'- Ar'J 
L..U . L.U .Jv. ULI 

chlorophyll 2.51 2 .53 2.51 2 . 57 2 . 55 
B. 

chlorophy 11 1.52 1.53 1.49 1.54 1.48 
b 

Total 4.03 4 .07 4.00 4 . 11 3.45 
chlorphyll 

pH 7.17 6.89 6.65 6 .69 7.39 

Nitrogen 2.38 2.34 2.24 1.81 2.21 

Phosphorus 3.73 3.66 4.19 3 .50 3.79 

CalciUll 25.69 27 . 19 31.20 31.01 14.02 

Vitamin C 8.02 10.38 14.60 12.18 14.08 

Phenol 3.53 3.91 4.28 6.18 5 .63 

Reducing 3.51 3.06 2.78 2.71 3.31 
sugar 

Hon-reducing 4.28 4 . 10 5.27 5 .77 3.37 
sugar 

Total sugar 7.81 7.17 8.10 9.48 6.75 

Free 0.12 0.18 0.14 0.12 0.13 
gossypol 

Bound 0.14 0.11 0.24 0 . 16 0 . 16 
gossypol 

Total 0.26 0.30 0.38 0.29 0.29 
gossypol 

Adult 8.86 8.77 5.37 5.62 2 . 54 
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recommended and popular hybrids viz . NHH 44 and PKV Hy .2 

were at par with eac h other and harboured highest adu lt 

population. In fi eld trials o present inves t i g ation thes 

geno types exp ressed stunted growth and sheddin g of 

fruiting bodie s _ This may be attributed towards la k of 

getting sufficient nu t rition which migh t have bet=:n 

utilized by whi t efly . Similar views · in thei r study w . r 

also reported by Husa in and Trehan ( 195 3 ). 

In respect of nymph population , e ight cultures 

showed mean population in the range of 1-2 and 2-3 nymphs 

per leaf ( Table 53) and have been designated as resistant 

and moderately resistant genotypes , respectively. The 

resistant genotypes wer e same as observed f or adults . The 

susceptible 

nymphs/ieat ) 

cultures had 

popu l a-cion. 

fairly high (3 - 5 and 6 - 10 

highl)" 

cultivars, NHH 44, PKV Hy.2 and other ten genotypes were 

favoured by nymphs. 

Using the crite ria of egg / leaf, it was 

observed that resistant group had 7.38 as against 10.24 , 

12 .2 6 and 15 . 58 in moderately resistant , susceptible and 

highly susceptible groups, respectively ( Table 52). The 

susceptible group includes the cultivars like PKV Hy_2, 

NHH 44, PH 93, Pournima, NS 15, DHY 286, LRA 5166 and AC 

738. The study revealed that hybrid s NHH 44 and PKV Hy .2 

invariably recorded high infestation level for adult, 

nymph and egg. One of the parents of both hybrids also 
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showed high susceptibility for all the three parameters. 

The study also enlightened that these t wo r ecommended 

hybr i ds did no resi t whitefly a any st ag o f life 

c y cle. On t he contrary , st r ain s like PF , PNF, LK 861 and 

LPS 141 for all three parameters; Okr8 for adults and 

nymphs exhibited hig her 

e t al . (1990) also 

level of resistance . 

reported LK 86 1 a nd 

Venugopal Ra o 

LPS 141 a s 

resistant cultivars whi c h confirms th e r esults of pres en t 

investigation . Asiati c cotton c ultivars, how e v er, 

exhibited resistance ability against all three stages o f 

B . taba c i . 

5.2.2 Performance on the Basis of Aggregate Ranking 

Scre~ning based on individual para.me te r 

(e gg / nymph/adult) 

genotype . DCH ~~. 

may show inconsistent performance of a 

interspec lf:i.•..; i1y briJ 

grouped under susceptible category ( based on nymph) showed 

relatively higher level of resistance when adult and egg 

population was taken into consideration . Like wise, Okra 

showed high level of resistance when adult and nymph 

p opulation was considered while i t was moderately 

resistant to susceptible when egg was used as a base. 

In consistant performance with individual parameter may 

become unreliable for identifying genotype as resistant 

due to whi c h breeder be come hand ic ap e d while planning 

resistance breeding programme for want of pre c ise and 

reliable information . 
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To overcome t his problem, an attempt has been 

1na.de cons id er ing al 1 the t hr ei:: para.met rs i . e . adult , 

nymp h and e gg simul taneou sly . This has been d one b y 

sc reening p e rforman ce f or e ac h parameters on merit basi s 

and aggregating the score obta ined by genotyp e for 

individua.l parameter. This helped to get reliable 

O.v.d precise . L .... - informat i o n about performance of a 

genotype for resistance ability against whitefly. Perusal 

of Table 55 revealed tha t the genotypes having aggregate 

rank in the range of 1- 9 were c onJidered as r esiJtant 

cultures. Genotypes with score from 10- 19 and 20 and above 

were considered as susceptib le and highly susceptible 

lines, respectively. 

Eleven genotypes got ranking from 1 to 9. 

Amongst these LPS 141 , L~ Bbl, Okra, PF, ~Nr, and f:'(J[1 r 

were worth to mention as they recorded infestation level 

at par with desi cotton varieties and ranked in order to 

merit . These observations coincided with observations 

recorded at various AI CCIP center . Field screening at 

different centres of AI CC IP in Andhra Pradesh revealed 

that LPS 141, LK 861 , D 53, MERS 17, 2F etc. were 

resistant to whitefly (AICCIP, 1986 ). Venugopal Rao (1987) 

reported that LK 861, LP S 141, D 53, NHV l , 2F, A 102, JK 

97 FBRN, HERS 17 and JK 286 were promising in recording 

low whitefly incidence and fell in resistant cluster . In 

the present investigation, strains like LK 861, LPS 141, 

Okra, PF and POHF indicated similar trend. 
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Okra and cultivars like PF, PONF showed 

relatively high leve l of resistance. This may probably 

becaus e the d ecreas e in shades and humidity associated 

with th~ Okra leaf canopy whi ch is less fav ourabl e to this 

pest (Jones, 1982) . This indicate that the reduced canopy 

helped in better air mov emen t, providing lower relative 

air humid ity and probably high temperature . The ove rall 

effect of this rendered t he environment less fav ourab le t o 

whitefly. Ozgur and Sekeroglu ( 1986) were als o of the same 

. . 
op i rnon . Khalifa and Gameel ( 1983) however , were of the 

oplnion that open canopy permits more insectisides to 

reach the whitefly , pa rti c ularly late in the season . 

Resistance ability of above genotypes -was 

attributed towards increased vitamin C and phenol content 

and decreased leve i or' stoma La 11umbers and 1iaL: ~;:;nc: t :.·. 

But the other parameters like leaf area, ch lorophy 11, 

phosphorus, calcium, sugar and gossypol did not show any 

significant effect in checking whitefly build up. Sippel 

et a.l. (1987 ) and Butler and Henneberry ( 1984) also 

reported that low hair density confer resistance to cotton 

whitefly. However, Bhat et al. ( 1981) and Zummo et a.l. 

(1984) reported variation in the level of phenols, tannins 

and proteins in cotton cultures, showing differential 

reaction to sucking and bollworm pests. It is interesting 

to note that when aggregate ranking criteria was adopted 

none of the hybrids or their parents occupied a position 

in resistant category. 
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In summarizing results f screening of 

ger1otypes for resistan c e against whitefly, the present 

inv estigation rev e al e d th a t f or ind ividu al parameters i.e . 

nymph , egg and a d u lt a s well a s c orsidering a ll th ree 

parameters simultaneousl , strains like PF , PONF , LK 861, 

LPS 141, Okra showed v e r y high level of resistan ce wh il e 

NHH 44, PKV Hy .2 , Pournima, LRA 5 166 , AC 738 may b e gro wn I q 

with full plant protectio n due to their susceptibilit • . 

The study als o enlightened that hirsutum 

identified as moderately resistant or resistant against 

pest, however, very rarely c ompete with asiatic cotton 

cultures i . e . Rohini, Namdeo , Eknath, Jyoti either based 

on individual or simultaneously for all the three 

paramters. This impress that though hirsutum c ultivars, 

recorded relatively lower level of infestation, they 

cannot match with arboreum cultures for their resistance 

· ability. Resistance ability of these cultivars, either 

change in the environment or nutrition balance. Hence , it 

is a prerequiste to have hirsutum culture that can match 

with arboreum culture s f o r resistance otherwise s o far 

identified resistant genotypes may require application of 

insecticides, however, the frequency of spraying may be 

lower. 

Asiatic co tt o n are well adapted to vagari e s of 

environments prevailing in the country. These cultivars, 

over the time showed inherent ability to resist against 

sucking pest complex which included whitefly, also 
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expressed similar trend in present investigation. 

Horeover, though pest visited the arboreum plants, they 

did not cause the damage. All the: ~ evident e. lead to 

conclude that desi cotton possess inherent ability to 

stand against pest even in epidemic out break. However, 

the aspect of developing hirsutum variety at par with 

arboreum has rarely been considered by earlier workers. 

This may probably be the first attempt in comparing 

hirsutum cultivar with arboreum cultivars for knowing 

their resistance ability . This criteria provides firm and 

scientific footing for identifying hirsutum genotype 

having resistance ability just matchable with arboreum. 

Scrutiny of data collected revealed 

arboreum cultivars recorded mean population of 0.38, 

ana 5.14 for egg, nymph and adult, rt:spectively. 

that 

0.49 

As 

against infestation level i n G. arboreum group, hirsutum, 

intra species and inter species tetraploid hybrids 

recorded adult population of 3.2, 5.4 and 2.9, 

~espectively (Table 55). Likewise, egg/leaf, it was 12 .4, 

14.5 and 10.5 in hirsutum varieties, intra species and 

inter species hybrids, respectively. These observations 

lead to c onclude that none of the tetraploid groups, may 

be varie ti e s o~ hybrids, has ability to match or surpass 

over the pe rf o rman ce of arboreum cultivars. 

When i ndividual genotype were e xam in ed, it was 

observed t ha t on ly fi ve ou t o f 27 cultures re co rded a ult 

populat i on nea r e r to that of nrboreum. Amongst thes 

c ultivars PF , PNF a nd PONF a re worth to menti o n . Likewise, 
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for nymph only PNF reache d nearer to level of Brboreun. It 

is s urprising t o not& that none of the cult u res of 

tetr ap loid cott on wa s compar a b le with arboreum for 

eggs/ leaf . Al l ar e fav our ed b y p e st for egg layiDg . While 

summariz i ng the results , i c an be conclu ded tha t PF, PON F 

and PNF cultures o f hi rsu tum group recorded i n f es t ation 

lev e l p r a c t icaly a t par wi th arboreum cul t ure s f o r n ymph 

and adu lt population . Moreove r, the same c ul tu r es i n 

earlier screening als o recorded similar en cour a g ing 

perfornance under ind i vidual as well as joint t est . It 

indicates that these three cultures may possess greater 

ability to resist 8.gains t B. ta.ba.ci. 

Several other workers in their study also 

identified hirsutum genotypes resistant against whitefly. 

However, no one f a .. studied 

performance over location, years, environment, various 

physiological conditions . Hence resistance ability of such 

genotypes 1nay be unstable and may break-do1Jf1 with change 

in the conditions . It is therefore, necess a ry t o e valuate 

their performance from stability point of view. 

5.2.3 Stability Perf ornance of Genotypes Showing 

Resistance Ability Against Whitefly 

In present investigation the four e nvir onments 

created (90 and 120 days during 1989-90 and 1990 - 91 ) 

provided sufficient range of whitefly for evaluation of 

stable genotype. Blum (1969) also created such three 
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distinct environments for screening sorghum g enotypes 

against shootfly. Such genotype x environment interaction 

lead to sucessfu . evaluation of stable ge notypes a ga i nst 

B. tabaci whic h could be used in future reed ing 

prog r a.mm . 

In any resistant breeding programme , 8. 

gen otype having regression coefficient ( bi) value less 

than one (abov e average stability ) with rninimuin 

sensitivity to change with the change in environment 

( ,., 2d . ) ;:) 1 , and low mean would be desirable . Such cultivars 

with bi less than unity should be considered as resistant 

a nd least sensitive to change in environment and may show 

consistant performance even with change in conditions. 

revea led 

stabi l ity 

Scrutiny of data from this point of view 

t :-,at 8, .:.-4 ar:C. !. ger.c;typ ._s · recorded B.!:l ove ~-- · ~r':-. ~-­

Ye..sp d v11e.Lt.-
for e gg, n y mph and adul~. This is evident as 

t hey recorded regression coefficient va.lue (bi) 

significantly l ess than unity. Their stable resistance 

ability may not disturb with change in environment, as is 

evident from 
? 

non significant S~di . All these genotypes 

recorded infestation level either at par or less than 

population 1nean. 

It is revea.led that Okra , PF, PNF, PONF 

exhibited high degree of pl'-cenotypi c st 8.b i 1 it y . The 
::::::z--

cultivars LPS 141 and LK 861 showed high level of 

r esis t a n ce whe n screened on the basis of r an k i ng criteria . 

---
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However their resistant ability may change with change in 

environment. The breeder may not use strain like NS 15, AC 

738, BN l , HCU 5, PH 93 and Glandless as a parent in 

c rossing programme because they recorded below average 

stability ( bi more than unity ). 

Popular hybrids NHH 44, PKV Hy.2 and H 4 

recorded below average stability for adult and nymph while 

all desi cultivars indicated above average stability for 

egg, nymph and adult. Culture G 67 and Supriya recorded bi 

value less than unity for all life stages of whitefly. 

The study clearly revealed that strains like 

PF, PNF , Okra, G 67 and Supriya are worth using as 

parents in breeding programme. Moreover, it will be wor t h 

c rossing these parents with each other, so that desirable 

genes may not dissipiate with advancing generation . 

5.3 Basis of Resistance 

In earlier chap ters efferts were made to 

understand the behaviour of pest under varied environments 

and reaction of genotypes against pest with change in t he 

c ondition . It was observed that certain genotypes showed 

resist a nce ability under particular conditions and it s 

abilit y a ffected with c hange in the en vironme n t . 

Stability paramet er ana l ys i s, therefore, was t o measu re 

resis tance abilit y . Such exercise help ed t a ident ify 

genotyp es J howing resistan c e ability stable ove r yea~s. 

c onditions. 



140 

An attempt in the p r e sent topic has been mad e 

to fi nd out t he basi s o f r e sistan ce or s u sceptibi lity of a 

g e no type aga ins t whit e f ly . Thi s asp ect has b een s t udied by 

estima t i ng g en otypi c correlat i on o f egg , n ymp h and adult 

with var iou s morp ho l og i c a l , phy s i o l ogica l , nutriti onal, 

bioche mi ca l a nd a na t omi cal p a r a mete rs . 

5.3.1 Basis of Resist ance in Relation with Diff e r ent 

Characteristics o f Cotton Leaf 

In resp ec t of mo rphological c harac ter s viz. 

leaf area, sto~ata fr equ enc y , hair length and densi t y , 

mean performance over env i ron ments ( pooled ) is depicted in 

Table 5 5 . It indic ated that leaf area in 32 genotyp e s 

varied fro1n 17. 2 cru
2 ( Jyoti o f a.siat ic c ot ton ) t o 75 . 9 c m.2 

(G 67 ) ; while stomata frequen cy ranges in between 153.9 

( Pournima) to 343.9 ( BN I ). Hair length and hair density 
<" 

'I 
was trw.xi1num in G la.nd less ·o f upland cot ton ( 499 . 9/c111~ ) and 

Eknath of indegeneous cotton (46.4 cm2) while Ame~ ican 

nectariless recorded l owest values for both the 

parameters . Amongst these parameters , leaf area and hair 

length showed significant positive genotypic association 

with adult, nymph and egg while remaining three parameters 

had weak association either in positive or negative 

direc tion . This indicated that increase either in leaf 

area or hair l e ngth may lead t o in c reas e in int ensi t y o f 

pest. Butter and Vir ( 1989) found that leaf area ha d weak 

negative c orrelation and hair length had positive 

correlations with egg, nymphs and adult population of B. 
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Table 55 :Comparison of leaf characters based on Aggregate Rank 

characters 

Leaf area 

Number of stomata 

Hair length 

Hair density 

Chlorophyll a 

Chlorophyll b 

Total chlorophyll 

pH 

Nitrogen 

Phosphorus 

Ca.le ium 

Vitamin {' 

Phenol 

Reducing sugar 

Non reducing sugar 

Total sugar 

Free gossypol 

Bound gossypol 

Total gossypol 

Resistant 

39.44 

243.52 

24G .30 

25.03 

0.55 

0 . 52 

1. 08 

7.10 

2 . 21 

3 . 82 

22.70 

1'-! . 37 

6.25 

3.68 

5.16 

8.87 

0 . 150 

0.190 

0 . 350 

Susceptible 

55.17 

229 . 70 

408.36 

36 . 12 

0.55 

0 . 57 

1.13 

7.22 

2.60 

3 . 94 

28.18 

. ,, ·:( "" 

4 .16 

3.52 

4.79 

8 . 32 

0.14 

0 .14 

0.29 
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ta.ba.ci . Significant pos it ive co rrelation of hair length 

and wh i t e fly population i s also re p orted by Hd . I lyas 

( 19 88 ). IL is t here f ore s u ggested t o b r eed a geno type 

ha ving le ~f area a nd h a ~r length in the r a nge o f 2 7 cm 2 t o 

55 2 c m a nd fro m 154 p. t o 23 1 y , respe ct ively. Thi s i s 

evid ent a s t hese genoty pes having leaf ar e a a nd hair 

l e ngth n the abov e ran ge we re least p r e ferr ed by pest , 

ma y be e gg laying , nymph a nd adult p o pulation devl opme nt . 

Genotypic c o rrel a t i on studie s be t we e n 

c hlorophyll a,b and tot al did not show strong associat i on 

eithe r with adult, nymph o r egg . Range of variability for 

these parameters was a lso narrow . Non signif icant 

asso c iati o n and inconsistant trend of pH with egg, nymph 

and adult was observed in prese nt investigation . Ho we ver , 

tk:se r esu 1 t s ~id r. o t ~o inc · d e •-1i t h t he f i 'lci. in g s 0 f ~ 
Ilyas ( 1988) who reported significant positive asso c iation 

of pH of · cell sap but negative correlation between 

c hlorophyll and whitefly infestation . Husain e t al. ( 1936 ) 

first observed that ther e was c orrelation between whitefly 

in c iden c e and pH of c o tton leaves . They reported tha t 

whitefly population had in c reased on the c o tton having 

higher pH of leaves. Mag a l et al. ( 1982) found old leaves 

with 6. 8 pH we re signif ican t ly mo re attrac tiv e to whitefly 

as c ompared t o young l eav e s having pH values o f 5 . 9. In 

pr e sent investigation , res istant hirsutum cult i vars and 

arboreun varieties reco rded mean pH of 6 . 69 and 7.39, 

respectively, are in the line of Magal et a.l. ( 1982). 
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However, non significant r e latioship of pH of cell sap and 

whitefly population obse rved in present investigat ion 

con fi rm t he f in d in g ~ o f Rote ( 1989) . 

I n re sp e ct o f bio c h emi c a ~ 
\ 

co mpo n e nt s , t hey 

hav e advers e effec ts o n i n se c t f eed i ng b e hav iou r . Be c a us e , 

they may r e du c e t he prnh a bl i t y for s urvival , part i cu l a r ly 

am ong s p ec i es i n whi c h t he l a r v al fb rms a re i n c ap ab l e o f 

locating a ~ore suscep t ibl e host . I nsect mor t al i ty may 

then result from starvation or semi stravation , confined 

with unfavourable forces . In p r esent inves t igation amongst 

the three nutritional components viz . nitrogen, phosphorus 

and calcium, range of variability for nitrogen and 

phosphorus content was narrow while wider rang e for 

calcium content was evident i . e. Rohini and Suman reco rded 

i , wes t ( 9.9 mg / gm ) and h ighe ~t v a lu~ s (37 9 ro q l gm) . Low 

level of calcium content was observed in popular hybrids 

like H 4, NHH 44, PKV Hy . 2 as compared with their parents 

and resistant genotypes like PF , NH 210, HH 360 . As 

calcium gives toughness t o cell wall it revealed from the 

present study that the susceptibility of intra specifi c 

hybrids could be due to low c alcium l evel. The 

relationship was strong and positive for egg , nymph and 

adult with nitrogen and phosphorus thereby indi c ating that 

increase in c ontent lead to in c reased 

susceptibility. Similar results were als o reported by 

Joyce (1958) and Joyce and Robert (1959), whi c h c onfirm 

the findings of present investigation. Ripper and George 
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(1965) attributed it towards stimulating effect o f higher 

nit r ogen c ont e n t on fec undi ty o f whi t ef l y . Howe ver , 

Abd e l r hmman a n d Salee ( 1978 ) attributed it toward s 

r eduction in p eriod of l i fe cyc le of whitefly . The t rend 

obse rv ed in pr esen t invest iga ti on for nitrogen co in c i d ed 

wi th the f i nd ing s of J oy ce ( 1958 ), Joyc e and Rober t 

( 1959), Ripper and l1eorge ( 1965 ), Abde l ra hm an a rid Sa li:; eru 

( 19 78 ), Wei s s e r ( 1980) , Md. I lyas ( 1988 ) and Rote ( 1989) 

but contradictary f or p ho sphorus ( Venug opal Ra o et al ., 

1990 ). The non signif icant rel a ti onship wi t h c alciun 

conf i rms the findings of Venug opa l Ra o et al . (1 990 ) and 

Sunderanurthy et al. (1986 ) . 

Vitamin C amd phen o l c omp onent e x hibi ted 

nagative association bu t signific ant by pheno l wit h adult 

and nymph and by vitamin C with egg number. Okra and PNF 

for Vit. C and LPS 141 and PNF for phenol re c orded highest 

and lowest values respe c tively . It indicates that lower 

magnitude of vitamin C and highe r phenol c ontent may 

individually or j o in t ly contribute f o r increasing 

resistan c e level. The st udy also suggested that total 

phen o lic c ompounds and its different constitu e nts may show 

greater variation, depending upon the presence or absence 

o f resin glands. These r e sults are in the line reported by 

Venugopal Rao et a l. ( 1990 ). 

Free, bound or total gossypol content seems to 

have less influence ei t her in inc reasing or de c reasing 

intensity of pest. This is evident as it showed very weak 
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and non significant association wi th adult , nymph and egg. 

Non signif icant asso c iation o b s erved in present 

inves t igati on did not co in c id e with t he obse rva t ion 

repor t ed by Elewa et al . ( 19~6) , Ba loc h et a l . 

Khalifa and Gameel (1983). Sharma et· ~ -

( 1982) 

( 198Q) 

r e po rted goss ypol c nten t in the range of 0.03 % ( Empire ) 

to 0.7 2% (HG 6 ) in hirsutum group ~nd 0.42% to 0 .62% i n 

G. arboreum . In present investigation t o tal goss yp o l 

content showed narrow range of variability. 

The resistant cultures recorded l eaf are a 
? ? 

(39 . 44 cm-), number of stomata (243.52 /cm-); hair length 

( 246.30 /u) ; 
? 

hair density (25.03 cm-); pH (7 . 10 ) and 

nitrogen content ( 2.21% ) significantly higher than the 

mean values recorded by susceptible group and their values 

were matchable with arboreum cotton either for 011d 0 L mvL c 

characters. 

To bring the level of resistance in G. hirsutum 

at par with arboreum c otton which is being considered as 

resistant, the breeder should evolve a variety with leaf 

area around 28 cm 2 ; st omata number of 290/cm 2 and optimum 

level of other different biochemical parameters given in 

Table 55 . This would giv e a ready recknor to a breeder for 

incorporating charaters contributing resistance against 

whitefly. 
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5.3.2 Basis of Resistance in Relation with Leaf Anatomy 

Lot o f i nf ormat i o n is available indi c ating 

basis of resis tance against whitefly. Rev iew of lit erature 

indicat e d that hair dens i ty, hair length, l e af thi c kness, 

leaf area and gossypol g lands on stem internodes a f fected 

populat ion o f B. tabac1 on co tton ( Butter and Vir, i969 ) . 

However , contradicto ry r esults had been rep o rted regarding 

various biochemical parameters Husain et al . (1936 ); Rote 

(1989), Tester ( 1977 ), Sharma et al. (1982 ), Khalifa and 

Gameel (198 3 ). Hy~ph and adults of B. tabaci suc k the 

cell sap from lower surface by inserting their sha r p 

stylet in the leaf tissue . In G. arboreum, compact layer 

of lower palisade is existing which may prohibit the 

stylet of pest to enter in tissue . Such layer in hirsutum 

l.S completely wc1.1i ti ng due t o hich B. -:;s.ba c 1. pr~!:~:-

feed from lower surface. It leads to conclude that there 

must be something other than morphological I 

physiological / biochemical constituents which contribute 

resistance against B. tabaci . Moreover , the earlier 

workers could not explain the basis of resistance ability 

in asiati c cotton . Leaf anatomy plays probably a pivotal 

factor in deciding resistance ability of arboreum cotton. 

This is because B . tabaci has to penetrate its stylet and 

ovipositer into the tissue for feeding and egg laying, 

respectively . Therefore, a natomical structure o f leaf has 

got a great significance on their feeding as well as egg 

laying habit, that ultimately results into preference or 
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non - preference of ho s . Saini ttnd Gadkari ( 1957 ) and 

Krishnaswa my and Andel (1977 ) studied leaf anatomy of 

diploid ~nd t etraploid ~ otto . an d pointed ou t he bas i c 

di ff eren c . in structure of l eaf . They stated tha t lowe r 

p alis ade layer in hirsu tum i s c ompletely abs e nt whi l e it 

i s well developed i n a~ iati c otton . Conside r ing fe ed i n g 

habit o f B. tabaci, the l owe r palisade layer migh t be 

playing a n importan t role in deciding resis tan c e . 

Moreover , thickn ess of ep idermis might be interfering with 

oviposition and development o f B . tabaci . feeding, 

Therefore, in present investigation the leaf anat omi ca l 

para meters viz. thickness of palisade, spongy tissue, 

distance of phloem from abaxial epidermis wer e studied in 

these 32 genotypes of different species and t heir 

performance is presented in Table 19. 

Results indicated that the resistant group had 

maximum distance between epidermis to phloem (107 . 96 p> 

which was significantly superior over mean of susceptible 

group. Susceptible varieties NS 15 and AC 738 recorded 

highest nymphal population on the lower surface. 

Hargreaves (1915) suggested two r e asons for this; i.e. 

thinness of lower cuticle and nearness of phloem from 

l o we r s urface. In present investigation, the above 

genotype had very close distance with phloem. Venugopal 

Rao (1990) proved that in resistant group, distance 

between abaxial epidermis and phloem were higher which 
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strongly supported results of p resen t investigation. The 

study also indicat ed s horter thicknes s either of palisade/ 

mesophyll migh . _c t a s a bar ri er f o r probosis of B. 

te.ba.c i. 

Correlation s t udies of whitefly popu l a t ion wi th 

d ista.n c e to phl o em indicated negative ef f e ct while 

significantly positive r elation with mesophyll thickn es s. 

Similar results were reported by Venugopal Rao ( 1990 ). 

Puri et al. (1993 explained the role of leaf anatomy on 

incidence of whitefly and were of t he opinion that 

genotypes having shorter distance to phloem tissue c ould 

help in easy penetration of stylets as compared to 

c ultivars with longer distance. These findings are in the 

line of present investigation and support strongly. 

It would be worth if breeder evolve a resistant 

genotype having phloem distance from abaxial epidermal 

layer in the range of 102 .67 ,p to 114.15 y and mesophyll 

l a yer thickness of 50 jl to 56 Jl , as we 11 as incroporate 

abaxial palisade layer. 

5.4 Practical Utility of the Present Investigation 

Use of chemical have certain limitations and 

therefore, research programme was mainly oriented in 

identifying resitant culture fr o m 400 germ plasm. It was 

also intended to know about basis of resistance and 

understand the effect of the age of the crop on 

developnent of pest. 
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The investigat ion br ought out cer tain vital 

po ints wh ic h hav e practical uti li t y direc tl y i n adop ting 

co tton c ul tivati on a nd i ndi rectly to be ad op ted wh i l e 

planning o f prog ra~me f or ma n a g e me n t of wh ite fly . 

The investigat ion c l ea r l y indi cated tha t f o r 

studying whi tefly may b e e gg , nymph » nd adult, a ppr opriate 

stage is 120 days ag e o f t he c r op rather than 90 days . 

Considering all three ~ J..4-~ .st-o.~.s .s sinmltaneously strains 

PF, PONF, PNF and Okra GV.11-h stood in order of merit . These 

st rains r e v 1?..a..l e d leve 1 -I ~q·">?: rest of 

the hirs u twn genotypes +t-.au.f higher 

cultivars . 

than a rboreum 

It is suggested t o use arboreum a~ a che c k 

The study also caution that insecticides should not be 
~ 

recommended unless and until it l s effective to reduce 

infestation level at par with infestation level noted 

in arboreum cultivars whi c h have inherent capac ity of 

resistance . 

The study warranted that before reconsidering 

any variety as resistant, it ' s stability may be tested 

under natural and artif ical envir onment over years and 

loca.t ion. 
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These studie s enlightened that nitrogen, 

phenol , calcium , hair length , density, pH , vitamin C are 

the fa c tors t.i rn t contribute in c re as i r. g 

r e sistanc F.: rather than reducing, non-reducing and total 

sugar s and phospho rus et c . 

Amon~~t anat omi ca l charecets phloem distance 

plays maximum role in i mparting resistance . Abaxia.l 

palisad e layer which is absent in hirsutum cot t on plays 

crucial role in determining resistance and susceptibility 

of a genotype hence it is suggested to incorporate this 

cha.ra.cter from o.rboreum to hirsutum by adopting 

appropriate breeding methodology. The investigation 

pointed out that LK 861 , LPS 141, as resistan~ genotypes 

are very sensitive and their ability of resistanc~may be 

l. " wh:!.le 

re commending such genotypes this point should also be 

considered. Most of the recommemded popular hybrids 

invariably expressed susceptibility to all stages of 
b.q_ cuJ-tivo..k.d 

whitefly; hence these hybrids should not ~ without use 

of appropriate insecticides . 

The study ind icated that one of the parents of 

these hybrids invariably recorded susceptibility to either 

eeg, nymph and adult The approach of screening material by 

·· aggregating score·· technique is more re 1 iab le for getting 

precise information about resistance ability of genotypes, 

hence screening should be done considering all the 

parameters simultaneous ly. 
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Stability parameter study helped in identifying 

certain genotypes with above average stability (low 

population 
? 

and non significants~ di). If. these genotypes 

satisfy yield potential, they should be considered for 

cultivation . They may be used in breeding programme too. 

The study pointed out that it will not be 

impossible to breed7 ~variety resistant to whitefly, in 

future, however, understanding the genetic nature of 

resistance is a prerequisite and planning in this 

direction will be rewarding. 
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The present investigation was ained at study of 

v arious aspects of whit e fly to unde r stand the basis of 

resistanc e in a genotype a.ga.ins t whitefly . The ma t erial 

for this s tudy included 32 cotton cultivars of diploid, 

t et raploid 7arieties, intra and intersepcific hyb rid s and 

some pigmented varieties . 

Thirty-two genotyes were tested under four 

distinct levels of whitefly by collecting adult, nymph and 

egg data for two years at two physiological s ages of 

crop. In addition, these cultivars were evaluated under 

choice and no - choice conditions. Besides these aspects 

attempt was made to study developmental aspe c ts by 

catagorizing these 32 genotypes into mainly resistant and 

susceptible groups. 

. 
In addition, data for 22 observations i . e. 

morphological ( 4)' physiological ( 4). nutritional 

components (7), biochemical components (4) and leaf 

anatomical parameters (3) were collected fr on each 

environment except for leaf anatomical parameters which 

were conducted for only one year . 

Twenty two observations were subjected mainly 

to four biometrical approaches i.e. (1) screening of 

genotypes based on performance in individual environment, 
eo.ch 

aggregating scores obtained by A. geontype under four 
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conditions by considering simultaneously egg, nymph and 
sio.~f(.S 

adult A (2 ) evaluating performance of hirsutun c otton 

gen otypes c onsidering asiatic cotton as a base ( 3 ) 

s tabi lity parameters model of Eberhart and Ru s sell ( 4 ) 

gen o typi c co~r elation . 

The study revealed that magnitude of vari en ce 

in respec t of egg, ny11ph and adult · in different gr oups 

increased wit h availability of favourable environmen ts. 

The results of present study indicated the need tor 

screening of breeding material and recommended cultivars 

under high whitefly population. 

In aggregate scoring as well as screening 

genotypes by using yard stick of resistance level 

Brboreum, cultivars viz . PF , PONF, PNF, Okra, LK 861, LPS 

141 are wortn r..o merer. ion as they r~corded low it1 r~s L~l .i..u11 

for egg, nymph and adult . 

All susceptible genotypes recorded below 

average stability thereby indicates the possitbility of 

high magnitude of damage under high level of whitefly 

population . The distribution of genotypes for three 

parameters in different quadrants indicated that 

susceptible and resistant genotypes could be considered as 

unstable and stable to changing whitefly population . 

The tendency of most of the resistant genotypes 

to concentrate in IV and III quadrant indicated above 

average stability with nean infestation level less and 
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higher than population mean. The study also pointed out 

t hat nest of the recommended hybrids showed very high 

s usceptiblity either for on e o r all t hree parame te r s . One 

o f these pare n t s invariabily r ecorded high suscep t i bi l it y . 

~ hereby suggesting that char acter is under con t rol by 

genetical fac t ors and probably involved a dominant g en ~ 

a ction . 

Crossing of amongst genotypes of below average 

stability coupled with low infestation level may show 

segregantion with high resistance ability and 

suggested to breeders . 

hence 

Amongst all characters related with resi s tance , 

distance between epidermis and phloem, length of spongy 

cells, leaf area, hair density, hair length, nitrogen, 

calcium, vitamin C and phenol were more related rather 

than their counterparts . 

It is also suggested that abaxial palisade 

layer character, available in arboreun nay be inc orporated 

in hirsutum. Such hirsutum genotype may provide resistance 

not only against whitefly but also sucking pest complex of 

cotton. 
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APPENDIX I 

Ave r ag e number of adults o f whi te f l y per leaf on t our hun d red 

genetica l l y diverse gen otypes. 

NAME OF DATES OF OBSERVATIONS 
VARIETY ------------- -------- -------- -------------------

15/ 9/88 1/10/88 15/10/88 1/ 11/88 15/11/88 

· - -- -- ·· 

NHB12 2 . 50 2 .08 1 . 3 3 8 . 20 16 .43 
1883/1 2 . 83 2 .41 1 . 66 8.53 16 . 76 
H4 1. 60 16 .18 19 . 11 10 . 45 5 . 29 
1912/9 2 . 1 7 1 . 75 1 .00 7.87 16. 10 
1889/3 2 . 93 17.51 20 . 44 11 . 78 6 .62 
Pl<VHY -<2 6 . 20 2 . 12 6 .16 19 . 38 27 . 68 
S UMAN 2 .11 8 . 37 9.68 2.42 5 . 58 
1915/4 0 . 27 14 . 8 5 17.78 9 . 11 3 . 96 
8 C Fl ( 2) 7 . 72 3.59 7 .63 20 . 85 29 .15 
S UPR IYA 2 . 66 7 .97 2 2 .75 2 . 86 18 .16 
80/6/6 4 . 78 0 . 65 4 . 69 17.91 26.21 
PH93 8 .1 3 5.21 9.98 3.25 10 . 92 
1321/8/8 2 .90 9. 16 10.47 3.21 6.37 
DCH- 32 8 . 48 2 .33 8.37 6.38 4.59 
NHH - 44 10 . 23 5 . 2 1 8. 52 32 . 48 37.27 
1321/18/2 1 . 32 7 .58 8 . 89 1.63 4 . 79 
LRA 5 166 1 . 08 2 .94 4.16 7 . 65 18.87 
1321/4 /6 3 . 53 8 .84 23 .62 3.73 19 .03 
132 1 /8/7 1. 7 •7 7 .10 2 1 . 88 1. 99 17 . 29 
POUR NIMA 4.89 8 .37 6 . 16 12.72 7 . 95 
1 32 1 /14 /11 10 . 2 4 7 .32 12 . 09 5.36 13 .03 
NH 210 6.65 10 . 11 12 . 52 3.76 2 . 31 
NH 360 2 .4 4 12.78 3.17 8.51 6 .64 
1321/12/8 6 .02 3 .1 0 7 .87 1 . 1 4 8 .81 
1 32 1 /9/8 10 . J.::. 4 . 20 10 . 2 4 8. 25 6 .46 
1 3 21 /9/2 1 6. 61 0.46 6.50 4 .51 2 .72 
1 32 1 / 16/ 14 12. 80 7.78 11.09 35 . 05 39. 84 
1 321/1 6/5 2 . 82. 5 .7 1 1 .03 5 . 0 4- 9. SS 
1324/1/4 1 . 65° 4 . 65 4.73 8.81 19.44 
1 32 11 /2/6 0. 5 1 1.23 3 .59 6.49 18.30 
1324 / 4 / 11 7 . 9s 1 2 .98 9 . 66 18 . 81 11. 0 1 
1 324/6/5 1.83 3 . 76 3.54 6 . 63 4 .89 
1 3 24/6/1 7 1 . 55 6 .1 3 7 . 47 1.44 3 .8 1 
NH 2 84 0 . 73 2 . 35 6.65 0.98 2 . 99 
NH 325 1. 77 5.60 2 . 55 1 . 74 7.35 
NH 352 1. 31 1 . 54 2 . 09 1.42 6.89 
PKV081 9.9/ 3 . 32 5. 05 2 . 16 5 .90 
PAH 118 7.39 1 .30 2 .47 0. 74 3.32 
PAH 1 56 9 . 20 2 . 96 6 . 36 7 .56 12 . 64 
PAH 182 3 . 44 1.74 0.60 3 .58 6 . 88 
PAH 26 1 ~ . 7 ·.:s 1 . 8 1 4 . 05 3.26 8 .38 
G ;~93 ;. 1 . EH 1.03 :3 . 13 1.1 2 7 .46 
PH 99 4.59 4 . 98 2.54 2 . 3 0 6 . 59 
K H- 101 · · 22 ~38 2 .1 3 3.80 0.0 0 0. 92 4 . 1 3 



ii . 

DCl 120 4. 36 2. 0 2 7.65 11.06 11.51 
JLH - 109 0. 5 0 1.50 3 . 7 1. 8 4 7 . 65 
79BH-5-3 8.29 6. 39 3 . 8 4 2.68 5 . 29 
KD ( CA- KD) 4.63 0 .73 0 .18 0 . 50 1. 63 
NlSD- 2 5 .12 3. 03 5 . 37 1.85 4.4 2 
1883/3 2.83 ~ .41 1. 66 8. 53 16 . 76 
1913/2 2 .17 1.75 1.00 7 .87 16 .10 
1891/3 2.93 17.51 20.44 11.78 6 .6 2 
1915/5 0.27 14.85 17.78 9 .11 3 . 9 6 
BClFl ( 3 ) 7.72 3.59 7. 63 20.85 29 . 1 5 
80/216 4.78 0.65 4.69 17.91 2 6. 2 1 
1321/8/13 2. 9 0 9 .16 10.47 3.21 6. 37 
1321/18/1 1.32 7.58 8. 8 9 1.63 4.79 
1321/1/3 3.53 8.84 23. 62 3.73 19.03 
1321/8/3 1.79 7 .10 21.88 1.99 1 7 . 29 
1321/14/12 10.24 7.32 12 .09 5. 36 13 .03 
1321/12/9 6.02 3 .10 7.87 1.14 8.81 
1321/9/12 10.35 4.20 10. 24 8.25 6 .46 
1321/14/7 6.61 0.46 6 .50 4.51 2 .7 2 
1321/16/13 12.80 7.78 1 1.09 35.05 39.8 4 
1321/16/4 ~ 5 . 11 2... . 12. 6 . 0~ 7 . ~3 · - ~ .56 
1324/l/3 1.65 4.65 4.73 8.81 19 .44 
1324/ 3 / 8 0.51 1. 23 3 . 59 6 .4 9 18. 3 0 
1324/4/9 7 .95 12.98 9.66 18.81 11. 01 
1324/6/6 1.83 3.76 3.54 6.63 4.89 
1324/6/18 1.55 6 . 1 3 7 .47 1.44 3 .81 
N' 289 0.73 2 .35 6.65 0.98 2 . 9 9 
NH 330 1.77 5 .60 2 .55 1.74 7.35 
NH 355 1.31 • . 54 2.09 1.42 6.89 
SRT-1 9.97 3.32 5.05 2 .16 5.90 
PAH 122 7.39 1.30 2 .47 0.74 3.32 
PAH 158 9.20 2.96 6.36 7.56 12.64 
PAH 202 3.44 1.74 0. 6 0 3 .58 6.88 
PAH 268 2.73 1.81 4.05 3.26 8. 3 8 
JLH 106 1.81 1.03 3 .1 3 1.1 2 7 .46 
AKH 84635 4.59 4.98 2. 5 4 2 . 3 0 6.59 
8-82 BH-1 2 .13 3.80 0. 0 8 0. 92 4 .1 3 
DCl 121 4.36 2.02 7. 6 5 11.06 11. 51 
PH - 23 0.50 1 . 50 3 . 79 1.84 7. 6 5 

) PH 39 8 .29 6.39 3 . 8 4 2 . 6 8 5.29 
LRK-516 4.63 0.73 0 .18 0.50 1.63 
1883/2 2 . 83 2 .41 1. 6 6 8.53 16 . 76 
1915/3 2 .17 1.75 1.00 7.87 16 .10 
1912/3 2.93 17.51 20. 4 4 1 1 .78 6 . 62 
1915/6 0.27 14.85 17 . 78 9 . 1 1 3 . 96 
BClFl ( 4 ) 7.72 3 .59 7. 63 20. 85 29 .1 5 
80/679 4.78 0.65 4. 69 1 7 . 9 1 2 6 . 2 1 
1321/8/14 2.90 9 .16 10.47 3. 2 1 6 .37 
1321/4/3 1.32 7.58 8 . 89 1. 63 4. 79 



iii 

1321 / 4 /20 3 .53 8.84 23 . 62 3 . 73 1 9 .03 
1321/8/1 1.79 7.10 2 1. 88 1. 99 17. 29 
1321,/14/1 3 10. 24 7 . 32 12 .09 5.36 1 3 .03 
1321/12/10 6.02 3 .10 7.87 1 .14 8.8 1 
1321/9/18 10.35 4.20 10 . 2 4 8. 2 5 6. 4 6 
1321/14/2 6.61 0.46 6 . 5 0 4. 51 2 . 72 
1 321/16/1 2 12. 80 7 .78 11 .09 35 .05 39 . 84 
1321/16/3 5 .66 6 .12. s.07 25 . 0:2_ 7 . Q<g 
1324/1 /9 1. 65 4.65 4. 73 8.81 1 9 .44 
1324/3/7 0.51 1. 23 3 .59 6 .4 9 18.30 
1324/4/6 7. 95 12. 98 9.66 1 8 . 8 1 11 . 01 
1324/6/7 1.83 3 .76 3 . 5 4 6 . 63 4. 89 
NH 31 7 1. 5 5 6 .13 7 . 47 1.44 3 . 8 1 
NH 302 0. 7 3 2.35 6 . 6 5 0 . 98 2 . 99 
NH 332 1 .77 5.60 2. 5 1 . 74 7.35 
NH 364 1. 31 1 . 5 4 2 .09 1.42 6 . 89 
PKV081 9. 97 3.32 5. 05 2 .1 6 5 . 9 0 
PAH 1 35 7.39 1 .30 2.47 0.74 3 . 32 
PAH 161 9 . 2 0 2.96 6 . 36 7.56 1 2 .64 
PAH 209 3.44 1.74 0.60 3.58 6 . 88 
PAH 272 2.73 1.81 4 . 05 3.26 8 . 38 
JLH 158 1.81 1.03 3 .1 3 1. 1 2 7 .4 6 
AKH 8432 4.59 4.98 2.54 2.30 6. 59 
8-82 BH-2 2 . 13 3.80 0.08 0.92 4 . 13 
DCl 114 4. 36 2.02 7.65 11.06 11. 51 
NH - 293 0.50 1.50 3.79 1.84 7. 65 
NH 208 8. 29 6 . 3 9 3.84 2.68 5 . 29 
l MH 2 721 4 .63 0 .73 0 .18 0.50 1.63 
1886/4 2.83 2.41 1. 66 8.53 16. 76 
1915/4 2 .17 1 .75 1.00 7.81' 16 .10 
1912/7 2.93 17.51 2 0.44 11.78 6 . 62 
1916/5 0. 27 14 . 85 17 . 78 9 .11 3.96 
BC1F1 ( 5 ) 7. 72 3.59 7 . 63 2 0.85 29 .15 
BC1Fl -( 8) 4.78 0.65 4 . 69 17 . 91 26 . 21 
1321/8/17 2.90 9 . 16 10 .47 3.21 6 . 3 7 
1321/4/7 1. 32 7.58 8.89 1.63 4.7 9 
1321/6/10 3.53 8.84 23 .62 3 .73 19. 03 
1321/14/5 1. 79 7.10 2 1.88 1 . 9 9 17. 29 
1321/13/6 S . S)O 3 . 32. i 1 . st· 7 .65 1 . 03 
1321/12/11 6.02 3 .10 7.87 1 .14 8 . 81 
1321/9/20 ~ 2 . 3G 4- . 09 ' .2.. . 1~ c . 56 1 .46 
1321/14/l 6.61 0 . 4 6 6 . 50 4. 51 2 . 72 
1321/16/11 3 .S1 1 42.. _3 . 2l6 . 'O . 3'e. 2..9 . 15 
1321/16/2 _0.80 2. . f 6 s .29 ' 7 .65 - 3 . ~(:. 
1324/2/5 1 .65 4.65 4. 73 8.81 19 . 44 
1324/3/6 0 . 51 1.23 3 . 59 6.49 18. 3 0 
1324/4/5 7.95 12. 98 9 .66 18.81 11 .01 
1324/6/8 1.83 3 .76 3 .54 6 . 63 4.89 
NH 268 1.55 6 .13 7 .4 7 1.44 3.81 



iv 

NH 304 0 . 73 2 . 35 6 . 65 0.98 2 . 9 9 
NH 340 1. 77 5.60 2 . 55 1 . 7ti 7 . 35 
NH 369 1 . 3 1 1.54 2 .0 9 1.42 6 . 89 
PH 36 9.97 3 . 32 5.05 2 .1 6 5 . 9 0 
PAH 138 7. 3 9 1.30 2 .4 7 0.7 4 3 . 32 
PAH 163 9.20 2. 96 6 . 36 7 . 5 6 12 . 6 4 • 
PAH 216 3.44 1. 74 0. 6 0 3 . 58 6 . 88 
PAH 276 2 . 73 1.81 4.0 5 3 . 26 8 . 38 
J LH 168 1.81 1. 0 3 3 . 1 3 1.1 2 7 .4 6 
AKH 84 13 4 .59 4.98 2 . 54 2 . 3 0 6 . 59 
DCl 131 2 .1 3 3.80 0.08 0. 9;? 4 . l .J 
DCl 116 4. 36 2.02 7.65 11 . 0 6 11. 5 1 
WH-21 0. 5 0 1.50 3 . 7 9 1.84 7.65 
WH 216 8.29 6.39 3. 84 2 . 68 5 . 29 
lMH-2725 4.63 0. 73 0 .1 8 0.50 1. 6 3 
1889/3 2 .83 2.41 1 . 66 8.53 16. 76 
1883/1 2 .1 7 1. 75 1 .00 7 . 8 7 16.10 
1912/9 2 . 93 17.51 20 .44 11 . 78 6 . 62 
1916/3 0.27 14.85 17 .7-8 9 .1 1 3 . 96 
BClFl ( 6 ) 7 . 72 3.59 7 . 63 2 0.85 29 .1 5 
BClFl (10) 4.78 0.65 4. 69 17.91 26 . 2 1 
1321/8/19 2.90 9 .16 10 . 47 3 . 2 1 6 . 37 
1321/4/12 1.32 7.58 8.89 1.63 4. 79 
1321/6/3 3.53 8.84 23.62 3.73 1 9 .03 
1321/14/6 1.79 7 .10 2 1.88 1. 99 17.29 
1321/13/8 10.24 7 . 32 12.09 5. 36 1 3 .0 3 
1321/11/2 6 .02 3 . 10 7.87 1 .14 8 .8 1 
1321/9/22 10. 35 4. 2 0 10 . 24 8. 25 6 .4 6 
1321/16/23 6.61 0.4 6 6 . 50 4.51 2.72 
1321/16/10 12 .80 7.78 11 . 9 35 .05 39 . 84 
1324/1/10 1 6 . 7 0 5 .75 1 . 0 5 15.07 '14 . 76 
1324/2/4 1.65 4. 65 4.7 3 8.81 19.4 4 
1324/3/1 0.51 1. 23 3 . 59 6. 49 18.30 
1324/4/4 7 .95 12. 98 9 . 66 18.81 11.01 
1324/6/11 1.83 3 .7 6 3 . 5 4 6 . 6 3 4.8 9 
NH 312 1.55 6 . 13 7 .4 7 1 . 44 3 . 8 1 
NH 305 0. 73 2.35 6 . 6 5 0. 98 2 .99 
NH 342 1. 77 5 . 60 2 . 55 1. 74 7 . :3 5 
NH 372 1. 3 1 1.54 2 .09 1 .4 2 6 .89 
1512/1/3 9.9 7 3 .32 5 .05 2 .1 6 5 . 90 
PAH 141 7 .39 1. 30 2 .47 0.74 3.32 
PAH 165 9 .20 2.96 6 . 36 ' 7.56 12 . 6 4 
PAH 237 3 . 4 4 1 .7 4 0.60 3.58 6 .88 
PAH 280 2 .73 1 .81 4.05 3.26 8 . 3 8 
NH 381 1.81 1 . 0 3 3 .1 3 1.1 2 ? . 46 
AKH 8435 4 . 59 4. 9 8 2 .5 4 2.30 6.59 
DCl 134 2 .13 3 .80 0 .0 0.92 4 . 13 
DCl 122 4. 3 6 2.02 7.65 11.06 11. 51 
KH-98-210 6 0.50 1.50 3 . 79 1.84 7 . 65 



v 

G 298 7 8 . 2 9 6.39 3 .84 2 .68 S . 29 
lMH 2934 4.63 0.7 3 0 .1 8 0.50 1. 63 
1891 /3 2 . 83 2 .4 1 1 . 6 6 8 . 53 16 . 76 
1883/3 2 . 1 7 1.75 1.00 7.87 16 . 10 
1916/1 2 . 93 17.51 20 . 4 -'I 1 1 . 78 6 . 62 
1324/6/1 9 0.2 7 14.85 17 . 78 9 .11 3 . 9 E. 
BC1F1 ( 7) 7. 72 3 .5 ;J 7 . 6:.:l 20.85 29 .1 5 
BC1F 2 4.78 0.65 4.69 1 7 . 9 1 26 . 2 1 
1321/7/4 2 . 9 0 9 .1 6 10.47 3 . 21 6.3/ 
1321/4/24 1 . 32 7.58 8 .89 1. 63 4 . 79 
1321/8/2 3 . 5 3 8.84 23.62 3 .73 1 9 .03 
1321/14/8 1.79 7.10 2 1.88 1.99 17.29 
1321/12/4 10.24 7.32 12.09 5 .36 . 13.03 
1321/9/5 6.02 3 .10 7 .87 1.14 8.81 
1321/9/1 3 10.35 4.20 10. 24 8 .25 6.46 
13.2 1/16/22 6 . 61 0.46 6 .50 4.51 2 . 72 
1321/16/9 .2 .87 5 .78 1.04 5.07 ,9 . 8 5 
1324/1/7 17 .75 4 66 2 . 07 6 . 6C 6.77 
1324/2/3 1 . 65 4.65 4.73 8.81 19 . 44 
1324 /4/22 0.51 1. 23 3 .59 6 . 49 18.30 
1324/4/3 7. 95 12.98 9.66 18.81 11 . 01 
1324/6/1 2 1.83 3 . 76 3 .54 6 .63 4. 89 
N 269 1.55 6 .1 3 7. 4 7 1.44 3.81 
NH 312 0.73 2.35 6 . 6 5 0 . 98 2 . 9 9 
NH 345 1.77 5 . 60 2 . 55 1.74 7 . 3 ..... 
NHH 3 0 2 1. 3 1 1. 54 2 . 09 1.42 6 . 89 
1512/1/2 9.97 3 .32 5 .05 2 .1 6 5 . 90 
PAH 146 7 . 39 1.30 2.4 7 0 . 74 3 . 32 
PAH 168 9.20 2 . 9 6 6 . 36 7 .56 1 2 . 64 
PAH 212 3.44 1.74 0.60 3 . 58 6.88 
G 1630 2 .73 1.81 4.05 3.26 8.38 
NH 382 1.81 1.03 3 .1 3 1.12 7.46 
AKH 8603 4. 59 4.98 . 2 .54 2. 3 0 6 . 59 
DCl 108 2 . 1 3 3 .80 0.08 0. 92 4 .1 3 
G-84-909 4.~6 2 . 0 2 7 .r-.5 11.06 11 .5 1 
KH-100-2237 0.50 1.50 3 . / 9 1.84 7.65 
,e-,KH-9 38 8.29 6.39 3 . 84 2.68 5 . 2 9 
NHS"- 1412 4.63 0 . 73 0 .18 0.50 1 . 63 
19 12/ 3 2.83 2.41 1.66 8.53 16.76 
188 3/2 2 . 17 1.75 1.00 7.87 16 .10 
1913/ 2 2 . 93 17.51 20.44 11.78 6.62 
1324/6/9 0.27 14.85 17.78 9 . 11 3 .96 
80/ 216/4 7.72 3.59 7.63 2 0.85 29 .15 
BC l Fl ( 9 ) 4.78 0.65 4. 6 9 17 .91 26.2 1 
1321 / 6/5 2.90 9 .16 10.4 7 3.21 6 . 3 7 
1321/4/26 ' l. 32 7.58 8 .89 1 .63 4.79 
1321/8/15 3.53 8.84 23 . 62 3. 7 3 19.03 
1321/14/9 1.79 7.1 0 2 1 . 88 1. 99 17. 29 
1321 / 12/5 10 . 24 7.32 12.09 5 . 36 1 3 .03 



vi 

1321/9/6 6 . 02 3 . 10 7 . 8 7 1 .14 8.81 
132 1/9/14 10.35 4. 2 0 10 . 2 4 8 . 25 6 . 46 
1321/1 6/21 6.6 1 0. 46 6 . 50 4. 51 2.72 
1321 /16/7 . ~ . 70 6 . 7' 17 . 06 32. . CB 5 .84-
1324/1/6 G .86 17 . ·(;s 1.l . 09 '11 • 09 21 . 56 
1324/2 / 2 1 . 65 4.65 4 . 73 8 . 81 19 .4 4 
1324/4/20 0 . 5 1 1. 23 3 . 59 6 .4 9 18 . 30 
1324/5/1 7.95 12. 98 9 . 66 18 . 81 11 .01 
1324 /6/15 1.83 3 . 76 3 . 5 4 6 . 63 4. 89 
N 274 1.55 6 .13 7 . 47 1.44 3 . 8 1 
NH 316 0.73 2 . 35 6. 65 0.98 2 . 99 
NH 34 7 1 . 7 7 5.60 2 . 55 1. 7 4 7.35 
GODAVAR I 1 .31 1.54 2.09 1.42 6 .89 
1512/1/4 9 .97 3.32 5 .05 2 .1 6 5 .90 
PAH 151 7 . 39 1.30 2. 47 0.74 3 . 32 
PAH 1 72 9.20 2 . 96 6. 36 7. 56 12.64 
PAH 24 2 3 .4 4 1.74 0 . 60 3.58 6 . 88 
G( t) 1093 2 . 73 1.81 4.05 3 . 26 8 . 38 
NH 383 1 . 81 1.03 3 .1 3 1.1 2 7 . 46 
KH-94- 2166 4.59 4. 9 8 2 .54 2 . 30 6 . 59 
DCl 108 2 .13 3.80 0.08 0.92 4 . 13 
ADB-1 0050 4.36 2.02 7.65 11.06 11. 51 
AKH-8247 0.50 1.50 3 . 79 1.84 7 . 65 
SURAT 8.29 6.39 3 .84 2 . 68 5 . 29 
Nl SD-5 4.63 0.73 0 .18 0 . 50 1 . 63 

. 1912/7 2 .83 2 .41 1 . 66 8 . 53 16. 76 
1886/4 2 .17 1.75 1 .00 7.87 16. 10 
1915/3 2 . 93 17 .51 20 .44 11. 78 6.62 
BC-1F l ( 1 ) 0.27 14. 85 17 . 78 9 .11 3 . 96 
80/216 7.72 3.59 7 . 63 20.85 29 . 15 
1321/8/15 4. 7 8 0.65 4.69 17. 9 1 26. 2 1 
1321/6/6 2 .90 9 .16 10.47 3 . 2 1 6 . 37 
1321/1/1 1.32 7.58 8.89 1. 63 4. 79 
1321/8/9 3.53 8.84 23 .62 3 . 73 19.03 
1321/14/10 1.79 7 .10 21.88 1. 9 9 17 . 29 
1321/12/7 10. 24 7. 32 12.09 5.:36 13 .03 
1321/9/7 6 .02 3 .10 7 .87 1.14 8.81 
1321/9/17 10 .35 4. 2 0 10. 24 8. 25 6.4 6 
1321/16/15 6.61 0.46 6 . 50 4.51 2.72 
1321/16/6 9 . 81 5 . 67 H, . 09 1.3 .02. 18 . 72.. 
1324/5/5 ·. 2 .80 7.78 11 .09 35 .05 ,9 .84 
1324/2/l 1. 65 4.65 4.73 8.81 19.44 
1324/4/14 0.51 1. 23 3 . 59 6. 49 18. 3 0 
1324/5/2 7.95 12.98 9 . 66 18 8 1 11.01 
1324/6/16 1.83 3 .76 3 . 5 4 6 . 63 4.89 
N 280 1. 55 6 .1 3 / . 47 1.44 3.81 
NH 318 0.73 2.35 6 . 65 0.98 2 .99 
NH 351 1.77 5.60 2 .55 1.74 7. 35 
CPH 5567 1.31 1.54 2 .09 1 . 42 6 .89 



vii 

PAH 115 9.97 3.32 5 . 05 2 .16 5 . 90 
PAH 152 7. 39 1.30 2 . 47 0 . 74 3 . 32 
PAH 176 9.20 2 .96 6 . 36 7 . 56 12.64 
PAH 253 3.44 1 . -7 4 0 . 60 3 . 58 6 . 88 
G 2984 2.73 1.81 4.05 3 . 26 8 . 38 
PH 9 . 1.81 1.03 3 . 13 1.12 7 . 4 6 
KH-95-2018 4. 59 4. 98 2.54 2 . 30 6 . 5 9 
DCl 118 2 .13 3 .80 0.08 0 . 92 4 . 1 3 
G COT 10 4. 36 2.02 7.65 11 . 06 11.51 
G4 406 0. 50 1.50 3 . /<;1 1 . 84 7 .6$ 
G 4231 8 . 29 6.39 3 . 84 2 . 68 . 5 . 29 
NlSD-3 4.63 0.73 0 .1 8 0.50 1 . 63 
NA-26 6 1. 36 3. 11 1.46 1.15 1.68 
NAMDEO 0 .68 2 .00 0 . 78 0. 99 1.00 
EKNATH 0 . 11 2 .00 4.00 0 .1 6 2 . 00 
85/142 0.00 0. 89 0 .10 0. 83 0 . 32 
NA 31 9 0. 20 2 . 81 4 . 09 0.32 2 . 0 9 
ROH I NI 0. 37 1 .00 0 . 13 0 . 71 0 . 65 
JYOTI 1.00 0. 3 1 1. 0 0 2. 0 0 0.52 
NA 259 0. 02 1.19 3 . 9 .l 0 . 00 . 1. 91 
NA 332 0.45 1. 23 0.21 1.42 0 . 73 
NA 334 0. 29 0. 77 0 .05 0 . 00 0 . 57 
NA 109 1.51 0.62 1. 51 2 .1 9 1.03 
NA 136 0.4 9 0.00 0.49 1.81 0 .01 
PA-85/1 39 1. 36 3.11 1.46 1.15 1. 68 
85/162 0.00 0.89 0 .10 0. 83 0 .3 2 
85/162 0. 20 2.81 4. 09 0 .32 2.09 
PA 85/89 0.0 2 1.19 3.9 1 0 . 00 1 . 9 1 
NA 336 0.4 5 1.23 0.21 1 .4 2 0 . 73 
NA 339 0. 29 0.77 0. 05 0 .00 0.57 
NA 110 1 .51 0 .62 1.51 2 . 1 9 1. 03 
NA 347 0.49 0.00 0.4 9 1.81 0.0 1 
NA-341 1. 36 3.1 1 1. 46 1.15 1 . 68 
NA 317 0.00 0.89 0 .10 0 . 83 0. 32 
PA-85/85 0 .20 2.8 1 4 . 09 0 . 3 2 2.09 
NA 325 0. 02 1. 19 3 .91 0 . 00 1 . 9 1 
PA 168 0. 45 1.23 0.21 1.42 0 . 73 
PA 85/1 6 0 0. 29 0.7 7 0.05 0.00 0. 57 
NA 3 08 1 .5 1 0. 6 2 1. 51 2 .19 1.03 
NA 311 0. 49 0.00 0 . 49 1. 81 0 . 01 
NA-263 1.36 3. 11 1. 46 1 . 15 1. 6 8 
PA-168 0.00 0.89 0 . 10 0 . 83 0. 32 
NA 326 0. 2 0 2.81 4 .09 0. 32 2 . 09 
PA 166 0 . 0 2 1.1 9 3 . ''J l 0.00 1 . 91 
NA 340 0.45 1. 23 0 . 21 1 . 42 0 . 73 
NA 341 ) .29 0. 77 0.05 0.00 0 . 57 
PA 86/22 1. 5 1 0. 62 1 . 5 1 2 .1 rl 1.0~ 
PA-106 1. 3 6 3.11 1 .4 6 l.1 5 1 . 68 
NA-260 0.00 0.89 0 .10 0 . 83 0 . 32 



vi i t 

PA-85/88 0.20 2. 81 4 . 0 9 0. 32 2.09 
NA 268 0.02 1 . 1 9 3 . 9 1 0 .00 1 . 91 
NA 337 0.4 5 1. 2 3 0 . 21 1.42 0.73 
SM 6 0. 29 0.77 0 .05 0 . 00 0 . 57 
PA 86/11 1 . 5 1 0.62 1 . 51 2 .19 1.03 
PA-85 /1 4 1 1.36 3.11 1.46 1 .15 1 . 68 
NA-318 0 .00 0 . 89 0 . 10 0 .83 0. 32 
P A 85/11 0. 2 0 2.81 4.09 0 . 32 2 . 0 9 
PA-85/9 7 0.0 2 1. 19 3.91 0.00 1. 91 
NA 335 0 .4 5 1.23 0. 21 1.42 0 . 7 3 
RS 51 0. 2 9 0. 77 0.05 0.00 0.5 7 
PA 86/1 3 1. 51 0 . 62 1 .51 2 .1 9 1.03 
NA-319 1. 36 3.11 1 . 4 6 1 . 1 5 1. 68 
NA 328 0.00 0.89 0 . 10 0 . 83 0 . 2 
PA 85/95 0. 20 2.8 1 4.09 0 .32 2. 0 9 
NA 265 0.02 1.19 3 . 9 1 0.00 1 . 91 
PA 8 5/1 51 0.4 0 1.23 0.21 1.42 0.73 
NA 305 0. 29 0.77 0 . 05 0.00 0.57 
PA 86/1 6 1 .51 0.62 1. 5 1 2 .19 1 .03 
NA - 315 1. 36 3.11 1.46 1 .15 1.68 
NA 340 0.00 0.89 0 .10 0.83 0 . 32 
NA 228 0. 20 2 .81 4 . 09 0 .32 2 .09 
NA 262 0.02 1 .19 · :J . 9 1 0.00 1 . <) 1 
PA 85/168 0.4 5 1.23 0. 21 1.42 0.7 3 
PA 140 0. 29 0.77 0.05 0 . 0 0 0.57 
NA 349 1. 51 0.62 1.51 2 .1 9 1.03 
NA-306 1. 3 6 3 .11 1 . 46 1.15 1 . 68 
PA 106 0.00 0.89 0 .1 0 0.83 0. 32 
NA 305 0. 2 0 2.81 4.09 0. 32 2 .09 
PA 85/96 0.02 1.19 3 . 91 0.00 1.91 
PA 1 29 0.45 1.23 0.21 1.42 0.73 
NA 299 0 .29 0.77 0 . 05 0.00 0.5 7 
NA 316 1.51 0.62 1 . 51 2 .19 1.03 
NA-2.69 1. 36 3. 11 1.46 1 .15 1. 68 
PA 1'40 0.00 0.89 0 .10 0.83 0. 32 
NA 3 27 0. 20 2 .81 4 . 0 9 0. 32 2 .09 
PA 156 0.02 1.19 3 . 91 0.00 1. 9 1 
PA 8 '5/150 0.45 1. 23 0. 2 1 1.42 0.7 3 
NA 106 0. 29 0.77 0 . 05 0.00 0.57 
NA 137 1. 51 0 .62 1 . 51 2 . 19 1 . 0 3 
PA 85/160 1. 36 3.11 1.46 1.1 5 1. 68 
NA 349 0.00 0.89 0 . 10 0 . 83 0. 32 
NA 329 0.20 2 .81 4 .09 0. 32 2 .09 
NA 262 0.02 1.19 3 . 9 1 0.00 1 . 91 
NA 333 0.45 1. 2 .3 0.21 1.42 0 . 7 3 
PA 82/82 0 .29 0.7 7 0 . 05 0 . 00 0.57 
NA 348 1. 51 0. 62 1. 5 1 2 .1 9 1.03 
PA 85/75 1. 36 3 .11 1.46 1 .1 5 1.68 
PA 168 0.00 0.89 0 .10 0.83 0. 32 



ix 

l\IA 80 0.20 2 . 81 4.09 0.32 2 .09 
PA 85/1 0.02 1.19 3 . 91 0 .00 1. 9 1 
NA 342 0.4 5 1.23 0 . 21 1. 42 0 . 73 
NA 107 0.29 0.77 0.05 0.00 0.57 
NA 345 1.51 0.62 1. 51 2 .19 1.03 
PA - 140 1.36 3 . 11 1 . 46 1.15 1 . 68 
86/14 2 0.00 0.89 0 .10 0.83 0 . 32 
PA 85/9 0. 20 2.81 4 . 09 0. 32 2 . 0 9 
PA 85/44 0.02 1 .1 9 3 . 91 0.00 1.91 
NA 338 0.45 1.23 0.21 1.42 0. 7 3 
NA 108 v.29 0 .77 0.05 0.00 0.57 
NA 140 1.51 0. 62 1 . 51 2 .1 9 1 .03 


