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Grata %e~m~ts 2~m-a an %mp@st%pscf; C O B ~ @ ~ ~ B L  923 ie;r~p,$~al 

srroppf usg B Y $ % ~ D ~  %'hey s e w  823 a @Map an6 eas5ly avai$lable 

diaw~f of pr~tskar. 4ka iz3l"iararn-t, oapacfty & legwaa to 

era~i~fs ~xd1, aAtrt..eag~n act as ~ a .  added Sncaantive '20r B X % W S ~ V ~  

0 ~ 5 $ 2 ~ . e ; i ~ k 1  6s %kt@ In K@Ma, cowpea Ps ~ 8 f s e d  both 

far m a  veg@%~iB%e puwsae, Ths b k a ~ k  ao3nfpeQ ap*&d 

oraec&vom Kwh* i s  a pert;%almt pas* of cowpea 

~susjlng heavy Wage ts t,%  rap* X% fee68 8x3 ~t&a, 

tersBx3a3, shao%s, f2swer~s axnd .t;@nB@ls goda, Tbe dagle%i;%m 

Sfn@a the wdnua hcPdmce of goa apMd caineid@s.t;iith 

k"zumsvep, iL nay ~ Q & &  =to d@st~ur=;%&9'5[1;. ~f nett&xQal a~e&es  and 

feasibae apgraa~k Lo @o~ba% the past 2.a %Q ewdkm an 

insect%cZd@s, A aha~ma lcna:gir%edg(? 02 $ha eeslom 02 Chs  pew% 

is m ass@ntAal pmmgasi*i;.o far fomdjta%ing suab a s % ~ a % o ~ y .  

Sabaxda (-198 ) ropeirled -&hat ~admzfa%Z, quality & food ~ X G M %  



s s o q . ~ p a ~ d  

s q ~  puc sp+qd~ s a d  30 aouap.youy aqq uo d0.m jo 

a9s1.s pue ~ u ~ q x e ~ d  so earrq 30 aouanxpq ayq. no Xpnqs *1  

"dn -uaqsq 

amf i  sa-gpnqs B U ~ I O T T ~ J  san~qaaSqo asay?, ~ ? T M  ? a a 9 ~  

~ J ~ U O O O T ~  a ~ n . 3 a ~ ~ a  we se qaamdo~anap JOJ 6a~l[ey$ua$0d 

aqq. q 1 - r ~  pmde eed $0 sualoq3sd ~e8uns $no p u r ~  0% asp 

pue uo~qe-pdod ~oq.epasd pm sdoqoez aaq$.ea~ 0% noyq.=pJ UT 

p ~ d ~  sad so uoFqmq3nTJ u o ~ q a p d o d  ayq uo uoyrCemJo&W 

.~~Q%ES 0% MaTA E Y%FM pa&ET?.mT SW4 ~ o n e s y q s a ~ n y  

~ u a s a ~ d  ayq aauaa * ( LL6 1 ' 5 Maqq-EPJ iLg6 G 'mas ETeaes 

! c 9 6 ~  6 q 0 3 ~ f )  p n d a  ead $0 n o ~ ~ e ~ d e d  30 uoyqe-@a~. 

ayq. a0 SJ0$3B$ 3r30?q pED3 3r?OrqB asaql. 30 aTQJ ayl. 

leteaaa UT auop naaq seq ~ J O M  B T ~ ~ J T  bran suo~3srndod 

p ~ d e  uy so-g.oozgda -psnq.su asnw 03 palsodad osTn aae 



5. Morphology of the proven fungus and syml?tomatology 

of fungal infection. 

6.  Studies on cu l tu ra l  character is t ics  of the fungus. 

7. Evaluation of cheaper materials f o r  mass production 

of the  fungus, 

8. Safety t e s t s  of the fungus on crop plants  and 

predators. 

9. F i e l d  t e s t s  t o  prove the eff icacy of the fungus 

under f f e l d  conditions i n  comparison with insect ic idal  

treatment. 
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mVIEW OF LITERATURE 

ImporLance of pza aphid Aphis craccivora Koch. a s  a pes t  

Aphis craccivora Koch.is a regular pest  of cowpea 

(vf m a  unguiculata) . Lef roy (1909) ,and Krishnamoorthy (1 928) 

reported - A .  medicagenls ( A .  - craccivora) as a pest  of cowpea. 

Aiyyar (A932) also  reported it as a pest of various pulse 

crops. David (1 953) repoked A, craccivora attacking 

d i f fe ren t  pulse crops including f i e l d  beans (Dolichos lablab) ,  

cowpa, leucerne (Medicago sat iva)  Evans (1 954) reported 

&, craccivora as a pest of gromdnut and a s  a vector o:F 

rose t te  disease of groundnut. Hair -- e t  a l .  (1976) reported 

the bean aphid A, craccivora as a serious pest of 

Leblab riiger, Arachis hypogea, ~ l k r i c i d i a  maculata, 

Phaseslus mmgo, Phaseolus radiatus and other pulse crops. 

Aiyanna -- e t  al. (1978) while studying the  pest  complex of 

sunfiflower (Helianthus annus) i n  Andhra Pradesh reported 

A .  craccivora a s  one of the most important pests. Singh (1979) - 
reported cowpea or  groundnut aphid (A. craccivora) as a 

major pes t  of grain legumes. Gosh (1981) ident i f ied  

A .  craccivora and &. gossypii as important pests  of redgram. - 
Me19a (1982) repor-bed A. craccivora as one among the seven 

species of aphids attacking c i t r u s  (Citrus lemon). Raju 

and Pande (1983) studied biology of A. craccivora on f ive  



va r i e t i e s  of greengram (Vima radia ta) .  

The cowpea aphid A .  - craccivora i s  a wide ,spread pes t  

on cowpea in India, Philippines, Thailand, Western USA and 

throughout much of trop$ca2. Africa . and , Latin AnerJ-ca. 

' (Jackaf , - et I s ,  a l .  g986). . .  , . . , . .  , . 

The .,pea aphid sucks. the ,planti 'sap . result . ing, ' .  . , .. Sn 

depletion of assilnilants by the removal ,of. pl%t,.sap 
, , 

, . 

coupled with an increase i n  the respira$ion of the plant .  
., , , . 

(Van, 1973). The nymphs q d  adults . , infest the  tender 
1 

shoots, +.florescence and the tender f r u i t s  o r  pods in ,  
. .  . 

l a r g e  numbers and suck the sap. In ear ly  stages *due t o  
, I  . . 

heavy drain of c e l l  sap the tender shoots w i l l  dry up. 

Flower buds, flowers and tender pods w i l l  f a l l  'off  prematurely. 

Tender pods may shr ivel  up and dry i n  due course (flair e t  a l .  
--.I 

1976). The . sphids feed on stems, terminal shoots and Leaf 
. 

pe t io les  and as plants  mature they move t o  flowers and pods. 

Heavy,feeding . . causes s t w t l n g  of plants and delay i n  the 
r . .  I )  

in i t i~ t io rm,  of f lov~ering . Heavy &tack m, young seedlings 

can cause death of plants (3ackai e t  a 1  ;. 1986) . . . 
, , - - .  

The .extent of damage caused by the pest has . been . 

estimated t o  be 75.87 per cent i n  groundnut, (Harirf and 

Tahan, 1983) . 
I n  addition t o  d i r ec t  damage caused in.1egume.s by i t s  



feeding it also acts as a vector of diseases such as rosette, 

mottle, stunt and stripe i n  various l egmes  (porter, 1984) a 

Population f luc tua t ion  of aphids i n  r e l a t i o n  -ko weather 

factors 

Gosham (1 941 ) reported thak population of Plyzus p.ersicae 

i n  potato w a s  d i r e c t l y  a f fec ted  by climate, The r a p i d i t y  

with which infes ta t ion  of species developed, depended on 

opportunity f o r  over wintering i n  egg s tage  or'breeding i n  

such shelter, The number that migrated in July o r  e a r l y  

August was influeaced by ternperatuse and r a i n f a l l  I n  June 

and ea r ly  July. Since aphids feed on lower supface of 

p o t a t o  leaves  they were tolerant  to changes in tempera-ture 

and moisture. La1 and Singh (1947) studied seasonal h i s to ry  

and ecology or̂  wooly aphid ( ~ r i o s o m a  lanigerum) in Kumaon 

hills and reported that population was profoundly influenced 

by nature of i t s  hos ts ,  na tu ra l  enemies and cl imat ic  condition. 

The mechanical action of wind and rain appeared to be 

neg l ig ib le  fac tors  i n  determining pest population. f4a:cimum 

nurnber of aphids were observed when maximum tenperatwe was 
0 

above 90 F on several  days, Gradual decl ine in populaLion 

appeared t o  be due t o  increased humidity. Broadbent (1947) 

found t h a t  the apMd activi-Ly was posi-tively cor re la ted  with 

maximum temperature of previous day and with evening reading 



of dew point. It was negatively correlated wit11 force of 

wind of previous afternoon but wind direc-tion had a 

signif icant  effect, PopuLatfon changes from year to year 

probably depended t o  a great exbent on summer rabafall. 

Broadberm* a ~ . d  Hollings (1951) reporbed , , that in several 
. '  I . .  . t , , .  , . . . '  i . .  : . . 

. . . , . . . .  . . . 

aph9d.speeies the survival , , at higher temperature depended 
I : .  , . . , . . . .  , . . . . .  . . I  . .  , 

largely on the water baUance within the aphid. Aphids 

survive higher temperature when coaling fs possZble by 

evaporation, However, at a similar high temperature when 

humidity is high and evaporative ability is reduced survival 

period is decreased. . . 
. . . ,  . , 

Real ('1956) studied the bionornics of - A. craccivorg on 

groundnut 1x1 French West Africa. He observed tha* under 

high temperature and high humidity some second and third 

ins ta r  nymphs were found producing nymphs prematurely. 

Graham (4959) studied the effect of humidity on mortality 

and reproduction of spotted alfa6L.f a aphic? Theriaaphis maculata, 

He observed higher nymphal mortality i n  65 to 70 per  cent 

relative humidity at 25  and 26 C than 25 t o  30 per cent, 

40 per cent and 85 to 90 per  cent relative hmildity at the 

same temperaturel A low h u i i d i t y  was found to be more 

favourable -khan a high ha@dity at all temperatures, The 

adverse effect of  high humidity was lessened when the 



temperature was decreased. A s imilar  temperature humidity 

relat ionship has been found with green peach aphid M. gersicae 
.I 

( ~ e e d ,  1964). Mortality of nymphs a t  23.9 C and 29.4 C i n  

85 t o  90 per cent re la t ive  humidity was lower than 40 per cent 

and 65 t o  70 per cent re la t ive  humidity. A t  higher temperature 

high h d d i t y  was preferred. The reproductive period was not 

s igni f icant ly  affected by the  change i n  re la t ive  humidity. 

There was no s igni f icant  ef fec t  on longevity a t  40 per cent,  

65 t o  70, and 85 t o  90 per cent re la t ive  humidity. Longevity 

w a s  the  shortest  a t  65 t o  70 per cent re la t ive  humidity a t  a l l  

temperatures. Radhakrishnan (I 969) observed t h a t  the  higher 

a la te  banana aphid Pentalonia nigronesvosa population was 

correlated with higher re la t ive  humidity and lower aphid 

population was correlated with low re la t ive  humidity. 

Jacob (1963) studied the f luc tuat ion  of pea aphid i n  

re la t ion  t o  predators and weather fac to rs ,  Peak population 

occured during the  cold and summer months. Wind veloci ty 

exerted a s igni f icant  negative influence and the other fac tors  

viz - . m a x i m u m  and mini mum temperature, morning and evening 

humidity and r a i n f a l l  did not have any s igni f icant  influence 

on the population o f  aphid. Mathew et al, (1971) reported -- 
tha'e there w a s  no correlat ion between popula-l;ion of aph:ld 

and predator on the one hand and temperature and hurnidi'ty 

on the  other. P a r t i a l  correlat ion s tudies  showed thaC e f fec t  



of climatic fac tors  were modified by the  presence of 

predators. Saharia (I  980) studied the natura l  regulation 

of populatfon of 4, craccivora on cowpea i n  Assam and 

reported t h a t  r a i n f a l l ,  qual i ty  of  food plant  and predators 

were the three importan'c fac tors  causing f luctuat ion of 

aphid population. 

Herandez and Puga (q98-l) studied population dynanlics 

of A .  - craccivora, - A .  g o s s y ~ i i  and Tetraneura nigriabdominalis 

i n  f i e l d  bean (2.  vulgaris) and reported t h a t  average 

population s ize  was negatively correlated with re1at.i.v-e 

humidity. Berg (1984) studied the e f f ec t  of temperature 

and host species on the population growth potent ial  of 

cowpea aphid &. craccivora. The i n t r i n s i c  r a t e  of na tura l  
0 0 

increase increased f rom 0 a t  5 C t o  a maximu a t  35 C, The 

reproductive period began e a r l i e r  and was shorter a t  high 

temperature than a t  lower temperature. Rate of product1 on 

appeared t o  be key determinant fac to r  i n  population growth 

ra te .  The estimated lower temperature threshold f o r  aphid 
0 

development was 8.1 C . Harrf ngt on (I 984) studied winter 

mortali ty,  development and reproduction i n  a f i e l d  

population of FJ, persicae i n  re la t ion  t o  rneteorologfcal 

and biological  factors .  Leaf surface wetness and 

temperature were correlated s igni f icant ly  w i t h  r a te  of' 



population change but r a i n f a l l  and wind were not. Growth 

and development continued throughout the  winter. 

Hymenopterous paras i tes ,  fungus, Entomophthora species and 

predatory spiders did not a f fec t  winter survival. 

La1 and Singh (1947) reported t h a t  f o r  wooly aphid 

Eslosoma l a n i g e m  maximum number was counted i n  Nay and 

June. Gradual reduction i n  number w a s  noticed from June t o  

September. Kolkalia and Soliman (1 954) reported t h a t  i n  

~ ~ y - p t  the a c t i v i t y  of  the aphid - P. nigronervosa was greates t  

during winter months(~ecember - January) with a temperature 
0 

of 20-22 C and a relative humidity of 60-70 per cent. The 

a la te  forms appeared during the rainy period. A s  the  

temperature rose and the h d d i t y  f e l l  during March - April ,  

there was a reduction i n  a l a t e  population. Jacob (1963) 

while s-tudying f luc tuat ion  of pea aphid population found t h a t  

there w a s  a rise i n  population of aphid i n  October which 

gradually declined during the first week of November and 

then gradually increased by the end of December. Neno~n and 

~ h r i s t u d a s  ('I 967) reported t h a t  the dlimatic conditions 

exist ing during the summer month and heavy r a in fa l l  were 

unfavourable f o r  the banana apMd g. nigronervosa. The 

aphid infes ta t ion  was higher during August t o  February 

when the  temperature and r a i n f a l l  were moderate. 



Radhakrishnan (1 969) observed t h a t  maximum population of 

winged alate banana aphid occurfe$ during November and 

December - January. Nathew -- e t  a1.(1971) reported that 

popula-tion of -. A. craccivora on cowpea w a s  high during 

September to April. Herandez and Puga ( 7  981 ) while 

studying population dynamics of - A. craccivosa, A.poss~ii 

and Tetraneura nigriabdominalis, f o n d  that apkid 

population was generally low "croughou-b the year and t:he 

largest number was recorded in November. Ghosh and 

Raychaudharf ( I  983) studied seasonal incidence of alate 

aphids especially &, craccivora, &, gossypii ,  Brachycaudus - 
helichrysis, Lipaphis erysimi, - M e  persfcae and Toxopte~a  

surantiae, in Kalimpong in West Bengal. Peak ala-be ac t iv i ty  

occured in March - April  and from November t o  early January. 

Predators and parasites of aphids 

Popu la t ion  of aphids i s  controlled to a very great 

extent by t h e i r  parasites and predators,  Ear ly  work on 

predators of aphids Include studies  on Culomenes sexmaculata - 
Fabr. (~efroy, 1909~  Bagal and Trahan, 1945), CoccinelL,.. 

septumpunctata Linn, ( ~ a g a l  and Trahan, 1 945) , Scymnus 
xerampellnus PIuls . (Lef roy, 7909)~ 2.  quadrillurn (~apuz-, 1942)~ 

Chilocorus nigri tus Fabr. ( ~ a o  -- et al. 1 9 . 5 4 ) ~  Brumus su tu ra l i s  F. 
_I 

and Adonia ,mriegata Goze ( ~ a p u r  , 4 942) , Rodolia cardinalis 



(Subramanlam, 1955), syrphid larvae (Deoras, 1942) and 

Sphaersphoria s c u t t a l l a r i s  Fabr. (La1 and Gupta, 1953 and 

La1 and Maque, 1956)~  Reports a l so  include Khan and 

Hussain (4965) recording 2.  su tura l i s  as an important 

predator of groundnut aphid. Agarwala and Ghosh (1988) 

reviewed prey records of aphfdophagous coccinell ids i n  

India. They reported .I B. su tura l i s  Fab, coccinella 

septumpmctata L,  CoccineLSa t ransversa l i s  (~ab), 

Pseudoaspidimerus c9rc1xaflems (~o tschu lsky) ,  Scymus 

pyrocheilus Mulsant, SC~~~KIUS quadrillurn M~tschdsky ,  - S C ; V ~ U S  

Mulsant, Spitocaria b l s e l l a t t a  predating on 

A. craccivora . - 
Lefroy (1909) reoorded - C.  sexmaculata as the commonest 

coccinel l id  i n  the plains.  The l a m a  hatching from egg 

started f e e d b g  on the aphids and required about 200 aphids  

a day and l ived thus f o r  I t o  13 days. Bagal and Trahan 

(1945) reported the occurrence of - C, septumpurmctata in 

Bombay and found it feeding on the young nymphs of 

Peregrirmus naidis .  Kapur (1942) reported Scymus nubi3. i~ 

Muls. and 2. praci lus  ( ~ o t s c h , )  as  common predators of 

aphids and scales. Aphis labwni K a l t . ,  - A ,  g o s s m i i  Glov., 

A. - maidls Fitch. ,  A. nerii Fons. and - M. persicae ( ~ u l s )  

were consumed by the adul ts  and grubs of the  predators. 



La1 and Singh (q945) also noticed C. septumpunctata In the  - 
Kurnaoln~ kills feeding on a l l  stages. of Erissorna laniger~m.  

Bagal and Trahan ( 4  945) f otind that the adults  of 

C. sexmaculata feed on the yomg nyiiphs of Perigrinus niaidis - -- 
on Sorghum. Hagen (1962) studied biology and ecology of 

predacious coccinellicls viz. C. septumpunctata, C-. sexmaculata, 

B. suturalis and Chelocoms n i g r i t i s .  Atwal and Sg th i  (1963) 

studied the  biochemical basis f o r  food preference of 

C. septmpunctata f o r  cer ta in  species of aphids and found - 
that the predator preferred aphids whose protein content was 

most like that of the predator. Saharia (1981) s tudied 

biology of coccinell id predators associated with A .  craccivora - 
on cowpea. The aphid was predated by CoccinePLa rependa, 

M. sexmaculata, Spilosaris,- and Harmonia dinudata. - s- 

Duration o f  l i f e  cycle of predators varied according t o  

species. - M. sexmaculata have shortest  l i f e  period and proved 

an effec t ive  predator i n  f l e l d  because of i t s  larger  

population and f a i r l y  high Seeding sate of A_. craccfvora. 

Sinha and Pandey (1982) studied the functional response 

of - C. septum~unctata a coccinellid predator on mustard aphid 

L l p a p h l s  erysimii and reported that there w a s .  a nonlinear 

relat ionship between. consmptioiz. and density of L erysimii - - 
indicat ing its searching capacity. h a n d  (-I 983) studied 



predation by G. sep.i;umpunctata and P/L. sexmaculata on f$ve - 
species of aphids viz .  L. ervsimii, B r e v i c o ~ e  brassicae,  - 
A .  - craccivora, Macrosiphum pisum and A. p;ossypii. L. erysimii 

I P 

w a s  consumed i n  the l a rges t  number by both coccinel l id~!  and 

A .  ~ o s s y p i i ,  the l e a s t .  - 
Butani and Bharodia (1 984) studied relationship between 

A .  craccivora on groundnut and predators viz. Hippodermia - - 
v a r i ~ a t a ,  C. septumpunctata and M. sexmaculata. A pos,itive - 
correlat ion was observed between aphid Index and the 

population of act ive stage of predator during March, while 

in April aphid population decreased with increased abundance 

of coccinellids. The preda to r  population had declined 'by 

first week of May, most of them having migrated t o  other 

areas due t o  decrease i n  prey abundance. It i s  a l so  reported 

t h a t  application of insect icides i s  unnecessary i f  cocc:inellids 

are  present fi the groydnu t  crop i n  summer. 

Bagal and Trahan ( I  945) reported t h a t  maximum number of 

aphids P. - maidis consumed by individual larvae and pa i r s  of 

adul ts  of C. septum~unctata are 420 and 22574 respectively - 
with an average of 106.29 under conkrolled condition. 

Jacob (1963) studied the  biology and predatory potent ia l  

of M. - sexmaculata. The average feeding potent ia l  of the 

coccinellid beetle was found t o  be 27.2 pea aphids per  day. 



Sarala Devi ('?967) s tudied the feeding potent ia l ,  and food 

requirements of the grubs and adults of C. semaculata and 

the  feeding potential of adu l t s  o f  - S. quadrillurn and 

P ,  circuClems on A. craccivora, The grubs 02 c, -aculs.ta - - 
consuned on an average 8.98 aphids during the first i n s t a r ,  

24.13 aphids during the second dns tar  and 58.76 aphids 

during the t h i r d  ins tar .  The a d u l t s  c&sunled 27.22 aphids 

per  day on an average l i f e  span of 33.1 days. Adults of 

S. quadrillurn consu~ed on an average 9,28 aphids per disy . - 
and 473.43 aphids during i t s  wholellffe l a s t ing  on an average 

46.67 days* The a d u l t s  of - P. circumflexus had a feeding rate 

of 9.83 aphids per day and 276.8 during its life which las-ted 

on an average 28,.25 days. Ofcya (1 986) studied predation of 

Cheilonenus vicina on the cowpea aphid - A. craccivora under 

l abora tory  coilditlons and reported that ear ly  aphid ins ta rs  

were conswed i n  s i g n i f i ~ ~ t l y  greater numbers than later 

i n s t a r s  and females. Feeding rates had a significant 

pos i t ive  cor re la t ion  wi th  the population densi ty  of prey,  

Lafroy ('1909) reported that  about 67 species or" syrphlds 

were noticed i n  India , .  They were commonly called as Hover 

f l i e s .  The syrphid l a rvae  feed exclusively on aphids. 

Uttah (1940) fouiid t h a t  i n  Delhi the  syrphid larvae fed on 

, a nwber of aph.ids which included RophaLosip?nun pseudobrassicae 



on safflower and M. avenae on wheat, barley etc .  Deoras - 
(1942) observed tha t  a single syrphid larva destroyed 

about 484 aphids i n  4 hours. Khan and Hussain (A965) 

observed t ha t  the syrphids formed a very important 

beneficial group df insects  from the  economic point of 

view i n  the control of groundnut aphids, 

Of the syrphids S. scu-ktelharis was the most important - 
aphidophagsus species i n  India. Seetharaman (1966) reported 

t h a t  Xantho~framma scu t t e l l a r e  was the most importan-t syrphid 

predator in Kerala. The population peaks of these f l i e s  

were during November and March - April.  He  a lso recorded 

t h a t  a single harvaerequired on an average 123 aphids 

(A e craccivora) per day. Sarala Devi (1967) studied the  

feeding potent ia l  of X. scu t te l l a re  and reported t h a t  during 

i ts l a rva l  duration which las ted  for an average of 5.07 days, 

the maggot consumed 382.86 aphids. , 

Raychaudhari (1 979) reported Theriodium species as 

pa ra s i t i c  on - A.  csaccivora. The biononics of Trioxvs indicus - 
a parasi told of A ,  craccivora was studied by Rajendra S:Lngh - 
e t  al. (1981) and reported tha t  there was a linear relat ionship -- 
between mortality level of host dnd h o s t  density, In a 15 

minute period each paras i t i c  female was capable of attacking 

46.8 aphids when hos t  population w a s  100, but attacked only 



12 aphids when host population w a s  25. 3.a jendra Singi? and 

Sinha (1981) studied occurrence of nonproductive A. craccivora 

mummies from which no adult  p a r a s i t e  o r  hyper parasite 

emerged and reported t h a t  temperature and long day condition 

resulted i n  awimies containing diapausing i&iividuals ' o f  

T, indicus or dead pre adult  stage. Large number of - 
T. indicus was found t o  enter  diapause In l a t e  March and - 
ear ly  April, 

Monadjemi (1979) made a study of two s t r a in s  of 

Aphelinus anychf s Walk . paras i t i c  on Rhopalosiphum -- maf t l i s  

and - A. craccivora. The development cycle Tor parasi te  

las ted  t w o  t o  three weeks. Its reproductive potent ia l  w a s  

high and the paras i t i c  ac t i v i t y  of larva supplemented by 

predatory behaviour in adults ,  RaJendra Singh and Sinha 

(1983) reported - T. indicus had a high searching a b i l i t y  

and had a density dependent relationship with I t s  host,  

A .  craccivora appeared on pigeonpea i n  second week of  - 
December and estimated to increase u n t i l  f i r s t  week of 

April. g, indicus appeared i n  the f i e l d  In  about t h i r d  

week of December paras i t i s ing  9.4 per  cent of aphid 

population. Parasi tat ion reached a peak of 64.6 per cent 

i n  mid February resul t ing  i n  suppression of aphid population. 

Parasi te  tend t o  be olygophagous. 



Pandey and Rajeadra Singh (3984) studied t he  bionomics 

of 3. indicus an aphidid parasitoid of A. craccivora in - 
Laboratory and found %hat it had an average fecundity of 

743 per female. Mean female development w a s  47.8 days 

and male development was 14.5 days. Mearm adul t  female and 

male lifespan l a s t e d  7.4 and 6.2 days Fn t h e  absence of host 

and 6.55 dnd 4.55 days i n  t h e  presence of host. Sex ratio 

of offspring was dependent on maternal age a t  ovipositlon, 

the production of  female declining as age increased. 

Fungi as biological control agents 

-F ,gi are poten t i a l ly  the most versa t i l e  entomopathogen. U 

Sone have toxias a d  po ten t i a l  for quick damage, The f m g i  

have some advantages t h a t  are almost unique among t he  

entomogenous pathogens. They are able t o  infect through 

the host  integument, so  ingestion is unnecessary for i n fec t ion ,  

Certain aquatic fmgi have some a 6 i l i t y  t o  search f o r  host 

and they disperse natu'rally through air movement (Fuxa , 1 987) . 
Insect mycoses are caused by fungi belonging t o  all. the  

four major taxonomic groups viz . ~hycomycetes, Ascornyce-bes , 
Basidionycetes and Deuteromyce-tes '(steinhaus, 1949). But 

the  majority of publications 'on insect  mycoses discuss  

Entomophthora, aeauveria, ~e t a r rh i z ium,  Aspergillus, 



Coelornornyces (Steinhaus, '1964; Roberts and Yendol, 1971; 

Ferron, 'I 981 ; Hall, 1981 ; Mc coy, 1 981 ; Dean and Wilding, 

1981). Comprehensive reviews are now available on insect 

fungal association, taxonomy, mode of infection, life 

history, propagation techniques and attempts at colonisation 

for insect pest suppression. (~tefnhaus, 1949, 1964; 

Sweetman, 1958; Couch, 1963; Mc Even, 1963; Madelin, 1963, 

1966; Muller' - Kogler, 1965; lioberts and Yendol, 1971 ; 

Roberts, 1975; Bellt 4974; Ferron, 1981; Hall, -I981 and 

Fuxa, 1987). 

Ramaseshiah (1 967) reported that P.lyzus sp . , Lipaphis 
spm and Brevicoryne sp. were susceptible to fungal diseases 

caused by Entoom7hthora coronata . Dean and Wilding (I 971 ) 

reported t h a t  the aphid IJie-ta-~olophisiun sp. and Sitobion sp. 

are susceptible to Entomophthora aphidis,  s. @ax-chor~iana 

and - E . thaxteriana. Zimmerrnan ('I 978) reported morphological 

characters of 17 species of Entomophthora pathogenic t o  

aphids. Dean and Wilding (198'1) reviewed eprlzootiology and 

development of Entomophthora farapest control. He reported 

that spread of Entomophthora i n  an insect population ia 

influenced by abiotic factors es sen t i a l l y  weather and biotic 

factors coroprising density and distribution sf hos t  and 

.fungus and inherent infectivity of the fungus, Skopina e t  al. 
I .  

-- 



(1984) studied e f fec t  of g. thaxteriana Eetch isoEated 

from Aphis p o d  Deg, and g. persicae. Mortality of aphids 

24 hsurs af ter . t rea tment  wlth the fungus suspension w a s  

20 t o  30 per cent and a f t e r  48 hours it was 66 Lo  73 per cent. 

In darkness death of aphids increased t o  99 per cent. 

Hussey and Tinsley (1981) reported t h a t  E. - aphidfs was 

studied i n  China as a potential. biological control agent 

t o  control A.  gossypil on cot-ton. Laboratory cul tures  are  

maintained i n  Czapek (DOX) agar medium and then bulked as a 

so l id  medium of bran and water (1 :0.5 w/w) . Grow-bh was 

completed i n  four days a t  24 C yielding a product with 
8 3 x 10 conidla per g.  Field experiment showed tha t  

conldial  suspension containing 6 x +lob spores per m l  

k i l l e d  76 t o  100 per cent A. possypif, A .  - pomi, Sitobion 

avenae and g. persica.  Better control w a s  effected i f  

so l id  substrate w a s  soaked i n  water f o r  24 hsurs before 

use apparently because of soluble mycotoxins were included 

i n  the suspension. 1 ; 

Baird (1912) reported tha t  i n  Barbados Cephalosporium 

lecan l i  w a s  found ef fec t ive  against black scale Saisse t ia  

L?b2&2. A r t i f i c i a l  spraying of the  fungal spore suspension 

caused 75 per  cent mortali ty on the scales.  In Granaada 

C. l e can i i  w a s  e f fec t ive  against Coccus mangifera as - 



reported by Smith (1 912) . Squibbs (1934) used the Indian 

s t r a i n  of G. l ecan i i  f o r  control of scale  insect  of coconut 

i n  Seyckkilles. The pathogen proved ef fec t ive  when spore 

suspensions were applied t o  potted p l a n t s  infected with 

scales.  Evalaklzova (1 938) studf ed control of Ceroplastes 

s inensis  Del Guer with g. l e c m i i .  Spores were applied t o  

infected mandarin orange scales as a dust and as  a 10 per cent 

suspension i n  water, of which f omner method was f o n d  more 

effect ive.  Vfegas (1939) found t h a t  spore suspension of 

V. l ecan i i  sprayed on cofee was ef fec t ive  i n  reducing the  - 
population. of - C . , v i r i d i s  i n  Brazil.  B6.3ird (1 958) reported 

use of - C ,  l ecan i i  against: scale insects  i n  West Pndies, 

Brazi l ,  Peurto Ricca , India.  and Ceylon, Easwaramoorthy and . . 

Jayaraj (1977) reported that t he  fungus 2 .  lecani i  was used 

against  guava scale Pulvinaria p s l d i i  (Sulz) and c h i l l i  
6 aphid M. persicae . The fungus a t  the rate sf 16 x 10 and 

6 10 x 10 spores per m l  against the  scale and aphid 

respectively gave control of the insects .  Easwaramoorthy 

and Jayaraj ('I9771 reported t h a t  pearl mi l l e t t  and potato 

extrack as highly sui table  for the growth of the fungus 

C.  lecanif .  Even-though tapioca and sweet potato ext rac t  - 
favoured r ad i a l  growth of the fungus, dry weight of mycelia 

was markedly diminished. EasWaramoorthy and 3 a ~ a r a d  ( 1978) 

reported t h a t  the White halo fungus - C. ZecaniS was highly 



effec t ive  i n  the control of coffee green bug Coccus v i r i d i s  

under f i e l d  conditions. With two for tn ight ly  applications 
6 of 16 x 10 spores per m l ,  73.1 per cent mortality of the  

insect was noticed a f t e r  second application. The fungus 

was more efPective as  a high volume spray than as a low 

volume spray. H a X l  (1981) reported the fungus V, l ecan i i  - 
a s  a microbial insect icide against aphids and scales.  

Thirteen varied, successes in controLblng, aphids ,aiid ' sca les  
. . 

by - V. l e can i i  are reviewed and the fungus i s  reported 

ef fec t ive  againsk - M. sanbornii, - B. helichsysis,  A. flavae - 
and - A. fiossypii. H a 9 1  (1 984) studied the epizootic 

potent ia l  f o r  aphids t o  d i f ferent  i so l a t e s  of the fungus 

V. lecani i .  H e  reported t h a t  large (6.7 - 8.4 i n  length) - 
spored s t r a in s  of -_  V. l ecan i i  k i l l ed  similar number of adult  

aphids Created with aqueous suspensions,, Large spored 

strains exhibited as strong a epizoot ic  potedt ia l  as 

standard strains. The speed of germination f o r  large spored 

strains accounted f o r  the  greater epizootfc potent ial  of 

such strains, Khalil e t  al. (1983) studied effectiveness of -- 
V, l e c a n i i  t o  reduce population of aphids under glasshouse 

' -  

and f i e l d  conditions, Test with - V. lecanii against the  

aphid species Brachycaudus , Macrosiphoniella s&bornii and 

M e  persicae on cucumber i n  glasshouse and Mabrosiphm avenae - 



on wheat under modified f l e l d  condition shoved t h a t  t h e  

fungus was highly effective against these aphids at 

25 - + 2 C and I00 per cent relaefve humidity. Conkrol sf 

M. persicae and P4. avenae was rapid and reached 900 per cenC - - 
in 25 days while that of - M. sanbornii and Brachy~audus sp. 

FIaS slower and took 30 and 35 days respectively t o  reach 

100 per cent control, The fungus failed to control - A ,  - fabae 

on broadbean under, f i e l d  ctandilions. 

Webber (1897) reported the Smportanoe of entornogenous 

fungi in con%rol of various ha&st&nsee=ks on c9trus in 
P 

Florida.- Methods of distsibutlon of Aschersonia aleyrodfs 

Webber =d Aegerita webberi Fawcett were a l s o  given. 

Forbes (1898, 1900) conducted experiments with pphaerpstilbe 

flammea Tu7, against pernicfosus Comst fn Illinois 

and found t h a t  the  fungus would serve as a highly effective 

agent in the d&stmct ion of the pes t .  Dupon-l; (1913) repor ted  

methods of propagating the fungus Hypocrella sp. t h a t  

at-backed scale insects  in Seychelles Quayle and Taylor (7915) 

attempted %o use the fungus Isaria sp. for the con-tsol of 

Saisset ia  oZeae (3q-m) in California but it waz mot successful, 

Molla (7929) reported that spore suspension of Acrostalagmus 

anhidm Qud when sprayed on the lower surface of eggplants 

infected with 14. persicae killed the pest in '14 days In 



Peurto Rico. Biard (1958) gave account sf successful 

control of Sanjose scale Quadraspidiotus pemiciosus i n  

South California by Sphaerostilbe a u r a t i c o l a  Petch. 

Fusarium spp. as insect pathogen 

The genus Fusarium taxonomically c lass i f ied by 

Alexopoulos m d  Mims (1 983) as coming under sub division 

Deuteromycotfna, form class  Deuteromycetinae, form sub class 

Hyphomycetidae, form order Moniliales and form family 

Tuberculariaeeae. Fusariwn typically produces two types of 

confdia that are terminal, vfz, macro-conidla and 

micro-conidia because of t he i r  respective sizes. Both 

types are produced from phialides. Macroconidia are long 

multiseptate cresent o r  canoe shaped stpuctures that are 

generally born on sporoddchia, Nicroconidia are one celled 

and spherically o r  ovalby shaped. Most species of Fusarium' 

are saprophytfc or  plant parasi t ic .  But few species are 

fomd to cause insect  diseases, 

Kunckel dtHesculais and Langlois (1891) reported 

Fusarium acridf orum (Trabut ) infection on d e s e r t  locust 

Schistocerca g r e ~ a r i a  (Forskl) . Marchionatto (q 933) 

recorded t h i s  pathogen on the eggs of Q *  p a r a e n i s i s *  

Akbar -- et a l .  (1958) observed infection of  eggs of 2 .  gregaria 

a l so .  Reinking (1921) found Fusarium e ~ i s p h e r i a ,  F. coccophila 



as a parasite of scale insects  on c i t r u s  i n  Philipines.  

Teodoro (7937) reported F .  juruanum Hennings on coccids on 

coconut and E. parasi-ticum Fautrey on coccids on c i t r u s  

from Philippines. Mosqueer and Nystrakis (1944) reported 

Fusarium la ter i t ium Champignon normally saprophytic on 

leaves became paras i t i c  when It entered the ga l l s  of 

Phvlloxera v l t i f  o l iae  @itch) . Steinhaus (1 949) detec-bed 

F. aleyrodis Petch (White fringe fungus) paras i t i c  on - 
Dialeurodes - c i t r i  (R. and H. ) and D. c i t r i f  o l i i  (~org. ) . - 
Steinhaus and Marsh (1962) reported species of Fusarium 

attacking on Monochamus notatus ( ~ r u r ~ ) ,  Coccus v i r i d i s ,  

F. episphaeria on numerous scale insects, Fusarium specles - 
i n  E u r u a s t e r  paclfiea Lat t in , ,  on the larvae of Chilo 

zonellus and larvae and pupae of Platynota rostrana Walker, 

Rachvelishril i  (1 965) reported t h a t  i n  Georgia pea aphid 

Nacrosiphum pisum ( ~ a r r i s )  was infected by Fusarhn i n  

addition t o  Entomophthora and Trichothecium. Madelin (1968) 

reported Fusarium citriculatum Montagne regularly associated 

with some of the cerambycid beetles.  Live cerambycid larvae 

collected i n  the f i e l d  was act ively infected with the fungus. 

Gabriel (1968) reported infect ion of Fusarium episphaeria 

on Aonidiella auran t i i ,  and Chrysomphalus aonidium and C .  v i r i d i s ,  - 
Viswanathan (I 972) reported Fusarium oxysporwn infect ion on 



C. vi r idfs ,  It w a s  found very effec t ive  causing '100 per cent 
I 

mortali ty within 15 days. Atwal et a l .  (1973) recorded -- 
Chilo par te l lus  (~whihoe) as a new host  of Asperaillus flams 

and Fusasim sp. Fusarium larvarum w a s  the most widely 

spread paras i t i c  species on Adelges piceae in Canada a s  

reported by Smimof f (1 973) . Pogov and Xlliesu (1 975) 

reported Beauverfa, Spicaria and Fusarium as  the most 

important pathogens of Eurygaster i n t e g r i c e ~ s .  Sreedhar and 

Krishniah (1 975) i s o l a t e d  Fusarium equise-kli (~da. ) Sacc . 
f rorn pupa and adults of Piielanagromvza hibiscf . Bzrson (I 976) 

observed F ,  solani  art) as a weak pathogen of larval stages 

o f  the  large elms bark beetle Scolytus scoly-tus. Malvesh 

(1 976) i so la ted  Fusarium gibbosum var , bullatturn, F. juvanicum, 

F . oxysporum, g. owsporurn var. or-Lhoceras, g, sanbuefnum - 
~ a r .  and g .  semitectum from fo re s t  pests i n  Kulando. 

Kuruvilla (1 979) reported comparative suscept ib i l i ty  of 

mphs and adul ts  of Nflaparvata ~ u R @ ~ ? s  S t a l  "co Fusariunz nY - 
Schelt and i t s  use i n  microbial c o n t r o l ,  -- 

Naseema Beevi (I  98z)areported Fusasium monilif ormae var . 
subglutinans as pathogenic to the spotted beetle Epllachna 

vigintioctopunctata. Devanesan (1979) reported - F , equisetii 

infecting ~ e ~ h o t e t i x  viresens. Nayak and Sreevasthava (1978) 

reparted g. omsporum Wetting Melanitis - leda ismene 



r e s u l t i n g i n  80 t o  90 percent mortality. Naseema Beevi ' * 
. ,  , , . 

, .  . . , .  , . . , . , .  

(1$78)areported t h a t  . - F . monillf ormae was pathogenic t o  , ' 

, , -, , , . , .  
. , . . 

~ y l a b r i s  pus tu la ta  and Aulacophora species 'under laboratory 
. . . . .  m . .  . .  . . 

condition; Iilagalingarn . . (1 983) reported g. semitectwn producing 
, .  , .  , ,  , 

fuxlgal epizootic i n  colonies of g. persicae. Raghavendra et ale 
1 ,  

(1987) reported t h a t  -. F. subglutinans was pathogenic t o  
, . ,  , . 

, , 

sugarcane scale insect ~ ~ e l a n a s ~ i s  . , glomerata ( ~ r e e ? ) .  

Giard (1891) reported that F. acridiorum (Trabut) formed 
. , 

a whit i  pcwdery mass of dawn on the  surface  of head, , . 
. .  . 

thorax, abdomen and hind f e e t  of the  desert locust  Schfstocerca 

gregaria. Reinking (1921) studied F. eoiswhaeria and 

F. cocoophiba infect ion on c i t r u s  scale and found t h a t  the - 
fungus appeared red as pinkish w l t h  club shaped f r u i t i n g  

bodies on one edge only o r  more frequently from the en t i r e  

margin of the scales.  Steinhaus (2949) reported that a 

pinkish spore mass *$as found on the edge of Dialewodes c i t s l  - 
when infected with F, alleyrodis. Steinhaus and Marsh (7962) 

reported the sym~toas of Fusarium infect ion on the.larvae of 

Monochamus notatus. Reddish black spots appeared on thorax 

( l a t e r  spreading) and lYvhite mycelium issuing from the cu t ic le  

a t  the infect ion s i t e .  The body t i s sue  became translucent 

p r i o r  t o  the emergence of flocculant white mycelium. 

Atwal -- e t  a l .  (1973) reported t h a t  larvae of Chilo par te l lus  

infected with Pusaritm sp. showed a swelling of the  body 

and presence of necrotic in te rp leur i t e  spots. The hyphal 



covering on the body gave it a white appearance. Kuruvilla 

(1978) reported t h a t  when P, oxysporm infect ion was noticed 
I 

on - N. luaens the  infected insects became sluggish, turned 

pale and l a t e r  assumed a brownish co lou~a t ion .  Death occured 

wfthin 24 - 78 hours o f  Fnocubation. Majority of insec t s  

dropped down after death w h i l e  some were seen remaining 

attached t o  the plants .  Towards death, there was a general 

softening of the body, but l a t e r  on it go% harden&d. Grovth 

of the mycelium on the  cadavers was observed a f t e r  24 - 48 

hours of death. The fungus produced both microconidia and 

macroconidia on the cadavers, 

Moore (1973) studied 2.  bassiana, A. flavus and F. solani - 
t o  southern pine beet le  Dendroctonus f r o n t a l i s  a t  various 

temperature and humidity. GreaCer mortali ty occured i n  the 

temperature range of 15 - 20 C. Variation i n  temperature 

did not affect the mortality signifiaantly. Nagalingam (1983) 

observed peak incidence of M. persicae and F. semitectum 
I I 

during October on caulinflower, r a i n f a l l  being the  Important 

requisite f o r  the induction of fungal epizootic, 

Raghavendra -- et a l .  (1987) reported t h a t  f o r  - F. sub~ lu t inans  

a temperature regime of 15 - 20 C and re la t ive  hum8dity of 

90 - 95 per cent appeared t o  be favourable t o  cause Ngh 

mortali ty i n  sugarcane scale insect  glomerata. lncrease 

i n  temperature above 25 C and decrease in re la t ive  humidity 



"I) I._. 

below 85 per cent showed decreasing trend in mortality. 

Kuruvf lla (1 978) reported - F . oxysponun when applied 
6 at 6.25 x 10 spores per ml on N. lugens caused 100 .per cent 

mor t a l i t ywi th in  three days. The first and second instar I 

nymphs were more .susceptible than third, fourth and f i f t h  

instar nymphs and adults. Raghavendra (1987) reported thd 

F. subgldtinans whensprayed at higher doses of m7 - lo9  
spores per ml on sugarcane scale insect caused about ;' 

60 per cent mortality of first and second i n s t a r  nymphs. 

Mortality ranged from 36.7 - 53.7 and 48.5 - 54.9 per cent 
6 at 103 - 10 spores per ml "in f i r s t  and second instar$ 

respeotively . 
Lack of adequate quantities of 'pathogen has been a 

! 

serious impedement *ovfa~?ds the: davelopent and  applg 

of microbial control agent i n  plant pQteqtion Programme 
1 * 

Kuruvilla &* (1 979) at%e.mp*ed mVs p rOduc t i on  of 
\ \ ---- 

F. oxvs~orum on greengram, ~he- '  --" - 
I P" LobUQ, ragi and r{dgram 
I 

Theueh a l l  the media Eave good ~ r o w t \ r  ---- -w-- --- V - - I- " spomation;  
greengram and wheat appeared t o  be %lost suitable as 

they produced m a x i m u m  spores w i t h  hi@ \ . f l o p  
the mass production of g. semiteotm lea maize 

I grain 
and blackgram husk o r  redgram husk 

'W/w) was  r eponed  
by Nagalingam (1983) RagWendra e t  I 

Ig87) masscultured 



F. sub~ lu t inans  on moist s t e r i l e  sorghum grains. Three - 
week old culture was used by v~hich t i m e  the fungus 

sporulated abundantly. 

Kuruvilla (1978) reported Em oxysporum as nonpathogenic 
- 

t o  crops v i z .  - cotton, r i ce  and tomato. Naseerna Beevi ::z -. - 

(1 982)b reported t h a t  E. monilif ormae was safe t o  co-tton, 

tomato, bit tergourd, br in  jal and snakegourd. Nagalingam (I  983) 

observed t h a t  g. semitectum was safe t o  all instass of 

mulberry silkworm, adult  honeybee, hymenopterous parasi toids 

and coccinel l id  predators. The fungus w a s  a l so  reported as 

safe t o  plants  l i k e  c h i l l i e s ,  cabbage, brinjal  and tobacco, 



MATERIALS AND METHODS 



MATERIALS AND METHODS 

Raising of Cowpea crop 

Cowpea crop (var. C152) was raised a t  monthly in tervals  
2 i n  an area of 50m i n  the Instruct ional  Farm, Vellayani. 

Spacing, application of manures and fertilizers and cu l tu ra l  

operations were adopted a s  per package of pract ices  

recommendations of Kerala Agricultural University (1 983) . 
Observations of population fluctuaBion of peaaphid Aphis 

craccivora Koch. and i t s  predators. 

Observations on population of aphids and predators were 

recorded from each plot  from the four th  week a f t e r  planting. 

Eight observations were recorded a t  weekly W e r v a l s  from 

each planting. Each observation was taken from Len plants  

selected a t  random. Unit area taken for observation w a s  

seven em from the t i p  sf the branch including the leaves 

and pods i n  t ha t  area. Aphid infes ta t ion  was grouped i n t o  

various classes f olbowing the method of Banks (1954). 

Class Description 

Zero (0) Where there was no aphid present. 

Lf ght 

Very l i g h t  (v) - Where there w a s  one aphid t o  a small 

iv 
colony of some scat tered individuals 

confined t o  young leaves. 

(L) Where there were scat tered aphid colonies 

present i n  %he stem and leaves and not 

confined t o  crown and upper leaves, 



Medium (M) Aphid present i n  large numbers not i n  

recognfsabae colonies but defuse and 

infesting a large proportion of stem 

and leaves. 

Heavy (H) Aphid present in very large numbers, 

very dense, infesting a11 the leaves 

and stem usually black with aphid. 

Number of aphids for each class was found out by counting 

ten samples from each class and taking average of it. The 

samples were picked up from the field carefully without 

causing any disturbance t o  aphid colonles and kept sealed 

in individual Labelled bottles containing 95 per cent ethanol 

and counting done l a t e r .  Before counting each sample, aphids 

were dislodged from the leaves and stem by slow agi ta t ion sf 

it in the alcohol w i t h  the use of a camel hair brush. From 

the sample containing the dislodged aphids a s m a l l  portion 

was taken '~r~ith an ordinary aspirator and transferred to a 

p e t r i  dish. A graph paper was pasted a t  the bottom of the 

p e t r i  dish, When all aphids settled in "ce p e t r i  dish excess 

alcohoah w a s  casefully drained w i t h  Lhe aspirator so that the 

aphlds did not move while counting. Counting was done under 

s tereo  microscope. All the aphids Zn each sample were counted, 

Ten samples were c~unted from each class and the average of 

each class was worked o u t  as follows. 
. .  . , . .  . . .  



Classes of pea aphid population 

Class Number of aphids p e r  sample Mean 
1 2 3 4 5 6 7 8 9 40 

Very Light (v) 2 5 I 7 3 I 5 7 8 4 4 . 3  

Lf ght (L) 49 78 63 108 97 84 63 46 54 77 "7 .9 

Medium (N) 171 210 205 164 204 114 240 127 'I 80 A61 192.6 

High (H 304 470 535 405 440 369 478 570 520 496 458 '7 



The populations of predators were recorded f rom ten  

p lants  f o r  each observation by d i rec t  counting of immature 

stages and adults .  

Weather data 

The meteorological data Included i n  the study were 

obtained from the Instruct ional  Farm, College of Agriculture, 

Vellayani . Data on maximum and minimum temperature, r e la t ive  

humldity and r a in fa l l  recorded a t  8 a m  were collected every 

day and the weekly averages worked out, 

Population f luctuat ion due t o  month of planting and stage 

of crop 

Data on the population f luctuat ion of the aphid during 

di f ferent  months of planting from October 1984 t o  September 

1985 and f luctuat ion of population of aphids and i t s  

predators during different  stages of crop were s t a t i s t i c a l l y  

analysed . 
Correlation studies 

With a view t o  study the influence of weather fac to rs  
. * 

and predators on aphid population, the data obtained wefie 

s t a t i s t i c a l l y  analysed.  Simple correlat ion between aphid 

population during di f ferent  stages of the crop and climatic 

fac tors  and predators wese a l so  worked out. A multiple 

regression equation was a l so  f i t t e d  to the aphid population 

with predator population and physical parameters. 



Ste r i l i z a t i on  of glassware 

A l l  glassware, &., petri dishes, conical f l asks ,  

test tubes etc.  &re kept for 24 hours in cleaning solution 

containing 60 g potassium dichromate and 60 ml concentrated 

sulphuric acid i n  one l i t r e  of water. They were then 
i 

washed well in t ap  water and rinsed i n  d i s t i l l e d  water and 

a i r  dried. A l l  the glassware were then s t e r i l i z ed  i n  a 

hot air oven a t  160 C f o r  t w  hours. Pipet tes  and 

measuring cylinders were autoclaved a t  45 psi f o r  20 

minutes . 
Prepara-tion of media 

Following media were used i n  the experiments. 

Potato dextrose agar: 

Peeled potato - 20Q.OOg 

Dextrose - 20.00 g 

Agar - 20.00 g 

Distilled water - lOQO.00 ml 

Two hundred grams of peeled potato were s l iced i n t o  

small pieces and boiled in one l i t r e  of d i s t i l l e d  water 

f o r  one hour. The potato pieces were filtered out and 

20 g of dextrose aad 20 g of agar were added Lo the 

f i l t r a t e ,  the volume w a s  made up to 1000 ml and it was 

s t e r i l i z e d  a t  15 p s i  f o r  20 d n u t e s .  The pH of the medium 

w a s  adjusted t o  seven before s t e r i l i z a t i o n  using an 

indica tor  paper. 



Czapek (DOX) agar: 

Sodium n i t r a t e  ( N ~ N O ~ )  ... 2.00 g 

Potassium dihydrogen phosphate (KH2pCI4) - 1.00 g 

Magnesium sulphate ( M ~ s o ~ ~ H ~ O )  - 0.50 g 

Potassium cloride (Kcl) .I (3.50 g 

Ferrous sulphate ( F ~ s o ~ ~ H ~ o )  - 0.01 g 

Sucrose - 30.00 g 

Agar - 20.00 g 

Dis t i l l ed  water - 1000.00 ml 

Twenty grams of agar w a s  boiled i n  one l i k r e  of 

d i s t i l l e d  water and the  above ingredients were dissolved 

i n  it, pH of the medim was adjusted t o  seven. It was 

t ransferred t o  s t e r i l i z e d  Ehrlenmayer f l a sks  (250 ml) a t  

the ra te  of q00 m3 per flask, wrapped with paper and 

autoclaved for 20 minutes at ?5 psi. 

Richards ' agar: 

Potassium nitrate (KNO~) .I '10.00 g 

Potassium dihydrogen phosphate ( I M ~ P O ~ )  - 5,Oo g 

Magnesium sulphate ( ~ g S o ~ 7 H ~ 0 )  

~erric chloride ( ~ e ~ 1 ~ )  

Sucrose 

Agar 

Distilled water 



The medium w a s  prepared as detai led above i n  the  
case 

of Czapek @ox) agar. 

Sabouraud dextrose agar $ 

Dextrose - 40.00 g 

Pegtone 0 10.00 g 

Agar - 20.00 g 

D i s t i l l e d  water - 100O.OOm~ 

The ingredients were mixed well and boiled till 

asso lved .  The pH was adjusted t o  5.6 and s t e r i l i z ed  at 

15 psi f o r  10 minutes. 

Preparation o f .  slants and p la tes  

Three to five m l  of the prepared media were poured 

in to  clean test tubes and plugged with cotton. They were 

then s te r i l i zed  a t  15 psi f o r  20 minutes. The slants were 

prepared by placing the tubes i n  a s lant ing position and 

allowing the media t o  sol id i fy .  

In the preparation of plates  15 'd of s t e r i l i s e d  

medium at 4; C was poured into steri le  p e t r i  dish. The 

ove red  p e t r i  dishes were gently rotated t o  a id  in the 

even distr ibution of medium over the  bottDm of the dish. 

The medium was then allowed t o  so l id i fy .  

Survey of fungal pathogens of peaaphid 

The cowpea crop i n  the experimental plots and the 

crop raised i n  m e  Instruct ional  Fa". Vellayani and 

adjoining farmers f i e l d s  were surveyed f o r  disease 



incidence among aphid population. Dead or dying aphids 

both adul ts  and nymphs suspected t o  be infected were 

periodically collected and the associated fungi i f  any 

were i so la t ed .  

I s o l a t i o n  of pathogen from peaaphid 

Dead and dying adults  and nymphs 04: peaaphid suspected 

to be infected with fungi were surface s ter i l i sed  with 

0,1 per  cent mercuric chloride i n  75 per cent e t h y l  alcohol 

for one t o  two minutes, washed in three changes af sterile 

water and placed i n  sterile petri dishes  containing pota to  

dextrose medium and incubated a t  room temperature. A f t e r  

24 hours when growkh of the  fungus was vis ib le  to naked. 

eye, b i t s  of mycelial t i p s  were transferred t o  potato 

dextrose agar slant and maintained i n  pure culture f o r  

f u r t h e r  studies.  

Pathogenicity tests f o r  fungal i s o l a t e s  

The disease free laboratory culture of penaphfd 

A craccivora maintained i n  the insectary on potted cowpea - 
planks were used for pathogenicity studies. Each po-ktecl 

plant with t h e  aphid colony w a s  confined fn glass chimney. 

The fungal i sola tes  were applied on the aphid colonies t o  

test iks pathogenicity, Out of three isolates, Rochfs 

postulates were established i n  the case of one isoLate 

only and it w a s  sent to Commonvfealth Mycological I n s t i t u t e ,  



London f o r  ident i f ica t ion .  A pure culture of t h i s  fungus 

was maintained i n  the laboratory and a l l  fu r ther  s tudies  

were conducted using t h i s  fungus. 

Maintenance of culture of Fusarium pallidoroseum (~ooke)  Sacc. 

The fungus was i n i t i a l l y  cultured on potato dextrose 

agar but subsequently maintained dextrose agar 

medium since it was found more sui table  f o r  growth of the  

pa-thogen. The virulence of the fungus was maintained by 

periodically culturing i n  the host insect  & craccivora. 

Preparation of s l i de  culture f o r  morphoLogfca1 studies 

Ten ml of molten agar medium w a s  poured into a s t e r i l e  

p e t r i  dish. After so l id i f i ca t ion  the pla te  was marked in to  

one om squares using a s t e r i l e  dissection 'needle. The 

agar square w a s  l i f t e d  out and placed on 'a sterile 

microscope s l i de  kept inside a s t e r l l e  p e t r i  dish. Fungal 

, spores were inoculated on two edges of the square and 

covered with a s t e r i l e  cover s l i p .  Slide culture was then 

t ransferred t o  mois t  chaiber containing small amount of 

20 per cent glycerine t o  prevent foggying.  lass rods 

with ends bend were placed i n  the petri dish and the s l ides  

were supported thereon t o  prevent Ehsm from gett ing wet. 

The cul tures  were periodically checked f o r  grovrth and 

sporula-tion. After 48 hours two permanent s l ides  each were 



prepared Prom a s l i de  culture as follows. The cover 

was removed from the agar block and applied a drop of 

lactophenol containing cotton blue and the cover slip 

was gently lot-~ered on a clean s l ide .  Similar ly  the o r ig ina l  

s l ide  with the fungus grown on it w a s  covered with a clean 

cover slip after adding a drop of  lactophenol containing 

cot-ton blue. Fungal growth was observed rnicroscopilcally 

and photomf crographs were taken. 

Pieasurement of conidia - 
A drop of d i lu te  spore suspension i n  s t e r i l e  water 

w a s  placed on a clean glass s l ide  and covered a 

coves slip. Length and breadth of conidia were measured 

under nicrosoope using P calibrated ;,ocular micrometer. 

Effect of different  media on growth of F. w d o r w  

P l a t e s  were poured with f o u r  d&fferent media, viz., 
. . . , - 

potato dextrose agar, Richardsf agar, Czapek (~0x1 agar 

and Sabouraud dextrose agar as described ea r l i e r .  One 

loop f u l l  sf ?he inoculum prepared as explained, above w a s  

placed i n  the centre of each plate .  The same stock inoculwn 

w a s  used f o r  a l l  p e t r i  dishes. The p e t r i  dishes were 

inoculated a t  room temperature. Each treatment was 

rep l ica ted  four times. Radial growth of the fungus w a s  

recorded from the t h i r d  day onwards till growth of the 

fungus i n  any of the media completely covered the p e t r i  dish.  



Effect  of age of cul ture on sporulation 

Thirty two p la tes  each with four  media, viz . potato 

dextrose agar, Richards1 agar, Czapek (DOX) agar and 

Sabouraud dextrose agar were Inoculated with the fungus 

as explained earlier. Star t ing  from second day onwards 

sposulation of f o u r  p la tes  from each medium was observed 

dai ly  up t o  ninth day f o r  spore count. Five mm diameter ' 

discs were cut  out from three d i f ferent  areas of the p e t r i  

dish and were put i n t o  250 m l  conical f l a s k  containing 

I00 m l  s t e r i l e  water. The f l ask  was agi ta ted  thoroughly. 

After sui table s e r i a l  dilution spore counts were recorded 

under a binocular research microscope using a double ruled 

Neubauer haemocytome%er. 

Effect of d i f ferent  media on virulence of the pathogen 

Slants  vmre prepared with the four  media, viz . , potato 

dextrose agar, =chardst agar, Czapek (DOX) agar and 

Sabouraud dextrose agar and inoculated with the fungus a s  

explained ea r l i e r .  They were allowed t o  grow for nine 

days. Five m l  of s t e r i l e  d i s t i l l e d  water was poured i n t o  

the  nine day old cul ture s lants .  After shaking the tubes 

well the resul t ing  suspension was t ransferred t o  empty 

s t e r i l e  t e s t  tube and the concentration w a s  standardfsed 
6 t o  3.5 x 10 spores per  m l .  The t e s t  insects  were drawn 

from disease f r ee  cul ture of peaaphid maintained i n  the  



insectary.  Adult wingless peaaphids were used f o r  the  

experiment. Two r n l  of the  fungal spore suspension was 

applied on the aphids with an atomiser and the same were 

r e l ea sed  on immature pods kept an s t e ~ i l e  p e t r i  dishes,  

The experiment was rep l ica ted  f o u r  times. Insect 

mortal i ty  was recorded every day up t o  fourth  day f o r  

each medium. 

Effect  of age of cu l ture  on virulence of pathogen 

Slants were prepared with Sabouraud dextrose agar 

media a.nd inoculated with - F . pallidoroseurn. S ta r t ing  

from third day onwards till n in th  day spore suspensions 

were prepared as explained above, The pathogenicity of 

t h e  spore suspension f o r  each day was assayed against  

adu l t  wingless peaaphids a t  a unSfosm concentration of  

6 3.5 x 10 spores per ml, The experiment was repl icated 

four  times. The mortal i ty  of peaaphid was recorded 

everyday till the four th  day and the  data from cumulative 

mortality was s t a t i s t i c a l l y  analysed. 

Select ion of su i tab le  medium f o r  mass cu l ture  of the  pathojien 

In  order t o  f i n d  out a sui-bible medium f o r  mass 

cu l tu re  of the  fungus preliminary t r i a l s  were conducted 
, 

with *he following mater ia ls ,  

1. Rice grain 

2. Wheat grain  



3. Ragi graln 

4. Maize grain 

5. Cowpea 

6. Greengram 

7. Jack seed 

8. Coconut o i l  cake 

9.  Tapioca chips 

40. Paddy straw 

Thirty g each of the above materials were taken in 

sepesate 250 ml conical f lasks  containing 30 ml of 

d i s t i l l e d  water and plugged with cotton. Flasks were 

then autoclaved at 'l5 psi f o r  20 minutes. Discs were 

cut from outer edge of seven day o ld  cu l tures  by means 

of a s t e r i l e  cork borer  and transferred into conlcaP 

flasks containing the materials. The flasks were shaken 

well in order t o  disperse the inoculum and then incubated 

a t  room temperature, Growth of fungus was obaerved daily, 

Following media rvhlch gave sa t i s fac tory  growth of the 

furmgus in the preliminary t e s t  was selected f o r  further 

studies .  

1. Rice grain 

2 .  Wheat grain 

3 .' Ragi grain 



4. t4aize grain 

5 . Jack seed 

6. Coconut oil cake 

7.  Tapioca chips 

Sporulation of the fungus in the above materials was 

recorded on the ninth day. Each treatment was replicated 

five times. 

Pathogenicity of B. gallidereseum t o  certain crop plants 
- 

Pathogenicity of the fungus to rice, bhindi, brinjal, 

chillies and tomato were assessed by three methods of 

inoculation as detailed below. ~bkervations were made 

dlad71y on the condition of the plants  till harvest. 

(i) Soil InooulatLon 

Earthen pots of ?O ern diameter t?ere f i l l e d  w i t h  poeting 

dxture ( w e t  soil in the  case of rice) and the surface soil 

was mixed w i t h  25 ml of spore suspension a't; a concentra%fou~ 

of 7 x 106 spores per  ml. Four pots were prepared f o r  each 

crop, Planting of the seedlings w a s  done after two hours 

at the rate of one seedling per po t ,  S o i l  &xed ~ ~ i t h  

25 ml of s t e r i l e  water alone served as control, 

'(ii) Seed inoculation 

25 g each of the seeds were thoroughly cleaned t o  

remove a l l  the foreign materials and w e l l  dried fn sunlight. 



The seeds were then soaked i n  10 ml of spore suspension 

and kept f o r  24 hours. Seeds s ~ a k e d  i n  s t e r i l e  water 

served a s  control. Treated seeds were sown i n  pots. Tho 

experiment w a s  repl icated four times fop each crop, 

( i i i )  Leaf inoculation 

One month old healthy plants  were used f o r  t h i s  

inoculation. Injury was made om leaf by pin pricks. 

Inoculation was done with culture b i t s  by placing them on 

injured spots and covered with moist cotton wool. Injured 

spots covered with moist cotton wool alone was kept as 

control.  Four leaves were t rea ted  i n  each plant and there 

were four  repl icat ions i n  each. 

Saftey of fungus F. pallidoroseum t o  grubs of menochilus 

Second i n s t a r  grubs of :.;:. M? - .  -it.sm~icri2.ata reared i n  

the laboratory were used i n  the experiment. Ten grubs 

were taken i n  a p e t r i  dish and a fungal spore suspension 
6 containing 7 x 10 spores per ml was sprayed on them using 

D 

an atomizer. A control w a s  a lso maintained. The grubs 

were then reared individually i n  specimen tubes till 

adulthood. The t rea ted  grubs were dai ly  observed f o r  

occurrence of fungal infection. 

Bioassay of F. pallidoroseum against  geaaphid A. craccivorsi 

The t e s t  insects  were d ram from disease f r e e  cul ture 



I 

of peaaphid. Five s e r i a l  d i lu t ions  of the fungal spore 

suspensions, as follows, were prepared from the stock 

solut ion of seven day old fungus grown i n  Sabouraud dextrose 

agar media, 

(i) 
6 7.0000 x 40 spores per m l  
6 (fi) 3 . 5 0 0 0 ~ 1 0  s p o r e s p e r m l  
6 (ifP) 'l.7500 x 10 spores per m l  
6 (iv) 0.8750 x ?O spores per ml 

(v) 
6 0,4375 x 10 spores per r n l  

Two m l  of fungal spore suspension was applied on the aphid 

with an a t o d z e r  and the same were released on immature 

pods kept in  s t e r i l e  p e t r i  dish,  The experiment w a s  

replicaked four times. Aphids s imilar ly t r ea ted  with 

d i s t i l l e d  water alone served a s  control.  Observations on 

insect  mortality were recorded everyday, The log dose 

probft  mortality data w a s  s t a t i s t i ca lLy  aazalysed and Lc5O 

worked out,  

Control of peaaphid A.  - craccivora with g. pallidorbseum 

Arm experiment was conducted t o  t e s t  the efficacy of 

F. pallidoroseurn against  peaaphid &. craccfvora under f t e l d  - 
conditions. The experiment was l a i d  out i n  a randomised 

block design with f i v e  treatments and f i v e  repl icat ions,  

The treatments were as follows: 
6 

T1 - 1.75 x 10 spores perm1 



6 
T2 

- 3.50 x 10 spores p e r d  
6 

T3 
- 7.0Q x 10 spores per m l  

Cowpea variety (2152 was raised during November 1985' 

In the Instructional Farm, Vellayani, All cultural 

operations were earried out according %o package of I# 

practices recornendations of: Kerala Agricultural University 

(1 98 J) , Pretreatment observations on the population of : the 

aphids and predators were recorded from 10 plants in each 
I 

p l a t ,  Treatments were applied in the evening along with 

Teepol 0.01 per cent after an i r r iga t ion .  Control p l o t  

received a spray w i t h  d i s t i l i e d  water mixed with ~ e e ~ o i  

0.07 per  cent. The treatments were applied on the eighth 
. . . .  . , . .  . . 

. . .  

week af%er sowing when there was sufficfent population 

build up of aphids in all test p l o t s .  .. The change in / 

population of aphids and predators after ereatment was ; 

observed seven days a f t e r  application of the  treatments. 

The data obtained were statistically analysed, I 



RESULTS: 



RESULTS 

Population f luctuat ion of pea aphid Aphis oraccivora Koch. 
- - 

i n  re la t ion  t o  time of planting and stage of crop 
*--CC - 

The observation on the  population of pea aphid 

A .. ~ r a c c i v o r a  recorded from the monthly plantings of the  - 
pulse crop from October 1984 t o  September 1985 are furnished 

in Table 1. M a x i m u m  population of pea aphids was observed 

(Mean 249.78) in the crop planted i n  November and it was 

s ign i f i can t ly  hlgher than the population i n  a l l  other months 

of planting. The crop planted i n  October recorded the next 

higher mean population of 165.62 followed by the plant ings 

i n  Decemljer and August with a mean population of 154.25 and 

139.52 aphids respectively. There w a s  no significant 

difference i n  the  population recorded f o r  these three 

plantings . The lowest mean population of 1.47 aphids was 

recorded i n  the crop planted during the month of March. 

The poptilation trend i n  the various plant6ngs i s  illustrated 

in Fig. 4 .  

It can also be seen from the s e s d t s  presented in 

Table -I that the population of peaaaphids was very much 

influenced by the stage of the crop. The maximum incidence 

of aphids was observed during the eighth week of the crop 

w i t h  a m e a n  population of '145.04 aphids followed by ninth 



'I'nble I .  Popu la t ion  of pea aph id  I\. c rncc j .vo ' r~  observed on cowpen 1.n 'felflti.on t o  ti.rne of p l a n t i n g  

and growth s t a g e s  of t h e  c r o p  
. . 

- - 
Mean number of a p h i d s  observed a t  d i f f e r e n t  i n t e r v a l s  a f t e r  p l a n t i n g  (weeks) 

P l a n t i n g  t ime Me a n  
4 .5 6 7 8 9 10 11 

October  1984 4.78 135.37 163.84 243.43 326.88 240.09 195.61 169.40 165.62 

(2.40) (11.68) (12.84) (15.63) (18.11) (15.53) (14.02) (13.05) (12.91) 

December 1984 42.31 

(6.58) 

January  1965 50.91 
(7.20) 

February 1985 42.31 
(6.58) 

March 1985 0 .OO 

(1 .oo) 

A p r i l  1985. 0.27 
(1.13) 

June 1985 0 .OO 

(1 .oo) 

J u l y  1985 8.18 68.99 204.76 220.47 1 5 0 . 2 9 '  183.70 175.04 39.51 114.95 
(3.02) (8.37) (14.34) (14.88) (12.30) (13-59) (13.27) (6.37) (10.77) 

August 1985 11.40 53.90 199.24 250.21 250.21 250.21 210.97 57.62 139.52 
(3.52) (7.40) (14.15) (15.85) (15.85) (15.85) (14.56) (7.66) (11.85) 

Flean 13.25 66.73 105.27 138.15 145.04 141.70 116.51 61.16 
(3.77) (8.23) (10.31) (11.80) (12.08) (11.95) (10.84) (7.88) 

. . . . . . . - . - . . .. . - - . - . . - . . . - . . 

C.D.  f o r  comparing t h e  p o p u l a t i o n  on cowpea p l a n t e d  a t  d i f f e r e n t  months = 1.78 

C . D .  f o r  comparing t h e  p o p u l a t i o n  a t  d i r f e r e n t  growth s t a g e s  of  cowpea = 0.96 
rCC- 



POPUI.-ATLON OF APL-IIDS AND ITS PREDATORS 
I__-_ _ 
\N THE CROP PLANTED IN DIFFERENT MOI\ITHs - -. -- -- . . - - -- - .- --- 

- _ -  ---.. . - - . . . . . . 

PERlOD OF PLANTING 



week and seventh week w i t h  a mean aphid population of 

141.70 and 1%. A 5 respectiveby . The population recorded . 

during thehe three weeks were on par with each other. The 
I 

adwest popdat ion of 13.25 aphids w a s  observed durfng the 

fourth week. The popubatlon showed arm, increasing trend 

upto eighth week and decreased thereafter  (Fig. 2) . 
Population fluctuation of predators of pea aphid 

The r e su l t s  presented in Table. 2 show significant 

f luctuat ion in the population of predators during dif ferent  

months of planting and during d i f fe ren t  s-$ages of crop, 

M a x i m u m  population of predators was recorded in November 

planted crop with a mean population of 2.24 predators. 

Predators were not recorded i n  the  crop planted during 

Harch and Nay. Maximum population of predators was recorded 

during the eighth week ~f the crop (Hean .43). Least 

population was recorded during four-bh week of the crop,*-the 

m e a n  being 0.09. The density dependent nature of the 

population of predators i n  different months of planting 

and at dif ferent  stages of %he crop is depleted In Fig. ? 

and 2. 

Population fluctuation of pea aphid in relation to weather 

factors and predators 

Observation on the population of pea aphid collected 



POPUI .ATION OF APHIDS AND ITS PREDATOR5 AT 

DIFFEREI\IT GROWTkI STAGES OF COWPEA 

Y E E I < S  AFTER PLANTING 



Table 2 . .  Popu la t ion  of p r e d a t o r s  of pea aph id  A. c r a c c i v o r a  observed on cowpea 

Mean number of p r e d a t o r s  observed a t  d i f f e r e n t  i n t e r v a l s  a f t e r  p l a n t i n g  (weeks) 
P l a n t i n g  t ime -- Mean 

4 .  5 6 7 8 9 10 11 - .- 

October 1984 0.152 0.994 

(1.073) (1.412) 

November 1984 0.210 1.368 

(1.100) (1.539) 

December 1984 0,000 0.905 

(1.000) (1.380) 

January 1985 0.085 I .411 
-- -- (I ,041-)-(-I-. 553) 

February 1985 0.709 0.709 

( I  ,307) (1 -307) 

A p r i l  1985 0.000 0 .OOO 

(1 .ooo) (1 .ooo) 

. May 1985 0,000 0.000 

(1 .ooo) (1 .ooo) 

June I985 0.000 0.000' 

(1 .ooo) (1  .ooo) 

July  ,1985 0.000 0.000 
- (1.000) (1.000) 

, . 
August 1985 0.000 0.336 

(1.000) (1.156) 

September 1 985 0.000 0.000 

(1.000) (1.000) 

C . D .  f o r  comparing t h e  p o p u l a t i o n  dur ing  d i f f e r e n t  months of p l a n t i n g  = 0.081 

C . D .  f o r  cornwaring t h e  ~ o ~ u l a t i o n  d u r i n ~  d i f f e r e n t  s t a g e s  of t h e  c rop  = 0.009 



for a period of one year fron November 'I984 and'December 

1985 are furnished i n  P m e w e  .I and populat ion of 

predators of aphids Zor the corresponding period i n  

h e m e  XI. Cor re l a t i ons  have been worked out between ' 

the populations of pea aphids, i t s  predators and weather 

fac tors .  The results are  furnished in Table 3 ,  9% can 

be seen from the r e su l t s  that there ks signif icant  posi t fve 

correlat ion between populat ion of agMd and re la t ive  ' 

humidjlty, The population of predators of aphids i s  

significankly posi t ively corsela-ked with re la t ive  humidity. 

Rainfall i s  negatively correlated with populat ion of aphids, 

Other weather factors such as maximum and minimum temperature 

had a negative correla89on w i t h  aphid population. The 

r e s u l t s  a l so  showed a highly si@fhcant posit ive correlat ion 
I 

between population of aphids and its predators. ( ~ i g .  3) 

The results presented i n  Table 4 show the correlation 

of weather factors and predators on the population 

f l u c t u a t i o n  of pea aphid duying different stages of the 

crop, A positive correlation between aphid population and 

predator population i s  noticed exceg-tr during the fourth 

week of the crop. Relative humidity was a l s o  found to Be 

posftively c o r r e l a t e d  with aphid population, 

Multciple regression equakion was fitled t~ the aphid 



Table 'S . Csrselatf on between Weather parameters, predakor pogula-kion and f l u c t u a t h g  popdatioEt 

of - A, craccivora on. cowpea during q984-85. 

Parameters (x) 
X? *a x3 x4 "5 Aphf d population 

x1 Maxim temperature 0,2366 -0,0064 -0,5558 -0,1077 -0 .I460 

x2 Minimum temperature 0 -2561 -0.0901 -0.0462 -0.0760 

x3 Relative humidity 

x4 Rainfall 

x5 Predators 0.9001: 

* Significant a'l; 5% level 



---, APHIDS 

-.-.-.-PREDATORS . 

RAINFALL i~ m m 
M I N I M ~ ~ M  TEMPERATURE OC 

................, :MAXIMUM TEMPERATURE OC 

-,-,-,-RELATIVE HUMIDITY % 

MONTHS 



Table 4. Correlation between weather factors, predator population and population of A. craccivora 
an cowpea during different stages of the crqp , , . , , ~ , . .  , . .  . . . .  . . , , . . . . 

Psameters .  . . . Correlation a t  diSferen-1; ,intervals as te r  p l a - b h g  . (Bn weeks) . 

Maxjlmum temperature 0.1329 0.2963 0.1314 -0.0152 -0.3623 -0.3922 -0,3367 -0.2877 

Minimum temperature 0.2500 -0.0369 0.1274 -0.2897 . 0.0862 .0.1309 0.3811 %-0.4119 

Relative humLdity 0.5545 0.4894 0.5838 0.0440 0.5060 0.6690 0.6598 0.2671 

Rainfall -0,2899 -0,4514 -0.4321 -0.2664 0.2886 0.1077 0.1781 -0.1949 

* Significant aL 5% level  



population with weather parameters and population of 

predators  (Table 5) .  Eighty four  p e r  cent of var ia t ion  of 

population could be accounted by t h e  var iables  under study. 

P a r t i a l  regression coe f f i c i en t  of t h e  aphid and r e l a t i v e  

humidity was found t o  be pos i t ive  and s igni f icant .  Among 

the  o ther  weather parameters, maximum temperature had a 

s i g n i f i c a n t  negative p a r t i a l  regression coef f ic ien t .  

P a r t i a l  regression coe f f i c i en t  of the  aphid w i t h  minimum 

temperature and r a i n f a l l  was negative but not s i g n i f i c a n t ,  

The p a r t i a l  regression coef f ic ien t  between aphid population 

and predator population was positive and highly s igni f  lcant ,, 

Survey of fungal pathogens 

A survey was conducted i n  the  I n s t r ~ i c t i o n a l  Farm, 

College of Agriculture, Vellayani and i n  the adjucent 

farners fields t o  c o l l e c t  fungal pathogens associated with 

pea aphids. Three fungal i s o l a t e s  were obtalned of which 

only one was found t o  be pathogenic to t he  pea aphid i n  the 

preliminary laboratory s tudies .  Kochls pos tu la tes  were 

es tab l i shed  in this case,  The fungal I s o l a t e  w a s  i d e n t i f i e d  

as Fusardram pallidoroseurn ( ~ o o k e )  Sacc. by the Common Wealth 

~ ~ y c o l o g i c a l  &-stbtute, Kew, England. Further s tudies  were 

taken up with this pathogen. 



Table 5 .  Results of multiple regression analysis of preda tors  

and weather factors on aphid popula t ion 

Multiple regression equation 

Y = 80.760 + 89.545 X, + 8.942 X2 - 5.623 Xg + 4.168 X4 r 0.185 

Varf ables (b)value SE Computed ft l  

Predators *1 639.545 

Maximum temperature X2 -8 942 

Ninimurn  temperature X3 -5 a 623 

Relative hum1 dj-ty x4 4.?68 

Ralnf all 

* Significant at 5 % bevel 



Symptomatology 

The Infected insec t s  turned pale i n  the  i n i t i a l  stages 

and assumed a brownlsh black discolouration l a t e r  on, 

Complete mortality of the pea aphid occu~redin  48 t o  72 

hours of inoculation. The mummified cadavers were seen 

firmly adhered t o  the plant  (plate  I). The dead insec ts  

were hard t o  touch, external mycelial growth appeared i n  

24 t o  48 hours a f t e r  death. The dead insects  were covered 

by a f l u f f y  white myeelial growbh sf the fungus in 72 hours 

(Plate 11). 

Morphological characters of Fusarium pallidoroseurn ( ~ o o k e )  Sacc. 

Characterist ics of the fungus observed when cultured 

on Sabowaud dextrose agar medirr;lxwere a s  follows. Mycelium 

septate, aerial mycelium slightly peach coboured t o  white, 

hypha elongate, separate and branched (plate  111). ConidSa 

produced i n  a e r i a l  mycelia and were 1 t o  7 septate. Conidia 
I 

were spindle shaped o r  s ickle  shaped tapering a t  both ends, 

(Plate IV), 

The average s i z e  of the conidia were as follows: 

1 septate 5 - 17 p 2.0 - 3 . 7 ~  

2-3 septate 9 - 23 ~ ~ 2 . 0  - 4 . 5 ~  
-. 
:'3-5 septate 27 - 41 p x 3.5 - 5 . 5 ~  

5-7 septate 38 - 57 p x 3.7 - 5.4 p 



Plate  No. 1 Pea aphfd killed by F. pallidorosewn remaining 
attached to the plant, 





Pla%e Ns, 2 g. growing from cadaver o f  
Pea 









P l a t e  No. 4 Corlidia o f  - F. palLidoroserrm 





Effect  of media on growth of the fungus g. pallidoroseum 

The effect of d i f fe ren t  a r t i f i c i a l  media on the growth 

of the  fungus i s  presented i n  Table 6. Na,ximum mean radial 

growth of 61.30 rnm observed on Sabouraud dextrose agar 

medium VTaS s t a t i s t i c a l l y  superior to a l l  other media used. 

The next best w a s  potato dextrose agar medic;ipwith a mean 

r a d i a l  growth of 49.54 mi 

The highest rad ia l  growth was recorded om the ninth day 

wlth a mean growth of 82.16 mm followed by eighth day. 

There was s ignif icant  increase i n  the rad ia l  growt;h of the  

fmgus from t h i r d  t o  seventh day. However, growth recorded 

on eighth and ninth day were on par with each other. The 

r e s u l t s  are i l l u s t r a t ed  i n  Fig.4. 

Effect  of d i f ferent  media on sporulation of  the fmgus 

The influence of composition of media on sporulation 

of the  fungus i s  presented i n  Table 7 and i l l u s t r a t ed  i n  

F ig .  . The sporulation on Sabouraud dextrose agar  mediW 

was'found t o  be s ignif icantly higher with a mean of 
b 

4.04 x 10 . It w a s  followed by potato dextrose agar medium 
6 

( ~ e a n  3.78 x 'iO ). 

The comparison between period showed maximum sporulation 



Media used Mean diameter of colony ( in  m) observed a t  different intervals after 
i nocu la t i on  (days) 

3 4 5 6 7 8 9 Mean 

Potato dextrose 

agar 

Czapek @ox) 
agar 

Richards 

agar 

Sabouraud dextrose 
agar 

Mean 

C O D .  f o r  comparison between treaLment e 0.0127 

C .Dm f o r  comparison between period - - 0.0254 

Figures in parenthesis are values after lsgarithmlc transformation 



,........,... ... .... SABOURAUD DCXTKO5E AGAR 
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Table 7, Sporulation sf F a  pnllidsrclsem in different  mycol~gical medla 

Media used f;Iean number sf spores per  ml o b t a b e d  from the media at different  
intervals after inoculation (days) 

agar (6.185) (6.415) (6.525) (6.647) (6,702) (6.610) (6.505) (6.4-?2) (6.503) 
6 6 6 6 6 6 6 6 6 

Richards qe5p&qo 2.15~70 3.18~10 3.94~10 4.2~~.~'10 3 , ~ k x l D  2.G4x'lo '201'7x10 '2.85~70 

agar (6,197) (6.345) (6~902) (6,595) (6.627) (6.5951 (6.422) (6,3371 (6,455) 
6 .  6 6 I 6 '  6 ci 6 6 6 

Czapek ( ~ 0 x 1  ?,24x'lO 1 081x10 2.70~10 3.69~10 4.02~40 3.27~10 2,49xIO 3 ,57~10 '2.40~10 
agar (6.095) (6.257) (6.432) (6.567) (8:6.605) (6.515) (6.3971 (6.197) (6.352) 

6 
Sabouraud dextrose 1.69~18 ' a . ~ x t 8  . a s x l o  4.86~18 $.10x1 

6 6 6 6 8 $5.56~70 4.86~10 3.92~10 &..04x10 
agar 

C.D. for coanparison between treatmeat a 0,086 

C .Do f o r  comparison between period 52 0,924 

Figures In paranthesis are values after Sogar5thmio transformation 



SPORULATION OF - PALLIDOROSEU M IN DIFFERENT 

MYCOLOGICAL MEDIA ON DIFFERENT DAYS AFTER INOGULATl O N  
FIG. 5 

o - ~ - o S A B O V R A U D  DEXTROSE AGAR 
6.9 1 POTATO DEXTROSE AGAR 

I ------ -RICHARDSI AGAR 
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on the sixkh day with a mean spore count of 4.79 x 10 6 

followed by seventh day and f i f t h  day. A decline i n  the 

r a t e  of sporulation i s  noticed from seventh day onwards. 

Effect of d i f ferent  media on pathogenicity s f  the fungus 

F . pallidoroseurn -.. 

Data on e f f ec t  of Composition of different  media on 

pathogenicity of the fungus are  presented i n  Table 8. 

Results showed considerable variat ion on the mortality of 

pea aphid inoculated with the spores of the fungus harvested 

from different c d t u r e  media. Hundred per cent mortali ty 

of pea aphid on fourth day of inoculation was observed i n  

the case of fungus cultured on Sabouraud dextrose agar 

mediCBeW- The fungus cultured on potato dextrose agar 

recorded 98.14 per cent mortality on fourth day of 

inoculation f ~ l l o w e d  by Czapek (DOX) agar with 92 per cent 

mortality. Fungus cultured on Richards-gar medi&m 

recorded only 69.83 per cent cumulative mortality on fourth 

day shoviing tha t  it i s  l e s s  v i ru lent  than the fungus 

, cultured on other three media. The fungus cultured on 

Sabouraud dextrose agar showed a high degree of pathogenicity 

by giving a mortality of 72.99 per cent on the second day of 

inoculation itselr". However, there w a s  no s igni f icant  

difference bekween pathogenicity of fungus cultured on 



Table& Pathogenicity of spores of Em pallidoroseurn grown on different mycological media 
on craccivora 

Mean per cent mortality of A. craccivora observed a t  different 
intervals  a f t e r  treatment (days) 

Media used 

1 2 3 4 

Sabouraud dextrose agar 45.73 72 a99 95 -57 100 .OO 

(42 . 532) (58.069) (77.820) (90.000) . 

Richardst agar 7.20 22.58 54 *47 69 -83 
(15.56a) (28.546) (45.824) (56.661 ) 

Czapek (DOX) agar 28.19 52.64 62.19 92 '00 

(32.059) (46.493) (52.032) (73 a550) 

Potato dextrose agar 48.74 66.44 
(44,264) (54,574) 

Figures In parenthesf s are transf armed value S (angdar)  



Sabousaud dextrose agar medik.. and potato dextrose agar medi,., 

Effect of age of culture on pathogenicity 

Results presented in Table 9, show the  influence of 

age of culture on the pathogenicity of the fungus. It is 

evident from the  r e s u l t  that spores harvested from six and 

seven day old cultures recorded 100 per cent emulative 

mortality at 72 hours a f t e r  inoculation, Eigh tday  and 

nine day old cultures gave only ti? .23 and 5B.o'4 per  cent 

cumulative mortality at 72 hours showing a decline in 

uathogenicity of the fungus clue to age of  cul.ture. There - 
is significant difference in m o r t a l i t y  due t o  age of cul ture 

at 48 hours a f t e r  inoculation. The highest cumulative 

mortality of89bBper cent was recorded in the case of six day 

o l d  cu l tu re ,  but the difference in per cen'c m o r t a l i t y  due t o  

age of culture tias not significant at 24 hours a f t e r  inoculatioj 

Selection of su i t ab le  medium f o r  mass culture of the fungus 

The preliminary screening studies indicated 

*he suitability of rice grain, wheat grain, ragi grain, 

broken maize grain, jack seed, coconut oil cake and 

dried tapioca chips f o r  mass culturing of the fungus, 

Hence the  sporubatfon of the fungus in these materials was 

studied and the results are presented i n  Table 10, It is 

seen tha t  the sporulat ion of the fungus was m a d m u m  in 



Tableg. Pathogenicity of the spores of - F .  pallfdoroseum grown on 
Sabouraud dextrose agar at different intervals after inoculation 

Ane of culture Cumulative per cent mortality at intervals ( in  hours) - 
in days 

24 hours 48 hour,s 72 hours 

C.D. 9.34 . , 94.58 10.76 

(Figures in parentheses are values after angular transformation) 



Plate No. 5 Growth o f z .  palEidoroseum on some mass 
muhtiplication media, 

Rice grain 

Wheat grain 

Ragi grain 

Maize grain 

Cowpea 

Greengram 

Jack seed 

Coconut oil cake 

Tapioca chips 

Paddy s t r a w  





Table ( 0 .  Sporulation of E. pallidorosewn on d i f f  eren-t; materials 
used for mass multiplication of the fungus 

Media Mean number of spores/ml on 9th day 

Wheat graln? 

Ragi grain 

Maize grain 

Jack seed 

Coconut o i l  cake 

Tapioca chips 

C ,D. for comparison between different  media 0.09 

(Figures i n  parenthesiis are values a f t e r  logarithmic 
transf ornation) 



6 broken maize grain (4.90 x 10 spores per ml) followed by 
6 tapioca chips (3.80 x 10 spores per ml). The sporulation 

in maize was significantly supe r io r  t o  a l l  other mass 

mtiltiplica-tion media t es ted ,  The lowest sgorula-tlon w a s  

recorded i n  rice and ragi grain. 

Pathogenicity of fungus c. pallidoroseum t o  certain 

crop p lants  

Inoculation of the  fungus on r i ce ,  bhfndi, brinjal, 

c h i l l i e s  and tomato by three  methods did not produce 

disease symptom i n  any of the inoculated p lants  indicating 

the s a f e t y  of the fungus t o  these cul-tivated crop plants. 

Safety of the fungus - F. pallidoroseurn t o  the predator 

Menochf lus  sexmaculata 

A l l  the ten grubs t rea ted  with the fungus and those  oS 

the  control pupated and adults  emerged within a period of  

five t o  e ight  days indicat ing t h a t  the fungus was not 

pathogenic t o  sexmaculata 

Bioassay ol_F. pallidoroseurn on pea aphid - A ,  craccivora 

The mortali ty caused by graded doses of 

fungus t o  pea aphid and the results of probi t  

analysis  showed t h a t  L c ~ ~  of - F. pallidoroseum on 



adult pea aphid w a s  3.408 x lo6  spores pey ml. 

Control of pea aphid with g. pallidoroseurn 

The resu l t s  oS the  field experiment presented i n  
6 Table 12 show t h a t  the  fungus a t  the rate of 7 x 90 spores  

per rnl and 3.5 x 'lo6 &ores per 'ml  was as effective, as -the 

i n s e c t i c i d e  quinalphos 0.05 per  cent f o r  the control  of 

pea aphid. These treatments were s ign i f i can t ly  super ior  

to t h a t  of the lowest doses of the fungus arid,untreated 

check. 

1% can also be seen t h a t  one week . a f t e r  treatment, the 

mxiaum population of predator wss observed i n  m t r e a t e d  

. p l o t s  fo l lowed by t h e  l o w e s t  dose of the  fungus. The 

lowest mean population of predator was observed in the 

insec t ic ida l  treatment. There was s t a t i s t i c a l l y  s ign i f i can t  

decrease the predator population i n  t h e  insec t i c ida l  

treatment, when-compared t o  the different doses of the 

fungus and control, 



Table 11. Effect of - F. ~allidoroseum on pea aphid and i t s  predators i n  comparison w i t h  insecticide 
application 

Treatments Dose Mean number of aphids Mean number of predators 
Before A f t e r  Before After 
treatment treatment treatmen* treatment 

Spores of 
F . palLidoroseum 1.75 x 106/ml 10.458 5 .022 7,606 I .361 

Q h a l p h ~ s  

Control 

0.05 per cent 42.662 0.491 1 ,847 0.977 

C .Do for comparison between treatments A .  aphids = '1.398 
2. predators = 0.202 



DISCUSSION 



DISCUSSION 

Peaaphid Aphis craccivora Koch., a pest of regular 

occurrence i n  pulse c rops ,  1 s  found associated with the  

crop i n  i t s  vegetative and reproductive phase causing 

heavy crop loss .  A number of coccinell ids and syrphids 

have been reported predating on the pest .  The amount of 

control exerted by them on the pest population i s  not 

adequate a t  peak population Level of the pest .  The use of 

insect ic ides  f o r  t h e  control of t h i s  persis tant  pest i n  a 

short  duration crop l i k e  pulses i s  beset with the danger 

of pest icide residues and attendant toxic hazards. The 

phenomenon of resurgence of t a rge t  species following 

insec t ic ida l  cont ro l  has become a s e r i ~ u s  problem often 

slssociated w i t h  chemical control. -4.n e c o l ~ g i c a l l y  sound 

approach with m i n i m u m  use of insect ic ides  I s  necessary 

i n  t h i s  context t o  combat this pest. 

A sound knowledge on t h e  various b io t i c  and abiot ic  

fac to rs  and t h e i r  influence on the popuLa%ion f luctuat ion 

of peaaphid in the f i e l d  i s  a prerequisite t o  develop a 

pest management s t rategy with minimum disturbance t o  

ecoLogical balance. With t h i s  objective an attempt has 

been made i n  the present investigation t o  study the  

influence of various 5&ot ic  and ab io t ic  fac tors  on the 

population f luctuat ion of peaaphid. A survey was also 



conducted a s  a pa r t  of t h i s  investigation t o  ident ify an 

e f f i c i en t  microbial agent for the control of this pest. 

The fungus Fusarium pallidoroseum (cook@) Sacc was found 

t o  be an e f f i c i en t  fungal pathogen of peaaphid and de ta i led  

s tudies  leading t o  Its u t i l i z a t i on  as a microbial agent 

against  the pest was also taken up. 

The f i r s t  attempt w a s  t o  study the population trend 

of peaaphid i n  the 'crop planted i n  d i f ferent  months. The 

influence of time of planting and stage of the crop on 

population f luctuat ion of peaaphid w a s  studied f o r  a period 

of one year. The maximum population of peaaphid was 

observed i n  the crop planted during November, October 

and December (7984). Population remained high In the 

plan-kings done from July t o  January (7 985). A decline i n  

the population was observed from February onwards w i t h  the 

lowest being i n  the planting done during March- (4985). I n  

a similar study Blakhew & &. (1971) observed high population 

of peaaphid from September t o  April and a low population 

from May t o  August. Radhakrishnan (7969) recorded peak 

population of banana aphid Pentalonia nigronervosa from 

November t o  January. In KeraLa, cowpea i s  raised mostly 

as a summer crop in rice fallows and low incidence of the 

pest during t h i s  pe r iod  indicates  the s u i t a b i l i t y  of the  

season In ra is ing the crop with minimum insect icide 

application. 



Stage of the crop was found t o  have profound influence 

on the in tens i ty  of pest  attack. A gradual increase i n  the  

aphid populatlon was observed from the fourth week of 

planting reaching the peak in the eighth week. The maximum 

population of peaaphid coincide with the  active reproductive 

phase of the  crop. High suscept ib i l i ty  of cowpea t o  aphid 

in fes ta t ion  during its peak flowering per iod  i s  indicated 

i n  these resul ts .  It; may be possible t h a t  biochemical 

changes taking place within the  plant a t  t h i s  stage i s  

conducive t o  the  rapid multiplication of the  pest .  This 

aspect needs fu r ther  studies.  The present study i s  i n  

agreement with the  report  of Saharia (1981 ) t h a t  peak 

population density of craccivora coincided with pod 

formation i n  cowpea. 

Population dynamics of any organism i s  influenced by 

b i o t i c  and abiot ic  fac to rs  of the environment. Each 

organism requires cer ta in  optimum climatic conditions f o r  

i ts  growth and development. SimJlarly, the natural  enemies 

a l so  exert  an equal regulatory influence, and f l a r e  up i n  

population often coincideswith the faiLure of these agents 

t o  play t h e i r  normal r o l e .  Some studies  have been made i n  

Kerala on the  predatory potent ia l  of coccinell id and 

syrphid predators of - A .  craccivora. (Jacob, d 963; 

Sarala Devi, 7967; Mathew et &. , 'i971) . But the fac tors  



of the environment governing the  population f luctuatf  on 

of peaaphids under f i e l d  condition in Kerala are however 

not f u l l y  understood. 

Present s tudies  reveal a s igni f icant  positive 

correlat ion between population of peaaphids and re la t ive  

hmidi-ky. The other weather parameters have notshown 

any s igni f icant  'inf iuence on pes t  '$cipulaG6n changes. 

I~Iultiple regression coeff icient  of aphid population with 

r e l a t i ve  humidity was highly s igni f icant .  Real (q956) 

observed t h a t  high re la t ive  humidity around 85 t o  90 

per  cent i n  conjunction tvi-t;h.high temperature of 23.9 -to 

29 .$ C w a s  congenial t o  the growth and reproduction of 

peaaphid. A similar temperature humidity relationship has 

been found with green peach aphid, Myzus persieae ( ~ e e d ,  1964). 

Present r e su l t s  are i n  agreement with these findings. A 

temperature ranging between 25 C and 36 C and -a re la t ive  
. . 

humidity above 85 per cent prevailed during the peak 

population of the pest i n  the  present study. Negative 

correlat ion between pest  population and maximum temperature 

is evident from the lowest pest population observed i n  the 

crop planted during March, 1985. The negative correlat ion 

between r a i n f a l l  and aphid popula-tion though not significant 

indicates the  harmful e f fec t  ,of heavy r a in  on the population 

build up of the pest .  The high degree of association 

between re la t ive  humidity and aphid population show that 

under the  climatic conditions prevailing i n  Kerala, 



humidity i n  general play a Zmportant robe i n  oonditionbng 

the infestation of aphld on cowpea than any other  fac tor ,  

In  addition t o  the influence of weather f a c t o r s  on 

the  population of peaaphid, the r e su l t s  revealed t h a t  

predators exert  a de f in i t e  influence on the population of 

the  prey. The highly sign1 f icant positive correlation 

betv~een predator population znd aphid population shows 

t h a t  they are interdependant, The peaaphid and i t s  

predators  show a similar trend i n  population f luctuat ion 

throughout the  period of observation. The peak aphld 

population coincided w i t h  a peak inpredator population 

and vice versa. The density dependent nature of the 

predator w a s  evident from the resu l t s .  Mathew -- e t  al, (1971) 

observed similar trend i n  the population of peaaphid and 

A t s  predators. The present  study i s  i n  agreemgnt with the 

contributions made by previous workers on, predator-host 

relat ionship ( ~ l l e  &, ,1949).; Thompson, 1956 and 

David, 1963) have observed tha t  abundance of a predator 

Is linked with the abundance of its prey, 

Correlation s tudies  betwen popula%ion of aphid a t  

d i f ferent  stages of the crop and en%-ironmental fac tors  

a l so  showed a positive correlat ion between r e l a t i v e  

humidity and aphid population in a l l  the stages of the 

crop observed, Similarly, the r e su l t s  revealed a 



s igni f icant  posit ive predator-prey relationship i n  a l l  

except the  fourth week. ' of the  other ' fac tors  was . 

found t o  have any s igni f icant  influence on aphid population 

in the various stages of 'the crop. Relative humidity and 

predators were found t o  be the deciding factors  i n  determining 

the population Eluctuatfon of aphids in the correlat ion 

worked out f o r  the en t i r e  crop. The same relationship was 

observed i n  the influence of re la t ive  humidity and predators 

when the  population of the  pest  on varfous growth s-tages of 

the  crop was correlated with these factors .  Tinese r e su l t s  

confirm the decisive role  of these tvfo factors  i n  the 

population f luctuat ion of peaaphid. The application of 

insec-ticide a t  t h i s  stage t o  conCrol the pest 9s not f e a s i b l e  

due t o  residue problem i n  the harves-bed produce. Moreover 

insect icide induced resurgence of A p h i s  possypii in co t ton  

and bhindi has been reported by "the  application of Methyl 

parathion, carbar-yl and phorate after in i n i t i a l  reduction 

i n  population. I -b  vaas observed that nut r i t iona l  supe r io r i ty  

of the  t reated plants  having lower carbohydrate content 

resul t ing  i n  narrow C:EJ ratio and grea-keer quanti t ies  of 

amino acids were the prime fac tors  responsible f o r  the 

preferent ia l  colonisation of aphids i n  -them (~ith'anafitham -- e t  al 

1973 3 Jayara j and Reghupathy , 1987) a 

The survey conducted on the  aphid popu1atio-n of pulse 



crop in the  Instructional farm, College of Agriculture, 

Vellayani and adjoining farmers fields during 1984 revealed 

the occurrence of - F . pal l f  doroseum as a pathogenic fungus 

on &. craccivora. This is the first report of 

F. pallidorosewa as EI pathogen of A. craccivora. Fussarium - 
species are generally saprophytic or plant parasitic. 

But, a few species have been recorded as paras i t i c  on 

insects especially coccicis, aleyrodids, aphids, locusts 

and larvae of l e p f d o p t e ~ a  ( ~ e o d o r o ,  99Y7"i' Steinhaus, 19495 

Steinhaus and Plarsh, 1962; Viswm-atnan, 1972; A t w a l  & s., 
4 97 3 ; Elagal%@~, 1983: and Raghavendm &. , 1987) . 
Eventhough three fungal i sola tes  were found associated with 

the aphids, ,only go pa2lidorosem was f omd pathogenic $0 

peaaphids. The present survey was done in a limited area 

in the sourse of one year. Existence of other species of 

fungi pathogenic to aphid cannot  be ruled out. A detai led 

survey covering different seasons a wider area nay reveal 

other species of fungi pathogenic t o  aphids having the 

potential to effectively control aphids in field. 

Observations made on morphological characters of 

F. pellldoroseum showed that the fungus produced one t o  - 
seven septate conldia both over the host and a r t i f i c i a l  

media. Booth m d  Sutton (1984) reported t h a t  the  fungus 

produced primary conidia which are zero to f ive  kp-bate 



and shor ter  and secondary confdia which are zero t o  seven 

septate.  They have a l so  reported t h a t  the fungus produced 

chlamydospores whLch are mostly in terca lary  with smooth o r  

roughened walls, But chlamydospores could not be observed 

e i t h e r  i n  host insect  o r  i n  a r t i f i c i a l  media i n  the present 

study 

Studies on the e f f ec t  of composition of d i f ferent  

media on growth of g. pallidorosewn showed t ha t  Sabouraud 

dextrose agar medimproduced maxirnun growth within the 

shortest period than other media t r i e d .  The fungus grown 

on the  other three media a lso  showed sat isfactory growth 

but the rate of growth was l e s se r  than tha t  of Sabouraud 

dextrose agar media. It indicates t h a t  the fungus i s  

nonfastfdious and It may grow on a l l  conventional 

mycological medi4m. The r a t e  of growth of the fungus w a s  

f a s t e r  from 3rd t o  7th day but from 8 th  day onwards it 

declined. Kuruvilla (1978) reported t h a t  F, oxysporum - 
preferred Oatmeal agar than Richards' agar, Czapek   ax) 

agar and Potato dextrose agar f o r  its grow-bh, 

Sporulation of the fungus w a s  maximum i n  Sabouraud 

dextrose agar rneditisnf ollowed by Potato dextrose agar, 

Sabouraud dextrose agar containing peptone w a s  found t o  

be more suitable f o r  growth and sporulation. 

Studies on virulence of the pathogen grown i n  d i f ferent  



media showed t h a t  there was s igni f icant  variation i n  the 

l e t h a l  period of infect ion which indicates  a variation i n  

virulence. The fungus grown 1Bn Sabouraud dextrose agar 

stood f i r s t  with maximum mortality of A.  craccalvora 
, . 

follotred by Potato dextrose agar. When compared t o  the  

f orrner two media, spores harvested from Czapek (DOX) agar 

and Richardsq agar recorded l e s s  mortali ty of aphids on 
. . 

the fourth day of inoculation indicat ing l e s s  virulence, 

Probably the speed of germination of conidia rbn insect  

may have a role  i p  determining the pathogenicity of the 

fungal. spores harvested from d i f fe ren t  media. It is 

generally believed t h a t  the way a fungus has been 

a r t i f i c i a l l y  cultured influences i t s  virulence. 

(1 963) . Voukass~vitch (1 925) reported t h a t  spores of 

Spicaria.  farinosa from a peptone medfum k i l l ed  s i l k  worm, 

whereas those from Potato dextrose agar did not. 

Schaerf f enberg (1957) reported that t o  conserve the vintdeac:~ 

of the pathogenic fungi par t icular ly  Beauveria bassiana it 

w a s  e ssen t ia l  t o  cul ture them i n  proteinacious media, a 

proceedure adopted a l so  by Wallengren and Johanson (1929) 

with Metarrhizium anisopliae . Kuruvilla (I  978) reported 

that f o r  the a r t i f i c i a l  culture of F. oxysporum Oatmeal - 
agar was the  best .  The present study showed that spores of 

F. pallidoroseurn harvested from Sabouraud dextrose agar lnediam - 



w a s  silgnificantly superior i n  virulence than from the other 

mesa indicating t h a t  consti tuents of the medium have 

s igni f icant  fnf luence on virulence of  spores produced. 

Studies on mortality of pea aphid caused by spores 

harvested from di f ferent  day ol& cul tures  o f  the fungus bn 

Sabouraud dextrose agar revealed high degree of virulence 

of six days and seven days old cul tures  causing 400 per cent 

cumubative mortality i n  72 hours after inoculation. 

M a x i m u m  sporulation of the  fungus was a l s o  recorded on six 

daysold culture.  These observations indicate t h a t  six t o  

seven days is  the optimum age of g. pallidorosem i n  

Sabouraud dextrose agar for m a x i m u m  pathogenicity, 

A sui table medium f o r  cul tur ing an entonopathogenic 

fmgus  i s  one which can produce maximum growth of the 

fungus and spores with high degree of virulence within the 

shor tes t  period, I n  the present s tudies  Sabouraud dextrose 

agar medium was found t o  produce maximum growth and 

spomLation of the fungus within the shor tes t  period. Buk 

m a x i m u m  sporu la t ion  in a medium need not be a proof of i t s  

pathogenicity, The fungus cultured on Sabouraud dextrose 

agar has proved i t s  superiori ty In  pathogenicity a l s o  

@vine 100 per  cent mortali ty of the  host insect  on the 

fourth day of inoculation. It i s  qui te  c l ea r  from these 

r e s u l t s  t h a t  Sabouraud dextrose agar medium I s  the most  



sui table  f o r  culturing g. pallidoroseum. Sh-ce an 

entornopathogenic fungus has t o  invade the insect cu t ic le  

t o  cause infect ion it may be of i n t e r e s t  t o  study the 

influence of a medium containing ch i t i n  as a source of 

carbon and nitrogen on the growth ~$oru l a t i on  and 

pathogenicity of the fungus as observed i n  the case of 

Verticil l ium lecanfi (~a11, 'i981) . 
A good candidate pathogen for successful. rnocrobial 

control  programme should be amenable for easy mass 

production on cheaper local ly  available materials s o  that 

it can be multiplied for f i e l d  appl icat ion a t  reasonable 

cost .  Cheap materials of plant origin have been screened 

by various workers f o r  the mass production o f  several 

insect pathogenic fungi (Forbes, 1895; Pawcett , 4908; 

Celino, 1930; H a l l  and D m ,  1958; Martignoni, 1964; 

Villacorta,  1976; Easwararnoorthy -- et a1 . , 1976 and 

Nagalingg*, 1983). Mass production of - F . pallidoroseurn 

was attempted i n  the present studies usfmg r i ce ,  maize, 

w m t ,  ragi ,  jack seed, coconut o i l  cake and tapioca chips 

a f t e r  a preliminary screening of ten materials, Nalze 

grain recorded maximum sporulat ion followed by tapioca 

chips. Though all the cheaper materials tes ted  produoed 

spores, broken maize appeared t o  be most su i t ab l e  

as it produced m a x i m u m  sporulation. Tapioca chips and 

jack seed also  gave good sporulation eventhough s l igh t ly  



i n f e r i o r  t o  maize. But these two materials are cheaper 

and ea s i l y  available. Further s tudies  with a wide range 

of materials on growth, sporvllation and virulence of the  

fungus may lead t o  ident i f ica t ion  of s t i l l  cheaper 

materials f o r  i t s  mass production, Kuruvilla (1978) 

recorded t h a t  f o r  mass production of spores of - F. oxysporm 

green gram and wheat appeared t o  be the most suitable 

materials. Hussey and Tinsbey (1981) reported tha t  i n  

China Beauveria bassiana i s  mass cultured on materials l i ke  

wheat bran, r l ce  powder, compost humus and ground corn 

s ta lks .  These materials were steamed but not autoclaved 

before use. Nagalingam (1983) found t h a t  f o r  mass 

production of Fusarium semitectum broken maize grain i. 

blackgram husk or  greengram husk 4: 1 (w/w) w a s  highly 

sui table .  Raghavendra -- e t  a l .  (1987) used moi s t  s t e r i l e  

sor@um grains f o r  mass production of Fusarium subglutinms 

i n  Tamilnadu. 

Nonpathogenicity t o  common predators and paras i tes  

encountered i n  the f i e l d  i s  an Ideal  a t t r i bu t e  f o r  any 

candidate entomopathogem. Menochilus sexmaculata has been 

reported a s  the most e f f i c i en t  among the  coccinell id 

predators preying upon pea aphid  ahar aria, 1987 ) The 

present finding t h a t  - F,  pallidoroseurn i s  nonpathogen9c t o  

t h i s  predator establ ishes i t s  s u i t a b i l i t y  as a biocontrol 

agent. Safety t e s t  done by Nagalingam (1983) using 



F. semitectum has .showed that it 9s  safe t o  a l l  i n s t a r s  of 
.c 

mulberry s i l k  worm and adult  honey bee, hyanenopterous 

paras i tes  and coccinellld predators of Myzyss persicae. 
' 

Observations on the pathogenicity of B, pallidoroseum 

t o  crop pLanhs l i k e  rice, bhindi,,brinjal, c h i l l i e s  and 

tomato showed that the fungus i s  not  pathogenic t o  these 

crop plants, though they have been recorded as susceptible 

t o  certain species of Fusariwn causing damping off  and 

w i l t  disease. g. pallidoroseum thus appears t o  be a 

specif i o  entornopathogenic fungus safe t o  the crop plants 

tested. Nonpathogeacity t o  crop plants i s  an essent ia l  
I 

character of an entomopathogenic fungus If 1% Is t o  be 

recommended f o r  f i e l d  use. However, further screening of 

the commonly aul t ivated crop plants i n  Kerala should be 

taken up before large scale , f i e ld  use of the fungus i s  

recommended, Gopinath -I e t  a1 . (1 . 982) reported that  

FusarLurn e q d s e t i  and Fusari um monf lif ormae two 

entomopathogenic fungi as safe t o  cotton, tomato, 

bittergourd, snakegourd and brin j a l  . Nagalingam (1983) 

has reported t h a t  F .  semitectum w a s  safe to crop plants 

like chillies, cabbage, bringal arid tobacco 

To t e s t  the biological efficiency, of any entomopathogen, 

a bioassay on the  hos$ insec t  gives the mast r e l i a b l e  results. 

Bioassay of ,F. pallidoroseum has shown t h a t  Lc50 of the 
6 fungus against adu l t  pea aphid was 3.408 x 10 spores per ml. 



The r e su l t s  of the fie1d.experimen-t revealed %hat 

under f i e l d  conditions a lso  the fungus can cause m ~ , r t a l i t y  
, : ' 

P .  

i n  aphid population,and can ef fec t ive ly  check i t s  

population build up. The Emgus applied a t  the rate of , 

' 6  -' 

. . . . 6 . , 

7 x 10 and 3.5 x 10 conidia per d. of spray solution was 

found t o  be equally effect ive i n  controll ing .pea aphids. 

These fungal treatments were comparable t o  the insect icide 

viz .  quinalphos 0.05 per cent i n  bringing down the 

population of pea aphid i n  the course of a week, The 
I :  . . ,  

insec t ic ida l  treated plants  recorded lower number of 

predators than p lo t s  t rea ted  with the fungus. The safety 

of the fungus t o  coccinell id predator a. sexmaculata was 

already established i n  the safety t e s t  conducted under 
6 

laboratory conditions. The treatment 1.625 x 10 spores 

per m l  w a s  in fe r io r  t o  the other doses indicating that 

concentration of spores i n  the fungus inoculurn applied has 

s igni f icant  role  i n  i n i t i a t i n g  epizootic and bringing 

effec t ive  check on pes t  population. The high degree of 

virulence of the fungus i s  evident from i t s  effectiveness 

i n  control l ing pea aphid under f i e l d  conditions even a t  a 
6 

dose of 3.5 x 10 spores per m l .  The f i e l d  efficacy of 

entomogenous fungi have been reported by many workers. 

KuruvLba and Jacob (1979) reported t h a t  g. oxysgorum 
6 

applied a t  the r a t e  of 6.25 x 10 spores per m l  on 



on brown plant  hopper, Nilaparvata lugens (Stal .)  caused 

100 per cent mortality. Easwaramoorthy & 2. (1978) 

reported t h a t  q. lecanlf caused 95.6 per cent mortality 
6 

of coffee green bug Coccus v i r i d i s  a t  j6 x 10 spores 

per ml along with 0.05 per cent Tween o r  Teepol 0.0 

per cent. The climatic fac tors  especial ly humidity has 

an important ro le  in producing fungal epizootics. 

Ecological studies aimed z t  determining the adaptabili ty 

of the pathogen during different seasons are necessary t o  

ascertain i t s  a b i l i t y  as a biocontrol agent. 

Strategy f o r  pest  management i s  the regulation o f  

pest  population below the levels  causing economic lo s s  

with l e a s t  disruption t o  the ecological balance, Control 

of a pers is tant  pest bike pea aphid A ,  craccivora i n  a 

crop like cowpea which i s  raised as a vegetable i n  Kerala 

with insect icides i s  not ecologically sound i n  the context 

of insect ic ide  induced resurgence of aphids reported i n  

cotton and bhlndi (~eetharaman -- et a l .  1973; Reghupathy and 

Jayara j , 1973) . Moreover it i s  not economically v i a b l e  

in a low value crop l i k e  cowpea. In the present instance 

the effectiveness of  the  fungus Fusarium pallidoroseurn 

(~ooke) Sacc. against pea aphid has been demonstrated i n  

laboratory and f i e l d  tests, The fungus was found amenable 



to mass culture ,on cheaper l o c a l l y  available materials 
, . . . , .  , , ,  , 

. , 

'Like maize grain, tapf.oca chips q d .  jack seed. Saf&&y . . . . 

of t h e  pathogen t o  the coccinellid, predator  M. se~naculata 

a d  ,few crop p lan t s  w a s  . . a1s.o es-bablished. All these 

attributes make F.  pallidososeum an Ed,eal biocontrol agent 

of, pea aphid; 



SUMMARY 



Investigations were carried out on the population 

f luctuat ion of pea aphid Aphis craccivora Koch, on cowpea 

i n  re la t ion  t o  month of planting and s tage of the crop. 

Fluctuation of pea aphid popilation in re la t ion  t o  weather 

fac tors  and predators were also studied. A survey was 

conducted w i t h  a view t o  identifying pathogens of pea aphid 

for u t i l i z a t i on  as a bio-control agent. 

Studies on the influence of time of planting on aphid 

population has shown t h a t  the maximum population of pea aphid 

occured i n  Rovember planted crop followed by the crop planted 

i n  December and October. The lowest population was noticed 

i n  the crop planted during March. The most suscept ible  

s t age  of the  crop t o  pea aphid was found t o  be the active 

reproductive phase. 

Correlation studies have shorn t h a t  re la t ive  humidity 

has a significant r o l e  i n  the population build up of pea aphid. 

Other weather parameters did not show any signif icant  influence 

on pea aphid population. The general population trend of the  

predators  showed a similar pattern t o  t h a t  of the host showing 

its density dependent nature. There w a s  s igni f icant  positive 

corre la t ion  between aphid and its predators. 

In  the  survey conducted, Fusarium pallidoroseum (Coolre) 



Sacc. w a s  ident i f ied  as a pathogen of pea aphid. Detailed 

investigations were carr ied out on t h i s  fungus. It was 

found t ha t  the fungus i s  highly pathogenic to pea aphid 

under laboratory conditions. 

Among the different artificial media used, Sabouraud 

agar rnedi:. produced maximum growth and sporulation of the 

fungus. Maximum sporulation of the fungus was observed in 

six day old cultures. Pathogenicity t e s t  showed t h a t  the 

spores of the  fungus harvested from 7 day old culture in 

Sabouraud m e d i - , ,  caused 100 per  cent mor-t;ality of adu l t  

pea aphid. For mass production of .I F. palli,doroseun ten  

materials were screened of vi~hjch maize grain follo~qed by 

tapioca chips and paddy straw were found suitable.  The 

fungus pias found non pathogenic t o  the predator PJ. sexmaculata. 

It was not pathogenic t o  crop plants  viz. r i ce ,  bhindi, 

b r i n j a l ,  chillies and tomato. LC50 of the fungus t o  adult 

pea aphid was found to be 3.408 x l o 6  spores p e r  ml. 

Studies on W e  eff icacy of the pathogen i n  controll ing 

the  pes t  under f i e l d  conditions showed t h a t  application of 

a spore suspension a t  the ra te  of 3.5 x l o 6  spores per ml 

and 7 x -lo6 spores per  ml was as effect ive as the insecticide, 

qdnalphos  0.05 per cent i n  controll ing the p e s t ,  The 

predator population w a s  found reduced i n  the knsecticidal 



treatment, when compared to fungus t rea ted  p l o t s .  The results 

revealed t h a t  F. pallidoroseurn has the  potent ia l  f o p  

development as a b iocon t ro l  agenL against pea aphid. 
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ABSTRACT 

Studies were made t o  c o l l e c t  information on the  

population f luc tua t ion  of pea aphid Aphis craccivora Hoch. 

a regular  pes t  of cowpea i n  relation t o  time of plant ing 

and s tage of the crop. The population f luc tua t ion  of pea 

aphid I n  r e l a t i o n  t o  the  prevai l ing weather f ac to r s  and the  

predators  were a l s o  invest igated t o  c o l l e c t  information on 

host  predator in t e rac t ions  q d  i n t e r re l a t ions .  A survey on 

"ce occurcenc& of fungal pathogens ~ s s o c i a t e c l  with pea aphid 

was conducted i n  the pulse crops ra i sed  a t  the Ins t ruc t iona l  

Farm, College of Agriculture,  VellayanZ and adjacent farmers 

f i e ld s .  The suspected fungi were i so la t ed  and t h e i r  

pathogenicity t a s t ed  i n  the  laboratosy,  Pathogenicity could 

be proved only i n  the case of Fusarium pallidoroseurn (cook@) 

Sacc. Detailed s tud ies  were made on Its growth, sporulatlon 

and pathogenicity using d i f f e r e n t  a r t i f i c i a l  cu l ture  media. 

It was observed that the cowpea crop planted during 

November recorded maximum population of pea aphid followed 

by crop planted during October and December. Lowest 

population o f  pea aphid was noticed i n  the crop planted 

during Narch. The active reproductive s tage of t h e  crop 

recorded maximwz population of pea aphids. Correlation studier 

w i t h  weather factors and predator population revealed t h a t  



re la t ive  humidity and predator population was posit ively 

correlated with the population of pea aphid. Regression 

analysis of the data obtained indicated that 84 per cent 

of variat ion of population could be accounted by the 

variables  under study. Pa r t i a l  regression coefficient of 

the aphid population and re la t ive  humidity was found t o  be 

posi t ive and significant.  P a r t i a l  regression coeff icient  

between pea aphid population and predator population was a l s o  

posi t ive and highly s ignif icant .  

Studies on the pathogenicity of E. pallidoroseum showed 

tha t  pea aphid infected with the fungus turned pale and 

assumed a brownish black discolouration. Death occurrd8n 

48 t o  72 hours after infect ion and white mycelial growth 

appeared on the cadavers 24 t o  48 hours after death. Growth, 

sporulation and virulence of the fungus was found t o  be 

superior i n  Sabouraud medium followed by potato dextrose agar, 

Sporulation w a s  maximum i n  6 day old culture and virulence 

w a s  highes* i n  6 day and 7 day old cul tures ,  For mass 

production of the fungus broken maize grain appeared t o  be 

the  most suitable media followed by tapioca chips and 

jack seed as they produced m a x i m u m  nunber of spores. 

Studies on the safety aspects of the  pathogen showed 

that the  fungus was not pathogenic t o  the crop plants  t es ted  



viz.  rice, bhindi, chillies and tomato,and a l so  t o  the 

predator Menochilus sexmaculata. Bioassay showed t h a t  LC 
50 

of the fungus to pea aphid was 3.408 x 106 spores per ml. 

Field experiment to t e s t  the efficacy of the fungus in 

controll ing aphid population revealed %hat the fungus a t  the 
6 r a t e  of 7 t o  'lo6 spores per  ml and 3.5 x 10 spores per 

was a s  effective as the insect icide quinalphos 0.05 per cent. 

The fungal treatment d id  not show any harmful effects on 

predator population in the field. 
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Appendix I i 

Population of pea apMd observed on cowpea planted in the month of October 1984 

Number of aphids per sample 
Stage .of crop 

I' 2 3 4' '5 7 8 9 I0 
- - - - - - - - - -- - - -- - 

4th week 0.0 4 .3  0.0 4 .3  4.3 0,O 4.3 4.3 0.0 71 .9 

6th week 192.6 192.6 192.6 192.6 192.6 '192..6 7'1.9 192.6 71.9 192.6 

7th week 192.6 458.7 71.9 132.6 192.6 458.7 192.6 192.6 192.6 458.7 

8th week 71.9 458.7 458.7 192.6 458.7 458.7 458.7 71.9 458.7 458.7 

9th week 71 a 9  71.9 458.7 71.9 458.7 71.9 192.6 458.7 458.7 458.7 

10th week 458 .7 71.9 q92.6 71.9 192.6 71 .9 71.9 458.7 458.7 192.6 



Appendix I fi 

Population of pea aphid observed on cowpea planted i n  the month of November 1984 

Number of aphids per sample 
Stage of crop 

I 2 3 4 5 6 7 8 9 18 

4th week 0 .O 71 * 9  71.9 '192.6 71 .9 71 09 0.0 492.6 0.0 192.6 

5th week 192.6 192.6 q92.6 192.6 4-58.7 71.9 192.6 71 09 71.9 458.7 

6th week 392.6 192.6 77.9 492.6 458.7 192.6 192.6 458.7 492.6 192.6 

7th week 192.6 45Se7 458.7 192.6 192.6 458.7 458.7 458.7 192.6 192.6 

8th week 192.6 458.7 458.7 458.7 458.7 458.7 458.7 458.7 458.7 458.7 

9th week, 458.7 458.7 458.7 192.6 458.7 458.7 45847 4 ~ 3 . 7  458.7 458.7 

10th week 458.7 458.7 192.6 192.6 192.6 192.6 458.7 458.7 3g2o6 ?g2.' 



Appendix I iii 

?opulation of pea aphid observed on cowpea planted An the month of December 1984 

Number of aphids per sample 
Stage of crop 

I 2 3 4 5 6 7 8 9 10 

kth week -4.3 4 .3  71 *9 71 e9 4.3 77 .9 71 .9 71 .9 4.3 492.6 

5th week 

7th week 192.6 192.6 458.7 192.6 192.6 458.7 192.6 192.6 192.6 192.6 

9th week 

lth. week 

lth week 



, . Appendix I iv 

Popdat ion  of pea aphid observed on cowpea planted i n  the month of January 1985 

Number of aphids per sample 
Stage of crcp 

I 2 3 4 5 6 7 8 9 I 0  
.u 

4th week 4.3  4.3 71 .9 71 .9 4*3  71.9 71-91 71.9 7-1.9 192.6 

5th week 71.9 192.6 71.9 192.6 192.6 458.7 192.6 71.9 992.6 192.6 

6th week 71 .9 71 a 9  71.9 192.6 192'.6 458.7 458.7 492,,6 19266 192.6 

7th week 192.6 192.6 192.6 192.6 192.6 458.7 1g2.6 192.6 192.6 1 g 2 a 6  

\e+=h week - 392.6 192.6 458.7 458.7 71'89 71 08 74.9 192;6 792.6 792.6 
- .  



Appendix I v 

opulation of pea aphid observed on cowpea planted in the  month of February 1985 

- - -- -- -- -- - - - - - - - . - - - - - 

Number of aphids per sample 
tage of crop 

.I 2 3 4 5 6 7 8 9 10 

th week 

th week 71.9 192.6 192.6 792.6 9 192.6 192.6 192.6 392.6 71.9 

lth week 71.9 192.6 71.9 192.6 71.9 192.6 192.6 192.6 132.6 192.6 

'th week 192.6 71.9 192.6 71.9 192.6 192.6 71.9 192.6 71 -9  71.9 

, th week 4.3 71 *9 71 * 9  71 *9 4.3 4.3 0 .O 4 . 3  4.3 71.9 

lth week 4.3  0 .OO 000 4.3 0 .O 0.0 4.3  4.3 0 .O 71.9 

lth week 

th week 



Appendix I vi 

Population of pea aphid observed on cowpea planted i n  the month of March 1985 

Number of aphids per  sample 
Stage of crop 

1 2 3 4 5 6 7 8 9 '10 

4th week 0.0 0.0 0 .O 0 .O 0 .O 0.0 0 .O 0 .O 0.0 O e O  

5th week 0.0 0.0 0 .O 0.0 0 .O 000 0.0 0 ,O 0.0 0 ,O 

6th week 0 .O 4.5 0.0 0 ,O 4.5 0,O 0 .O 0,O 0.0 4*3 

7th week 0;O 4,3 0 20 0 .O 4.3  0.0 0 ,O 0 ,O 0.0 71 09 

8th week 0 .O 71 .9 0 .O 4.3 4e3 4 .3  71 .9 0 ,O 0 .O 4*3 

9th week 0.0 0.0 0 .O 4 .3  0.0 O..O 0.0 0 .O 0.0 0'; 0 

' O t h  week 0 .O 0.0 0.0 4 .3  0.0 0 -0 0.0 0.0 0.0 0 *O 



Appendix I v i i  

opulation of pea aphid observed on cowpea planted in the month of April 1985 

Number of aphids per sample . .  . ,  , , , ,  , 
, , , . 

tage of crop 
I 2 3 4 , '  5 6 7 8 9 10 , . 

th week 

t h  week 

th week 

th week 

th week 

th week 71.9 192.6 192.6 71 .9 71.9 4 5 8 ~  458.7 192.6 192-6 992.6 

th week 192.6 192.6 458.7 192.6 71.9 q92.6 458.7 458.7 192.6 192.6 

th week 71 99 71.9 192.6 192.6 71.9 192.6 192.6 71.9 192.6 192.6 



Appendix I viif 

Population of pea aphid observed on cowpea planted in the month of May 3985 

Number of aphids per sample ' 
Stage of crop 

I 2 3 4 5 6 7 8 9 30 

4th week 

5th week 

6th qeek 

7th week 

8th week 

9th week 

'IOth week 0 ,O 0-0 0 ,O 0 ,O 0.0 0 -0 0 ,O 0.0 0 ,O 0 ,O 

11th week 0.0 0 ,O 0.0 0 -0 0 A) 0 .o 0 ,O 0.0 0 .O 0 ,O 



Appendix I fx 

PopuLatJon of pea aphid observed on cowpea planted in the  month of June 1985 

, . . . 
~ ~ u n b k r ,  of aphids per,  sample 

Stage o$ crop . 
I 2 3 4 5 6 7 8 9 i 0 '  

. . . .  . .  

4th week 0.0 0.0 0 ,O 0 ,O 0 .O 0 .O 0.0 0 .O 0.0 0 .O 

5th week 0 .O 0.0 0.0 0 .O 0.0 0 ,O 0 .O 0 .O 0 .O 0 .O 

6th. week 0.0 0 .O 0 .0 4.3 71 ..9 4.3 0 ,O 0 .O 0 .O 0 .O 

7th week . L 3 ,  0.0 L!: .3 4.. 3 71.9 192*6 71 09 463 71 .9 4 ~ 3  

4 . 3  458.7 192.6, 192e6 192.6 71.9 192.6 192*6 4 .3  8th week ? 92.. 6 

9th week 192.6 458.7 458.7 192.6, 458.7 458.7 77.9 458.7 j92.6, 792.6 

30th week q92.6 458.7 458.7 192.6 458.7 792.6 192.6 192..$ j92.6 192.6 

'Ilth week 71 e9 71.9 192.6 71.9 458.7 71 -9  ? l e g  192-6 71 * 9  71 09 



Appendix I x 

Population of pea aphid observed on cowpea planted i n  the month of  Ju ly  1985 

Number of aphids per  sample 
Stage of crop 

I 2 3 4 5 6 7 8 9 I0 

4th week 

5th week 

6th week 

7-th week 

8th week 

9th week 

0th week 

?th week 



Appendix I xi 

Population of pea aphid observed on cowpea planted i n  the month of ~ u & s t  1985 

Numbefi of: aphids per  sample 
Stage oii? crop 

I 2 3 4 5 6 7 8 9 10 

4th week 0.0 4.3 71 .9 0.0 4.3 71 *9 0.0 71 .9 0 *O 0 .O 

5th week 71.9 192.6 71.9 4.3 192.6 192.6 4.3 71 .9 0 -0 0 .O 

6 th  week 71.9 458,7 192.6 192.6 458.7 458.7 71.9 458.7 4.3 71 * 9  

7th week ~ 9 2 ~ 6  458.7 458.7 192.6 458.7 458.7 192.6 192.6 79.9 71.9 

8 t h  week 192.6 458,7 458.7 4.58.7 192.6 458.7 192.6 192.6 7q .9 711.9 

9th week 458.7 458.7 458.7 *i92.6 192.6 192.6 458-7 192.6 71 a9 71 09 

10th week 458.7 492.6 192.6 458*7 71.9 192.6 458*7 71.9 71.9 192.6 

I I th week 71 -9 71.9 192.6 192.6 4.3 4 , 3  192.6 4.3 4.3 71 89 



Appendix I xif  

Population of pea aphid observed on cowpea planted i n  the month of September 1985 

Number of aphids per sample 
Stage of crop 

I 2 3 4 5 6 7 8 9 10 

4th week 

5th week 

6th week 

7th week 

8th week 

9th week 

0th week 

4th week 



Appendix I1 f 

Population of preda-bors of pea aphid observed on cowpea planted in the month of October 1984 

Number of predators per sample 
Stage of crop 

'1 2 3 4 5 6 7 8 9 

4th week 0 0 0 0 0 0 0 0 0 2 

5th week 0 4 0 3 -I 2 0 I -l 2 

6th week 'I 2 0 2 3 3 2 I 0 2 

7th week I 2 0 I 2 2 3 2 2 2 

8th week 0 2 '1 0 4 2 3 0 3 3 

9th week 0 .  0 1 0 3 0 2 3 2 3 

10th week 

17th week 



Appendix TI i.1 

Population 09 predators of pea aphid observed on cowpea planted i n  the month of November -I984 

Number of predators per sample 
Stage of crop 

'1 2 3 4 5 6 7 8 9 10 

4th week 0 0 0 0 0 0 0 3 0 2 

5th week '1 3 '1 0 3 0 2 3 4 

6th week 2 2 0 I 3 4 2 3 3 1 

7th week 4 3 5 4 3 4 7 6 3 4 

8th  week 4 3 5 7 3 '1 4 6 4 2 

9th week 5 4 3 3 3 5 3 4 4 5 

10th week 5 4 2 2 2 2 3 5 2 2 

11th week 0 3 2 2 2 =I 2 2 4 1 



Appendix I1 i i l l  

Population of predators of pea apMd observed on cowpea planted in the month of December 1984 

Number of predators per sample 
Stage of crop 

1 2 3 4 5 6 7 8 9 10 

4th week 

5th week 

6th week 

7th week 

8th week 

9%h week 

loth week 

11th week 



Appendix I1 iv 

Population of predators of pea aphid observed on cowpea planted in the month of January 1985 

Number of preda-kors per sample 
Stage of crop 

2 3 4 5 6 7 8 9 10 

4th week 

5th week 

6th week 

7th week 

8th week 

9th week 

10th week 

11th week 



Appendix 11 v , , 

. . . . , 

, , 
, . . I  

Population of preda%ors' of' pea' aphid observed on cowpea planted in the month of February 1985 

Number of predators per  sample 
Stage of crop 

3 2 3 4 5 6 7 8 9 10 

4th week 

5th week 

6th wezk 

7%h week 

8th week 

9th week 

10th week 0 0 0 0 .  ' 0 ,  0 .  0 ' 0  0 '  0 
. . ,  

11th week 0 0 0 0 0 ,  0 0 0 0 0 



Appendix I1 vi 

Population of predators of pea aphid observed on cowpea planted i n  the month of March 1985 

Number of predators per sample 
Stage of crop 

1 2 3 4 5 6 7 8 9 I 0  

4-kh week 0 .O 0 0 0 0 0 0 0 0 

5th week 0 0 0 0 0 0 0 0 0 0 

6th week 

7th week 

8th week 0 0 0 0 0 0 0 0 0 0 

9th week 0 0 0 0 0 0 0 0 0 0 

10th week 0 0 0 0 0 0 0 0 0 0 

11th week 00 0 0 0 0 0 0 0 0 0 



Appendix TI v i i  

population of predators of pea aphid observed on cowpea planted in the month of A p r i l  1985 

Number o f  predators per sample 
Stage of crop 

2 3 4 5 6 7 8 9 10 
- 

4th week 0 0 0 0 0 0 0 0 0 0 

5th week 0 0 0 0 0 0 0 0 0 0 

6th week 0 0 0 0 0 0 0 0 0 0 

7th week 0 0 0 0 0 0 0 0 0 0 

8th week 0 2 0 0 .  1 2 0 4 0 0 

9th week 1 7 0 I 0 4 3 I' 2 I 

IO-t;h week 3 2 2 'I 0 2 3 3 2 '1 

l l th  week 0 I 2 2 0 2 2 2 I 1 



Appendix If ~ d i i  

Population of predators of pea aphid observed on cowpea planted in the month of May 1985 

Number of per sample 
Stage of crop 

I 2 3 4 5 6 7 8 9 10 
- 

4th week 0 0 0 0 0 0 0 0 0 0 

5th week 0 0 0 0 0 0 0 0 0 0 

6th week Q 0 0 0 0 0 0 0 0 0 

7th week 0 0 0 0 0 0 0 0 0 0 

8th week 0 0 0 0 0 0 0 0 0 0 

9th week 0 0 0 0 0 0 0 0 0 0 

10th week 0 0 0 0 0 0 0 0 0 0 

'l,?th week 0 0 0 0 0 0 0 0 0 0 



Appendix I1 ix 

population of predators of pea apbtd observed on cowpea planted in the month of June 1985 

Number of predators per sample 
Stage of Crop 

I 2 3 .  4 5 6 7 8 9 'I0 

4th week 

5th week 

6th week 

7th week 

8th week 

9th week 

10lt;h week 

'I a th week 



Appendix II x 

?opuZation of predators of pea aphid observed on cowpea planted in the month of Ju ly  1985 

- - - -- - 

Number of predators per sample 
Stage of crop 

1 2 3 4 5 6 7 8 9 10 

$th week 

5th week 

5th week I -I 0 0 2 4 3 6 2 2 

7th week' 3 2 I 0 4 3 3 2 1 1 

3th week m 3 2 0 0 3 I 0 3 I 2 

3th week 3 2 '  1 0 2 1 0 2 'I 2 



, Appendix IT xi 

aphid obsesved on cowpea planted in the month of August 1985 
-63 @ 
Y . .  , , . , . . . .  . . 

. . 

, . , , . , ,  Number . . , ,  of predators . per sample . . I . .  . . , . .  a; 
/ 3 , .  . , 4 : , . 5  . , 8 .  

6. ? , . 8 9 , '  4 0 . .  . 

4th week 

5th week 

6th week 

9th week 

10th week 4 3 .  3 2 0 2 4 0 2 A 

~qth week 0 0 'i 'I 0 0 I 0 0 
. : . . .  ' 

, . 
I 

, .  . - d 



Population of predators of pea aphid observed on cowpea planted in t h e  month of September 1985 

. - 

Number, of predators p e r  sample 
Stage of crop 

7 2 3 4 5 6 7 8 9 10 

4th week 0 0 ' 0  0 0 0 0 0 0 0 

5th week 0 '0 0 0 0 0 Q 0 0 0 

6th week 0 0 2 3 0 1 2 3 4 0 

7th week 0 2 2 2 0 5 5 2 2 0 

8th week 0 3 2 2 0 3 4 5 0 I 

9th week 0 4 2 5 7 4 3 4 I 2 

10th week 0 3 I 2 3 5 3 3 3 2 

1.7th week 0 1 3 '  3 3, 4 2 4 T 2 



Appendix TI xi 

Population of predators of pea aphid observed on cowpea planted in the nonth of Aubkst 1985 

- - 

Number of predators per sample 
Stage of crop 

1 2 3 ,  4 5 6 7 8 9 *i O 

kth week 0 0 - 0 0 0 0 0 0 0 0 

5th week 0 2 

5 t h  week 0 3 

7th week 0 3 

3tl2 week 2 5 

9th week 

I th  week 

1-th week 
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