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INTRODUCTION

Interest in locating r‘esistance of vegetable "crops to insect
attack -has grown rabidly in recent years.as a result of problems
associéted with the vegetable industry's dépendence on a dwind-
ling number of insecticides. This is furfher‘ embellished by
environmental protection gé‘b‘ups for fear of residual toxicityu’and
ur;der‘gr‘ound watér‘ bollution. ‘Many of the currently Vr‘ecom'm.endied
insecticidé treatments lack the persistence needed for adequate
control of ' certain pests (Ellis and Kempton, 1981). Upto the
mid 11960'5, the" organochlorine insecticides offered such good

control of many vegetable pests .that no other control measures

- were néed_ed. Because of their persistence (residual toxicity)

and th‘e development of insecticide-resistant strains of certain
insects, thé or‘ganochlor‘in:és»_ are largely being phased out. Thé
limitations placed on the togicity of pesticides to man and wild
life and on their persistence narrowed down the field -of
per“missible com'pounds; The 'chemical companies quite reasonably
develbp pesticides primarily for the larger, profitable markets,
minor requirements have . therefore to E)e ‘met by materials
developed | mainly fér other purposes. Unfor'tunatelly most
vegetable' pest problems fall into the category of minor pesticide

usage, even world-wide, so a few of the new insecticides released -



'",are’_id_ea"ll"y sultable for controlllng vegetable pests also. Other:
“control m'e’asures 'are needed to - supplement _the 1nsect1c1des'~

. currently used 1o protect _vegetable c;‘ro_pls."

There is’ _another‘gf.\very 'i'mp':ortan‘t contrlbutory factor to
the‘htnfi'i!fficult>ies 'A'_lin controllmg &ve'igetable pests. Circumstantial‘
ev1dences suggest that the more recently bred cu1t1vars of . crops'
) are more susceptlble to pests than the‘cultlvars grown by our

'_'.forefathers ’(Russell 1978) I'n: 'the» evolut1on of plants, .the'

contlnual pressure exerted by phytophagous 1n_sects would hav“ei

resulted in | the natural ’- selectlon of plants resi‘stan't-:‘ _to these
_pests.‘ In the early day.s !of organlsed plant breedl—ng,; thiis 51tuat—
ion would Stlll have prevalled ‘and )any pest susceptlble progemest:
belng qu1ckly el1m1nated | from . breedmg programmes. . W1th, V the
‘advent of 1nsectlcldes the'51tuat10n changed dramat1cally Cropsﬂ«
(rgrown‘lfor seed- purpose “recelved blanket sprays of chem1cals~
E to protect them from 1nsect attack throughout thelr growth i_n.:

'the f1eld and to ensure hlgh y1elds of good quallty seeds hus, .

‘the breeders unw1tt1ngly selected for qua11t1es such as un1form1ty ,-

and y1eld w1thout theicompllcatlon of 1nsect attack In a few

_"instancesk ,thls method of selectlon developed ultra-suscept1blexv
lines . where both susceptlble and res1stant plants would X have
‘contr1buted to the breedlng of new cultlvars resultmg 1n dllutlon;

- of‘ any valuable. resllstan‘ce., There is clearly an urgent need to C



(R

-evaluate plants for r‘e51stance to ' pests dUring development"" of

new cultlvar‘s and recover the re51stance that has been lost. _

Host- plant res1stance offers” one of the most effectlve pest
‘;contr‘ol measures .and . one. that w1ll‘ f1t 1n- the best w1th chemlcal '
metkhods». of control- Eveln- pantlally re51stant u1t1vars enable.
adequate control ‘to be ach1eved o w1th less 1nsect101dall\ uses. 'In- _ )
Vdomg so,v'it helps to prolong the useful commerc1al 11fe ,‘of;
_‘ex1st1ng ' 1nsect1c1des by d1scouraglng development of >1nsect101de—
~r‘e51stant str‘alnsv ‘of 't'he 1nsect. In add1t10n, the effectlveness
'of para51tes -and predatot‘s in ‘contr‘olllng a. pest may. be 1mpr‘oved

on,oul.tlvars possessmg even a low level of re51stance (Van

" Emden, 1966).

N

The above be1ng the pr‘esent day - 51tuat10n, studieswe’r‘e‘
~ taken up to 1dent1fy source(s) of re51stance, if any,:ln one of

'the most 1mportant legume vegetables, the cowpea, under Indlan

FLayt ~

-51tuat10ns Cowpea forms an 1mportant component 1n the tr‘oplcal

o

,_cropp1ng systems of Ind1a, espec1a11y Kerala. It isia mqltiseason
and ) multlpurp,ose crop Wh1ch <ca!‘n - be cultlvated either - as
monocrop -_or in . mtxed "fcropping‘ T-situations with " other’ cr‘ops, '

4’par'ticular‘ly.cer‘ea'ls Also 1t is . grown as a backyard cr‘op, near .

2

small’ farm houses, - in a- w1de r‘ange'mc env1ronments, often on -

. poor 50115 w1th marglnal m01sture and w1th no fertlllsatlon ‘It's:



importance is realised on account of Iits drouéht toleraﬁce and.
.adaptation to wide range of soil types. In subsistence agriculture
on small far‘mé, _the‘nitr‘ogén fixing ability - of cowpea is' of
special advantage.” It 1is grown thr‘oughou-f India for its long,.
green pods as vegetable, seeds as pulse and foliage as fddder‘.
Cultivation is concentrated in Southern States of India. It_ is
a major source of pr‘otein,j energy, minér‘als, vitaminé and
roughage, in addition ’to its manifold uses in animal feed. T.Iile
area under this crop is increasing in Ker‘alé v_consequent 'on'. the
development of short dur‘aﬂon'bushy types well aaapted to the
cereal A_farming systems of homesfead éonditioné. It 1is varfio‘usly
named las lobia, rawan, barbatti, chaula} or c,howlee.,- blaék _eye ‘
pea,l kaffir pea, china peé.,‘ southern pea, etc. Its green .tender_“
pods, whe-nl propef‘ly. cooked. make a delicious dish. The gréen
pods :ar'e var‘iously\ known as asparagus bean, snake ‘bean and
yard long bean. It is 'consider‘ed as a counter‘_par‘t to french .beans.
The ov_er‘—rid’i'ng. bioclogical. co'nstr*ai_nt is the damage caused by
man>y i_nséf:t pests.

Nutritionists regard ‘pulses as an _essential means to
correct malnutrition. Even in the developed (:ouhtr‘ies, the trend
is in favour of substituting Lénimal protein by vegétable protein
in view of the indications vabout. the positive ;:or‘r‘elation. of

arteriosclerosis with diets rich in saturated fatty acids, on the .
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one hand, and decrease in blood cholesterol level with inclusion
of pulses, on the other. India has the distinction of being the
world's largest producer of grain legumes (pulses) eventhough

the production is not adequate to ensure a per capita availability

of 80 g, which is the. minimum_ recommended by the World Health

Organisation and the Food and Agriculture Or‘ganiéation. In fact,
it- dropped from 64 g in 1951 56 to less than 40 g in 1987—88.
This is attributed to area, productlon and productivity stagnatlng
over the past three decades. According to official sources, the
ar‘ea‘,_’;u.nder‘ pulses ' is around 20 to 24 million hectar‘es,\ the

production around 10 to 13 million tonnes and the productivity

around 475 to 544 kg/ha.

i}

Cowpea aphid (Aphis craccivora Koch) is a cosmopolitan.

species 01; considerable rimpor‘tance on conéas and related
legumes. Ifs incidence on the crop 1is often very eaf*ly. The pést
build up is very fast due to parthenogenesis . and telescoping
of generations. Plants -heavily infested at‘the juveﬁile stage soon
become. vﬁlted and 'fr'equently per‘ish- while oider plants are
stunted in growth and display distorted leaves. Their fr‘uit'sét
is reduced. Ap/hids also,affect cowpea vyields 'i‘ndirectly by
transmitting virus diseases. It is a vector of alfalfa mosaic,

bean common - mosaic, bean yellow mosaic, cowpea aphid4bor‘ne

mosaic, - cowpea banding mosaic, cowpea mild mottle, pea leaf



roll and chickpea stunt ‘Th‘e cowp’ea. aphid iSIreadily controlled " :
by appllcatlon of 1nsectlc1des like 11ndane, d1methoate, monocroto’—
phos, menozon,v phospham1don and carbofuran. ‘But the che‘micals"
create hazards to hunjavn:_health and produce.undes1rab1e side
effects on non—target; insects, an1mals and plants. : Development_
of pest re51stant ~var1et1es is the 'most etfecthe' and the‘ least
ex‘pensive, de51rable goal w1thout detrlmental .enviyronmental side-

etfects.’ ‘Resistant varieties offer the best, viable long ter"'m,,_

control opt1on for coplng with th1s pest, part1cularly, in view

of the h1gh cost»and unpredlctable avallablllty of chemicals.">
Agam in Kerala, the acreage worked by the average farmer is'
small and many of the farmers are - not much fam111ar w1th properl-:
use of insectic‘i"des. Unscrupulous uses of 1nsect1c1des result in‘
-:’"the‘ death of ‘n_atural enemies and consequent pest. resurgence._-'
Use of res1stant varlet1es is the best method - in the 1ntegrated ‘
control of aphlds If aph1d vector res1stant cu1t1vars would last'
10. years, as has been calculated for aphid—pest resistant ones
(Horber, 972), the return would probably ‘exceed 300:1 compared

~to " the »5:'1 return i‘ calculated by  Metcalf (1971) for chem1ca1

pesticides. -

Aph1ds feed on phloem s1eve tubes Phloem sap is under
15 to 30 atmospheres of pressure, ‘sufficient to force sap through

the .extremely fine food, canal in’ an a~phid's stylets, and one



- could suppose that aphids - feed passively (Pollard, 1973).
- Biology of the pest may als‘o be directly related to quality of
feod material which it derives from ’the preferred host. Search
for resistar\t lines can be made easier ’-and faster by identifying
possible bioeremical and morpvhological‘ factors., responsible for
resistance. Incorporation o’f résistance into other wi‘dely adapted, |

high vyielding Vvarieties, necessitatee‘ - knowledge regarding the

'
¢

. gene system governing resistant behaviour of plant. o [

Relative stability of pest resistance is influenced by the
host—blant speeifiéity of the insect as well ae by. the genetic
diversity andr population density | of the plant (Beck and
Sehoonhoven,' 1979) . Although “insect :utilizationref the resi_stant-‘
" plant might ‘be low, thr_ough several generations ;che intense
: seiective pressure would soon result in an edépted insect populat-
ion. Here corﬁes the practical appl‘_ication of the - corcept -o'f
physical m’ix_tures. A’ particular non-preferred plant is.'nof- chosen
as a host' because of the presence .of-énother preferred' one,
whereas the nen-preferred plant is accepted as a ‘host 1f there

is no other choice. The ‘effect; would be to manage the,pest'

.population for- the purpbse of avoiding build up of epecific races.

" The present studies were ' taken up with \fhe following

objectives:



To identify source(s) of resistance in cowpea to aphids.
To study :morphological and biochemical bases of resistance
to cowpea aphids. ‘

To study .genetics of resistance to aphids, and

To develop multilines/physical mixture to manage aphidsA.'
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REVIEW OF LITERATURE

Cowpea aphid (Aphis‘craccivora) has a wide distribution

across many parts of Europe, Asia», UssSR, Africa, Australla,
Pacific Islands, North America and .West Indies (SinghA and Van
Emden, 1979). In India, the pest was reported in Tamil Nadu,
Punjap, Mahar‘a\shtr‘é, Biha'r‘, ‘West Bengal,‘ Orissa, Andhr‘é Pradesh,
Kar‘n;{;‘ka and Kerala. The host plants of. cowpea aphid inciude
lima bean, chick pea, lentil, red gram, lablab bean, aifalfa,

groundnut, broadbean and peas (Fletcher, 1919; David, 1957;

Anonymous, 1959).

A. Varietal reaction of cowpea to aphidé

Singh (1977) -at IITA Niger‘ia found cowpea lines TVu-408
Pz, TVu-416, TVu-2740, TVu—3417. and TVu—?’3509‘ resistant - to.
aphids. Bell (1980)4 evaluated 259 cowpea lines for r‘esistanc‘e'
to aphids and reported PI 476, EC 4276, V-1 and T 422/2 as.
resistant. Dhanorkar andl Daware (1980)- found that, out of 14
lines ovaluated for incidence of aphids, lines PI 473 and PI 476 were

completely . free from aphid infestation.

Karel and Malinga (1980) evaluated 11 cowpea accessions

and found that the lines TVu-408 Pz, TVu-410 and Ife brown were
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_re51stant to the aphld Acyrth051phon gossypii. Trials conducted

at IITA, Nigerla proved TVu 36 as an aph1d re51stant source.
The ‘lines TVu—9836 TVu-—9914 TVu- 9929 TVu—9930 and TVu 9944
"were re51stant to cowpea aphld borne ‘mosaic . virus (CAbMV) and 7
cowpea aphlds (IITA ;1982) Of several cowpea acceséions(
evaluated for ‘their reactlon to aphlds, TVu—18i_ TVu—36“A TVu—42,':i,

#

TVu 109, TvVu-310, TVu-—801 TVu—_1037, TVu- 2755 TVu-2896 TVu 3000
TVu—Z\;;73_, TVu—9836 TVu—9914 TVu -‘:9929‘ TVu—- 9930 and ATVu—9944
were resistant (IITA 1982) Mcfoy : and Dabrowskl (1984); found
,"that the cultivars TVu—31O and 408 Pz‘ were relatlvely -resistant
as‘ compared to varlety V1ta I, '; The line IT 8_1D-1'026 ‘w_as'- B

re51stant to -aphids, as reported at IITA (IITA 1985) .

“"""Messina ‘et al. (1985) eva‘luated nearly‘ 200 acceesi‘ons‘
of. cowpea for re51stance to cowpea aphlds. The \/,arieties' ‘reported
're‘51stant 'in w. Afrlca were hlghly susceptlble to aphids from-
gouth‘ern “Unitedy States In tr1als at four places 1n ngerla and
one in Burklna Faso dur1ng 1985 IT 83 S—742 11 and IT 83 S-_
728-5 performed con51stently well at all locatlons w1th good “res,ls‘-
tance to(aphid.'s (IITA,-’1986) .Pathak (1988) reported four
cultivars ICv 10, -ICV 115, I_CV 12 and Tvu—310 re51stant to - aphlds
" at Nairobi, Africa. | o
Ofuya ‘(198"8)", evaipated 24 ';/arieties of cowlpea ‘at Nigeria

"~ and reported that the lines EW/1,  TVu-1037, TVu-2696, TVu-2994

1!
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and TVu-3000 had the lowest field = infestation. Four hundred and
eight accessions ofA cowpea were evéiuated for resistance to
aphids by Jayappa and Lingappa ('1988). They found that the
lines Mandya Local, MS 370, TVu 2740, P-912 and PI—475 had

greater consistency in imparting resistance to aphids.

.
t

B. Morphological and biochemical bases of resistance

1. Physical deferices of plants

The leaves ‘and stems._ of many specie's bf plénts are
covered with small epidermal hair:s, énd/or‘ hooks. The %unction
of this pubescent cover was investigated arjd it Was- not known
whether host specific aphids r‘espond to pubescence in selecting

their host plants.

Certain plants possess giéndular‘ "hairs Which produce
exudates which trap insects and reduce damage by . the pest.
Hairs -contribute to resistance in tomato to aphids ‘(Mc Kinney ,
1938), to whiteflies (Gentile et al., 1968) and  in certain potéto
lines to -aphids, mites, leéf hoppers and to colorado potato
beetle larvae (GiBsqn, 1974, ,Tingéy and Gibson, 1978). Investl-
'ga;cioné by Fluiter and .Anker‘smit (1948) r‘evéale‘d that Aphis
_@_@g,suffér‘ed ‘a high mor‘fality on bean plahts, as a result of_

being caught on the hooks.

N
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Hooked trichomes on french bean had profound detrimental

effects on populations of Aphis craccivora (Johnson, 1953). Aphids

are caught by the tarsal claw as they ‘walk about or feed. He
observed that the hairjs‘ were = present .on petioles, stems and
under‘sQr‘faées of the leaves but were absent on uppersurfaces
of leaves. They were the most dense on growing shoots and there-
fore the most injurious td aphids. Legs of‘aphids became impaled
on the hooks. The r‘esulté of‘ subsequent bleeding, star‘vatién
and exhaustioﬁ decreased the loﬁgevity aﬁd r“epr'oductive rate
of aphids. High nymphal »nf‘lor‘tality? increased time for ﬁymphal
deveiopment and decreased nymphal size were the consequent

effects. The decreased nyrhphal size was. associated with a

reduced fecundity.

| Thurston et al. (1966) reported 'Acha‘t the alkaloids excr‘evted'
by: the Nicotiana trichomes were toxi‘c_ to %gr‘een peach aphids
wher;e a few pests were poisoned by trichome secretions and
others rendered harmless by immobilisation b'y/ secretions per

se. This was again observed in case of resistance to aphids

in wild potatoes (Gibson, 1971) and in - selected Lycopersicon

and Solanum species (Gentile and Stoner, 1968).

Trichomes are unicellular or pluricellular outgrowths from

the epidermis of leaves, shoots and roots (Uphof, 1962). The
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collective trichome cover of a plant surface is called pubescence.
Levin (1973) defined the term trichome as a hair-like appendage
extending from the epidermis of aerial tissues. Levin (1973)
and Johnson- (1975) elucidated the ecological ‘- functions of
trichomes and defence mechanisms . against herbivores. Insect
species 'r‘espond aifferently to br‘esence of plant hairs. Pubescence
as a resistance factor interferes with insect oviposition, attéch—
ment to the plant, feeding a.nd ingestion. The purely mechan‘ii:al
effects of pubescence depend - on fbur .mai-n ¢characteristics of
‘trichomes; density, erectness, length and shape. In a few.ca.ses,
trichomes possess associated glands ‘which exude secondary plant
metabolites. The effect of glahdular trichomes de.pends on nature
of the erdate. It may be. composéd of allelochemics such as
alkaloids or ter‘pénes (Johnson, 1975). " Such toxic substances
'may kill insects on contact or act as ;"epellents. In some plarjts',
sticky exudates‘glue the insects legs and impede loéémétioﬁ.
Quiros et al. (1977) reported that 1n.cr‘ease in halr density In
tomato plants -restricted feeding activity of b.otato‘aphid, M_YAJ_S_

euphorbiae under field conditions.

Bell (1980) found that the aphid resistant cowpea accession

PI 476 possessed‘ the highest number of hairs.

Ferguson ﬂ. al. (1982) also opined that glandular .haired
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alfalfa (Medicago species) were not preferred and thu_s resistant

to spotted alfalfa aphid (Therioaphis maculata) .

=

HLampe (1982) revealed that the pea aphids (Acyr‘tﬂo’siphon_

M) readily settled on sparsely haired and densely haired
varieties of French bean. Hdwever', a consi—derable pr‘dpor‘tion
.of' settle'd' aphids left the plants. ' Aphids remaining on .plants
‘became impaled on the hooked epidermal -plant h;';lir‘s and died
wi"thin. one week, although it was shown that the French .beans
were physiologically suitable as a food plant. Hairs:- were
scattered over almost the entire surface of the plants and

prevented the aphids from leaving plants.

The insect's choice or rejection of a particular plant
for fooa, 4oviposition or shelter 1is a 'chain linked process
(B_aliddawa, 1985) . Insecf behav iour éaﬁ ‘be discussed as response
of a ;ingle insect species to a single plant or a group of.plants.
Four single plant resistance. attributes (viz. insect r‘eéellents,
plant surface téx.ture, shape and co410ur*) affect insect behaviour
through olfactory, physical >a.1nd visual stimuli. In addition to
these, diversity of plant spécies and plant d‘ensity affect insect
beh;':n)iour through concéntr‘ation of insect food,‘ chénging tHé crop
microclimate and changing th_é .back-gr‘ound contrast agains£ Which

. the insects locate their host plants.
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Saxena (1985) described the behavioural basis of plant
resistance té insects. Var‘iox;s plant characteré influence the
behavioural responses of insects in two ways (1) by providing
sensory stimuli and (2) by providing mechanical features (eg.
hardiness of tissues, hairiness, etc;) which facilitate or hémper‘
behavioural responses. The sensory stimuli from various plant
charac:cer‘s.. may be perceivéd at a disténce or by contact. The
distance perceivable characters emit 'visual (colour, shape, eté:.)
stimuli.- The contact perceivable "characters pPO\)iae cherﬁical
(gustatory) and physical (tactile) stimuli. To understand the
mechanisms of insect resistance in plants and their char‘a'cte'r'sv
involved, the first step 1is to c“ompare the above mentioned
responses of an insect species to a given set of resistant and
susceptible plant species or varieties. After this, the next sfep
in understanding tﬁevmechanisms of blant resistance to the insécts
would be to examine thAeir‘ characters which determine its
responses. Sotrensen et al. (198VS)‘ registered an alfalfa accession

rich in glandular hairs and possessin‘g multiple pests resistance:

"Influenc;e of trichome density on the spread of nonpersist-

'ently “transmitted plant viruses by aphid vectors was studied

by Gunasinghe et al. (1988). Probing activities of three

important aphid vectors of soybean mosaic virus, Myzus persicae,
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thpalosiphum maidis '- and 'Apﬁis citr“icola, were’ affected. by the
density of soybear'{‘ leaf trichomes. Less pubesceht and glabrous
isolines elicited greater probing aétivity than did densely pubesv—A
cevnt isolines. 'Fiel_d slp‘r‘ead of SM\-./' was négativély correlated

with density of pubescence.

On simple ,hai'.r‘ed alfalfa. plants, the'fécun“dify of spotted

alfalfa , aphid _(T\her‘ioaph‘isl maculata) - was consider‘_ably'.41:c')w

(Carter et al., 1988).

2. Antibiosis

’

The antibiosis mechanisms of resistance to aphids_ were
"investigated by séver‘al wor'ker_"s. Dahms and Painter (1940),
Hérr‘ingfon (1941) and Carnahan et al. (1963) observed reduction .

in the fecundity of'tlje ‘pea aphid, Acyrthosiphon Eisum’ rjear‘ed_

on resistant varieties of peas.< Prolonged nymphal period was
.obser‘ved‘ on resistant host to the pea aphid (Harrington, 1941)

and spotted alfalfa aphid’ (Nielson and_Curie, 1959) . When Painter

(1958) reared Aphis gossypii on resistant varieties of = cotton
in -the laboratory , ‘he - observed reduction in fecundity, . early
~ death of adults. and general . inability to m‘aintaih a population

on the resistant host plant‘s.

. Greenhouse “experiments by Auclair (1958, -1959), Cartier

(1959) and ‘Auclair and Cartier (1960a, 1960b) with pea 'aphid‘s on
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peas 'showed. that antibiosis was  responsible for , reduction in
reproduction, excretion of hon_éydew and r‘eductioh in adult weight
of individuals. Another aépect of antibiosis was related to the

restlessness factor (Carffcier‘, 1963). On resistant alfalfa plants,

y

ITGR R ¢

the spott_ed alfalfa aphids becéme r‘éstless within. one to four
“hours and even'tually- ‘died o6r left the plant, 'little.or -no
honeydew being producéd: ‘However, 'c_>n‘ susceptible *planfs, 1hoﬁey—
dew was produced profusely. Mortality of aphids on higj:hly
resistant .plants ’was’ caused' Sy starvation or - ‘de'ssi.cation,‘
resulting from failure to ingest a -sufficient qpantity of plént

sap.

“Khalifa and Sharaf EIl-Din (1965) found that the age of
‘the leaves of cotton and bhindi "affected the development and

fecundity of Aphis goss'ypii.‘ Nymphs on ‘young leaves developed

the most quickly, and those on matijre‘ leaves the most slowly .
Fecundity was equalfy high “on youhg and old 1éaves, but low .
on matured ones, Young and old leaves provided better nutritious

conditions for development and reproddction thén mature ones.

Glover and Stanford (1966) .and Pederson et al. (1976).
also suggested antibiosis as‘ the mechanism of resistance in

alfalfa to pea aphid (Acyrthosiphon pisum). Panda and Raju (1972)

found that fecundity, nymphal'weight, .and longevity of aphids

!
! N
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were less on the resistant varieties than on susceptible ones.
Chari et al. (1976) repor‘.t‘ed' that the resistant cowpea vapieti_es
supported a lower population of aphids‘/plant and indicated that

résistance was caused by antibiosis.

Fortedar and Kushwaha (1976) . found that duration of

n&;nphal dévelopment of Aphbis craccivora: on cowpea wasilong‘.er‘
‘on resistant than on susceptible varieties. Inséct mor‘talityl is
the most easily observable characteristic of anti._b'iosis according
to Singh ,(197’7,); 'M'ortality of aphids was increased to 37.5%-62.5%

in resistant lines from nil in hingy susceptible ones.

Karel and Malinga (1980) attributed antibiosis as the reason

o TVu 410 and

Ife Brown to Acyrthosiphon gossypii. Bell and Chelliah (1983)

for resistance observed in "cowpea li‘nes TVu 408 P

evaluated '259 cowpea -accessions vin field and found that _compar‘ed
with »a‘phids c’ulturied .on r‘iesi_s'tant accessions,. those éultur‘ed on
susceptible lineé_ had‘ a. shorter nymphal" period, extended
reproductive period, highef fecundity and incAr‘.éased adultl
longevity. Raju and Panda (19183) lf"epo;'\‘ted that fec’undity_ and’
‘adulf body lweight -of aphids were higher‘,- nymphal per‘iod‘
s‘hior‘tel?i and life span longer oh susceptible gr‘een" gram variety

-

Shining than on moderately resistant and tolerant lines. Jackai
and Singh (1983) also attributed antibiosis as reason for resist- ~

ance in a few cowpea varieties.
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Atiri et al. (1‘95'34) : olbserved ‘that aphids were smaller
and less abundant _on four aphid resistant »lin'es‘v than on the
téleraht - and ‘SL‘ls’cethible _ones. and- als‘.o h<the "aphids made more
pfobes of shorter »duration on. resistant lines. Mc‘foy‘ and
Dabrowski (1»984) obs’er;\/éd, based on : screenhouse " and laboratory

. studies, that feeding by Aphis craccivora was more prolonged, -

the numbel‘A of probes/minute lesser and its vp_opulation glr‘owtvh-
gﬁeéter on stems of ‘trhe. sgscepti‘ble' variety’, Vita 1 as compar‘ea
to two r‘ésistant cultivars,:t,TVu’ -310 and 408 PZ. Fl;om choice.
‘and no- choice tests, th‘er‘e Waé evidence that the basis of"
resistance was probalbly antixgnosis and antibiosis.

Messina et al. (1985) evaluated nearly .200 vérieties of
cowpea for vr‘esistance to cowpéa aphic'i‘s. Life table'compar‘isons
using a resistant and a V‘s‘usce‘pti‘ble variety revealed a three
fold difference in the intrinsic. rate ‘c‘>f rincrease ‘and more ,‘tharin
20 fold ”dif.feréncie ilw'icf'le net reproductive rate. High .' nymphal
mortality .and low - fecundity on r‘nesiStant- plants were . largely
r‘esrponsib,le for these d'ifferenceé.. Based on simula;cions, Wiktelius
andi Petterson (1985) sugges‘tea that any aphid . resistant ‘plé-nt
genotype 'should cause high nyrﬁphal m-or“tality,rtpr‘c.)longed develop-
_meﬁt during éarly plant stages »an.d é low birth rate ;:lose to
ear érﬁer‘Qence. Youni;; -gt_ é_l. (v1985) opined. ‘th'a_t thé rate of growth,

reproduction and  survival of Aphis fabae were affected by
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Var1et1es Holt and Wratten (1986) used rate of increase of‘*\

aphlds as’ a comparatlve measure of ant1b10t1c res1stance to Aphls
N lfabae ,1n faba bean. o L :

Mechan1sm of res1stance in cowpea 11nes TVu 1037 TVu 2896'»’ h

and' TVu“ 3000_.;inc1uded 'antlb1051s,- man1fested ‘as’ h1gh mortal1tyn..

i

of nymphs, red'uoed llfe span'-'and low fecundlty of adults as. ;.
) reported by Ofuya (1988) Jayappa and L1ngappa (1988) revealed;
j-rthat the blology “of aphld:was adversely affected when r‘earedf
~‘o,n 'rtesistant ’cowp‘ea ‘kcult1«v.arsb.i,_. | | ‘ .

© ‘3. Biochemical ‘mechanism of ‘resistance; . e

Nutr1t1ve value of the host plant plays anh. 1mportant role‘ )

%

Cin determ1n1ng plant susceptlblllty to 1nsect attack

ja, suga’;hs T

Aphid.s' have fa' spec1al feed1ng preference forr sucrose.

S‘u‘crdsef'»;isfa ‘necessary’ phagostlmulant for Acyrth051phon pisum

v.f(/_\'u‘clair‘andhCartler, 1963) and AphlS gossypu (Aucla1r, 196’7a‘

~‘and ”'b')'v 1n a 'holidic diet'. Wh‘en . sucrose was totally replaced ; . -
. Toa .‘ i ’ﬁn.‘ ¢ -
<by glucose : fructose, surv1val of Acyrth051phon p1sum and

:Aph1s gossypn was s1gn1flcantly reduced The low surv1val rate'

-may be due to lack of palatab111ty of sugars or the1r poor nutr1t1ve AN
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value. Wegorek and Krzymanska . (1974)  reported a relationship
between the ratio of pr‘ofein to sugar in varieties of lucerne

and their susceptibility to infestation by Acyrthosiphon pisum. .

In greenhouse studies, the ratio was markedly higher in suscept-
ible varieties ‘than. in resistant varieties. In field grown plants,
the ratio was the lowest during early stages of plant development

at whichtime the plants are highly resistant to aphid infestation.

Barlow et al. (1977) observed that pea aphid, Acyrthosipiﬁ’on

pisum pEefer‘r‘ed mos{ly soluble carbohydrates and total protein.

Barlow and Randoiph (1978) reported that Acyrthoéiphon 'piSum
pr‘efer‘r-ed the young pea plants to woody perenniélé "because the
phloem sap of young pea:- pla.nt's apparently hadr lower sqéar'
céntent and highér‘ total arﬁino acid tha‘ﬁ woody per‘ennialé.
Chhabra et al. (1986) found that the leaves of éphid resistant
. cultivars of blackgram had higher‘ éontents of reducing and non-
reducing sugars. Mcfoy and Da;browski (1984) found no relation-

ship between total sugars and resistance in cowpea to aphids. -
b. Nitrogen

Auclair . and Maltais (1950), Maltais (195?) and Auclair
o ' . -
et al. (1957)  reported thaf the amount of nitrogen in pea variet-

ies in terms of free and total amino acids contributed significantly

to resistance or susceptibility of these varieties to pea aphid.
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Maltais (1951) reported _thét’ nitr‘ogéﬁ content in whole' plant

samples and in water extracts were higher in susceptiblé pea -

variety. to Macrosiphum pisi than in the resistant ones. Maltais = .

~and Auclair (1957) reported that the var‘iéti_es susceptible to

pea aphid Acyrthosiphon ‘pisubm contained more nitrogen than

resistant - ones. 'Toial soluble nitrogen appeared to be a generally
useful indicator of susceptibility of plants to aphids (Vvan Emden,.
1972). ~ Mattson (1980) opined that pest _‘infestafions were affec;ced .

by the nitrqgén status of the host. In broad bean, the"_var‘iety

that was 'heavil-y_ infested by Aphis fabae Scopoli had. a higher
nitrogen cont’ent tha‘n others (Younis et é_l. 1985) . Pstr‘iqu‘in gl o
- a_l (.1988) found. 'ihat 't'h.e fecundity ‘o_f aphids was commonly
pr'opor‘tional ‘to  the solu‘blé l‘nitr‘ogen- ‘coh’.cent- of .phl'oem, and

increased when plants were fertilised with nitrogen.

c. Phosphorus and’ potassium.

Bar_‘bei‘ and Tauber (1951) reported that under field condit-
ions, peas “grown - on soils severely : deficient. in either nit‘r‘ogen‘,
phosphorus or potassium would be damagéd _ more heavily.. by

Macrosiphum - pisi than - plants grown on soils of good fertility.

Auclair (1965) reported that optimum levels of. bhos—phor‘us and
potassium wefe required for the development ,of aphids, lower

or. hi‘g'h‘er* concentration being detrimental to‘aphlids. Rahiér‘ (1978)
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found that hlgh proport1on of n1trogen and a low proportlon;v.of

_‘/"

potassium _1n Brassma rapa are subopt1mal for the plants' but"‘,

S favoured the ._de_ye’l._oprperit of: Mfy”zu_s .‘persmae.V

d. Secendary .pl'an‘t_ substances.
Pederson e_t__ * (1976) ' reported p‘:osit'i':ve' cor.‘rela’tion
- between hlgh saponln concentrat1on and re51stance to pea aphlds. ﬂv
) . '_r, A o - o
'-~Krzymans.ka;('1983) conflrmed that there ex1sted a relatlon between
level of’ saponins 1n alfalfa tops and 1ts re51stance to the peai

I3

ap.h_id. The sapomns 1solated from alfalfa leaves added to the

art;lficlal“d1et, retarded development of the pest S

V"Mcfoy and Dabrowsk1 (1984) based on chemlcal analys1s

"o‘f'_sternsg of .co_w‘pea‘, reported correlatlons of total phenols and

‘t_otal- flavon01des v.vith re51stance to Aph1s craccwora., Chhabra
. et ’al (1986) observed that the-leaves of - res1stant blackgram S

: cultlvars had hlgher contents of total phenols.

Accord1ng ‘to MaXWell and Pamter (1962), susceptlble plants
usually contaln hlgher amounts of free aux1ns than res1stant plants
Pons and Moyano‘(1970) reported that the 1nh1b1tor .and aux1n—

11ke substances 1n alfalfa affected degree of suscept1b111ty,' re51st—

ance or 1mmUn1ty- to' aphlds;v‘. i
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Wegorek and Krzymanska (1968) observed that resistance

in a few lupin varieties to infestation by "Acyrthosiphon pisUm

was due to br‘esence of alkaloids -in leaves. Aphid. probing and
penetration can be affected by content of sinigrin (Nault ahd

Styer, 1972).

e. Plant pr‘oteinase inhibitors

Presence of proteinase inhibitors in :plar'lts wés first
reported by Read _and_‘ Haas (1938). Since theh, inhibitor‘hs present
in storage -organs of Leguminosae, Graminaé and éolanaceae _attr‘acted
the most attention (Ryén, 1973). In addition to their presence
in ‘storage or‘gans, proteinase inhibitor.js‘ were identified in leaf
extracts of a __number‘ of plant species (Ch\ein and Mitchell, 1970;

Walker-Simons and Ryan, 1977).

Plant .pr‘oteinase inhibitors &llr‘e- considered és bothv '.r‘egulat—
c'>r‘y and protective proteins and even '_as artifacts of evqllvuti;)nar‘y‘
processes " (Ryan, 1979). Activity of many .plant 'pr‘otei'nase
inhibitors’ lis usually specifi.c for digestive pr'oteinases, : pr‘oducedA
by animals and microorganisms V(Ryan, 19"73). As a vr‘esu.lt of their
specificities, Atheir‘ presence in planf is often' thought of, in"
terms of pr‘,otecting piants by ér‘resting the pr‘éteinases of attack-

ing pests. (Applebaum, 1964; Ryan, 1973). The active site of
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»trypsm llke enzymes of 1nsects'was 51m11ar to that of hlgher
an1mals ’ and ._‘could be potently ‘1nh1b1ted by natural trypsm.

\

1nh ibitors from plants

\

‘Applebaum (1964) proposed that the protelnase 1nh1b1tors'
in legumes evolved as ‘a. defence mechamsm against - 1nsects and_
’that proteln dlgestlon 1n 1nsects should be con51dered as a ‘factor
1n h05t - selectlon. The ; po551ble A 1nvolvement g oti_ protelnasev
1nh1b1tors in- plant protectlon recelved con51derable support froml
the f1nd1ng that Colorado potato beetle 1nfestatlon 1nduced rap1d

" 'accumulat1on 'of protelnase _1nh1b1tors 1n the‘ leaves .of potato and.:
torna_t'o ‘plants (Green and. Ryan, 1972) | . ‘

A.t'rII.TAv, Nghfet al. (§1987) analysed the ,.T‘rypsin_inhibitor

1

. content in “raw . cowpea 'Seeds and found that the Ti un1ts/mg~
‘\'pr'otein ranged from 27 to 66 and that it was not related to‘

re'si_stanee to bruchid pests. | . R o e
4;_, Influence of‘,weat‘h"er ‘fac’tors- on aphtd p’opulatlonii ’

The role ot: ecologlcal factyors on‘ fleldA populat1on of aphlds‘
_Was- rev1ewed | by many workers.i’ Mult1pl1cat10n of aphlds ' wasy‘
f/avoured by the mo1st and cloudy weather. . Consequently | w1th
44 _o'cc‘:urrence of favourable weather condltlons for a longer perlod"
of t1m.e., a’ severe outbreak Cof aph1ds “co-uld be apprehended

A
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(Singh and Sidhu, 1959,. Jarvis, 1969). Higher temperature and

‘radiation. increased the aphid (Aphis fabae) population on -field
been 1n late June and mie July or in early August (Way;’ 1967) .
Methew g al. (1972) studied the population - fluctuation of A_pkﬁ
craccivora on cowpea and reported that the hlgh and low populat—
"1ons occur‘r‘ed from September to Apr‘ll and from May to August
r‘espectlv.ely Saleh et al. (1972) r‘evealed'that the p‘opulation

'den51ty of Aphis cracc1vora reached the maximum on broad bean

during Mer‘ch “and _dur‘ing August on cowpea. Radke et al. (1973)

reviewed the influence. of relative humidity on development and

repfoducti(on of Aphis’ cr‘accivor“a ‘énd reported that‘ ‘it “preferred
~an optimall r‘eletive hUmidity of '65-70% for O\fiposition at 12.8°C
- and a photoperiod of 12 h induced the pr‘odUcfion of sexual for‘ms.
Oof the various climatic fact_o?‘s,i fog, frost, r‘ein, se‘ver‘e cold
and heat are- r‘epor‘ted .impertan_t 'natuf‘al mor*talityl factors for

the aphids (Brar and Sandhu, 1976) . ‘Pal et al. (1978) delineated

ideal conditions - for : the outbreak "of Aphis craccivora as 'about
80% relative humidity, 27.5 to 28.5°C air temperature and a le‘
" number of sunshine houre. Bell (1980) found that- higher maximum
tempefatur‘e and vlower‘ mini’rhUm‘ temper‘étur‘e, r‘elati'\)e ‘hl.imidity'
end _r‘ainfall prevalled durlng the - period from January to May
were | conducive for the populatlon_ bulld up of cowpea aphids.

Sulochana .(‘1984) reported that the aphid 'population got reduced

_considerably with increase in the number of ’r'ainy days and -
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increase in average relative humidity. Singh et al. (1986) stated.
that there was no significant correlations between aphid (Myzus

persicae) population and maximum, minimum temperature, wind

velocity and rainfall iAndicating that Myzus persicae can sur‘_vive
‘and bQilp up at a wide range of temperatures (5-30°C). Kandaria
et al. (1989) found that in Punjab, the population of Aphis
gossypii decreased from mid-May to end ;)f June, due to high
temperature. Sinha et 9_1_.‘ (1989) reported tha"t the population
builp up ofvl aphid ceased at 50.90% humidify and below. Frequent
rains during the population rise phase adversely affected aphid
. population build up.

C. Inheritance of resistance to aphid in cowpea .

Screening work in° South East India (Chari et al., 1976)
and Nigeria (Singh, 1979) led to identification of -several sources

of resistance to Abhis_ cr‘accivdra. Recently, Pathak (1983).

reborted high levels of resistance in two cowpea cultivars, ICV 11
and ICV 12, obtained "by induced mutation. An efficient breeding
programme for insect resis‘éance requires nof only avéilability'
of sources of resistance but also knowledge'l’of inheritance and
genetic 'cor)tr‘ol systems. Not much of published works are available
oﬁ inheritance of aphid .r'e'sistance ‘Ain conea. The literature

pertaining to. genetics of resistance to cowpea aphids, are
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reviewed below. International  Institute of Tropical Agriculture

(IITA, 1982) reported resistance as. dominant to . susceptibility

vit

and Fz"

-ible. .The F1', FZ’ F3 and backcross populations involving aphid

bopulation segregated in a ‘r_'atio of 3 resistant: 1 suscept-.

resistant and sus’ceptible_ parents were evéluated for their reaction
to aphids (IITA, 1954),." Inher‘itance of resistance was rather
vsimple and the Q'.ffects of indivldual genes were large and easlly
discernible. Resistance to aphids is | a dominant trait é’nd
.’monoger;i’callyl ihﬁerited as evident by 3 r_‘eéistant to 1 susceptible
in F2 population ahd 1 be§istant alnd‘ 1 suséebtibie ratio - in
backcr‘oss population. Similar ‘results were ‘r'epor‘ted at the In;er‘—
national Centre of Insect Physiology and Ecology (ICIPE) (Pathak,

1984) .

OmbakHO' et al. (1987) .stud.ied inheritance of resistance
to- cévxlpxea aphid “using three r‘es.isf.ant‘ cultivars. Ivn‘v-their‘ exper‘i—
ments, ‘p'ar‘ents, F1 an-d 'F2 population. were.artificially infested .
with 10 apter;ous ‘adult aphids, in a screenhouse. Seedling r:eact‘ion
was recorded when -the 'susceptible check was Killed. The segre-
gation daté reye/aled- that resistance is governed by single
dominant gene and that r‘vesi'stancle in "ICV 10_and TVu 310 were
controlied by the same ldominant gené Ac1 and that resistance

in ICV 11 was controlled by anothér dominant gene Aéz.
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Similar, were the obs.er‘vations of Bata et Q.' (1987) and

Pathak (1988). Bata et al. (1987) crossed the lines TVu 36,

TVu 801 and TVu 3000, which are resistant to Aphis craccivora,
with one ahother‘ and with susceptible lines. The reaction of
parental, ‘F1,‘ Fz, F3 and backcross genérations under artificial

infestation revealed that resistance was controlled by a singlé
: . !
dominant gene in each line. Allelism tests showed that all the.

three resistant lines carry the same gene, designéted Rac.

In" a cross between susceptible and resistant cowpea lines,
Pathak (1988) found that the F1 populations - were r‘esistant‘,
indicating .thel dominant nature of resistant gene(s) in those
cultivar‘s{ The F2 showed a segr‘ggatioh of 3 resistant: .1 suscept-
ible seedling, 'indicating that resistance to the aphid in each
case was governed by a single dominant gene. Thesé. conclusions

were confirmed from reactions of the backcross progenies which

segregated in a ratio of 1 resistant : 1 susceptible.

Works " on aphid resistance in vegetables are limited. The
published ‘literature on mode of inheritance of insect ‘r‘esi'stance

-in certain ‘impor‘tant crops are presented in Table 1.

D. Multilines for higher yield and stability in performance

Heterogeneous populations are common in cross pollinated

crops but are rare in self-pollinated crops. In self-pollinated



Table 1

Mode of inheritance of insect resistance in a few important crops

Crop

Insect pest

Inheritance

Reference

2

3

A

Lagume ‘and
forage

Cowpea

Vegetables

‘Sweet clover aphid

(Therioaphis richmi)

The pea aphid of alfalfa
(Macrosiphum pisi)

Spotted alfalfa aphid

Weevil ) _
(Callosobruchus maculatus)

Aphid
(Aphis craccivora)

Bruchids and thrips

Lettuce root aphid
(Pemphigus bursarius) -

A single dominant gene controlled
resistance. An additional comple-

mentary gene appeared to be present

in some resistant clovers.

One dominant gene conferred
resistance

1. Resistance was quantitative
2. Resistance could be both
vertical and or horizontal

Resistance to cowpea weevils has
additive, dominance and maternal
components

Resistance is a dominant trait and
monogenically inherited

Resistance was a recessive trait
and digenically inherited

Resistance was controlled by
extranuclear factor. Modifying
genes might also beée- involved. -

.Manglitz and Gorz (1968)

Glover and Stanford (1966)

Glover and Melton (1966)
Nielson and Kuehl (1982)
Nielson and Olson (1982)

Fatunla and Badaru (1983)

IITA (1984)

IITA (1984)

‘Dunn  {1974)

Contd.
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Continued ’

3

4

Trees and

" fruits

Lettuce leaf aphid
" (Nasonovia ribisnigri)

.The melon aphid
(Aphis gossypii)

Sthiped cucumber beetle
(Acalymma vittatum)

Green peach aphid
(Myzus persicae)

Rosy leaf curling
aphid of apple
(Seppaphis devecta)

Rosy apple aphid

. (Dysaphis phantaginea)

The woody apple aphid
(Eriosoma lanigerum)

Aphid o
(Amphorophora rubi) -

Resistance was due to one dominant

gene

A single dominhant gene (Ag) was

identified for resistance

Resistance was governed by
several genes and additive gene
action was more important

Resistance appeared to be partially
dominarit in tuber bearing Solanum |
Genotype. x environment interaction

“was low

A single dominant gene (SZ) was ¢

‘'responsible

A single dominant gene (Smh). was

reported-

A single dominant gene (Er) ~was
responsible for resistance

Immunity is governed by a single
dominant gene linked to a semilethal

gene

Eenink et al. (1982a, b)

Kishaba et al. (1981) -
Bohn et al. (1973)

Nath and Hall (1963)

‘Sams et al. (1976)

Alston and Briggs (1968)

Alston and Briggs (1970)

Painter (1951)

Daubeny v( 1966)
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crops ' .liké wheat, Ways of inAcr‘easing and stabilising yield
inclu&e developmenf of multilineal ;/ar;,ieties and suitable varietal
blends. Superiority of inul.tilvineal varieties was reported by ._a‘
number of workers. Clements et al. (1929) characterized competit-
ion' among - plaﬁts_ as a reaction-response phenomenon that gives
one plant ar; initial- advantage ~which is curhulative. Relation
between c"omp'eti,tive advantage a.nd r‘apid,ear'ly' growth ip mixed

stands of weeds and cereals was shown by Pavl‘ycﬁenkq (1937).

Montgomery (1912) statéd "when two varieties are planted
“in compétition, one variety is very apt to have an advantage,
which, if continued, Would in time cause it to practically replace
the other. It appear;s also that‘the one . yielding the 'best alone
will not Aalways be the one surviv’ihg under . competition". He
also noted that "for some reason, in almost every case with
both wheat and }aats, two varietieé in  competition héve given'
a greater number of plants Aat,h;ar‘ve.st.énd a gr‘eat\er‘ yield than
when either variety was sowh" alone". This was explained by
Elton (1927) ‘on the assumption that different componénts of a-
p‘lan't comrﬁunity occupy different "niches™ from which the éo‘mpet—

ition of others is countered with their own peculiar advantages.

\

Considerable work was also ‘done on effect of mixtures
or varietal blends on yield. There -are growing evidences that

multiline mixtures of soybeans (Mumaw and Weber, 1957; Probst,
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'1§57; C‘aviness, 1966) and other grain crops .(Jensen, 1’952;
Guétafson, . 1953;° Simmonds, 1962; Jensen, 1965) often pehform
somewlhat better than the means of the -component lines. Probst
(1957) found that 13 soybéén varietal blends during 4 vyears
yielded on an average 2.2%' more tlhaﬁ the mean of their pure
lines. Frey and Maldonado (1967) showed that mixtures of oats
produced higher vyield and gav_é greater stébility than puré
cultivars. Brim and Schutz (1968) observed thqt éertain-corﬁbinat—

ions of soybean .genotypes led to a sizable net gain in

performance.

Pandey et al. (1978) reported that at all ‘locati-ons,. differ-
ences in_.yield'of mixﬂ;r‘es of w_l"1eatr and the average yileld of
their corfespondir!g components were non-significant. However,
cer‘taih composites Qa.ve higher yields upto 8.5% over . average
of their .components. In their study, field observations ihdigated
that, where height. differences were not much, composites gave
gqod appearance and also showed su‘pe'r‘io.r‘ity in yield over the’
average yield of their components. But where height differ‘ehces
‘were quite‘ markéd  or distinct, the plot looked very uneven and
yield superiority of composites over the average of their qompon;
ents was very minor énq in certain cases, there was a l';egative

trend.
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- In . addition to the. beneficial effects of these synergistic
interf‘actions, the argument is often advan-cedA.that the genetic
diVer‘sity‘ of . heterégeneous population ‘should lead to stabilifcy
of performance over fluctuating environments. Simmonds (1962)
‘suggested that = stability can r‘esul_t from "specific population
adaptation", '"general population adaptation" or botH. He defined
specific population adaptation as the -asp\ect of'stability - that
is attributable to inter‘éctions among"componen":cs, and general
population _,a(;laptation as the ad;aptation to varying 'envir‘onments
of the components themselves. Aklla‘r‘d iand Br;adshavx; (1964) used
the terms f'population, buffering" and "individualvbuff‘er‘ing" to
c‘lescr‘ibe' these phenomena. Data reviewed by Simmbnds (1'962)'
and results reported by lAllar‘d (1961), Jensen (1965), Frey and
Maldonado (1967) .and Qualset and Granger (1970) supported the
hypothesis that mixtures are more s_téble than théir‘ éomponent
genotypes. Data from four sp_ybean varietiies, ‘their six
two-component mixtures and four tﬁr‘ee—component. mixtures 'wer‘e
used to study.effect of inter‘geno"typic competition on-populationv
stability by Schutz and Brim (1971). They measured stability
by. estimating relative contributions of purelines and . mixtures
to the first and second‘ order inter‘actioné of entr‘ies, locations
apd years; by’ constrqcting f,r*_equency distributions of rank or‘aer*,
and by regression and devi’ations from regréssion of population

performancé on environmental productivity. Three of the six two-
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component m1xtures exceeded thelr component means by a s1gn1f1—

. cant amount and were arb1trar11y cla551f1ed as over compensatory

~

Two component mixtures w1th y1e1ds 51m11ar to the1r component

- ', means were class1f1ed as complementary : They op1ned that both

over compensatory and complementary competltlon effects appearl

to be essentlal to obta1n ‘a h1gh degree of stab111ty in a hetero—»i"'

ge\neous‘ p"op'ulat'ion. S I 'f; S '_ #

4 E - - : ' o

'-‘Arsyad'- et ,al_ (1984) reported that in '»twely;e', 2 v‘,v_a'r_‘lety“_y
m1><tures of. . soybean; ‘the m1xtures 51gn1flcantly exCeeded the
: ‘) better co.mponent varlety 1n§y1e1d by on an average 15% dur1ng‘ ‘

":June plantmg and 9% durlng September plant1ng. AllA of ;the"’
"«;mlxtures were s1gn1f1cant1y superlor to the component means ldue
_‘to‘ l‘ove‘r= compensatlon. Harrab1 et al (1986) reported ‘that - barley’ ;
‘mi‘xtures.i gave- h1gher y1elds, R than-_ purestands, espec1ally> ‘at
‘.Vlower yleldlng s1tes Y1eld of four 50 50 blends and the1r elght‘_v

cult1var components 1nvwheat were measured for 3 years on a

s1lty clay and s1lty loam and got ‘a- s1gn1flcant1y hlgher y1eld

than the ‘mean of the1r components, only on the loamy 5011 and]‘ A

concluded that on some- smls,v m1xtures may be more stable thank -

\ cultiyars (Bacon ﬁﬁ., 1987)

.‘Gubbels- and Kenaschuk (1987) found that in flax, thej

mixture-L generally had stab1l1sed productlon by y1elding about
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m1dway betWeen the seed y1elds of the 2 components gr‘ownlin

purestands, and thereby res‘ulted 1n no advantage over grow1ng :

" the components 'in separate fields.

[lhin'gr‘a- 91\-1. al. ‘ (1987) .op1ned that mlxed stands_ ten’ded
to'iinterjcept more‘"ph_oto:synthetalcally act1ve rad1at10n than 'd'i‘d
‘oure stands of wheat. In :B‘arizey,é_ Gacek, (1987) reported 3- 155
Aincr,‘e‘as'e in ‘yi,e'l'ds.\-i'n",:mixktur‘e;s' ‘c'om’paf‘e"d ‘l/vith a:»ver‘age of mono—‘f

cultures. . -

.Leon ' and [S1epenbr‘ock (1987) | found that ' ra'peseed,_ ajnl
‘*few purestands ylelded more than some m1xtures,)but ‘no’ pu.re;':.
. :stand outy1elded the overall mean of the m1xtur‘es. M1xtur‘es also’:“:
~had h1gher y1eld stab111ty than pur‘estands Analy51s.of'var‘1ance:‘
.showed that llnes d1ffered 1n thelr general m1x1ng effectsvand
'that these effects were more 1mportant than spec1f1c m1x1ng effects;
1n determlmng y1eld It. wasv concluded that 1t is rnot necessary -

i

_to examme a complete d1allel to f1nd ‘the™ best m1xture.

a. Multilines for disease management

‘Hartley ‘(1939) pointed out that genetlc un1form1ty favoured o
‘bui'lding :up' of. spec1allsed ' str‘a;-ns of para51tes and advocated
, m"i‘xtfu_‘r“e_s_ of desirj‘ab‘le-» clones’ 'of trees rather‘ than purestands

.of a single clone. He also r‘eported that in about‘ 1914 in the
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Dutch anst vIrlldies, it was proposed that a dozen or sopur‘élines'
6f rice be grown in mixtures to provide a single variety having
greater adaptability. Hutlchinson et al. (1938, 1947) dealing with
sorghum and ‘cotton sfated thét_whﬂe much progress can be madev
through isolation of pur‘eltinesv, maintenance of var‘iabiiity in the
total population of a crop rﬁust be given gr'eatei" emphasisAbin
future. Stevens (1939, 1942, 1948) poi'nted out ’th',e relationship
'betv'veen disease losses .and pollination types in '{small grains and
showed how plant breeding praéticés,affect the host-suscept relat-
ions and changes in_populationsA of pathogens. In contrast, Caffréy
(1948) .suggested_that a mixed popuiation‘ of hoét plants might
favour evolution. of'_bioloéical forms of plant péthogens. Stevens
(1949) pr‘bpbsed the rotation of varieties to take advantage of
the populationlshifts of pathogen- associated with the continued
gr‘oxwth of one variety. Rosen (1949). suggested the possibility
of "utiliéing mixed.’populations ‘of any one cross and not breeding
.for uniformity" for management of pathogen.

Development of - multiline - var‘iet’ies, vor‘iginally- sugées‘fed
by Jensen (1952)‘ and Borlaug (1958) aim at incorporating different
'ge'nes into isogenic lines by backcrossing, mixing the lines in
equal pr‘op‘qrtion,, vand releasing the r‘esulthas a commer';:i'al
multiline cultivar. .If a componé‘nt line of this cultivar becomes

susceptible, it can be pulled out and r‘eblaced ‘with '-another'



hesistaht‘line' The str‘a‘tegy was pr‘oposed as a’ way to control
- cer‘eal"'r‘ustsv. »Only one or a few ) 11nes of the / mlxture would"-
become susceptlble to the‘ pathogen l1_nc any one _season _i.e‘.’-only
a- small proportlon of t_heﬂt:plants VV;I'Ol;lld~ be‘.infect:ed by the(:

"»’pathogen ‘ Consequently ',thei dlsease w.ould" spread more ‘slowl‘yl

fthan when the entlre populat1on was under‘ a smgle‘llne..
Use of- mo;‘til,ine.~' ‘»’Vari:;eti?s‘ | in. self polllnatlng crops was “

-,ac.j\'/oCated A since‘ thef iate : ninet"eﬂenth. centur‘yv , (Slmmon‘]ds, 1962 o

Brrowning | ‘ancl;" Fr‘vey’,’ 1969) P—r‘ogr‘am’rr'le,-' of rmvul'til'ine | prfoduct'ion T

are, based .on two rad1cally dlffer'ent philosophies for disease"

\

" control’ ’(Mar'_‘shall,:v 197.7)~ In one approach f.designated -"as"‘ the R

Mclean c’r‘op"’ ‘appr‘_oa’ch, all component hnes of the mlxtur‘e would

- be resistant : to “all r_pr‘evalent races of the dls,ease(s) to: be

g

" controlled (Jensen, -'19“52';, Borta‘@g; 1958)=. The aim of this scheme

1s to :keep the crop. ‘as fr‘eéIOf diséases as possible, and at
the same time to reduce the threat of catastrophlc disease losses
follow1ng shtfts 1n the r'a‘01a1 comp051t10n of- the pathogen populat—'
ion." In the second appr‘oach ole51gnated the "dlrty crop" appr‘oachA
‘(Mar‘shall and Pryor, _ 1979), A ‘each 11ne ' 'in’ the m1xture also’
, rcar‘rles a dlfferent 51hgle gene r‘e51stance; hoWever‘,; 'none‘ of the\."
) 'lmes 1s re51stant to all known races of the pathogen Frey et ﬂ
S (19{73,.- 1975)° argueo -that._ such multilinesf should protect the crop;

in two ways..



The mu1t111ne varletles should stablllze the race structure'

e

ofv'the' pathojgen popula\tlon (Suneson, 1960 Jensen ,and Kent, 1963,

gLeonard 1969a, b)». ThlS 1s based on the fact that stablllzlng_

A

} selectlon agalnst races carrylng multlple genes for v1ru1ence (Vanf;
jrder F?lank- 1963'-‘ 1968) w1ll ensure that 51mple races, carrylng :
a smgle v1rulence gene,)_ domlnate the pathogen populatlon Since' '

each component of the mu1t111ne would be attacked by only one" ;‘

race of the stablllsed pathogen populatlon,tthe rema1n1ng llnes

‘would act as spore traps, reducmg rate of dlsease spread Iv

€

T this 'way, : mult111ne cultlvars ) would have an effect 51m11ar to_‘

f

. polygemc ‘non- spemflc ‘or horlzontal re51stance (Van der Plank

R

."1963) in delaylng the 1ntercrop bu11d—up of the pathogen

' Thre "d1rty crop" approach usmg partlally re51stant multi-

llmes, has a 51gn1f1cant potentlal advantage over the "clean crop!

?approachf : usmg completely re51stant mult111nes . (Marshall ‘\and ‘

: Pryor, 1978) S‘mcei moderately' susce_ptible 'llnes : are . also.

[

considered the breeder is in an a'dva'ntageous p051tlon as he‘ '

'l'tcan exerc1se selectlon for other characters 'ltk,e y,1eld helght
T

,maturlty etc. (Glll et al 1979) It would also extend 1ndef1n1tely

the. - usoful life of strong roslstance genes '(Van der Plank,' 1963)
'1nclud1ng those wh1ch have broken down 1n~'-the .-past-. It* would

" free the breeﬂden fromh ~the '}dlfhcultr __task of conti“nually isolating -

and evaluating new. sources ‘of ‘resistance. The only common ‘point
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between the two approachs is the final aim to pr‘oducev a variety
l .

consisting of a number (6 to 15) of phenotypically similar lines

which differ only in._ the resistance genes, they carry.

The pre-requisites of multiline cultivar approach are,.
proper identification of diverse genetic sources of resistance,
adequate race . survey, desirable and commercially acceptable

and if possible, a wi\dely adapted recurrent parent (Rao, 1968).

A multiline concept is not r‘est\r‘icted to a true mult”iline
var‘ief.y,, base_d ‘on near isqgenic components carrying different
r‘ace—épecif_ic resistaﬁce genes. It also comprises variety or line
mixtures where fhe cOmF;onent bg‘ve‘notypes ‘differ for the race-specific
resistant genes théy contain (Parlevliet, i979). Shorter - and
Frey (1979) reported the édvéntages (')f mixA;cu'r‘es over m'onocul.tur'es;
They are (i) more stable resistance .to_ diseases, (ii) greater
stability of performance across diver‘sé environments arjd (iii)
“higher yield through more efficient utiilization of énvir‘onmental

resources.

When barley varieties Hassan, Midas and Wing were grown .

in mixtures, the infection with Erysiphe graminis was reduced
by half and the _yiélds were upto 11% higher than the means
of .the component varieties grown alone (Harvey, 1978). The

effect of mixtures to reduce powdery miidew was reported by
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Wolfe (1977), Stolen et al. (1980), Day (1981), Stolen (1982),

White (1982) and Welling et al. (1983).

Gill et gl_ (1981) studied progression. of yel.low rust in
mixtures of i;c,ogen‘ic lin‘e‘s o-fiwh'eat in varying prgpprtions. Of
‘t'he. six éomponent lines, two were highiy susceptible, two; were
'.moder‘ately .susceptible . and two were -high\ly. resistant. Fifteén
possible mixtures Wer‘e developed in  50:50, 25:75 ‘ratios and
ai race,, mixture was_sprayed. The results ind:',icated that the
cﬁe’velopmént of rust was slow in mixtures as.v compared to the
_pur‘e\cultu.l'“es “even when seec:iéo‘f the 'most .susceptible parents

were mixed and grown. Chin and Husin (1982) reported that rice

variety mixtures could  effectively control Pyricularia oryzae .
. ‘ e ) )
and produce highly stable yields: Disease levels were reduced

to one-third of -the mean severity in purestands. This would

reduce the damage to the susceptible lines as well (Singh, 1983).

In a mixture composed of 3 varieties of Barley, diseése
symptoms developed more slowly in mixtures than in. monocultures,
‘with infection levels in the mixtures reduced: by‘ 30.70% (Gacek,.

1987). Mixtures of 3, 4, 5 and 8 components from among 13

varieties '‘and lines of barley with known genes for resistance

to Erysiphe graminis were tested during 1981-84. Incidence of
E. graminis in the mixtures were intermediate between that of

varieties in which resistance had broken down anvd that in variet-

ies in which ‘it was still effective (Hengstmann,. 1987).
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b. Multilines for -insect manaéement v

’In a study of relat10nsh1p of ‘pea aph1ds to alfalfa and:
to’ cannlng peas, E1chmann and Webster (1940) pomted out thatv, )
'asevere vlnfestat1’ons of the latter crop are derlved from alfalfa.

Thes/ suggested use of re51stant var1et1es of alfalfa for control
"“of pea aph1ds‘ 'peas and predlctedt that the control of -an’
:insect.'onv‘:two crops by“ use of . re51stant var1et1es of one. mayb
become_ an: actua‘li‘tvy in)'future Pa1nter _(1941) added that ‘not
only ma’y_;’one : crop andw,o:‘:'ne"i_ tnsect be controlled but where'
alternate hosts - are 1nvolved. there 1-5 a poss1b111ty of 1nfluenc1ng.
’ 1nsect populatlon level 1n vone' crop. by plantlng re51stant var1et1es N

of ‘an alternate crop He also oplned that the quest1on “of how

soon a straln of hess1an fly m1ght become adapted to a re51stant

" wheat is. dependent ' ‘on the proport1on of acreage of re51stant' SO

_to susceptible "varieties in aavgivengarea:.
S B

The env1ronmental forces actlng upon a glven aphld populat—._'

‘llon can ult1mately cause that populatlon to change to meet the' .

A—requ1rement of the new env1ronment for surv1val and perpetuatlon ’
(Neilson et al 5 1970) The development of blotypes ENT A and'"_

.ENT F of aph1ds appeared to have resulted dlrectly from the

'. 1nfluence of res1stant alfalfa cultlvars,‘ ' probably ‘ Moapa.

Accordlng to them, stab111ty of these blotypes is a-m’atter of

concern,jsmce 1t 1s apparent that they contlnue to develop and



43

change, thus makinrg it imperative for research workers to, stock-
pile wvaried pools of resistant ~ge;‘mplasm. Data on biollogical
activity . of - these biotypes suggestevdi that wvirulence vyas' more
closely related "to' aphid feeding and-, physiological mechanisms
th_an to‘fec':undity. Mqr‘eover‘, virulence _appear'ed to be correlated
tQ .the number of parental ciones,'susceptiblé to a biéty’pe, i.e.,
as bioty‘pes become more virulent, .‘the.humber of susceptible‘
+ clones in a bgsistant cultivar increases. Thus, i/irulént biotypes
are able to danﬁage a wider spectrum.‘ of resistant. cultivars than
less virulent -biotypes. According to Néilson et al. (j970) “an
-appérent solution for control of a virulent biotype in ar; infested
area is r‘eplacem;ent of the cultivar, wi;th ‘those that haQe a
broader base of unrelated, hiAghly reéis’;ant éermplasm. These"
t&lpes of cultivars should decelerate development of virulent
biot.\yp'es. | |

Somé spectacular successes controlling oat rusts with multi-
lines in Iowa (USA) (Browning, 1974) suggest that for some plant
pes;cs, this appr‘.oach may block rap;d po'pulati:on ,build‘up.-.
Moreover, as the pest population shifts in response to selection,
other cor;nponent‘_ lines can .be substituted. The effect, if done
with finesse,‘ would be to manage the pest pop’ulation for the

purpose of avoiding build up of specific races {Mac Kenzie,
. / , »

1980) .
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Weerapat et al (1977) reported that -when seedlmgs “of
) the h1ghly susceptlble varlety of rlce RD 7 the re51stant varlety

'RD 9 and‘ varlous m1xtures “of the two, were 1nfested at two-'

leaves stage\ w1th flrst 1nstar 1nd1v1duals of Nllaparvatha lugens

‘RD-7), RD 9 ‘and a 50 5o mlxtur‘e of RD 7 and RD 9 showed 100%,-;
.nll and 18% damage respectlvely They concluded that by plantlng
. 50% of an area w1th ‘a re51stant var1ety, the damage resultlng"
_‘from the attack was reduced to levels lower than those expected"—‘
on the ba51s of the ratlo of the'yarletles used " 'Gold et al.
(1990) reported that varletat m1xtures of cassava had no overall
Vbenef1c1al effect agalns;t cassaya hornvyorm and stem borer levels:
as compared to 1purestands, 1n Colombla; \ |
- Multlllnes are mechanlcal m1xtures ‘of phenotyplcallvy /slmllarv"
'.component 11nes',' each dlfferlng'for spe01flc genes for re51stance~
‘to the pest populatlon.r The power of the mult111ne is in. the'"
xiblocklng of 1nfectlon between plants.~ Use of the concept of ‘multl—
llnes in 1nsect control has not been explored‘ much o |

n

\ . . . . . - 2.
v A . R N

'E. -Natural regulation of Aphis craccivora on cowpea -

\ i

lee every group of ammals,f’ aphids -are also attracted
by natural enem1es Aph1d predators represent a group of 1nsects

MaJor predators of aphlds are arthropods (1nclud1ng cocc1ne111ds),

vvar‘ious, heteroptera v(especﬂiallyf anthOCOrlds) 5 ,syrphlds, hemerobiids -

1
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-and chr‘yoplds, mltes, earw1gs, phalanglds and splder‘s (Heathcote,

1,972) Except syr‘ph1d lar‘vae, all the predators are hlghly moblle.

Man.y natural enemies of aphlds are aphldophagous at ”lar‘val
latageg‘ Adults of the predators need nectar‘, adults of syr‘phlds':-
;and some chryoplds need pollen Pr‘esence of flowers directly - .
V\;‘ilt_hirir or - in -"theh'., nelghbour‘hood ‘01:’-"’. a ‘glven habltat would
fnerefor'e appiear‘, llkely to ralse lthe. natur‘al enemy/aphld r‘at1o<

(Stary 196‘2' ‘Van Em.den’,“1965' Hodek et al V1966) Pr‘edator‘sf,

act dependlng 1t-he,"_de’n:sity of aph1d populatlon. Efficiencyv

.vof jthe predator _;isi enha‘nced by 1ncrease in aph1d populatlon

) _and the predator‘ reproduces more result1ng in a r'apld populatlon.‘

u1ld up"‘(Smlth and DeBach 1942 DeBach 1964) Abundance N

'_«of a- predator‘ remalned assomated .w1th the abundance of pr-ey‘,‘,f': g

‘(Allee et al l~1949 Saharla, 1980) Eff1c1ency of predators is

N

--calculated on.. ba51s of ratlo of . mumm1f1ed aphlds to 11ve aph1ds
; _ekin‘a'sample_ ,(DeBaCh_‘; 1964).; '

In India Cocclnellldae, vSyr‘phldae and r‘avr‘ely‘. Ce01domy11dae .
'ar'e-the potentlal pr‘edator‘s of aphlds (Agarwala et al 4‘ 1987)‘
"Tr“ue' aphldophagous Cocc1nell1dae 1n; Indla -are.. r‘epr‘esented by
at least 36 spe01es Many other‘ records of this” 1nsect gi]r‘oub'
refer tc 1nc1dental predators of aphlds, or are doubtful records
: (Agar‘wala : a'nd_v'_Ghos‘h, . ;1988'). _Cocclnelllds ‘ ar‘e; more common

predators of. aphids than any other - insect group (Hagen, 1962;



Hodek,

predate on . Aphis craccivora
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’

1966) .~ Among

the aphidophagous Coccinellidae,

those

are listed below (Agarwala and

Gosh, 1988).
Name of predators DistributioQ

I. True aphidophagous Coccinellidae’
Brumoides suturalis | ‘Orgentql Region
CoCcinellé septempunctata. Bengla Deskﬂ Bhutaﬁ, India,

Nepal, Palaearctic Region

Coccinella’ transversalis Indo-Australian Regions
Coccinella arcuata indo;Australian Regioﬁé-
Menochilus sexmaculatus Jaban, Oriental Region
Pseudoaspidimerus circunﬁlexus India, Sri Lanka
Scymnus (Pullus) pyfochéﬂu5> Bﬁrma, India
Scymnus (PuUus) guadrﬂium India k
Scymnus. (Pullus) xerampeiﬂu& India
Spitocaria bisellata Orienfaeregion

II. Incider{tal predétor or doubtful

- records of Coccinellidae

1. Chiiochorus’nigritus .Ihdiav‘
Unidentified specieé of

CIII.

Coccinellidae
1. Micraspis sp-

2. Scymnus sp.
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The syrphid predators ‘oh Aphis 6raccivor‘a found in North

East India as reported by Agarwala et al. (1987) are the following:

Allograpta javana,

Betasyrphus . isaaci,
Nideopsis aeg rota,

Episyrphus balteatus,

Ischiodon scutellaris,’

Macrosyrphus confrator and

Paragus crenatus

They r‘epo'rted_ that larvae of all the aforesaid species
exclusivAely feed on aphlids and were the most active ét thé
heaviest aphid infésta’tion on trees, shrubs or herbs. Adults
depe'nd on nectar /and'v pollen of the.-flowering planté and oviposit

essentially in aphid colohies.

- The Cecidomyiidae predating on Aphis craccivora found

in India is ‘Monobrtemia rishikeshensis. (AgarWala et al., 1987) .
The l_ar“vae exclusiv;ely feed on aphids. it ‘i;lsually at’técké its
prey by piercing leg joint or some other body-joints. A to>'<inl
is. injected which ;:)ar‘alyses the aphid as aphids are r‘apidlry
immobili'sed; once they have been attacked. Once -the prey has

been seized and immobiliséd, the larvae settle to feed by

extracting the body fluids.
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MATERIALS AND METHODS

Present studies Were conducted during 1‘6 consecutive crop
seasons (November‘ 1986-January 'A1987, Fcbr‘uar‘y—Mayl 1987, Juno—‘
August 1987, August-October 1987, Névember‘ 1987.—1\!\anuar‘y‘ 1988;
January-March 1988, June-August 1988, "August—Octobér 1988, 
Oc';ober‘—December 1988, December 1988-February 1989, January-
March 1959, July-September 1989, October-. '1989—Janua'r‘y 1990,
November 1989—#ebr‘uar‘y 1990, J‘anuér‘y—March 1990 éﬁd_ June-
l.AUgust 1990) at the Vegetable Research Pl'ot-"of Kerala Agricultural
Uhiv‘er‘sity. The plot- is located at an altitude'o1E 23 me.ter‘s‘ above
mean sea level and is situated between 10° 32' N latitude and
76° 16' E longitude. Geogr‘;ilphically., it falls in the warm humid
tropical climati,(; zone. The weather parémeter‘s, dur‘ihg per‘ion
of exper‘imentation’ were r‘eéor‘ded. lSoil of the experimental site
is a c{eep, Well cjr‘aiﬁed ahd ‘modor‘nlzol_y acidic laterite loam

fairly rich in organic matter. The studies consisted of following

four main experiments.

A. Identification of source(s) of resistance to éphids in cowpea
and estimation of level of. resistance

B. M_Or‘phol<'39ic_al and biochemical - bases of host 'r‘eaction to aphid

infestation



49

C. Genetics of r‘esistancé to .ab/hids (Aphis ,cr"accivor‘a) in cowpea
D. Development of physical mixtures in cowpea to mé’iﬁage aphids

E. Natural predators-and their identification

A. _Identificai:ion of source(s) of 'resistanée to aphids in cowpea

~and e’stimation‘of lével'Of'resistance

A total of 204 lines, which iﬁclude both exotic and -
indigenous'i collections, were’-i.nvclu‘ded Jin  the preiiminar‘y field
evaluations. VS;:r‘é-ening was condfycted in a stéggered manner over
11 seasons, and i{he beffef‘ lines ‘found :fin each stage/seasén of
screening were further ‘i'nc,:lude:d in subsequent stages/seasons to

reach the final evaluation and derive valid inferences.

"Single -row ‘.of seeds were sown 20 cm apar‘t, on- ridges/
furrbwé.of 2 m length taken at.a 4é_pac'ing_of- 2 m;.:The crop was
raised following . package 'of“'t practices = of Kerala _Agricultural
University (KAU, 1989). Susc:éptible checks (Kolencherry. " local
and Pusa Komal) wer{e _gr"own" all around the plots to' attract
aphids to the exper‘imentalv piot. Development ,df aphids on the
plants weré WatcAhed at all stages of plant gr‘ﬁvs)th and the intensity

of infestatior; was measured on :a 0-2 scale as detailed below:
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Aphid count ' Class of . Grade Resistance rating
i . infestation - : '
£ 100 aphids - Low 0 Resistant
100 to 200 aphids Medium -1 Moderately r_esistant‘ ‘
> 200 aphlds " Heavy - ,;2. Susceptible

Descrlptlon of cowpea lines - were made

descr"ibtoh._

A. Qualitat.ive\ char‘agtér*s
1. vGrowth habif -
‘a) bushy
. b) semivin;/
c) spreading. .»
2. étem and petiole colour‘v
a) light green
"b) green.
" ¢) light purple
d). purple
3. Pod colour
- a) 'lig';ht‘green‘
b) dark greer:
c) light pur‘pie

d) purple.

(Seu el C/\Liha,/\,. 1&‘5')..'

using the following
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B. Quantitative characters

1.
2.

3.

9.

. 'Pods/plant.

: 51

Se‘eé colour
a) lig.ht‘ brown » B
b) brown.
© black
; -d) pQrpié«f E '. :
‘e) creérﬁ
£) whit‘en

”

Plant height {cm)

vBr‘an‘ches/rpl'ant S

.Days to ,fivr_"st‘.flow'ér‘ing

. Pod length (cm) o

5 Se’eds/pbd’

Pod weight (g)
P
Pod yield/plant (g)

Hundr,‘edn seed \weight (g.)_'r

1.  Estimatioh of >léy'el . of }‘esistancé/susceptibility of selected

. cowpea lines, in the fiel‘dg - free choice test

i

 Based on preliminary . evaluations, nine. promising accessions

were selected. The accessions are Vs 350, Vs 438, Vs 452, Vs

306, Vs 307, Vs 147, Vs 456, Vs 457" and Vs 458.

They were

2



52

subjected to vigorous evalu’at‘ion, along ,with two hlghly “suscep‘t'ible’l
and locally adapted cowpea lines, to conf1rm the1r host response
at field level. Counts ‘o,f aphid populatton bu1ld up on -the
-terr‘ni‘nal shvoo-ts:, rt’ermlinal'? leaves,_flowers and pods were taken
'frorh' ten plants of.eachfi:'accession.l They were further scored'_
follo\(ving ab_oye._ ratihg 'system.

_'\" . ’ o . - : ) - ;
;! - ‘

2. In vitro evaluation of identified 'c'lonea lines - no choice test.

¢

The, 1dent1f1ed cowpea llnes we.re raised in 30 cm pots,.
thinned to ‘one seedlng/pot‘and each entry was Qrown in conflnement
- in screenhouse (Plate I ) When the f1rst tr1fol1ate leaf was fully ‘
expanded, (when 10 12 days old)_t each seedlmg was 1nf'estecll*
‘with. 4 second 1nstar n'ymphs ' ‘and replicated 5 times. - 'T-he‘
.popul‘ation:-build' up of aph1ds in. these plan'ts' Were r,eco'rded .

10. and 15 days after infestation.

B.- Morphological and’ biochemical bases of host reaction to aphid

infestation

Based on- 1ntens1ve f1eld evaluat1on and in v1tro screemng,
three highly re51stant and two h1ghly suscept1ble and locally
adapted l1nes were selected to study morpholog1cal and biochemical '

bases of res1stance/suscept1b111ty. The resistant lines are Vs 350



', Vs 438 and Vs l+52 and suscept1ble lines ‘are "fﬂKa‘nakamony and
APusa Komal ‘ The detalled pedlgree, source* and mean performance

,"_of the 11nes are glven in Table 2 and morpholog1cal descrlptlon

in’ Tablew 3

Mechan1sm of preference/non preference

?

Migratory and settllng preferences '

Ra1sed 01rcular‘ beds of O 8 m d1ameter were prepared

_.Seedsﬂof suscept1b1e l1ne Pusa Komal were sown 1n the centre'A -

‘.‘and all the flve var1et1es were sown rad1ally -The central plant‘

'was : art1f1c1ally 1nfested and protected (Plate II ) ~ When the_
plants were 15 days old the central plant was cut and placed’l

.,1n the mlddle p01nt. The number\ of aph1ds m1grated and colonlsed

'-_'on the test entrles .were recorded the next day Observatlons

‘were“made on elght plants‘from each llne. 'I;he experlment was
repeated under laboratory’condl)tlons Shoot t1p cl1pp1ngs of allA
:,.the f1ve" var1et1es were taken, tagged iand ,kept 1ntertw1ned

“:’:conical flasks fllled w1th water (Plate III ) Ten adult aph1ds

'were brought and 1et free onto the shoot t1ps randomly : Thef“
next day "e -shoot""tipsy»were' observed for settled aph1ds

' _Exper1ment was repeated four t1mes ;

| Cen N




Plate I. Estimation of fecundity through cowpea culture in
a screen house

Plate II. Migratory and settling preferences of Aphis craccivora
in cowpea demonstrated in field
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Table 2 sburce and mean performance of the cowpea lines evaluatled for resismnce to aphids

Accession Pedigree Source Height Branches/  Days to' Pod Seeds/ Pods/ Pod Sod yield/ Hundred P
number (em) plant first length pod . plant weight plant seed a
: flowering (cm) o (g) {(g) weight  §

(9) -
1 2 3 4 5 6 . 7 8 9 10 i 11 ‘12 13

Vs 244 3 Brown 184.0 3.0 46 15.9 14.7 16.0 3.5 . 36.00 11.20

Vs 245 11 D B E . 156.0 4.0 42 . 20.0 17.3 13.0 2.9 37.70 10.70
Vs 246 12 A. Black g 197.0 4.0 52 15.2 14.7 17.0 3.3 56.10 10.70 >
Vs 247 13 Brown - ; 265.0 3.0 43 15.8 15.0 18.0 3.7 66.60 11.00 2
Vs Z48 36 Brown S . 146.0 3.0 33 17.2 15.5 14.0 3.8 53.20 4 12.04 S
Vs Z49 50 Black <§ 212.0 3.0 40 - 14.7 13.6 13.0 4.2 54.60 9.60 g
Vs 250 125 ALB 2o 9.0 4.0 56 11.6 10.6 . 16.0 5.1 65.60 2 8.85 3
Vé 251 127 APBl 3,‘2 214.0 5.0 43 13.4 12.5 15.0 4.5 " 57.50 12_.41.0 &
Vs 232 144 LB Q;,,%. 167.0 3.0 42 14 12.9 17.0 4.3 73.‘i0 10.23 L
Vs 133 171 Black a Q 246.0 5.0 42 14.3 13.5 14.0 4.4 51.60 8.00 g
vs 34 177 Black ?f’: 147.0 4.0 58 13.9 11.0  17.5 2.9 . 30.75 11.26 3
Vs 233 195 Black ; 128.0 3.0 46 13.8 13,9 16.2 51 32.62 13.10 >
vs 2 201 Black 2 21000 5.0 42 12.8 11.0 8.4 2.3 42.32 10.24 3§

Vs _Z7 215 Black ‘8, ; 195.0. 3.0 42 10.5 9.0 16.5 2:5 41,25 9.15

Vs 23 224 Brown § 180.0 4.0 46 13.3 12.5 18.0 3.1 55.80 10.30

Vs Z3 228 Black - 210.0 5.0 - 51, 12.9 11.5 20.0 - 3.0 60.00 9.83

Vs 220 267 DB 120.0 6.0 39 18.5 17.0  31.5 5.1 760.65 12.63

. Contd.
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Table 2 -
1 2 3 4 5 5 7 8 9 10 11 12 13
Vs 282 . 522 Brown 178.0 3.0 8 14.0° 12.8 14.4 3.3 47 .52 10.60
Vs 283 535 DB 245.0 5.5 z 17.9 16.0 19.4 4.9 95.06 11.20
Vs 284 539 PB - ' 145.0 2.0 | 7 14.8 11.0 15.5 3.2 49,60 10.40
Vs 285 540 ADB g_ 218.0 6.0 <3 19.0 "18.0 21.2 5.0 106.00 13.00 °
Vs 286 557 APB. -§ 192.0 3.0 +3 13.0 12.0 16.8 2.9 48.72 9.83 .
Vs 287 570 DB ; 235.0 5.5 +3 17.1 16.5 36.0 4.5 162.00 11.70. z
Vs 288 592 RB § 185.0 2.0 g9 15.5 14.4 16.4 3.4 55.76 9.86 g
Vs 289 594 PB g - 216.0 5.5 +1 19.4 18.8 24.5 4.9 120.05 -11.48 g’
Vs 200 597 DB < S 157.0 5.0 -1 17.4 16.5 20.2 4.5 90.90 10.80 5
VS 291 611 RB F 2. 1s.0 3.0 21 15.7  13.0  17.5 3.6 63.00 0.62 3
Vs 292 634 Brown E;\_ 2 159.0 3.0 <3 15.1 15.0 14.8 3.6 53.28 10.55 o
Vs 293 644 1.B8B § g) 65.0 2.0, <2 13.8 13.0 . 13.9 3.0 *41.70 10.02 'L
Vs 294 701 Brown 3 a 115.0 3.0 3 15.5 13.8 14.5 3.1 44,95 . 6.67 2
Vs 295 763 Brown % 176.0 '3.0 5 14.8 13.2 10.5 3.6 37.80 3.30 §
‘VS 296 816 DB ?DJ 195.0 4.0 5 14.0 12.8 16.0 3.2 51.20 10.74 t
Vs 237 834 Black § 164.0 2.0 g 13.0 12.0 13.5 2.9 39.15 8.90 §
Vs 298 836 Brown (gp 185.0 2.0 27 16.8 16.5 7.5 3.1 23.25 9.40
Vs 299 930 Brown ? 1m0 2.0 - 12.8 10.8 11.5 2.8 32.20 6.00
‘Vs 300 945 Black 139.0 2.0 ay 14.2 14.0 y 14 .4 3.2 46.08 9.90
l Vs 301 1091 156.0 3.0 ig 12.5 10.0 13.6 2.3 31.28 10.10
Vs 302 1097 165.0 2.0 R 13.8 12.2 13.0 37.70 9.45

Contd.
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Table 2 Continued

2 3 4 5 6 7 8 9 10 N 12 13
Vs 329 IC 24086 Z@TZ 196.0 3.0 52 1%.7 1.0 11.0 3.1 34.1¢ 9.10
vs 320 IC 20662 83 170.0 3.5 52 13.5 120 16.0 3.2 . 51.2¢ 10.70
vs 321 IC 20688 S I 155.0 2.5 46 5.8 15.6  14.5 2.5 36.22 9.50
Vs 322 IC 27500 =% I 190.0 3.0 40 7.1 154 135 2.9 39.12 8.90
Vs 333 IC 27500 °Z 158.0 2.5 - ud 13.5  12.8  16.8 3.2 53.7¢ 10.30
Vs 33t  IC 20523 * 5.0 3.0 47 18.0  15.4. 19.0 3.7 70.3 9.00 - £
vs 335 IC 19797 T 5.0 3.0 70 16.0  15.5 12.0 3.5 42.00 9.90
A 2
Vs 336 - 163.0 - 2.5 49 15.2 4.3 17.5 . 3.6 63.00 9.30
Vs 337 185.0 5.0 40 17.2 15.6  28.0 4.3 120.40 0.0 s
Vs 338 142.0 3.0 " 39 22.4 15.6 14,0 . 3.2 44 .80 10.10 {é
Vs 339 T 185.0 5.0 50 13.7 - 12.8 32.0 ° 4.9 156.80 B.69 -
Vs 340 g 170.0 5.5 42 14.5  13.5  30.0 4.9 147.00 11.40 @
Vs 341 140.0 4.0 3. - 16.8  15.2  19.0 3.3 62.70 1.00
Vs 362 125.0 4.0 47 17.1 6.5 24.0 4.6 110.40 10.80
Vs 343 156.0 4.0 45" T16.4 1.0 19.0 4.4 83.60 12.37
Vs 34 225.0. 3.0 43 17.1 16.2  12.0 3.9 46.80 14.80
Vs 385 236.0 3.0 43 9.1 15.5 6.0 4.1 65.60 11.20
Vs 346 126.0 4.5 39. 17.2  16.0 200 5.2 104.00

11.00

Contd. .
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Table 2 Continued

1 2

3 4 5 6 7 8 9 10 11 12 13
Vs 347 v-271 Sy 8.0 4.0 =y 5.1 13.7  14.0 3.8 53.20 11.00
Vs 348 V-27 gg 165.0 3.0 43 6.0  15.1 7.0 4.6 32.20 11.70
Vs 349 V-154 @5 133.0 5.5 44 5.8 15:0  29.0 5.0 145.00 11.50
Vs 350 V-16 ?‘,i; 236.0 3.5 40 4.5 . 125 22.0. 2.5 . 55.00 1.57
Vs 351  V-276 £ . 175.0 3.5 42 14.3  13.0  22.0 5.3 116.60 ° 10.80 &
Vs 352  KOVU-95 § 5. 128.0 3.5 Y 4.7 3.5 9.0 3.0 27.00 9.70 =
Vs 353  KOVU-623 - 165.0 4.0 42 8.0 8.0  28.0 1.2 33.60 5.10 o

- - ]
Vs 354  RC-48 156.0 5.5 44 3.8 12.5  31.0 4.8 148.80 10.00 .
Vs 355  NPRC-2 178.0 4.0 43 . 17.0 16.0  20.0 3.5 70.00 1.0 o
Vs 357 . TVu-201-1D u_)): 5 140.0 3.0 46 13.5 12.0  18.5 5.2 ©96.20 12.90 :‘%
Vs 358  TVu-310 g8 150 2.5 47 15.8 145  17.5 4.7 82.25 12.50
Vs 359  TVu-801 %:i 192.0 2.5 47 18.8 7.0 lhk 3.6 51.84 12.76 2
Vs 360  TVu-410 a3 g 1e0.0 2.5 45 15.0  14.0 9.0 3.1 27.90 1.40
Vs 361 Tvu-2755 g 163.0 3.0 48 14,7 13.5  13.6 3.9 53.04 11.00
Vs 362 Tvu-3273 & @ 195.0 . 5.0 45 1.5 13.0  23.5 - 4. 96.35  11.10
Vs 363  Tvu-201 = ;f 158.0 43 46 13.8  12.0 18.0 . 5.2 93.60 12.80

= .

Vs 374 . IT-81°-1228-14 T 65.0 3.0 - 40 21.0 19.0  21.0 6.1 128.10 12.20
Vs 378  IT-85 -2805 & g 66.0 3.5 40 4.0 13.2  18.1 4.3 77.83 10.40
vs 379 17-81°-1007 53  47.0 4.0 41 15.5 4.4 14.6 4.0 58.40 1.0 §§
Vs 387 IT-85 -8675 £ 35  56.0 3.0 42  16.5 16.0  14.0 2.7 37.80 11.80 5§
Vs 393 IT 835-728—5.53?3_3; 110.0 3.0 42 16.0  15.5 14.0 3.5 49.00 1370 < 8
Vs 394 IT-83°-960 ZE%T. 55.0 3.5 40 16.5  15.0  17.0 3.6 61.20 12.00 8.
Vs 305 1T-845-275-5 8 £  s9.0 3.0 44 4.0 12.5 9.0 3.0 . 27.00 2.0 8
Vs 306  IT-83°-720-2 3 E: !

" 125.0 4.0 39 15.5  15.0  23.0 5.2 119.60 12.20




Tabié 2 ‘Contiru_.ved .

2 3 4 5 6 7 8 9 10 1 2 13-
vs 307  17-85" 2020 140.0 3.0 45 15.5 - 15.0  14.0 4.1 57.40 11.70
ve 399 | IT-83°-742-2 95.0 3.5 42 6.0  15.5  16.0 - 4.3 68.8 11.26 - &
"ve 401 IT-83P-338-1 z 5 8.0 3.0 40 13.0 7.5  13.0 2.2 28.60 9.0¢ é
‘vs w02 IT-sal-sss 2 8 60.0 - 3.0 s 170 160 13.0 3.7 48.10 1n4c §
ve 406 IT-81°-1137 =% 130.0 3.5 42 . W5 W0 180 3.4 47.60 340 o
vs 410 1T-85" 2829 ggg 78.0 3.0 039 16,0 14,0 5.0 3.1 © 27.90 13:.00 0 3
vs's13” Trm-eaeb0 L3 60.0 | 3.0 S42° 1.8 15.00  11.5 3:9 44.85 13.00 '
ve 4157 1T-817-1228-108 ~ 3 149.0 3.0 47. 30.0  21.0. 4.5 4.0 /58.00 12.60 §
ve 817 IT-85 -2887 & 135.0 3.5 43 18.5  17.5  13.5 3.9 52.65 18.10 &
ve w19 17-83"-3285 ® 142.0 3.0 38 15.0  15.0  13.6 4.9 66.64 12.00
vs 422 IT-83°-2085 60.0 3.0 41 7.0 16.0  20.3 4.9 99.47 12.70 @
ve 428 IT-84°-2118 110.0 3.0 45 6.5 16.0  15.6 4.4 68.64 14,00
Vs 371 IT-845-15108 » o 145.0 2.5 45 4.5 13.0  11.0 4.3 47.30 12.00 &
vs 375 1T-85'-1517  § 2 0.0 3.0 45 20.0 . 18.5 22.3 6.3 140.49 14.80 . 2
vs 376 jT-83P-s4i2 . 2%3 9.0 3.0 45 7.1 16.5  .15.3 3.9 59.67 9.40 "<
Vs 377 IT-845-2135 £ 35 56.0 4.0 - 40 6.4 155  1A7 4.2 61.74  10.20 3
Vs 380 IF-E-Brown  ° =2 112.0 3.5 42 4.5 140  14.9 3.9 53.11 0.70 &
vs 381 IT-83°8712 £~ 3 5.0 4.0 41 145" 14.0 15.5 3.5 54.25 o0
Vs 382 Tvv-21 3 2 3.0 3.5 42 19.0  17.5  18.5 5.6 103.60 13.40 5
vs 83 IT-8s"-1380 5 49.0 .. 4.0 s 18.0  17.5  12.6 4.0 50.40 0.20 =
vs 385 IT-ssf-124 15.0 2.0 39 10.5 9.0 8.0 1.7 13.60 120 8
Vs 188 ' IT-83°-530 118.0 2.5 44 17.5  16.5  13.0 3.2 41.60 ®

Contd.



Table 2

Continued

1 2 3 4 5 6 7 8 9 10 1 12 13,
vs 389 IT-83°-911 50.0 4.5 42 23.5  20.0° 28.0 6.2 173.60 13.50 g -
vs 300 1T-80-660 & I 104.0 3.0 40 17.7 17.0° 17.0 3.5 52.50 14.00 B
s 500 1T-85 -2076 igg - 88.0 3.5 42 16.0  15.0  17.0 2.9 45.30 9.00 =
vs 403 17-83%-219 E o5 140.0 3.0 43 16.5  16.0  12.0 3.3 35.60 11.00 g
ve 404  IT-82°-716 P8 E-55.0 3.0 47 14.0 14.0 13.0 _ 3.5 43.50 11.70 .
vs 405  IT-82°-889 ,Z.g_g' 110.0 3.0 42 13.0  12.5 8.0 3.1 24.80 12.80 z
vs 408 1T-825-16 | ‘j'-c‘;’_ :m‘; 115.0 3.5 40 15.5  15.0 13.0 3.6 46.80 13.80 3
vs 414  IT-85 -3138 ° £ 110.0 4.0 43 16.2  15.5  16.3 6.4 © 104,32 12.20 .
vs 416- IT-85-1936 115.0 4.0 42 16.2  15.0  21.0 4.4 92.40 13.00 e
vs 420  IT-857-3577 147.0 4.0 1 6.0  13.5  19.5 5.0 97.50 12.60°
vs 373 IT-85' -g98-5 27.0 3.0 42 4.5 140 6.2 4.0 65.80 10.30
Vs 384 17-825-32 _ 1200 2.5 45 16.0  15.5  14.C 2.9 4060 11.90 C
ve 386  1T-85"-8675 & Z 50.0 2.0 41 18.0  16.5  12.0 2.4 28.80 12.80 5
Vs 391 IT-84°-2246-4 ggg 105.0 3.5 4 17.0  16.5  19.0 3.7 70.30 13.30 2
vs 308 IT-83°-818 ';';;5 150.0 3.5 41 "16.0  16.0  15.0 4.0 60.00 11.70 2
vs 407 1T-84P-ss9 L SE 510 3.5 40 14.8 1.5  15.0 3.6 55.00 12.90 !
vs 400 1T-840-368 _%8:§ 63.0 3.0 41 21.0 19.0 17.0 3.5 59.50 13.70 g
vs 421 IT-85-953-3 3 = 55.0 3.0 38 16.0 15.5  21.6 4.8 103.68 15.10 g
ve 124 IT-85"-1380 . ° § 95.0 2.5 43 4.8 - 13.5 8.5 4.9 41.65 1200 2
Vs 426  IT-84°-2221-2 63.0 2.5 41 4.5  13.6 6.0 3.5 21.00 13.30 &
vs 427  IT-810-1137 58.0 3.0 42 14.5°  14.0  12.32 5.4 66.42 14.00
Vs 420  IT-85' -2205 65.0 3.0 42 16.0 - 15.2° - 14.5 3.9 56.55 13.10

Contd.
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Table2  Continued
1 2 3 & 5 6 7- 8 9 10 1 12 13
Vs 369  IT-83°-872 , =125.0 " 3.0 42 7.2 165 360 5.8 197.20 12.50
Vs 370  IT-84°-275-9 3 B 105.0 3.5 82 1.6 13.5  19.0 4.1 77.90 11.90
Vs 372 IT-845-2135 ?_9“% 80.0 3.5 40 6.0 15.0  18.5 £.2 77.70 12.70
vs 302 -1r-8sPwss8 -+ 539 65.0 3.0 42 16.0  15.0  15.0 . 3.9 58.50 12.90
Vs 411 IT-84°-2246-4 “22 0 3.5 45 5.0  14.5  10.3 5.2 42.26 13.20
vs 412 TT-847-449 E=% es.0 2.5 42 17.0  16.0 6.3 6.1 38.43 12.70
Vs 418  IT-85 -867 5 2 ss.0 3.5 43 4.6 13.5 4.3 3.5 50.05 11.80
Ve 423 IT-s20°-689 3 118.0 3.0 43 16,1 15.0  11.5 3.5 40.25 13.10
Vs 425  TT-84°-2246-4 0.0 2.5 52 3.5 13.0  13.0 4.3 55.90 13.20 %
) : ) &
Vs 430 NI 989 KEN w 8.0 1.0 45 1.5 1.0  16.0 3.2 51.20 g0 2
Vs 531 NI 945 NER 2 120.0 2.0 45 9.0 9.0  15.5 2.9 . 44.95 7.0 8
Vs 432 NI 734 NGA z @0 10 46 5.0 4.0 4.5 1.0 4.50 6.00
Vs 433 NI 910 TZA 2 2.0 2.0 45 8.0 8.0 9.3 1.9 17.67 7.0 o
VS 434 NI 1232 BDI < 110.0 2.0 46 . 13.5 _ 13.0  10.5 2.4 25.20 8.00 &
Vs 435 NI 373 ZIM L2 108.0 3.0 46 1%.0  14.0 103 2.7 27.81 8.20 8
Vs 436 NI 202 ZAR £Z 120.0 3.0 46 13.5  13.0 1.5 2.5 28.75 8.40 3
Vs 437 NI 315 TGO €5 135.0 3.0 45 14.0 . 1407 12.0 2.9 34.80 9.00 3
vs 438 NI 773 IND TZ 5.0 4.5 40 15.3  13.5  36.5 2.4 87.60 9.10
vs 439 NI £78 LAO 5 217.0 2.0 58 12.5 1.5 9.5 3.0 28.50 9.40
Vs 40 NI 227 ZAR £ 165.0 2.0 42 1.9 1.5  10.0 3.2 32.0 9.40
vs &1 NI 372 ZIM 2 242.0 2.5 65 12.0  12.0  10.0 3.1 31.00 9.50
vs 442 NI 201 % 236.0 2.0 46 12.0 120 13.5 3.4 45.90 9.20
Vs 43 NI £79 ZAR 195.0 2.5 45 12.0 7.5 3.1 23.25 9.00

Contd.
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‘Table 2 Continued
2 a4 5 6 7 8 ) 10 11 12 13
QOr<c
Vs 444  TVu 801 Fog 3 178.0 3.5 41 16.0 15.5 14.8 3.6 53.28 13.40
Vs 445  TVu 408 %§ E’;é 196.0 | 3.5 42 15.0 14.0 15.0 3.5 52.50 13.80
Vs 446 Tvu 310 §§%g 220.0 4.0 41 15.5 ©  15.0 16.5 3.5 57.75 12.90
3 o ’ ’
Vs 447 TvVu 76 S 5 160.0 5.0 Ak 16.7 16.0 21.5 5.2 111.80 14.00 8
] . g
. .o
Vs 448  Local Local  256.0 4.0 44 19.3 18.0 12.0 5.6 §7.20 15.60 g
Vs 449  Local Local 289.0 4.0 4% 19.8 18.1 15.5 5.9 91.45 15.30 -
. : ]
- @
) , !
Vs 450  IT-839-728-5 =g 118.0 3.0 52 15.8 15.5 15.0 3.5 52.50 13.80 S
, o ¢
1
Vs 451  IT-839-728-13B & 2 125.0 3.0 82 15.0 15.0 18.0 3.0 54.00 13.80 2
¢ R
- -3 3
]
(2] —
T £
3
Vs 452 P 912 TYrCc 236.0 2.3 41 16.2 14.0 18.2 4.0 72.80 13.40
Vs 453 Mandya @& 5 85.0 3.0 &1 13.5 12.2 9.5 2.7 25.65 "13.20
: Local % 8 g_ :—E : _
Vs 454  MS 370 8‘-'5'5 96.0 3.0 22 13.9 12.2 11.0 4.1 15,10 12.97
Q N : .
Vs 455  Tvu 2740 9 310.0 3.0 24 14.3 13.8 10.0 3.0 30,00 12.70
835
Vs 456 ICY 10 257 154.0 5.0 i 19.0 18.0 19.0 7.9 150.10 14.60
: : me 3 ' : &
Vs 457 ICV 11 'g_‘ﬁ = 172.0 5.0 41 17.0 16.0 29.0 8.0 232.00 15.00 gg
Q o] B N - )
€358 3§
Vs 458 ICV 12 = 3= 167.0 5.0 43 16.0 14.0-  26.0 8.0 208.00 14.63 T3
=< O : -
gas . B
! QO ~
Vs 459  Tvu 310 Eé‘g 190.0 - 4.0 52 16.0 16.0 16.0 3.3, 52.80 12.70 Qf
< [»]




Table 3

Morphological description of cowpea lines evaluated for resistance to aphids

Habit

Vs 290 Vs 339

: SPREADING ‘ ‘
Stem colour | GREENl l : PURPLE 1
Pod colour L ight green - Green : Piurple Green ‘ : Pur‘plve
R ; 1. 1 T T T T 1 1 1 _
Seed Black Brown 'Light Black Purple Brown Brown Brown Light  Cream Brown = Cream Black Erown Black Brown
_Colour - Brown ' Brown ' - ' '
Vs 311 Vs 275 Vs 252 Vs 246 Vs 322 Vs 244 Vs 291 Vs 345 Vs 250 Vs 318 Vs 298 Vs 373 Vs 254 v¥s 271 Vs 257 Vs 270
Vs 341 Vs 276 Vs 312 Vs 249 Vs 323 Vs 245 Vs 29_2 Vs 349 Vs 251 Vs 344 Vs 334 Vs 419 ’ .
Vs 343 Vs 283 Vs 327 Vs 252 Vs 329 Vs 247 Vs 295 Vs 351 Vs 279 Vé, 348 Vs 347
Vs 448 Vs 361 Vs 337 VS 255 Vs 332 Vs 248 Vs 296 Vs 353 Vs 284 Vs 354
Vs 444 Vs 359 Vs 256 Vs 333 Vs 258 Vs 299 Vs 358 Vs 286 Vs 371
Vs 449 ' Vs 259 Vs 335 Vs 260 Vs 301 Vs 360 ‘Vs 289 Vs 382
Vs 265 Vs 408 Vs 262 Vs 302 Vs 362 Vé 340 Vs~ 398
Vs 277 Vs 263 Vs 309 Vs 384 Vs 357 Vs 403
Vs 281 Vs 264 Vs 317 Vs 388 Vs 436 Vs 415
Vs 297 Vs 266 Vs 319 Vs 396 Vs 437 Vs 417
Vs 300 Vs 268 Vs 320 ‘Vs 397 Vs 440 .Vs 420
Vs 336 Vs 272 Vs 321 Vs 431 Vs 423
Vs 342 Vs 273 Vs 324 Vs 434 Vs 441
Vs 346 Vs 274 Vs 325 Vs 435 Vs 442
Vs 443 Vs 278 Vs 328 Vs 439
Vs 282 Vs 330 Vs 445
Vs 285 Vs 331 Vs 446
Vs 287 Vs 335 Vs 447
Vs 288 Vs 338 Vs 445




Table 3 Continued

‘BUSHY

Habit
. l
Stem colour . GREEN PURPLE
— | R
Pod colour - | : Light g]r‘een : ] 1 lGr*een : ' Light,lpurple- Pur‘?le
Seed colour Purple . Brown ‘ Light l<White Cream Pur"ple' Brown Light Cream Light Brown Cream
: Brown Brown
Vs’412_ Vs 395 Vs 375 Vs 374: Vs 372 Vs 379 Vs 261 . Vs 378 Vs 377 Vs 267 Vs 421
Vs 422 Vs 426 Vs 385 Vs 427 Vs 389 Vs 381 Vs 203 Vs 383 Vs 394 “
o Vs 413 Vs 425 Vs 411. Vs 386 Vs 402 Vs 404
| Vs 387 Vs 407 Vs 418
\ Vs 392 Vs 409 Vs 424
Vs 410
Vs 429
Vs 430 N
Vs 433

Contd.



- Table 3 Continued

Habit
Stem colour
Pod colour

. Seed colour:

GREEEN
{

SEMI VINY

§

PURPLE
—

Light green
I

Brown

Light
Brown -

1

" Cream

Green

]
Purple . Purple

Black

Purple

I

Brown

Light .
Brown

!
White

| I i

. Creanr Cream: ﬁlack

Vs 306
Vs 428

Vs 400
Vs 414

352
393
450
451

Vs 147

Vs 370

Vs 452

Vs 363
Vs 369
Vs 405

Vs
Vs
Vs
Vs

Vs

Vs
Vs
Vs
Vs
Vs
Vs
Vs

269
294
313
350
376

380

391
432
454
456
457
459

Vs 280

Vs .326

Vs 438

Vs 458

Vs 315
Vs 453

Vs 399 Vs 401 Vs 307

Vs 406 Vs 390
Vs 416 ’
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b. Pubescence

Shoot tips from first and second internodes énd ter;minal
leaflet of the leaf at tﬁe growing tip, were scanned under
~'Scanning Electron Microscope to study pubescent/glabrous nature
of. plants in r‘Aelation A_to host reaction. Thle ‘thr‘ee resistant
cultivars (\(s 350, . Vs 438 and Vs 452) and one »susceptible

cultivar (Kanakémony) were examined. Steps involved in fixation

and dehydration of the biological tissue are summarised as

follows:
i Preparation of buffer solution - Phosphate buffer at pH 7.2
ii Preparation of fixation solution - Gluteraldehyde 2.5%

iii Specimen preparation

iv Pre-fixation -
In 2.5%  fixation solution"consisting of 2.5% gluteraldehyde
aﬁd phosphate buffer of pH 7.2 (1:9)4. |

v~ Washing - . N |

With phosphate buffer at pH 7.2
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- Scanning and photographing
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Dehydration

Steps during dehydration are as follows:

i

50% acetone at room temperature for 25 minutes

70% acetone at room temperature for 20 minutes

90% acetone at room temperature for 1 hour

90% acetone -at room temperature over night

95% écetone at roomatemper‘atur‘e for 25 minutes

. 95% acetone at room temperature for 25 minutes , )

100% acetone at room temperature for ‘30 minutes.

100% acetone at room temperature for ‘30 minutes

100% acetone at room temper‘atui"e for 30 minutes

-

Critical point drying

This was" d‘éne, in Critical - Point Dryer. Amyl acetate was

substituted for dehydration. 7

\

Coating

Carbon was- coated
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c. Anatomy of shoot apices: from resistant/susceptible lines

Transverse seCtioné of shoo{ apices from 3rd internode
of the five cowpea accessions were taken, stained with ;c,afr‘anin
Aar'ld temporary mounts of these were pr‘epa(‘ed. The accessions
were vobser‘ved for arrangement of vascular bundles as Widely‘
separ‘ated, loose, semicompact - or compact. The accessions__ were
also observed for thicknéss ‘of cuticle, numb’er‘-of layers of cells

in ep'ider‘mis‘, hypodermis and endodermis and lignification -of

the schlerenchymatous pericycle.

d. Biochemical factors affecting preference

The three resistant and two susceptible lines were analyéed
Ffor reducing sugar, non-reducing sugar, total sugars, protein,

phosphorus and potassium content.

i. Reducing sugar

The reducing sugar content in pods was determined at
three -stages of maturity (5, 10, 15 DAS) following Nelson's

method (Nelson, 1944). .

ii. Non-reducing sugar
N

'Non—r‘eciucing sugars present in pods at three stages -of
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mafur‘ity (5, 10,- 15 DAS) wer*e‘k .determihed b‘y hydrolysing non;_
. reducing sugar's w1th sulphurlc ac1d (Malhotra and Sarkar, 1979)

to reducmg sugars -and then estlmated by Nelson s method (Nelson,

1944).
iii. Total sugars )

" Sum of reducing and non-reducing sugars was taken as

" estimate ‘of. total sug’a_r{s;."
‘iv. Protein
Protein content of - gréiri’é/leaves was calculated - from the

"p'er‘cenAt-age of - ni‘tr‘ogen ‘using factor 6. 25‘ Nitr‘ogenA conteht was

7

estlmated by MlcrokJeldahl dlgestlon dlstlllatlon method (AOAC

1960) and expressed as (%) nltrogen in the gralns/leaves on dry

weight basis.

V. Phosphof‘Us

- Pf165}5|‘1QPLIS» was  determinéd by 'v:ul\adi)rn'_()iybdo—phosp‘horic .
yellow Colour method (Jacks‘on,, 1958) - ahd‘fvlex,pr‘e’ssed as per cent
ﬂphostpher'us on ,dr“y weight..’b'asis.':

\

"
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vi. Potassium

Potassium in' the tr‘iple' acid digest of thé sample was

determined using EEL flame photometer (Jackson, 1958).

2. Mechanism of antibiosis

a. Rate of fecundity of aphids fed on resistant/susceptible

cowpea lines

To study' effects of host plants on biology of aphid, the
insect was reared on five linés in the glasshouse. Sing.le first
instar nymph was released on. the first ';cr‘ifoliate. leaf of "10-12
days old potted ‘plants: of each line kept in the net house. The

progenies/aphid were counted.

b. Biochemical factors inducing antibiosis

i. Total phenols .

Total phenols in pods of plants were estimated by modified

Folin-Denis method (Mahadevan and Sridhar, 1982).
ii. Orthodihydric phenol

Arnows method .as described by Mahadevan and Sridhar

(1982) was‘followed to estimate OD phenol in pods of cowpea.
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“iii. Trypsin inhibitor

Pdwder‘ed seed samples from five 'cowpea lines were
éssayed for ‘tr‘ypsivn _in.hibi'tinglactivity ‘by the method of Kunitz
(1947) using casein as substrate and the results were expressed
in terms of trypsin inhibiting units/g of dry see4dS" and (%)

inhibition of the activity of enzymic-trypsin.
Extraction

One gram c;f the powdered seed .sample was homogenized
in 10 ml of 0.1 M phosphate buffer, at pH 7.6 and was kept
overnight af 4°C. Later, it ';Nas centrifuged at 15,d00 rpm for
20 minutes aﬁd the supernatant solutvion\ was diluted tenl fold with

phosphate buffer. This’ diluted extract ‘was used for estimation

of antitryptic activity.
Assay

T'hé assay systt_em consisted_ of 1 ml c;f casein .1%, 0.1 ml
"diluted seed extract, 0.8 ml. phnnhhnrn buffer and 0.1 mlt of
enzyrﬁe solution (200 g trypsin dissolved in 100 ml of- phosphate
buffer). This mixture was incub_ated at -37°C for 301minutes and
2 ml of‘TCA 5% was added to stop the reaction. ;Fhe mixt}ur‘e

‘was centrifuged for 5 minutes, 1 ml of supernatant was taken
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Rt

“and the 11berated phenollc .am'inoacids »w'ere -determined using

.-'Fo_lin4Ciocalteu method . Standard plot was prepared using " the

‘

aminoaci/d tyrosin. The zero t1me controls of all the samples
‘vyere done taklng the same solutlons, but the Aenzyme “was added
after addlng the TCA solutlon‘ To flnd the trypsin act1v1ty of -
enzyme alone, 1nstead»of 0.1 ml of pulse extract 0.1 -ml buffer

~ was used and control for the same wns,also maintained by adding
enzyme solution after the addltlon of TCA

" C. Genetics of resistance to aphids in covtt:pean

- 1. Mendelian bases of- resistancé

Three cowpea llnes '(v's7 350, Vs 438 and Vs 452) ‘-Which

'showed‘ con51stent ‘re51stant reaction’ a.nd to susceptlble lines

~

(Kahakamony and Pusa Komal) were used fOr ‘the study. They

were crossed in all posslble comblnatlons using suscepts as malo

A

F:T plants of each cross were grown in open and the F1s

were crossed ‘with re51stant-and susceptlble plants to develop

14

B_C1A and . BC2 generations The remamlng sehc fert111sed pods on

F plants prov1ded the Fz generatlon seeds
© .The parents, ‘F1s,. Fzs;: and 'back cross generations of Vs~
. 350 xv.Ka'naRamony, Vs 350 xij‘ Pusa AKom,al, Vs 438 x Kanakamony'

s paptes

539
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and Vs 438 x Pusa Komal were evaluated during July-September
1989. The number of plants evaluated in each combination are
given in Table, 4,

Table 4 Number of plants evaluated in each cross combination
during July-September. 1989

Number of plants evaluated under

Cross combinations

P P, Fl Fy BC, BC,
Vs 350 x Kanakamony 20 20 23 153 22 25
Vs 350 x Pusa Komal 20 20 38 177 18 32
Vs 438 x Kanakamony 20 20 40 140 25 41

Vs 438 x Pusa Komal 20 20 40 . 120 26 38

All theu six generations of the crosses \(s 452 x
Kanaka_mony and Vs -1052 x Pusa Komal were :evalLlated during
October 1989-January ,1990. -All the_ge’nér‘ations of the combinations,
grown during July—'September 1989 ‘were aéain grown - during October
1989—Janua'r‘y' 1990. Thirty p:lants.L each of parents, F1.. hybrids ’
and back cr‘oés generations ‘and 60 plants each of F2 generation
were evaluated during October 1989~ January 1990. Cultural
opérations ‘wer*e done as pe‘r_*: package of pratices (KAU, 1989).‘
Plants were observed for i'ﬁcidence of  aphids _aﬁd aphid counts

were made on 45th day after sowing. A chisquare test was used’

to determine goodness of fit to'different genetic ratios.
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2. Quantitative. bases of level of resistance

The data -on - level ‘of aphid resistance collected from
parental lines, F1s,v Fzs, BC1s and BCzs were analysed as per

Mather and Jinks (1971).

" Scaling tests

Presence of non-allelic interaction was detected by scaling
tests (Mather, 1949). Estimates of additive (D) and dominance
(H) 'component‘s of genetic variance were made using the mean and
variance of six generations —.P1, Pz, F1,'_ Fz, BC1 and BC2

A =28, - P, - F,

V(A) = 4v(§1) + v(51)‘+ V(E1)

B -28,-P, - Fl

v(B) = 4V(B,) + V(P,) + V(F,)

c  -4F,-2F -PF -P i
v(C) = 1év(?2) + AV(FL) + V(P + v(P,)

Adequacy of ' the scale satisfied two conditions namely ,
additivity of gene effects. and independence of ‘heritable components

from non-heritable ones.

Generation mean analysis

Three parameter model as suggested by "Jinks and Jones

(1958) was used in the absence of non-allelic interaction.
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l'==P1,'+P2+2F1—4F2_—4B1—482
V(l) = V(P_1) + V(PZ) + 4 V(F1) +. 16 \,/(FZ? + 16 \((81) + 16 V(BZ)
~where m .= mean !

d = additive effect

h = dominance effect

i = additive x additive: interaction .
j = additive x dominance interaction ’
1 = dominance x dominance Interaction

The above genetic par‘ameter‘s were tested for signif'_icance

using 't' test.

Degree of dominance

Follldwing equations were solved. to calculate the proportion

between dominance and additive variance

lV('F2)='}D+%H+E.

V(B1)+V(Bz)=%D+%H+E

V(P,) + V(P + V(F,).

Degree of dominance H/D
. \
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‘ Efféétive factors - o S
Using the following .f'or‘mq’la'e the number of effective facfor‘s_

were calculated,’

(D, = P,/2)
o 1 2
Ky = D
L e s 5 y/m2 :
[Fy - (P, + Pz)/z]:; .
K., = - :
2 H -

D. Development of 'phys;i(ial mixtures in cowpea to manage aphids :

(Aphis craccivora) = -.

El

a. ‘Materials

Three cowpea ‘lines - Vs 452 (R;), V&' 350 (R,) ‘and Vs 438

" (R.) - resistant to aphids’ and two io(;ally adapted . susceptible ‘

3
lines - Kénakamony (Sq) ”a‘nd :: Pusa. _‘ Komal ‘(SZ) . — were -used  to
develop ph'ysiéai mixtures of different combositio‘p-. A - total of
19 tr‘éatmehts comprising five pu_r‘eliineé,i six 2. component - mixtures,

. six 3 _component mixtures and two 4 .component mixtures . were

developed.

»Obls_vtr*uctions created to ;inciden:’ce of aphids- by the

"-components, in 19 treatments r{anged from O in sluscept_s' (Si, '52-)

to 100 in resistant lines .(Rf1‘~, : Bz',-'=R3)A,.' ' A two component mixture

has an obstruction of 50%.



79

The detailed treatments were as follows:

Treatments Compon- Total Number of plants Obstruction
ents of plants/ __ from each line/plot created (%)
mixtures plot R R R S S ’

(6mx3m) | 1 2 3 1 2

Pureline R, 80 80 - - - - 100
Rz 80 - 80 - - - - 100
R3 80 - - 80 - - - 100
S1 80 - - - 80 - 0
Sz- 80 - - - - 80 0

2 component R1S1 .80 - 40 - - . 40 - 50

mixtures R1Sz _ 80 40 o _ - 40 50
RZS1 80 - 40 - 40 - 50
: RZSZ 80 - 40 - - 40 50
R3S1 80 - - 40 40 - 50
R352 80 - - 40 - l’;O 50

3 component R1R251 80 27 - 27 26 - 66 .66

mixtures  R.R,S, 80 27 27 - 26 - 66.66
RZFZ3S1 80 - 27 27 26 - 66 .66
R2R352 80 - 27 27 - 26 66.66
R1R3S1 80 27 - 27 26 - ' 66.66
R1 RSSZ 80 27 - 27 - 26 66 .66

4 component R1R2R3S1 80 20 20 20 20 - 75.00

mixtures '

»R1R2R352 80 . 20 ‘ 20 .20 - 20 | 75.00
R1 - Vs 452

‘Rz - Vs 350 i

R3 - Vs 438 .

S1 - Kanakamony )

S2 - Pusa Komal
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b. Lay out and experimental design

The experiments were conducted during three seasons Augﬁst—_
October 1989 (Season 1I), November 1989—Febr‘uafy 1990 (Season
II),' JQne—Aqust 1990 (Season 111), in a unifo'rm,ly fertile soil
at the Vegetable Research Plot of Kerala Agricultural University.
The flve |')|||'nlh\nr»1'm'vd 10 phynslent mlx«i.m‘os wore grown in IW(;
replications and treatments were allotted 'r'a'ndom.ly. The net plot
size was 6 m x 3 m with 8 ridges/channels, taken at a spacing
of 75 cm and seeds so’wn 30.(_:m apart. -Thél_"e were 80 ‘plants/
tr‘gétment and the fi'xe)d proportions of every line‘ in mixtures.
were maintained in each treatment by _car‘efui dibbli\ng. Cultural

practices were followed as per Kerala Agricultural University

(1989).

" The planfs were observed for incidence of aphids in each
treatment. The péds/plot and yield/plot were Ar*ec<.)r‘ded’ during
each har‘ve.st and cumulated at the end. In physical mixtures,
data fr;om compon‘ent, lines were carefully collected separately

and then plot totalswér‘e derived at.

c. Statistical analyses of data

i. Analysis of variance

’

The data were subjected to analyses df‘var‘iance as described
by O'stle. (1966) for a randomised block design. The variance due
1:0> 19 treatments was further’ partitioned. The actual break ‘up
of the total ,var‘iancé into different components is indicated in

Table 5.



were tested usmg F test usmg E as denomlnator

7

Table 5 General ana1y51s of varlance ‘for pur‘ehnes and phy51cal
' mixtures » o -
Sources ‘of variation® df L MS
 Replications 1 R,
" Treatments 18 - | T1
Purelines 4 T,
' Physical mixtures . 135 L
,2 way. mixtures T4.
R‘esi_svtiant‘lines within Ty
‘ 2 way mi’>’<tur~es .
. Suscepts w1th1n 2 way : »T6
mlxtures ‘
(Res‘istant lines x suscepts T,
' 3 way mixtures - .T8
:ll- way mixtures S .T9.
3 way mlxtur‘es Vs T
: , - 10
4 way mixtures. ‘
i 2 way mixtures vs ‘ T4
3 and 4 way mixtures- T
‘Purelines vs physical mixtures : 1- T1o
Error 18 T E
- ‘CD (P =0. 05)
o Slgmflcance of variances due to, tr‘eatments and the1. cofnpbneﬁté
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ii. Assbciative, ability analysis

Data: from purelines and 2vcomponent mixtures were analysed
to find out general associative ability' of purelines and. specific

associative ability of physical 'Am'ixtur‘es .

‘Associative ability analysis was done as in.a line ',x tester.
analysis. The 2 component mixtures ‘were. formed by 50:50 mixing -
as in a format for a line x  tester hy'br‘id ‘programme. Resistant

lines (R1, Ry» ‘R3) were considered as lines and two suscepts

(s S as testers. The line X tester ,hybrids would be 6 in

1? 2)
number (3 x 2) and the present 2 component mixtures were
analogous to the hybr‘idvs except‘for‘ hybridisation but for physical

mixing.
7/

The statistiéal model is

Y..k =p+ g+ gJ. + S, +.eijk

1] 1)
where
Yijk = mean of ith + jth physical mixture at kth réplication
. ) ‘ e ‘ . i
po= grand mean
9; = general associative ability effect (gaa) of j resistant
lines ' ’ ’
' - ST s ' ‘ th
gj = general associative ability effect (gaa) of j-
susceptible line '
Sij\ = specific associative ability effect (saa) of _(i+j)th

physical mixture: -

’
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eijk = Error associated - with (i+j)th "physicall mixture at' kth '
replication '

912 P93 T G T %

9 = i — 7 91
921 * 93 * % " %25

92 , A 922

o= S12.7 %11 % S22

ij —

iii. General  coexistence abili{y\ index (GCoA)

The general coexistence ability indexl of a genotype refers

AN

to the r‘atip“of its average performance in physical mixtures to

its performance in purestand.

GCoA(i) = i

ip . ‘ . T
the geh_eral coexistence ability of ith genotype

where GCoA(i)

in various physical mixtures

Mip = Mean performance of the ith genotype in purestand
Mi = Mean per‘for‘.mancevmc the ith géno_tyﬁe in various
‘ physical mixtures
If GCoA(i) is

’a) <I, the pureline is a poor competitor‘
: : N .' .
b) equal to I, the pureliné isunaffected by other varieties

N c) >I, the bUr‘eline competes favourably with other varieties .

and therefore, a better competitor.
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iv. Correlation between obstr‘uctibn created (%) and level of resist-

" ance to aphids

Simple cor‘relatioh' was . worked out between obstruction

created (%) . (x) and level of resistance to aphids (y).

ey = Cov(x,Y) |
’Var‘(x) Var(y)

v. Pooled analysis of variance

Analyses 4vof~ variance of the data pooled over three seasons
were done for pods/plot, yield/plot and level of aphid ~r‘esistance
as per Panse and Sukhatfne (1978) (Table 6). Homogeneity of error

variances -in separate seasons was tested using Bartlett's test

(1937) .

. Table 6 Pooled analyses of variance
Sources ' _ df . MS
Total . 113
. Seasons 2 M1
Treatments ' ST I | MZ‘
Seasons x treatments e - 36

M
Pooled error ’ 54 . M4
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" variance due to seasons x treatments interaction was tested
as M3/M4. Once Mé'w’as’ signific‘:afl-tt,‘M1 and‘I M'2 were tested against -
M3'

: h

vi. Phenotyplc stab111ty ana1y51s

The phenotyplc stab111ty analyses for pods/plot yield/plot
and level of . aph1d re51stance7were conducted as. suggested by
Eberhart ‘and Russel (1966) Parameters of phenotyplc stab111ty.
:were estimated The: parameters are (1) regressmn of 1ndiv1dua1
-~ mean performance over env1ronmental 1ndex and (11) dev1at10n from

regressmn Mean performance of treatments were also considered

‘along w1th the’ above two parameters to locate stable treatments
- The ‘environmental index is the_ -faverage performance of
i . B ¥ N . -
all varieties in a season minus - grand “mean over alll_', seasons.

(PR

- The statistical model used is

1]
r,<+ N
o
pte
v,
[
+
(0%]
o
[

Y..
13. . B . .
4= 1, 2 teinananans teees 19
j=1..3
where o
‘ CthoL . .th =
ij .=._Mean performance of 1 treatment in Jj~ season

H = Mean of all the - treatments over all seasons

b, = Regressmn coefflclent of 1th treatment on the env1ron—
mental . 1ndex wh1ch measures response of the treat-
ment ‘to. dlfferent seasons “ v - '

I, = The season index wh1ch 'i's- fdef‘ined‘ as the deviation

of the mean of all the treatments at a glven season

from the overall mean
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Sij - The deviation from regression of it_h treatment at’

the _jth season

: : | =s:'.,,,f
The season lhclnx .i,ﬁ.axpmsseq as ij (1 YIJ/19) (fl'JYij/Hl»), with
. T =0
=i 13 |

The stability parameter (bi) was- estimated wusing the .

formula

2

by =£j Vi Ij/Zj T, | : |

The second stability parameter. Szdi was estimated using

the formula

2 .. _ 2 ;2 :
S ql _Zj S»ij /1-S"e/r

where Sze/r is the estimate of the pooled error and

' 2 2 2 | 2 2
T S S A ) Y Co N G . I
53513 (zJ i Vi /3)-( 5 Vij J) /.SJ ;

where Yi = Yij

3
=1

J

The average of error mean squares over all seasons was
taken as the estimate of pooled error variance. The detailed
analysis of variance for estimation of stability parameters is given

in Table 7.



Table 7 Analysis of variance for phenotypic stability

Sources df SS . MS
Total 38 v.2.cF = TSS
=. =, ij =
2
Treatments (G) 18 Z. _Yi /3-CF = GS5 MS1
i
Seasons 2 Zj Yj2/1-9—CF = SSS
Treatments x Seasons 36 TSS-GSS-SSS MS,
Seasons + (Treatment x 38 s = Y. _2— = Y.2/3
, ' . . 1] > i
: . seasons) . i i ,
Season (linear) 1 1/19(2 v.1)%/= 1.% = SSE
' . . a JJ RN
J J
. 2 2 -
Treatment x Season (linear) 18 sl(z v.1.)°/2 1,7 - SSE | - MS
: ' . R & . J , 3
- 1 J J
Pooled deviation 19 s (=2 & izj) MS4
i J
2 (Y1)2 2 2
Treatment 1 1 = Y. - - (=B Y I)/ET,
, . 1] 3 . 1373 . j
i . j ]
' ' 2 v 2 2
Treatment 19 1 = Yi95” 19 - (= Y19jlj) /=1 3
-3 J N
Pooled error 54 MS
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7The E'éignifiqancé' of the diff'er"e,ncelf among treatment means

was  tested using 'F' r‘atiq?' S .
MS, ST P

F = - 1 - Mean square,‘for‘ tr‘eatments

oo MS4 Pooled ‘deviation mean square

The significance of treatment x"en\;ir‘onment interaction was
tested using 'F' ratio

M3, Mean square for treatment x seasons

MS5_. ~ _ Pooled error mean squares
Differences ~among treatments foff their r‘égr‘es’s’ion’ on the.
envnir‘ior)'mental index were. ‘tested : usih{:j 'F' test.

o M$3 _ Mean 'Sduar‘e for T xS :(-lin'ear‘)
. MSA' _  Pooled de'vifa'tion ‘mean square

. Deviation from ~r‘egr‘_ession for eaé,h treatment = was tested -

using TF' ratio
(5 8.5
(58,001

WS

B

The significance of th.é,'differ‘enéfe between a regression
coeffic_ieht and unity. was ;’t'e's»t'ed us'"in'g: the 't' test . . :
- bi-1

‘ :"MSA/IZ\]‘Z‘ -

The relation between performance  and stability (bi) of

19 Vtr‘e'a-tments ‘were diagrr.‘amatica’l:ly r‘epr‘és‘eht\ed .
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_E. Natur\aln predators. and their identification

Throughout the courses of fleld experlments, aphldophagous
1nsects were seen in cowpea plots The most prevalent predators
wer'e collected, spec1mens prepared and sent to Zoologlcal Survey

of India,‘ Calcutta for identification.



Results



'RESULTS

A. Identification of source(s) of resistance to aphids In cowpea

and estirﬁation of level of resistance

1. Evaluation of indigenous and exotic collections of cowpea

under natural field conditions’

Pr‘elimina.r‘y evaluations of cowpea .lines were done under
field conditions as and when indigenou.s and éxoﬁc lines were
assembled (Table 8). A total of 204 \lines consisting Qr_aiﬁ, forage
and vegetable types were evaluated for host reponse  to aphi'ds
during 11 seagons from November; 1986 to March 1989 (Flow chart 1).
Observations were made on number of aphids on the plant at
all stages of plant growth. Intensity of . infestation was graded
into three - low, medium and High. There was overlapping of
different generations of the pest, which helped 1in fhe build
up of sufficiently‘ high “pest population, ideal for}jﬁ‘gassessing host
response with a high degree' of relinbility under natural  field

conditions.

In the first trial, durihg- November 1986-January 1987,
67 lines were evaluated for host response. Among them, 14 had.
low infestation, three medium and 50 had high infestation. The
léw and medium infested group together (17 a(?cessions) were

further evaluated for 3 more seasons (February-May 1987, June-



Table 8 Preliminary evaluation of cowpea lines

Total cowpea lines

Seasons Remarks

evaluated
IC lines EC lines
1 2 3 4

November 1986—January 1987 66 1 Fourteen lines were resistant (scale 0) and
three lines mocfer‘ately resistant (scale 1)

February-May 1987 - - Seventeen lines, promising during the previous

’ season were tested. Seven lines were resistant
(scale 0) and ten lines moderately resistant
(scale 1)

June-August 1987 30 - Along with 30 new entries, the 17 promising
entries were tested. All the 30 new entries
were highly susceptible. Out of the 17 lines,
3 were resistant (scale 0) and 14 moderately
resistant (scale 1)

August-October 1987 9 7

Sixteen~ new entries and the 17 promising
entries were tested. One line was resistant
(scale 0), 'three moderately resistant (scale

1) and 29 were highly susceptible (scale 2)

Contd.



Table 8 Continued

1

4

November 1987-January 1988

Januar‘y—Mar’cH 1988
June-August 1988
‘Augusthctobe.r‘ 1988
Octobeerecember 1988

December 1988-February 1989

January-March 1989

20

20

12

23

Twenty new entries and four promising entries. '

were tested. Three were resistant (scale 0)

and three were moderately resistant (scale 1).

Eighteen were susceptible (scale 2).

Twe;wty new entries along with three resistant
lines were tested. One was resistant (scale 0) and
22 were susceptible (scale 2).

Twelve new lines and one resistant line obtaired
previously - were tested. One was resistant

(scale 0) and 12 were susceptible (scale 2).

‘The i"es_istant line and 23 new lines were tested.

Two were resistant (scale 0) and 22 - susceptible
(scale 2).

Two resistant lines and 12 new ehtr‘ies were
tested. Three were resistant (scale 0) and
11 . were susceptible (scale 2).

Three - resistant lines and 4 new lines were
tested. Three were resistant (scale 0), three
moderately resistant (scale 1) and one was
susceptible. (scale 2). '

The above seven lines were once again tested.

Three confirmed their resistance (scale 0),
three moderately resistant (scale 1) and " one

was susceptible (scale 2).
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August 1587 ‘and August October 1987) It. ;'was observed that out“
ot; 17 accessions evaluated, 14 had medium and three had low'
:‘1nfestat10n. During‘ the fourth season (August October 1987), the
three low infested accessmns (Vs 306 Vs 307 and Vs- 147) fell
into 'the ‘medlum 1nfested grade and the: rema1n1ng 14 fell 1nto,
the high infested grade. | |
Dur1ng thlrd season (June—August 1987) 30 new lmes were
evaluated and all. the 30 were severaly infested During the 4th
season (August October 1987) 16 new llnes were further tested
-‘among wh1ch one (Vs_350) had only ‘ve’ry low 1nfestat10n. Low

v1nfestat1on -was recorded in Vs 350 consecut1vely dur1ng sUbsequent

© five seasons.

» Dur1ng ‘the f1fth season . (November 1987 January 1988) 20 new
‘.accessmns were evaluated out of wh1ch two ‘had only 1ow 1nfestat—'
" jon and 18 had hlgh 1nfestat10n Durlng the 51xth séason (January—‘
' March 1988), ‘the two ‘low 1nfested llnes also got severely 1nfested

During 51xth (January March 198{;), vseventh (June—August 1986’)

- and elghth (August October 1988) seasons, -20, 12 and 23 new
access1ons respectlvely were evaluated All were hlghly sUscep.tlble
except Vs 438 - among the 23 accesslons grown dur1ng the e1ghth_
'(August—October 988) season Dur1ng n1nth ' season, . two - resistant

lines (Vs 350 Vs 438).kand' 12 new llnes were further evaluated

The +two" reslstant_ lines exhi_'blted conslstent res1stant reaction
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| and Vs 452 -among the 12 few entrles also'_fell:iin:ft»o‘ the low
.' i ’_‘ 1nfestat1on : group Thé three ‘/ :res’istant , accessions an-d' .touri ~‘nev’v“‘ ”
accessions-were further grown durlng tenth (December‘- 1988 Fcbrum‘y-
‘;1989‘) season..' The re51stant accessmns contmued to bei re51stant~:

and three among the new accessmns 'wer_fe ~1nfested only rnedlum ‘

and one was hlghly 1nfested

PRI E T -7

ALl the access1ons grown durlng tenth season':~ were . aQain: :

"'gr‘own dur1ng 11th season (January March 1989) The three _resistant,-’ ‘

© : lines- (Vs 350 Vs 438 and Vs 452) conflrmed re51stance As 1n o

E V‘_.the prev1ous seasons, the other three l1nes (Vs lr56 Vs 457 and
s A~;458),_ were ‘ rJned1umy;1_n_fes_ted - ~and_'_ o'n'e.: '_(V‘s' l;59) was severely.'-‘.

\‘finfested.» R L o

All the cowpea llnes evaluated for reactlon to aphlds were"- A

“-.-observed fr vegetatlve‘ a;nld productlve characters »nand thelr

components (Table 2 and 3)

There was great varlablllty among cowpea 11nes evaluated
for vegetatlve and productlve characters -out.. of 204 access1ons‘”

evaluated for re51stance, 39 l1nes were bushy, 30- wer"e sem1v1ny:;»

-and 135 ‘were spreadmg The access1on§Vs 432 was the dwarfest'.“"'”"

. i', N

v-(32' cm)‘ Branches/plant ranged from 1 to ‘6. Th1rtytwo accessmns‘
4,>flowered 1n less than 40 days The accessmn Vs-315 took only

*37 - days for flowerlng and Vs l&19 only 38 days ’One hundred‘ and -
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fortyeight lines flowered w'i‘thin 740 to 50 days, and 20 lines
within 50 to 60 days. Four" accessions (Vs 317, Vs' 319, Vs.320
‘and Vs 335) were very late and took more than 70 days for flower-
ing. The line Vs 432 had the shortest (5.0 cm) and the lightest
(1.0 g/pod) pod. The accession Vs 415 had the _longeét pod (30 cm) .
The lines Vs 457 and Vs 458 had the Heaviest pods (8.0 g/pod)
and- the pod vyield/plant was the highest in Vs 457 (232.0 g).

Pod yield was only 4.50 g in Vs 432.

2. Weather parameters and aphid population
The weather parameters - mean maximum temperature, mean
minimum temperature, mean relative humidity, rainfall and number

of rainy days are given in Tables 9 to 12.

Aphid populationv Was the lowést during March, Apr‘il. and
May in 1987, 1988 and 1990. Duriﬁg 1990 (Table 12), low aphid
infestation .was observed duringi June and July, also. During 1987,
the highest mean maximum temperature (36.400, 36.2°C, 36.1°C)
* was recorded during March, Apr‘il énd May compared to -other‘
months of the year (Fig. 1a ). Mean relative humidity was the
lowest during March, April and May (55%, 64% and 66%, r‘esinectively)
except for 52% in January éhd February. The rainfall was nil,
13.3 mm and 95 mm during March, Apr‘i; and May and number of

rainy days were O, 1 and 3 respectively.



Table 9

Weather parameters and aphid population rating (year 1987)

Weather parameters

Months

M J J A S 0 N D

Mean maximum temperature (°C)

Mean minimum temperature (°C)

Mean relative humidity (%)
" Rainfall (mm)
Number‘ of rainy days .

Aphid population rating

3.1 30.7 30.3 29.6 31.5 31.9 31.6 31.6

24.7 23.7 23.5 23.5 23.9 23.9 22.8 23.3
66 83 84 8 79 79 77 70
95.0 837.7 336.5 388.4 174.0 280.4 224.4 64.6

3 21 17 22 8 16 6 6

M H . H H H H H H

M = Medium; L = Low



Table 10 Weather parameters and aphid population rating (year 1988)

Weather parameters — | Months

J F M A M J J A S 0 N D
Mean maximum temperature (°C) 32.4 35.8 - .35.7 35.1 33.7 30.0 29.0 29.2 29.9 31.7 32.6 32.6
vMeal;l minimum temperature (°C) 22.0 23.1 24.4  24.8 25.4 23.7  23.2 24,3 23.2 23.3 22.9 22.3
Mean relative humidity (%) 56 56 v67 70 76 86 88 86 | 85 78 68 57
Rainfall (mm) . 0 . 7.8 87.9 135.4 242.6 | 632.1 545.0 ~507.8 700.0 116.6 11.0 14.9
Number of rainy days - 0 1 T 8 6 25 26 25 24 9 1T 2
Aphid population H H M L L H H H H H H H

H = Heavy; M = Medium; L = Low



Table 11 - Weather parameters -and’ abhid population 'r'ating .(year 1989).

Months

" Weather par‘émeters - : o : . ’ B C

| Ty F M AL M 0y A s o0 N -D

Mean maximum. temperature (°C) 33.4 '36.A3— 3.5 35.3  33.7 29.4 29.1 29.5 - 29.9 31.0- - 32.5 32.7

Mean ‘minimum temperature (°C) ~ 22:2 - 21.2  23.2.° 25.1 24.5 22,7 = 23.3  23.1. 23.1 23.0 22.7 23.2

Mean relative humidity (%) 54 . 45  'ss8 69 74 86 8 . 83 8 8- .63 60
" Rainfall (mm) . . o 0 31.3. 52.6 115.8 784.6 562.0 319.9 180.1 351.3 8.1 0
_ Number- of rainy days o0 0 . o2 a7 27 17 19 5 16 2 0

_Aphid population .- - H . H - &M L. L H ‘H  H  H H  H  H

H = Heavy; M = Medium; L = Low



-

Table 12

Weather paraméters and aphid- population rating (year 1990)

Weather parameters Months

J F M A M J J A S 0
Mean maximum temperature (eC) 33.5 34..9 36.0 3?.8 ‘ 3,1'5 20.7 23.4 29.0 | 30.7  31.9
Mean minim.um temper‘aturie (°C) . 20.8 21.9 23.8 .25,.4 24 .1 23.3 22,5 23.0 23.4 23.2
Mean relative humidity (%) 50 58 64 68 éz 85 88 85 79 80
Rainfall (mm) 3.5 0 4.4 38.8 583.9 467.3 759.3 355.4 87.5 318.3
Number of rainy days o 0 L 18 25 28 22 8 12
Aphid lpopt;xlation H H M L L L L H H H
| H- = Heavy; )
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During l1988, the highest’, mean ma;xi.mum terrperature was
. recorded during February (35.8°C) »fello_wed b3./ Merch (35.7°C),7
‘Apl"ll (35 1°C) and May (33. 7°C) ('Teble ‘1(l), Fivg 1b ). The mear
minimum temperature was the ‘highest during March (24 4°C), April
(24.3°C) and May (25.4°C), when compared to other mer,ths.
Number of rainy  days were only i, 8 .and 6 with a total rainfall
of 37.9 mm, 145.4 mm and 242.6 vnfm during 'Marc/h', Aprii and
Ma&/ respectively. ,The period ef ‘lowest _incidence - of aphi.ds
coincided with dry morths of Ma_rch, April and May. There -was
heavy incvirde:nce during all other ‘months. \ |

b

&

x During 1989 the mean max1mum temperature was the highest
during February, March, Aprll and May Wlth 36. 3°C 36.5° C, 35.3°C
© and 33.7°C respectively (Table 11, Fig. I¢c): The relatlve humidity
was also low ' during February (45%), Merch_ (58%), April -(69%).
- and May (74%). The rainfall was low with zero rn_m (February),
31.3 mm (March), 52.6 mm (Apri.l)v and 115.8 mm (May) With 0,
2, 4 and 7 rainy Qays; During 1989 aleo, the lowest inc—idence
of aphids was noted during Marc4h, April, May monthe charaeteriied
by the highest maximqm ’remperature; low relative humidity and

low. rainfall. The incidence was heavy during all other months.

During 1990 -also, the ‘highest maximum temperature was

recordeéd during March: (36.0°C) and Abril (35.8°C). The mean

-
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minimum temperature recorded was also the h'ighest, 23.'8°C and
25 .4°C during March and April respectively (Table 12, Fig.1d) .
The mean r‘elaiive humidity was 64% and 68% during ,March and
AF;ril. Number of rainy days ‘were only one and two during March
and April respectively with 4‘.4 mm and 38.8 mm rainfall.
Immediately’ éfter‘ the severe dry months of March and April 1990,
there .Wavs heavy rainfall during May 1990 with 18 rainy days
and 583.9 mm rainfall (in contrast” to the light rains during 1957,
1988 and 1989 towards May end).  This was followed by heavy
rains during June and July ~and the aphid populatidn was low

during June and- July 1990.

3. In vitro evaluation of identified cowpea lines

Based on results obtain(e.d"ffom the preliminary observations
‘in the field, an in vitro evaluation was taken up using nine sélected
lines Vs 350, Vs 438, Vs 452, Vs 306, Vs 307, Vs 147, Vs 456,
Vs 457 and Vs 458 and twb suvsbeptible lines Kanakamony and Pusa
Komal. The lines were testeq for their suitability for feeding
and breeding by the aphids th_r‘ough pot" culture studies iIn screen
" houses when the seedlings were 10-12 days old. Eachh' seedling
was linfested with 4 first instar nymphs of aphids. The average

number of aphids/plant at 10 and 15 days after infestation (DAI)

was recorded. There was significant difference among all varieties
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belonging to all' the three groups (Table 13) for number: of aphids
tne'y sustained on 10 and 15 DAI; fhe aphid popuiation increased
at different rates among test cowpea acceasions (T_atdle 14). The
“three groups differed 'significantly for . number of aphids, they
maintained at 10 and 15 DAI. -The aphid ’multipllication rangad frdm-
3:4.8 (Vs 438) to 52.6 (Vs 452) by 10 DAI and 86.4 (Vs 438) to
143.2 (Vs 452) by 15 DAI in the resistant group. In the
moderately resistant group, the mul-l:i‘p.lication ranged from 5(3_.2‘
(Vs 307) to 84.0 (Vs 456) by .10 DAI and'>176.2 (Vs 307) to 292.6
(Vs . 456) by 15 DAI. Rate of multiplication was maximum in the
susceptlble group and was ZOéO and 714.6 in Kanakamony .and

187.6 and 627.6 in Pusa Komal by 10 DAI and 15 DAI respectlvely

Table 13 Analysis of variance for performance of selected cowpea
line artificially infested with 4 nymphs of aphids at
- seedling stage in the screen house

Sources - ' - df : ; MS
Lines (L) | 100 175866 . 785%*
"DAI - o : g ' 987816.238*
L x DAI interaction _ 10 55631.523%*
Error 88 795.920

P = 0.01
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Table 14 Performance of selected cowpea accessions artificially
infested with 4 nymphs of aphids at seedling stage
in the screenhouse

Lines Average number of aphids )

0 DAL 15 DAI
Vs 438 3.8 + 1.85 86.4 + 2.22
Vs 350° 35.2 + 1.58 90.4 + 2.46
Vs 452 © 52.6 & 2.59 143.2 & 4.28
Vs 306 | 82.6 + 2.51 270.0 + 4.27
Vs 307 | 56.2 + 2.42 . 176.2 + 3.12
VS 147 | 61.8 + 1.69 .  192.4 * 3.00
Vs 456 ‘ »84.0 + 3.42  292.6 % 12.33
Vs 457 59.6 + 2.46 198.8 + 8.14
Vs 458 76.6 + 2.54 231.6 * 5.15
Kanakamony 4 208.0 + 2.90 714.6 + 16.29
Pusa Komal 4 ' 187.6 + 3.88 627.6 = 14,95
Semz . 12.62 12.62
CD (P=0.05 to 25.06
compare lines (L) |
DAI | : o 10.68

L x DAL : 35.44

DAI = 'Days after infestation
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4. Estimation of level of resistance in resistant cowpea lines and

extent of susceptibility in susceptible lines

Three r‘esistaht cowpea lines (Vs 350, Vs 438 _and‘ Vs 452),
six moderately resistant lines (Vs 306, Vs' 307, Vs 147, VS 456,
Vs 457 and Vs 458) and two higﬁly suséeptible lines (Kanakamony
and Pusa Komal) we;‘e subjected to rigorous evaluation to confirm

their host response.

Counts of aphid population build up on the terminal shoots,
terminal leaves, flowers and pods were taken (Table 15). Populat-
ion build Ljp was observed on ail lines and they were rated into
3 groups - low, medium and high. In the group r‘ated‘ as
r‘esis.tant, the number of aphids on ter‘rﬁir;al shoots ranged from
20.3 (Vs 45?.) to 22.7 (Vs 350), in the moderately resistant gr‘oup.
it ranged from 33.4 (Vs 307) to 86.3 (Vs 456). and in the
susceptible group 504.6 (Pusa . Komal) to 596.5 (Kanakamony). On
terminal léaves, the ranges were 10.2 (Vs 350) to 26.6 (Vs 452)
in resistant group, 39.8 (Vs 458) to 76.7 (Vs 45!7) in moder‘a'tely
resistant group and in the susceptible group the range was fr‘o'm‘
820.5 (Pusa Komal) to 912.7 ‘(K'a-nakamoniy(). On the flowers, thé
ranges were 6.9 (Vs 438) to 28.5 (Vs 452), 12.1 (Vs 457) to 35.1
(Vs 306) and 96.1 (Pusa Komél) to .108.-2 (Kanakamony) in "the
resistant, moderately resistant ancl>> susceptible groups, respectively.

Ranges on pods were 10.4 (Vs 438) to 19.9 (Vs 452), 22.0 (Vs 147)



Table 15
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Reaction of selected cowpea lines to aphids in the field
Lines Average humber‘ lof aphids on ’ Resis_tance
. . : rating

Terminal Terminal Flower Pod
shoot leaves

Vs 438 20.5 . 6.5 . 6.9  10.4 0 R
Vs 350 22.7 10.2 20.2  16.5 0 R
Vs 452 20.3 26.6 28.5 19.9 o R
v5-306 5i.8 | 58.6 35.1 46.2 © 1 MR
Vs 307 33.4 45.9 32.1 77.6 1 . MR
Vs 147' 67.5 43.1 24.8 22.0 1 MR
Vs 456 86.3 63.0 . 16.4  32.5 1 MR
VS 457 54,2 76.7 121 33.7 1 MR
Vs 458 70.5 39.8 27.4 60.5 1 MR
Kanakamony 596.5 912.7  108.2  910.0 2 s
Pusa Komal 504 .6 820.5 96.1 842.0 2 S
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to 77.6 (Vs 307) and 842 (Pusé Komal) to 910 (Kanakamony) abhids
on resistant, moderately resistant and susceptible groups

respectively.

B. Mor‘phological and biochemical bases of host reaction to aphid

infestation

The mechanism of resistance to aphids was studied in three

resistaht and two susceptible accessions.

1. Mechanism of preference/non-preference

a Migratory and settling preferences

The ex‘per‘iment was conducted to" study idiffer‘ences in
preference of aphids to selected resistant and susceptible lines.
Number ~of aphids rﬁigr‘ated and'lsett.led on fivlé lines in _fiéld and
on' shoot fip clipp.ingsAkept 1n the con‘ical flask in laboratory

were counted.

‘.Under‘ free choice conditions, -aphids migrated in all
directions. Howe\)er‘, they shqwed a clearcut preference for migrat-
ion and colonization both in field experiment and in labor‘ator.‘y
(Fig. ‘2‘). Differences .in number  of aphids migr‘vat.ed and colonized
on the five cowbea lines wére highly (significant, wij:hin one day
(Table 16).. It was noted that Vs 350 (resistant) recorded zero

number of aphids/plant followed. by the remaining two resistant



Fig. 2:_ Diffehen’ge in _pr‘efer'enc'e for settling of aphid‘sv among selected cowpez lines
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Table 16 » ' Analysis of- variance for p'r'e‘fer‘erﬁces for -settling of aphids
" .among selected accessions in field 'and inlaboratory

. Mean squarés

- Sources o ) T df

+In field " In laboratory

Lines .. .. . Cu o a7s.es 13.38%

Error ' 3 . . . 3.44 0,43

e p o= 0.01.

accessions Vs.!p_38l\(o_'z‘5ji (‘).50)15‘ aﬁd, Vs »l;52 (1,56, 1.75) 1n '.field
ar;d. i’n' vlla)bér‘ator';y‘ ‘_vr‘espect.il_véilty."r As .e'\'./’videnéevrdv ~fr‘om the ‘_h'i‘gh
ﬁumber Alc_)f ar')hidk,s i '(Tab'le .1’%)- '.ébsenv-éd ; o‘n  susceptible ’ ‘line's'
7(Kahakam5ny '-‘ig.gsffé;%é anéj'busé: Komal - 8.25, 4.0) in field
ér;d :r»l"abqr*,atory‘ _(;onélifioﬁs; r‘és:b’ec;lt.ivlély,? su;sceptibie linés -.w'e‘r‘e
mbbe:prgferred bS/ ap‘hid;e,.‘ o

Table 17 _,Diffrer‘e‘r’acg in pr'e,fer‘.'e'ncé fo:r‘*l settling of aphids among
'Selected" cowpea lines: b ) .

. N Mean numbei“ of aphids settled
Lines . . S :

In vivo * - In vitro

Vs 438 . S L oues . 0.50 .

Vs 350 . 000 o . 0.00
vs 452 . s S 15

Kanakamony =~ - " EE L 13.\:2:5 B - .°3.75

' Pusa Komél‘l o B | 825 S 4,00

Sem: - . i L R 'ob.,és' S 7 o.32

CD (p 'bros) B iA' . 1.88° IR 0,99 .
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i) Trichomes. on leaves:

'Fou'r lines '(Vs‘ 452, Vs .43“8;‘Vs 350 ‘and Kanakamony)_ differed
considerably in density, size ;:_and .fo!rm E:of trichomes'. The line

Vs 452 " has a dense ’cov‘er_ing‘t‘jand profuse’ growth of trichomes

~ (Plate v ). .Long, medium',long' and short trichomes were seen

tnfxed They were prostrate', but stra1ght with”’ tJ,ps pomted The

-angle of 1nsert10n departed from 90°. L1ne Vs 438 also had profuse
: ,trlchome cover con51st1ng of long and short types m1xed together

(Plate V) They were prostrate, curved back 1nserted at angles,

but stralght w1th t1ps pomted Vs 350 was; less densely pubescent,

%when compared to Vs 452 ‘and ' Vs 438 (Plate VI) ' Both long ' and

‘short trlchomes were_ mlxe‘d and ‘:were pos.tt;qned at different angies.

They were straight with tips po‘ﬁnted.

Kanakamony was sparsely pubescent w1th very short tr1chomesv>

‘(Plate VII)- .They were of unlform size w1thout any 1ong ‘or medium

~ ii) Trichomes on .shoot tips

Trichomes on stems ‘were‘ bold a’:n'd"stout,‘ but lesser in

. ‘density’ when compared “to leaves. The ‘stem tip of Vs 452 was

.,-_';the most densely pubesoent_ (Platevj[ﬂ)».-ol‘They W‘ere,. seated very

Pl



Plate III. Migrétory and settling preferences of Aphis craccivora
in cowpea demonstrated thr‘ough/ shoot tip clippings

Plate IV. Scanning electron micr‘ogr‘aph’ showing trichome coverage
on leaves of Vs 452 (100x) S






Plate V. Scanning electron micrograph showing trichome coverage
on leaves of Vs 438 (100x)

Plate VI. Scanning electron micrograph showing trichome coverage
on leaves of Vs 350 (150x)






Plate VII. Scanning electron micrograph showing trichome coverage
on leaves of Kanakamony (100x)

.

Plate VIII. Scanning electron micrograph showing trichome
coverage on first internode of Vs 452 (150x)






3

‘Plate IX. Scanning electron micrograph showing trichome coverage
on first internode of Vs 438 (60x)

Plate X. Scanning electron micrograph showing trichome coverage
on first internode of Vs 350 (60x)






Plate XI. Scanning electron micrograph showing trichome coverage
on first internode of Kanakamony (60x)

Plate XII. Grub of Coccinella arcuata
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closely. Long and short trichomes were mixed together. They
were not straight but with bend tips. The line Vs 438 also had
a dense coverage (Plate iX) o’f trichomes similar to Vs 452. But
they were smaller in size. Vs 350 was less pubescent with small
trichomes (Plate X ). It was ‘'curly pubescent' with very long
slender trichomes. Early deciduous hair stubs were noted. Kanaka-
mony was sparsely pubescent with very small trichomes (Plate XI ).

The top most one centimeter shoot tips from second internode of

all the four lines were sparsely pubescent.

c Anatomy of shoot apices

Transverse sections of shoot apices from 3rd internode
of all cowpea accessions were observed for arrangement of vascular
bundles as widely separated, loose, semicompact or compact. Lines
Vs 438, Vs 350 and Kanakamony had 14 vascular bundles and Vs
452 and Pusa Komal had 15 vascular bundles. No distinction was
observed in their arrangement. The above classification based
on arrangement is not useful in the present study. The resistant
accession Vs 438 had a slightly thick cuticle while the other
two resistant lines and two susceptible lines were characterized

by thin and uniform cuticle.

There was only slight difference in the number of layers

of cells in the hypodermal collenchyma and chlorenchyma (Table

18). Two resistant accessions (Vs 438, Vs 452) had 3 layers of



Table 18 Description of anatomy of shoot apices

Number of layers of cells in

Number of Nature ; Lignifi-
Lines vascular of Epid- Collen- Chloren- Endo- Schleren cation of
bundles cuticle ermis chyma chyma dermis chymatous schleren-
pericycle chyma
Vs 438 14 Slightly 1 3 3 1 4 Not
thick lignified
Vs 350 14 Thin 1 2 3 1 3 Not
lignified
Vs 452 15 Thin 1 3 3 1 4 Slightly
lignified
Kanakamony 14 Thin 1 2 2 1 52 Highly
lignified
Pusa Komal 15 Thin 1 3 3 1 4 Highly

lignified
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collenchymatous cells and one resistant line (Vs 350) and one
susceptible line (Kahakamony) had 2 layers of collenchymatous
cellls‘ each. All .the lines except Kanakamony had three layers

each of chlor‘enchymatous. cells and Kanékamony had only two layers.

"The " lowest ‘humber of schlerenchymatous lay'er‘s (3) was
observed in the resistant line Vs 350. Two resistant lines (Vs
43_8 and Vs 452) .and the suscéptible line Pusa . Komal had four

layers and the other susceptible line Kanakamony had five layers..

Higher. lignification of the schlerenchymatous pericycle
was noted in the susceptible lines Kanakamony and Pusa Komal.
The resistant lines Vs 438 and Vs -350 w_er"e not at all lignified

and Vs 452 was 6nly slightly lignified. N

d Biochemical factors éffecting preference

i) Reducing sugar

Reducing sugar content inl pods .deéreééed continuously wi,th‘
passage éf time in all the ‘y.ér*ieties, r‘esistant or susceptible.
Th.er resi;tént‘ lines poésessed more reduding ., su:gar‘s' than the
susceptible llnes (Fig. 3 ). The resistant line Vs 438 had the
'highest reduéing _sugar"content >'d_u!"ing all the thr‘ee. stages (3.80, |
2.40 and 1.12 mg/g, 'hespect:i.vely). Even the resistant lines

differed significantly among themselves for reducing sugars, though
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they . possessed more r‘éducing sugars at all s;cages than the
susceptible lines (Table 19). The line Vs 350 contained 2.68,
1.14 and 1.08 mg/g of reducing éugar at 5, 10 and 15 days of
maturity respectively. Vs 452 had higher reducing- sugar content’
than Vs A350 at 10 days (1'.28 mg/g)  and 1‘5 days (1.10 mg/g) of
mat’uﬁity. Arﬁong the susceptible lines, Pusa Komal had more reducing
sugars (1.62, 1.14 and 0.90 mg/g) than Kanakamony (1.10, 0.92
and~ 0.65 mg/g) at 5, 10 and 15 days,of maturity respectively
(Table 20).

Table 19 Analysis of variance for reducing suvgar‘, non-reducing

sugar and total sugar cQ'ntentS in cowpea pods at three
stages of maturity ‘

Mean squares

Sources : df Reducing Non-reducing Total
i sugar sugar sugar
LineS ( L) ' : 4 , 3 . 02** 17 .55** 10 .08**
Stages (S) i 2 e 6.97%% 1.54% 2.08%
L xS . 8 0.68%% 0.22%% 0.19
Error 30 0.04- 0.03 0.07
*pP = 0.05
¥ P = 0.01

ii) Non-reducing sugar

Non-reducing sugar contents increased: continuously for 15

days in all the varieties (Table 20). In general, the lines differed



Table 20 ~ Reducing sugar, non- redu01ng sugar and total sugar content in pods of three
) resistant and two susceptlble cowpea. lines, mg/g : : ’ -

Reducing‘sugar‘ . .Non—reducing sug_ar - Totél'“sugar ‘
Lines : : - : .

o ) Maturlty of pods in days , .
5. 10" 15 "5 10 RS .5 10 . 15

st438  S 5!80 2,40 1,12 1.10 1;95.'(_2.63 400 435 3.7
Vs 350 o | 2.68 114 1lo§ ,41.46“ 1.85 . 1.91 4k 2.09  2.99
s 45zifj'”f}”‘ff'““"'“TM'wé;SBJ:“ ffé§'Lffi;16*f(d}éé'ffwéji7fi"zf§6* '3.96 3.5 3.0
_Kanakamony ‘  ' :«_: 1}10'»‘fo;92‘1 0.65 3.95V.L 4.01  £.07 5.05_' 4.93 . 4.72
‘&:BusaQKQmﬁﬁm-zf,u,;]‘%tﬂgw&!1152‘,1”T-iﬁ,”; 0.90 4[5;_; ;4}§2i-':4.94 ;Lg.js l;»§;96:'f_5f84 :
Sem S 046 0.26 0.00 " 0.70 0.61“"0;55 0.39 ~ 0.53 0.5

- CD (P=0: 05) to compar‘ey : ) _ B -
" Lines (L) , o ST 0.19 ST 0.16 v 0.26¢

Stage of maturity (S) : ‘ . 0.15 - - 0412 ‘ R 0.20 .

Lxs N < T 0.27 o 0.45
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| 51gn1f1cant1y lfor the« no.n’-redUCiné sugar> contents among the'mse‘lve's
at T'alll ‘ Stages 4.._;and the : dlfference ‘ between s stages was" alvso
;"__51gn1f1cant. The 11ne Vs 438 contalned the lowest on_ 5th day (1 10
ju-mg/g) when compared to . other re51stant llnes Vs 350 (1 46 mg/g)
;".and Vs 452 (1 66 mg/g) (Flg 3) On 10th day,' the non—-reducmg
sugar content 1ncreased to 195 mg/g in. the 11ne Vs 438 1.35
il’mg/g in Vs 350 and 2 17 mg/g in Vs 452 On 15th day, the lme
Vs 438 had the max imum (2 63- mg/g) and Vs 350 had the m1n1mum

reducing‘ sugar content (1 91 fmg/g) he line. Vs 452- :was‘

1ntermed1ate with 2 30 mg/g The “non- reduc1ng sugar contents 1n

: 'susceptlble lines were'very hlgh w1th 3 95 401 and 4. 07 mg/g
E_fln Kanakamony and 453 4.82 and 494 mg/g 1}1 Pusa/ Komal'_‘ on

'”o5yth, 10th and 15th days respectlvely
iii) Total sugar

’The’. total vsugar content -dec‘r-eased w1th tnaturityI ‘_of, pods -
E:.in all the resistant and susceptlble llnes (Table 20) ' Th,e _resistant,‘.
11nes possessed less_ total sugar when compared Lto ‘suscept‘iole
-11nes (Flg 3 )., All the var1et1es dlffered 51gn1ftcantly in'totalj
sugar content. Among the re51stan‘t 11nes, Vs 452 had the.. lowest;
3"-total sugars on 5th day (3 96 mg/g) The decrease was not steep

. and had 3.45 mg/g on 10th and 3 40 mg/g on 15th day respectively.

The 11ne Vs 350 had 4, 14 mg/g on 5th day and a sharp decrease,
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was observed on 10th day (2.99 mg/g) and had 2.90 mg/g on 15th
day. The line Vs 438 had the highest total sugar content among

the resistant lines. It had a total sugar content of 4.90, 4.35

- and 3.75 mg/g on 5th, 10th and 15th day respectively. Among

the susceptible lines, Kanakamony had the lowest total sugar
contentl. It had ‘5.05', 4,90 and 4.72 mg/g on 5th, 10th .‘and 15th
day respectively. The line Pusa Komal had a total sugar content
of 6.15 mg/g on 5th day, 5.96 mg/g on 10th day and 5.84 mg/g

on 15th day.
iv) Protein

| The protein content (Table 21) was the lowest inthe resistant
line Vs 438 (19.75%) and the highest in the »-susceptible Iline Pusa
Komal (24.35%). Thg resistant line'>Vs 3_50 had more ‘protein (23.05%)
than the ofher* two ' resistant - lines and one 'suscéptible line -

Kanakamony (21.85%).

Table 21 Protein’ content of cowpea seeds; per cent

Lines - ‘ _ Protein content (%)
Vs 438 , 19.75
Vs 350 . 23.50
Vs 452 : ' , o 20.20
anakamony ' : 21.85

Pusa Komal - 24.35
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v) Nitr‘.ogen

Total nitrogen content var‘_ied only slightly among the lines
(Table 22.). "The line Vs 350 had the 'higheslt nitrogen content
| (3.93%) among/ the resistant lines . followed by Vs 452 (3.86%) and
Vs 438 had the lowest (3.80%). The suscepfible line Pusa Komal
had the highest nitrogen content (4.08%) among all the lines and

Kanakamony had 3.88%.

Table 22 Total nitrogen, = phosphorus and potassium contents in
cowpea lines at 30th DAS, per cent :

Lines Total nitrogen Phosphorus 'Potassium
Vs . 438 3.80 . 0.33 1.85
Vs 350 o ' , 3.93 . 0.31 2.07
Vs 452 K | . 3.86 0.30 | 1.98
.Kanakamony 3.88 : 10.34 1.98
Pusa Komal. " 4.08 0.30 2.13

DAS - Days after sowing

vi) Phosphorus

The . phosphor‘usb content (Table 22) also d‘id not vary among -
the lines. The susceptible line Kanakamony> had 0.34% and Pusa
Komal had 0.30% of'phovsphor‘us content.A'The resistant 'lineé Vs
452 had 0.30%, Vs 350 had 0.31%-;and Vs 438 had 0.33% of phos-

phorus contoent.
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vii) Potassium

The pota'ssium content Ejzalso' was not different among the
lines (Table 22). It was the highest in the susceptible line Pusa
Komal (2..1(3%) followed Ab'y the resistant line Vs 350 (2.07%) and
' was - the lowest Cin . the resistant line Vs 438 (1.85%).. Both

Kanakamony and Vs 452 Had 1.98% potas’éium.
2. Mechanism of antibiosis

Poss‘ible mechanism of ‘antibiosis in resistant accessions,

on biology of Aphis craccivora, in terms vlof’ fecundity was studied.

The chemical constituents which may . cause antibiosis were also

¥

éstimated .

a, Rate of fecundity in a'phids 7fed von r‘es_istaﬁt/sus‘ceptible .cowpea‘
iines \ '
 As a consequence of‘.feeding by ‘aphids on test plants, the
rate of'b reproduction was affected considber‘ably.» The mean number
of pr‘ogenie‘s/aph.id‘T on resistant céwpea ;ines, .‘r‘anging from 9.0
to 17.6 were significantly loWer thah on susceptible lines (43.2A

to 50.80) (Table 23). The line - Vs 350 restriétéd the rate of

Table 23 Analysis of variance for fecundity of aphids on select ed
" cowpea lines ' ' : :

Sources - df ) ' MSS
Lines T4 o 1944 ,94

_Error - . 20 ‘ A 54.26'_'

P = 0.01



Fig. 4. Fecundity of aphids on selected cowpea lines
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reproduction to a minimum (9.0) while Vs 452 allowed maximum

;:.(17.6) ‘among the resistant entries (Table 24) (Fig. 4 ). The

susceptible lihes did not restrict the reproductive potential of

© the pest and Kanakamony recorded a progeny number. of 50.8 and

. Pusa Komal 43.2.

Table 24 Fecundity o_f' aphids on selected cowpea lines

: Lines o v ' Fecundity
Vs 438 | " 9.4 + 0.51
; L . ' 3
Vs 350 , 9.0 + 0.40
Vs 452 ‘ o 17.6 + 2.38
Kanakamony , j : . 56.8 + 2.38
Puéa Komal A : oo 43.2'21 2.85
Sem# ‘ ’ ' - 0.65
CD (P = 0.05) | 9.72

b. Biochemical factors inducing antibiosis

i) Phenol and OD phenol

- The total phenol and or‘thovdivhydric phenol content expressed

: as catechol in fresh seeds are presented in Table 25. The. total

: phenoi content was high' in resistant lines an_d low in susceptible

lines. Among the f‘esistant lines, Vs 350 had the maximum (96 ppm)

_ followed by Vs 438 (92 ppm) and Vs 452 (88 ppm) (Fig. 5 ).



Fig. 5. Total phenol and orthodihydric phenol content i

! n matured pods of cowpea {expressed as
catechol on fresh weight basis), ppm
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The lowest total phenol content was observed in Kanakamony (64 ppm) .

Pusa Komal had ‘69 ppm total phenol.

'

Table 25 Total phenol and orthodihydric phenol content in matured
pods of cowpea (expressed as catechol on fresh weight

basis), ppm
Lines - Total phenol oD p‘henol
Vs 438 i 92 30
Vs 350 | ' % ' 38
Vs 452 .' | Y | 29
kanakamony ’ 64 . | 23
Pusa Komal E 69 ) . ' ‘ 27

The highest 0D phen'ol content was. also estimated in the
resistant accessions (Table 25, .‘.}Fig. 5 ). The line Vs 350 had
38 ppm followed by Vs 438 wit_ﬁ 30 ppm Elmd Vs 452 with 29 ppm.-
The OD phenol content was the lowest in Kanakamony (23 ppm)

and Pusa Komal had 27 ppm.
b. Trypsin inhibitor

The try psin inhibitor contents present in the lines were
estimated (Table 26). The resistant lines Vs 438 and Vs 452 had
1.50 T.I. units/g of the seeds-(Fig. 6 ). The line Vs 350 had

1.33 T.I. ‘units/g of seed. Both .the susceptible lines had no
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inhibitor present in their seeds. The inhibition of 4tr‘ypsin
aétivity‘ was 10.85% in the case of Vs 438 and Vs 452. The line
Vs 350 inhibited the activity by 9.62%.

Table 26 Inhibition of trypsin activity (%) and +trypsin inhibitor
units/g of seed in dry cowpea seeds : :

Lines Inhibition of , Trypsin inhibitor
) trypsin activity - units/g of seed
(%) o : ‘
Vs 438 | 10.85 : 1.50
Vs 350 . - 9.62 1.33
Vs 452 : ' 10.85 . 0 1.50
Kanakamony ’ ~ 0.00 ‘ 0.00

Pusa Komal ’ 0-.00 ' 0.00

C. Genetics of resistance to aphids in cowpea

1. Mendelian baseé of resistance

s

1
involving three resistant lines (Vs 350, Vs '438 and Vs 452) and =

The- parents, F1, Fz, BC and BC2 'gener‘a,tions of "crosses

: two susceptible lines (Kanakamony, Pusa Komal) were evaluated
to study inheritance of aphid resistance. Aphid counts were taken

and rated as resistant and susceptible.



All ;thé F1 ‘plahts}'fr‘orﬁ;the resistant x susceptible crosses "

" were completely résistant (Table 27). 1In the six ‘c_r'_o>sses: studied,

7t

Table 27 >Reac.tion,of paf‘ents ahd E:is;;to »oowpea aphid

Number of plants

Purelines and h\'ylorids
: "Resistant * : , - -Susceptible

o ovsao - o s0 'bf' o
Vs 438 S o __i S o o

l,} vs 452 - ;7‘59 REES = | 0

K.ane.llkah;nony“ "‘ o : V 50 o - o “ 50

Pusa K.oma»l o ‘. . .50 ‘« o S 50

. Vs 350 x l‘(a\nakamony’ o 53 L 0.

| Vs 350 x'Puég Komal -~ 5. 68 - : ; o

Vs 438 x 'Kanak"amohy ‘ | . . 70 - ‘ ’ R : '“0‘

‘» Vs l‘;fj)SLx"I‘Dus"a .Kiom.al ' -’7_0- ' : : AO‘

\’Vs' 452 X .Ka‘n;ak,,amony"‘ B 30 : o o O

Vs 452 x Pusa Komal - RS-+ B 0

f‘the F populatlons showed a good flt to a 3 re51stant 1 susceptible
ratlo. Pooled over all the 51x crosses, there were 682 re51stant
plants and 248 susceptlble plants Wthh also fltted very closely

to a.3: 1 ratio (Table 28)
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,TabvleT»ZB. Reac‘_ti"on- of F;‘Z ‘__peé_ljlations of{:z‘_eo,wpea: to4-apnids

e . Number of F2 plants . 2 R o
"F, progenies’- - .. © X0 7 Probability
e T e Resistant Susceptlble < T TED A o

Vs -35.'q’x- -‘Kan‘a‘kamoh.y W{téi'? o 4,3_‘ 0.040 . 0.80-0.90
Vs 350 x_Pusa }Korn‘alt Caes - 52 -  “0.041 0.80-0.90

: \'/,s\t@év a«g_;kaaaka_moayj; 133 67 0113 ) 0.;70?0.86 ‘
Vs 438x _Pqéa';KbEﬁal 8 -t;»'1>30‘__‘”"§ 50 f‘ :'Af 0.037  0.80-0.90 -
Vs 452 x ‘Kanakamony 43 B A 17 : 0. 14153'!:»"_0.:"7‘t)l0.80_1_
Vs 452 x Pusa Komal 41 19 0266 fov.f5o-0».7ov,r. '
CTotal . 6e2 - S s ' 0.630 _o.éﬂg‘l,‘
' Dev1atlor;~.3g_:"3'_37’5:*_ ER o o '6:0!22 0,80-0.90 °

-Heterogenelty X o o e . 0.608 -~ 0.98-0.99

The seéregatlon pattern 1n‘thAe bacrk eross poptnlanons further'
supported Ath.e_',.,‘_Fz data - T.he t;lonogenlc 'dom‘lnant ‘1nher1tance efi’
aph1d resistance \tvas conflrmedA ‘in ‘back cross. generatlon ana1y51sf»
. also. Alt"thé. back ‘cr_oss ‘prolci]enyles “ 1nve1v1ng reslstant parents
'7'—('B_'C1) . were;' res1stant. The BCZA generatlon segregated 1nto 137. .

resistant i'and,>»_1749 susceptlble plants f1tt1ng a :1:17 rat1o (Table_

‘;29-).&":_Thef test for heterogenelty was non 51gn1f1cant i’n‘dl_catlng ‘_“Va T

s1m1lar _ segregatlon pattern‘ '.in, gff,alt' “the back . Cross - ‘pc')pul‘ations

1nvolv1ng susceptlble parents. gt
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Table 29 Réaction of back cross popufétionS' of c,‘owpea'for{ aphid .resistance

g
i g " o

Numﬁer of badk cross progenies

Baéé cross - 7" BC1';, o BCG, L

progenies : _ _ , i _ jx? Probability
Resis- Suscep- ~Resis- Suscep- 11 1. '

tant - tible & tant ‘tible - Co

(Vs'350-x:Kahakamony) 52 .0 ':{.“’ - ;‘ - = -

(Vs 350 x Kanakamony) .- - . ~ 24 . . 31  0.127 0.70-0.80
1 x Kanakamony = ' ' g B .

(Vs. 350 ‘% Pusa Komal) 48 0 L ooo- ol -
x Vs -350 T s r _ L

(Vs 1350 x Pusa Komal) - ‘'° - :° 26 . 36 ° 0.161 0.50-0.70
x Pusa Komal = .. : B o : .

(Vs 1438 x,KanakamOny) 55 . . 0 i} : - ‘f T - - -
| x Vs 438 : S | S

(Vs 438 x Kanakamony) - . - .. 32 ' 39 - 0.099 0.70-0.80
1. x Kanakamony T - R ~ A

" (Vs 438 x Pusa Komal) .5 0 . -i-. . = - -
1 'x. Vs .438 ' - : : :

(Vs 438 x Pusa Komal) - - . 30 38  0.118  0.70-0.80
x Pusa Komal . . B P ‘ S »

(Vs 452 x Kamakamony) 30 =~ 0 . = . o= = -
‘ x Vs 452 :

(Vs 452 x Kenakamony) = - - . 12 - ©. 18 0.200. 0.50-0.70
x Kanakamony. o ‘ ; . : : : ,

(Vs 452 x Pusa Komal) 30 . O .. - [ = . - -
X Vs 452 T S . : o . ‘

(Vs 452 x Pusa Komal) . - ~ .. 43 ., 17 0.133 0.70-0.80 .
x Rusa Komal - T ) -

Totat 271 0 137 | 179 0.838 0.98-0.99

Deviation X* . S ' 0.133  0.70-0.80

Hetérogeneity 7&?1 o I “ AR - .- 0.705 0.98-0.90




are "gi\}en in Table 30.
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2. Quantitative bases of level of resistance

/

F1ve parental 11nes Vs : 452 Vs*' 350', ‘. Vs. _438,‘ 'Kanakamony v
and Pusa Komal w1th varylng levels of resistance to aphids were

used to study quantltatlve bases of 1nher1tancc Mean numb'er'of“

a_ph'ids‘ on the parental’ 11nes,‘jF F s and backcross generatlons

197 2%

xE

Presence/absence of non—allehc 1nteractions were deter‘mmed'

by A, B, C scaling “tests (Table 31) The null hypotheses under-—

ly1ng the scalmg tests that A = 0, B = O C ‘= ‘Ob, D=20 were

_'reJected 1n comblnatlon Vs’ 350 X Kanakamony and Vs 350 X Pusa«

Komal 1ndlcat1ng presence of ;non= allellc 1nteract10ns. The, scalmgv

© tests were not 51gn1flcant 1n crosses. Vs 438 x Kanakamony, Vs

438 x Pusa Komal, Vs 452 X Kanakamony and Vs 452 x Pusa Komal .

' Generaticn means “were ’ partiti—oned‘ into different components
llke mean effect (m) , add1t1ve effect (d) , dominance “effect (h),
addltlve X add1t1ve effect (1), addltlve x domlnance ‘effect ()

and domlnance X domlnance effect (l) 1n cases where scaling ‘tests

were 'siénifi’cant (Tabl'e‘»"32-) .

' Add1t1ve effects (d) were 51gn1f1cant 1n all the six crosses

and were- negatlve (Tables 32 and 33) Domlnance effects (h) were‘

c51gn1f1cant only" in Vs 350 x Kanakamony and Vs 350 x .Pusa Komal



Table 30 Generation means for level of resistance to aphids in -cowpea, per cent

P.S

‘Generatlons 151 P152 PZS1 IESZ. P351 P352
P1 B 42 .26 +3.844 42 .27+3.,844 52.37+4.21 52.37+4,21 65,30i3.74 65.30+3.74-
P2 472.90 £19.79 ‘463.63t26;71 472.90+19.79 461.68+26.72 472.90+19.79 461.63+26.74
F1 *48;17i3.69 39.57+3.40 44.,03+3.55 45.10i4,30 . ,43.5013.44 51.60+4.21
F2 145.18+19.45 153.33+21.69  144.12+19.12 144 ,.43+20.36 152.38+23.00 149.25+21.05
B1 ’ 58.83+3.68 53.13+£3.19 55.03i3.95 50.00+£3.91 57.7013.65 52.43+4.03
82 203.57+28.67" 242ﬂ57i32.36 271.67+31.47 260.67+34.86 269.23+36.25 244, 50+32.67

1

= Vs 350; P

= Vs 438; P

= Vs 452; S,

Kanakamony; S, =

2

Pusa Komal



Table 31 Scaling tests for non—all’elic interactions for level of resistance to aphids" in. cowpea

Scales Crosses 3
E PiSg P23 P52 PPy P3Sp v
A 4 o 97.23:2.88 | 24.43:8.19° | 13.67:9.63 ) 53°+0.86  6.60:8.80 . -12.03:9.83
B 113.76:60.78  -16.07£70.11  26.40%66.07  14.60%74.79 22.07£75.23 —24.23£70.71

C , —30.9710,}38 30._30i91.13‘ -36.87£79.43 —26.47i_86.25 -15.67+94 .45 -33.13:88.84

#:p = 0.01; *P = 0.05; P, = Vs .350; P

5 = Vs 438; P, = Vs 4525 S5, = Kanakamony; 52 = Pusa Komal

3 1



Table 32

C_Smpo'nents' of}t’dtal,éenetic ‘.effe(:t‘ A’f_o'r‘ level of resistance to ,aphids' in cowpe'a,"

P

Cfos;ses . "Genet'ic‘:_ pér‘amete.ré " |
. m.- d .. . h i S __1‘

."P1S{: 545.13i1é.f? oAb 83+28.52 ~264.9597 . EZ _55.53£96.9% .70.48i30523~ 142j03i141.02
CPSy ;,‘, o183 .3321. ES, 1894 i32.52 ' 1234.32+109. 33 —21u93i108.44.20.25i35:21 13:57£158.82
”,bzs1 U e +19.12 Qz€éﬁ€§£31?7éidl141.67:99.94 .'76f93595137"‘-643?&33;29'ﬁ117:60i149$69;'
_ sti" | 144.43£20.3§ L{216,67£35;08.':168;3 +108.43 j43;60¢107;5o -6,03;37:60," -60.73£164.71.

" PSS, 152.38:23 :;21i§53i36.43‘4;181.26i117.86»' 44f30£117.38 —7;70r37.8§' ~73. oo+173 67

.S, 149.25:21.06 - ~192.07+32.92 '-215.60£167.83 -3.00£106.90 6.10435.57  39. 40+158 83

£33 P —-

0.01;

oo
»

P.

= 0.05; P

1

= ys;35o;‘Pz =

Vs 438; Py = Vs

4527 . S1 = Kanakamony; S

T2

= Pﬁsé Komal



Table 33 ‘Cknnponentsiéf total genetic effects for level of resistahce to aphids in' cowpea

Genetic -

parameters’

Crosses

PySy ., P35 _ o P3S,

313.12407.47  273.88+109.28

-215.32£10.07 -209.:68+13.50

| 2406.08235.02 -247.88:264.27  -24.67%246.07

185.70£99.88

-210.27410.12_ "

213.40£108.35.  244.77¢117.81  266.60+107.74

—204;63&13.52 ' © -203.80+10.07 © -198.17+£13.49

—107;57i269.26‘ -108.27+287 .37 - -254 . 40+262.74

= 0.01;. *P =:o.05; P, = - 5

Vs 350; P, = Vs 438; P, =

Vs 452; S, = Kanakamony; S, = Pusa Komal



Table 34 Components of genetic variance, degree of dominance, heritability estimates and number .
of effective factors for level of aphid resistance '

. Degree of 2 ‘ 2 .

- Cross D H dominance h™(n) h™(b) Ky Ko
. ‘ H/D ‘
P.S, 4729 .48 83486.00 420 0.05 0.95 -9.80 0.53
P.S, "-6981.31 97302.82 - -3.73 ~0.07 0.92 6.3 0.47
P,S, E _16504.8 103865.61 2.51  -0.18 0.95 ~2.68 0.46
P,S, | -24085.56 . 117679.5 2.21  -0.24 ‘ 0.92 _1.74 0.38
P.S, 16144 .762 142508.05  -2.97 ~0.12 0.97 257 0.36
P.S,  _11810.348 .  100198.293 - -2.91 -0.12 0.92 - -3.33  0.45

1 2 3

N

P = Vs 350; P, = Vs 438; P, = Vs 452; S1 = Kanakamony ; S2 = Pusa Komal
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but were negative. The interaction was additive x dominance (j)

type in Vs 350 x Kanakamony.

Components of genetic variance, degree of dominance,
heritability estimates and number of effective factors were worked

out and are presented in Table 34.:

Estimates of heritability in narrow sense :hz(n) were low
in all' cases. Heritability in broad sense was high in all cases
(0.92-0.97). The estima_tés of K2 ranged from 0.36 in Vs 452 x

Kanakamony to 0.53 in Vs 350 x Kanakamony.

D. Development of physical mixtures in cowpea to manage aphids

i) Analyses of variance for pods/plot, yield/plot and level of

aphid resistance

.MulitilineS' geher‘ated through physical mixing of seeds from
Athr‘ee resistant- cowpea- lines (‘Vs 452, Vs 350 and Vs 438) and
tw-';} suscepts’ (Kanakamony - a-nd Pusa Komal) in two, three and four
ways were. evaluated during August-October 1989  (Season 1),
November 1989-February 1990 (Seaéon .II) and June-August 1990

(Season 1III).

Data were collected on pods/plot, yield/plot and level

of aphid resistance. The treatments, consisting of five purelines
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and 14 physical mixtures, were significantly different for the
above characters during all the three seasons (Table 35). The
.purelines consisting of three r‘esistant and two .suscepts also d.iffer‘ed
significantly for pods/plot, pod yield/plot and level of aphid
resistance during all tfie seasons. The 14 physical mixtures a‘lso
-(iiffered significantly for the above three characters dur‘iﬂr‘ig the
thr‘ee.seasons. When purelines as a whole ‘were compared with
physicai mixtures, the .c’liffer‘ence was significant only for le\)el
of aphid resistance during all the three seasons. Significant
difference was observed between purelines andA physical mixtures
for pods/plot only during first season. No sigﬁificant difference
was observed when purelines were comrpar‘ed. as a. whole with
physical mixtures for yield/plot. The three resistant lines differ‘e(i ‘
significantly for yield/plot during secOhd and .third seasons, for
pods/plot~during seconij and t'h’ir‘d seasons and for level of apHid
resistance dur‘ingisecond and third season's.' The two suscepts
differ‘ed significantly for‘ pods/plot dur‘ing‘ first séason, for yield/
plot .during second and third seasons and for lel\-/el of aphid
.r‘esistance _ during second and  third seaéb‘ns. The three 'lway
bhysical mixtures differed Significantly among ‘themse-lves, for
pods/plot during all the seasons, for yield/plot during fir‘st and

third seasons and did not differ for level .of aphid resistance.

The two, four way mixtures did not differ for their level of
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Téble 3 Anal. sis of variance for' s/ lot ield/plot and ler el. of hid m
B ' physyica.l of ot o pod plot, ¥y /p v apl in a set of purelmes and
. . Mean squares
s°“"‘4c°f‘ ‘ ‘ - df o ) " Pods/plot ' Yield/plot ) " Level of aphid resistance
: - ’ S Season I Season II Season III Season I Seeson II Season I Season I Season II Season I
Replications - o 1 2232.00  728.00 33487.99 . 0.18 . 0.04 0.03 32. 14 42.09 21,38
% =8 s . -l . L, . -
. Treatments . S 18 "124121.32 92755.56 84267.99  0.40 0.62 . O. u 451, 28 75,37, ~ 23.29
’ L d . . o L) =
Purelines : S - 27192, 50 215103.51 171766. 99 0.76 1.74 1. 10 - 1604. 92 236.09 - 80.31 .
: . .- ' . - . . .
Physical ‘mixtures .. 13 . . 142830. sa‘ 61248.62 63748. 92 0.32 ' . 0.31 0. 23 95.56  21.69 .  3.92
. ‘ : . b . b4 ) * L . i
2 way mixres © -~ 5 171003.50 9790.80 89461. &% 0.23 046 0.3 . 1490  7.71 0.82
=i . : o . ’ . ’ - ' s - ' - -
Resistam lines within D2 167537.99 18493.00 221827.00 ~ 0.13 1.08 0.78 . 7.9  14.58 - 1.65°
. 2 way mixtures . ) : ) S + ‘
. . L s . . . . » Y ; - . »
__ Suscepts within . © 4 . 357766,01  4372,00 ' 2324.00. . 0.28 . 0.11 0.08 2.09 8.33  0.63
: 2 ‘Way '.sz’ttu‘es PR S G Er = E R R R e L o RS R~ g ) A ‘
Resistanc Lines x. . 2 . 31087.99 - -3798.00  665.00 ~ 0.33 "5,01 0.00 - 28.25 0.52 ° 0.08 -
suscepts - e . : ‘ . i : .
: . E L L 2 . © o . R . .
3 way mixtuces '3 -69797.60 26551.60 73560.40 - 0.40 .11 ° 0.35° - 50.97 . 6.88 2.19
R : . - .. E
© 4 way mixtures. ] - " -97583.99 10303.00 10000.00 - 0.10 .  3.07 3 6.25 0.39 0.00
' . . . : e . ‘a o Toa .
3 way-vs bway’ mixtures: . - 1. - - i 35751.99-166616:00....2704.00. .. 0.02. . 3.38. . Q.04 . . 1S2.36 . 35.85. 10.35 -
B . [ ’ o i 2w - L ss o . .am us . . oe H
2 way mixtures vs 3 and .© 9576.00 387600.02  920.00.  0.88 9.88° - 0.8 . 754.31 173.23 . 26.03
4 way mixtures . . . ; 4 - . o - B , : . ; v
. hvsical ‘ . ' P o - ) ' .o . o, L R =
Purelines vs physicalt - . 1- . 14849.01 . 928.00 .1024.00.  0.01 0.14. = -0.00 - 461.06 * 130,31 46.28 -
mixtures A ) e . N e . o . . L
Error C IR  o755.56. 4591.11° 4911.11 ' 0.05° :0.05  0.03 22.51  6.43  3.60
ceo (P =0.03 207.52  142.36  1467.26  0.46  0.46 0.3% 9.7 . 5.33 3.99
© 0 ® P = 0.05 )
' o == p = 0.01. oo
i -
S
) .



134

- aph1d re51stance durlng three seasons The _,'two way m‘ixture_s( when
compared with three or four way mtxtures; significant differences
were observed as a whole for y1e1d/plot dur1ng all seasons, pods/
plot dur.ing second season and 1evel . of aph1d re51stance durmgv
' all the th"ree | seasons .>

'ii) Observed and’ expe’cted pe’rt‘or%mance'omc pureli‘nes.and two, three:

and four compone'nt rriixtures o
~ Pods/plot

Pods_/plot ranged from’ 1197 5 (R ) to 2178. 5 (R ) in pure-
" lines . (Table 36). In mixtures,_ the rango was from 991 pods/plot

in RZR to 1885 in R3S dur1ng first season- The tw.o way mixture

372 1

dev1ated to an extent of 7. 47% over the expected values,'

R3 1

had they been grown as monocultureS Durlng second season, the

4 ‘way _mixture R1R2R3S1 dev1ated by an extent of 21. 76% oveF-

the expected ‘values. The _pods/plot decreased in 8 out of 14
' mlxtures., Dur1ng th1rd season,_ the purellnes ranged in pods/plot
from 1213.5 in R, to 1965.5 1n Ry The ‘mixtures ranged from
1225. 5 pods/plot (R4R 251) to 1756 pods/plot (RsSz) Durlng third

season,’ six phy51cal m1xtures~:: .h_ad lower number of “pods‘/plot

‘compared -to the expectations, had ‘the-y been grown in pdrestah.d.

vield/plot (kg)

In purelines, y1eld/plot ranged from 3. 085 kg (R ) to 4, 593

kg ‘(SZ)’ during ,first.sea_sﬁon a(Table 37); in m1xtures, the range

AY
cod



“Table 36 Observed and ekpected performance 6f purelines and two, three and four égﬁponent mfxtures in cowpea for pods/plpt

Season I'.(August-October 1983)

Season 1T (November 89-February 90)

Séason ‘III (June-August 1990)

f

Treatments . Observed Expected O-E  Deviation ~Observed Expected ' O-E Deviation Observed- Expected O-E. Deviation
 mean. mean (%) - - medn mean ° (%) - mean mean (%)
. - {0) (E) ) (0) (E) . (0) (E) ’
R, - 1277.50 ‘ 1548.00 1299.00 -
R, 1197.50 . 1178.50 1213:50
R, . 2178.50 2087.00 * 1965.50
s, ,1320.50 - 1598.00 1416.50
) 1322180 e 515650 ¢ ali e e e, L M859.00 s e s e
RSy | 1346.00 - 1303.50  42.50 73.26  1469.50 1573.50 -104.00  -6.61 = 1479.00  1357.75 121.2%' 8.93
RS, 1003.50  1300.00 = -296.50  -22.80  1544.00  1652.75 -108.75  -6.58 . 1482.00  1379.00 103.00.. 7.47
R,S, 1308/50  1263.50  45.00 . 3.56 . 1374.50 1388.25  -13.75 . -0.99 . 1245.00  '1315.00 -70.00 -5.32
RoS, 1246.50. - 1260.00  -13.50 -1.07  1447.50 . 1467.50. -20.00  -1.36 1271.00 ,1336.85. -65.25 -4.88
R3Sy - ©1885.00 - - 1754.00.- .- 131.00"~ . 7.47..1559.00""..1842.50. . ~283.50 . <15.39.. 1701.50_ . 1691.00  10.50 . 0.62
R3S, 1253.50  1750.50 ‘ -497.00  -28.39. 1526.00° 1921.75 . -395.75 -20.59 1756.00 - 1712.25  43.75  2.56
RiR,S, - 1320.00  1268.17 51.80 4.09  1654.50 ,1441.83 212.67 -~ 14.75'  1225.50 . 1309.67 -84.17 -6.43
RR,S, | 897.00 126583 -368.80 . -29.14. 1401.00  1494.67 -93.67 " -6.27.  1285.00 13?3'.33 ~38.83 . -2.93
. RRyS, 1570.50  1595.16  -24.66." <1.55  1769.00 1744.67  24.33 = 1.39 . 1708.50  1560.33 148.17  9.50 .
RiR3S, 991.00 1592.83 -601.80  -37.78 1732.00 - 1797.50 - -65.50  -3.64 ~ 1588.50  1574.50 14.000  0.89
RyR3Sy . 1609.00  1568.50  40.50 2.58  1735.00 1621.17. 113.8%° 7.02 1603.50  1531.83 71.67  4.68
RyR3Sy 1267.50  1566.16 ~-298.67 ~ -19.07 .° 1702.00 1674.00 ' 28.00 1.67 1502.00  1546.00 =44.00 -2.85
R;RyR3S, 1549.00 ~ 1495.75  53.25 .  3.56  1952.00 - 1603.13 348.87 ~ 21.76  1504.50 ' 1473.63 . 30.87 2.09
R R,RSS, 1221.00  1494.00 -273.00 © -18.27  1850.50  1642.75  207.75 [12.65 1405.00  1484.25. -79.25 -5.34
SEm: L 69.84 47.52 . 49.54 '
. CD (P = 0.05) = 207.52 142.36 L .24
: . ) : 5
. _ R, .= Vs 452; R, = Vs '350; Ry = Vs 438 o .



Table 37. Observed and expected performance of purelines and two, three and four component mixtures in cowpea for yield/plotkg) |

Season I (August-October 1989) Season II (November '89~Februery '90)  Season III (June-August 1990)
Treatments Observed Expected 0O-E Deviation _Obser'ved Expected 0-E Deviation Observed Expected 0-E Deviation
mean mean %) - mean mean (%) mean mean (%)
{0) (E) (o) () (0) (E)
R, 3.615 4.045 - 3.963 , ’
R2 . 3.085 . 2.425 2.775
'R3 3.290 : 4.136 3.750
‘S‘I 4.138 4 425 4.{&13
-S2 g’ -+ 4,593 ) 4.895 4,715 ‘
RIS,‘ 4,098 3.877 0.221 ‘'5.700 4,059 47235 -0.176. -4.160 4,265 4.188 1 0.077 1.840
3152 3.603 4,104 -0.501. -12.210 4.364 4,470 ~0.106 -2.370. . 4.388 4,339 0.049 1.120
RZS‘I 3.500 3.612 =0.112 -3.100 3.413 3.425 -0.012 —3.%50 3.505 3.594 -0.089  -2.480
RZSZ . 3.925 - 3.839 07086 2.240 3.498 3.660  -0.162 -4.,430 3.680 3.745 -0.065 -1.740
’ R351 4,483 3.714 0.769 20.710 4.359 ,\14.281 0.078 1.820 4.285 4,082 0.203 4,970
R352 3.723° 3.94.2 -0.219 =5.560 4.546° 4.516 .  0.030 © 0.660 4.475 4.'2.33 0.242 .5.717
?1R251 4.058 ‘ 3.612 o 0.443 12.320 3.558 -3.632 -0.074 -2.040 3.625 3.717 -0.092 -2.480
?,IRZSZ 3.282 - 3.764 - -=0.482 -12.810 “.3.560 3.788 -0.228 -3.020 3.447 3.818 -0.3717 -9.720
3._IR3S1 3.920 3.681 0.239 0.649 4,013  4.202 -0.189 -4.500 1&.15’5' - 4,042 0.113 2.800
?.‘R352 3.138 3.833 -0.683 -38.130 4,104 4.359 -0:255 -3.850 4.072 . 4,143 -0.070' -=1.710
:ZRBS'l - 3.760 3.5 0.255 _7.310 3.689 3.662, . 0.018 0.1490_ 3.»713 . "3.646 0.070 1.840
'-'.ZR352 . 2.990 3.656 -5.666 --18.220 3.821 3.819 \0.002 0.050 3.665 3.747 -0.080 -2.190
:‘IRZR3S1 ' 3.765 3.532 0.233 6.590 3.302 3.7758 ' 10.456 -12.130 3.965 3.725 0.240 6.440
=.1R2R352 3-4?5 .- 3.646 —0.191. -5.240 3.568 ] 3.875 -0.307 -7.920 3.350 3.801 -0.450 -11.870
SEm: 0.157 . , . 0.157. : 10.115
@ (P = 0.05)  0.465 . - _ 0.465

0.355

= Vs 438

R, = Vs 552; F{2 = ~Vs 350, R3
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was from 2.990 kg (RZRSSZ) to 4.483 kg (R3S1'); The. two way

mixture R351 deviated by an extent of 20.71% over the. expccted

valués, had they been grown as monocullures. During second season,
the yield/plot ranged from 2.425 kg (RZ) to 4.895 kg (SZ) in

purelines and from "3.302 kg (R'1R2R3S1) to 4.546 kg (R352) in,

mixtures. Yield/plot decreased in 10 out of 14 mixtures. During
third season, the. pur‘eliﬁes yielded 2.775 kg (Rz) to. 4715 Kkg

(SZ) 1232

The 4 way mixture R1R2R3S1 deviated by 6.44% over the expected

values and 8 out of 14 mixtures deviated .in positivé direction,

and mixtures yielded 3.350 kg (R.R,RyS,) to 4.475 kg (R3S'2).

from the expected values.

Level of aphid resistance

Level, of aphid resistance ranged from 76.88% (R1) to

‘95% (R in resistant purelines and 31.88% (52) to 40% (51), in

3)

susceptible purelines (Table 38). Among the mixtures, the level

of resistance ranged from 64.38% (R1S1) to 85% (R1R2R352) during

first season. All the ’physical mixtures deviated in a positiveA

direction from the expected values. The two way mixture ((§152)
. 1

deviated by an extent of 26.43% from t‘he'expected values. The

three way mixture (RzRéS deviated by 15.84% _and four way

9)

mixture (R1R2R352) deviated by 17.24% during first season. Level

of aphid r*esistancé, ranged from 86.25% (R1) to 94.38% (Rz) among

the resistant pur‘elinés and the level of resistance was  72.5%



Table 38 Observed and expected performance of purelines and two, three and four corﬁponent mixtures in cowpea for level of
aphid resistance ) :

Season 1 ,(August-bctober 1989)

Season II (November '89-February '90) Season II1 (June-August 1990)

Treatments .
Observed Expected.  O-E Deviation DObserved Expected 0-E Deviation Observed Expected 0-E Deviatian
mean mean (%) mean mean mean mean %)
. (0) (E) (0) (e) . ’ (0) (E)

R1 76.88 86.25 97.50

R2 86.25 94.38 100.00

Ry 95.00 .93.75 100.0_0_

S1 40.00 72.50 88.75

52' 31.88 72.50 86.88

R1S1 . 64.38 58.44 5.94 10.16 - 81.87 79,38 2.49 ©3.14 95.63 93.13 2.50 2.68 -
R152 68.75 54.38 14.37 26.43 84,38 79.38 5.00 6.30 95.00 92.19 2.81 3.05
R251 72.50 ;1  63.13° 9.37 “14.84 .-86.25 - 83.44 -2.81 3.37 .96.88 94.38 - 2.50 2.67
RZSZ 66.25 59.07 7.19 12.17 , 87.50 83.44 4.06 4.87 96.25 93.44 2.81 3.01
RSS1 68.13 67.320 0.62 0.92 85.00 83.13 1.87 2.25 96.25 94.38 1.87 1.98
Rasz. 67.50 63.44 4.06 6.40 86.25 83.13 3.12 3.75 98.13 93.44 4.69 5.02
R.leS,| 72.22 67.71 4.31 6.66 50.00 .84:38 5.62 8.66 96.13 95.42 0.71 0.74
R1R252 69.68 65.00 4.€8 - 7.20 90.00 84.38 5.62 - 8.66 97.50 94.79 2.71 2.86
R1R351 79.17 70.53 8.34 12.09 88.13 84.17 3.96 4.70 96.53 95.42 1.21 1.27
R1R352 75.35 67.92 - 7.644  10.95 86.25 .84.17 2.08 2.47 97.50 94.79 2.7 2.86
F412R3S1 81.34 73.75 7.39 10.29 91.25 86.88 4.37 5.03 97.50 96.25 0.80 0.83
' R2R352 82.29 71.04 11.25 15.84 90.63 86.88 3.75 4,32 98.75 95.63 3.12 3.26
R1R2R351 82.50 74.53 7.97 10.69 93.13: 86.72 6.41 7.39 99.38 96.56 2.82 2.92
R1R2R352 85.00 72.30 12.30 17.24 92.50 86.72 5.78 6.67 99.38 96.10 3.28 3.41
SEmz 3.37 1.79 1.34

cD (P = 0.05) - 9.97 5.33 3.99

17 Vs 452; RZ Vs~ 350; R3 = 438
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!
! N

in both the susceptlble purellnes,dur‘lng second ' season. The two.
~componént mixture (R ) dev1ated by - an' extent of 6. 3%, the three

component mixtor‘es (R 21 and R1R 52)1 dev1ated by 8.66%. and

four component mixture (R1R2R3S1) by 7."39% Dur‘1ng third season,

the two co'mpOnent 'mixtur‘e (R3 2) dev1ated by. an extent of 5. 02%,

the three component ‘mixture (R2R352) dev1ated by an extent of

.’3 26%,and four component mixtures (R1R2R352) by 3.41%. _All the

’physmal mixtures °. had bett’er“‘ advantages over monocultur‘es; for .

level of aphid res1stance dur‘mg all the three seasons

S 111) Assoc1at1ve ‘ability analy51s in a set of 50 .50 physmal mlxtur*es

(two component mixtures) of cowpea .-

Data from' monocultures ‘and- physical m"ixltur‘es_ were anaiysed' -

"to find - out general ~associative ability\;v' and speciﬁf:ic: associative =

- ability effects.
Pods/plot .

The hlghest a55001at1ve ability (gaa) was r‘ecor"ded'.in ‘R3

A,dur'lng all the three seasons (228 75 '55. 75 and 239 67) (Tauble 39).

The lowest gaa value _was recorded by R (—165 75) 'dur‘ing fir‘s_t

and R2 dumng second ( 75 75) and thll"d ( -231. 08) seasons . Among :

the two ‘susceptlble _11nes, ‘51‘: had hlgher‘ gaa effect dumng f1rst

‘seasqn (172.67) and 52 durihg second :'(19.-08) and thll"d (13 92)

. ‘'seasons.



Table 39

Estimates of .g’ener‘aly associative ability (gaa) effects of resistants and suscepts

Level of
Pods/plot Yield/plot aphid resistance
Season Season Season Season Season Season Season Season Season
I II III I II III I II Ii1
Resistants
R1 -165.75 20.00 . -8.58 . -0.053 0.172 0.227 -1.354 -2.083 -0.708
R, -63.00 -75.75 -231.08 -0.146 =-0.584 ~0.507 1.458 1.667 . 0.342
R3 228.75 55.75 239.67 0.199 - 0.412 0.280 ~0.104 0.417  0.167
SE (gi) 103.76  71.18 73.62 0.233 0.233 0.170 4,98 2.66 1.99
SE (gi-gj) 146.74 100.66  104.11 0.330 ~0.330 0.242 7.05 3.77 2.82
Suscepts .
S, 172.67 -19.08 -13.92 0.153 -0.096 -0.081 0.42 -0.83 0.23
,S2 -172.67 19.08 13.92 -0.153 0.096 0.081 ~-0.42 0.83 -0.23
SE {gi) 177.99  58.12 60.11 0.189 . 0.191 0.132 4.07 2.18 1.63
SE (gi-gj) 119.81  82.19 85.01 0.269  0.269 0.198 5.76

3.08 2.30
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" The highest saa effect was manifested by R:,’S1 during fir‘st)'

(143.08) and second (35.58) seasons and by. RS, during third
season (13.33) (Table 40). The lowest saa was recorded by R352
during first (-143.08) and second (-35.58) seasons and by R351

during third season (-13.33).

Pod vyield/plot _ ,

Consistently’ high gaa effect was. manifested by R3 during
all the three seasons . (0.199, 0.412 énd 0.280) (Table 39). The
lowest gaa effect was manifested‘ consi‘stently by/ R2 during all
the three seasons (-0.146, -0.584 and —0.50'.7)..An_10r%g the two

susceptible lines S. possessed the higher; gaa (0.153) during first

1

season and S, had the higher gaa during second (0.096) and third

2
seasons (0.081).

The saa effect was maximum  in RZ‘SZ (0.32) Vdur‘ing‘ first

season, in R’1S2 (0.06) dur‘ing'second season andisn R1S1 (0.02)

dur‘invg third season (Table 40). R251 had the minimum saa effect

during first season (-0.32), R1S during second season l(—0.0G)

1

and R1S2 (-0.02) during third season.

Level of aphid resistance

During all the three seasons, the line RZ had the highest

values of gaa effect (1.458, 1.667 and 0.542) (Table 39). The



Table 40 Estimates of .specific associative ability (saa) effects

' Level of

des/plot ) 'Yield/plot aphid resistance .
Season Season Season Season Season  Season Season Season Season

I II T III I . 11 111 T IT II1

R151' -1.42 -18.17  12.42 0.09 -0.06 0.02 -2.60 -0.42 0.08
R1S2 1.42  18.17 =12.42 . -0.09 0.06 -0.02 . 2.60 ° 0.42 -0.08
RZS1 -141.67 -=17.42 0.92 -0.32 | d.O5 —9.01 S2.71 0.21 ~ 0.08
R-Z'SZ 141.67 17.42 -0.92 ‘0.32 0.05 0.01 -2.71 . =0.21 -0.08
R3S1 143.08 35.58 -13.33 0.23 ‘.0.60 —‘0.01. ~-0.10 0.21. -0.17
R352 -143.08 -35.58 13.33‘ - =0.23 0.00 0.01 ©0.10 —0...21 0.17
SE (Sij) 146.74 100.66 104.10 0.33 0.33 0.24 7.05 3.77 2.82

SE- (Sij-Ski)

207.52 142.24 147.24 0.47 0.47 0.34 9.97 5.33  3.99
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lowest gaa effect was ‘r‘ecor‘ded consistentlly. py R1 during all the
tl'/lr‘ee seasons (-1.354, -2.083, -0.708). S, had a high gaa effect
during first (0.42) and thirl‘d.(O.23) seasons and S2 (0.83) during
second séason, among, th;e susceptible lines. |

The mixtures RZS1 (5.71), R1S2 (0.42) and _R352 (0.17)
possessed high saa effects during first, secon'd and third seasons
respectively (Table 40). The low saa 'effects were .manifestéd by
RZSZ. (_—2.'71), R1S1 (-0.42) and R351 (_0'17), during first, second

and third seasons respectively.

iv) General ‘coexistence abii_ity and mean performance of three
resistant and two susceptible cowpea lines in purestand and in

mixtures \

The gener‘al qoexiste_nce ability of three resistant (R1,

R and R

) and two susceptible (S, and S
2 3 :

1 2) cowpea lines for

pods/plant, yield/plant and level of aphid resistance were calculated

and are presented in Tables 41, 42, 43,
Pods/plant
The GCoA estimates of all the purelines except S1 (1.02)

were below one’ durihg first season (Table 41). During second

V2
were greater than one and that of S1 (0.98) and S2 (0.84) less’

st

season, t\he GCoA esti['nates of R1 (1.08), R, (1.19) and R3 (1.03)



Table 41 Meaﬁ performance and general coexistence ability (GCoA) estimates of different genotypes in
pure stands and in mixtures for pods/plant -

‘Mean performance General coexistence ‘ability
Genotypes ! Stand - - .
Season I Season II Season 1II Season I Season II Season III Mean
Vs 452 : Mixture 15.36 - 20.94 16.05
(Ry) Pure 15.97 19.37 . 16.24 .96 . 1.08 .99 1.0
Vs 350 Mixture 14 .81 17 .54 15.28 - .
(Ry) ' Pure 14.97 14.74 15.17 10.99 1.19 1.00 . 1.06
Vs 438 Mixture 24.23 26.82 25.24 _—
(Ry) Pure 27.24  26.09 24.57" 0.8~ 1.03 0.99 0.97
Kanakamony ' Mixture . 16.93 19.53 17.32 ,
(Sy) | Pure © T 16.62 19.908  17.71 1.02 . 0.98 0.98 0.99
Pusa Komal Mixture 9.61 18.43 17.12 .
(Sy) Pure _ 16.53 -~ 21.96 18.24 0.58 0.84 0.94 0.79




Table 42 Mean’ performance and general coexistence ability (GCoA) estimates of different genotypes in pure
.stands and in mixtures for yield/plant ‘

: Mean performance , General coexistence ability
_ Genotypes Stand ‘ ;
: Season I Season II Season III.Season I Season II  Season III Mean

Vs 452 ' Mixture : 52.27 50.51 48.54 '

(Ry) Pure 45.19 50.57 49.54 116 1.00 0.98 1.0
Vs 350 A - Mixture 40.49  29.79 31.06 : |

(Ry) Pure  38.57 30.32 34.69 1.05 0.98 0.0 0.98
Vs 438 . Mixture 52.02 53.38 52.37 o

(Ry). ‘ Pure - 40.94 51.70 46.88 1.27 - 1.08 112 0 1.4
Kanakamony Mixture 51.25 53.87 55.91 _

ST Pure 51.72 - 55.32 '55.16 0.99  0.97 1.01 0.99
Pusa Komal ' Mixture 31.63 55.01 55.45 ' :

(S,) | Pure 57.41 61.19 . 58.94 0.55 0.90 0.94 0.80

'




Table 43 Mean per‘for*mancAe and general coexistence abilify (GCoA) estimates of different genotypes in pure
stands and in mixtures for level of aphid resistance '

Mean performance . General coexistence ability
Genotypes ' Stand - Mean
: Season I Season II Season III . Season I Season II Season III
Vs 452 Mixture . 82.54 89.44 97.26 ,
(Ry) Pure ’ 76.88 86.25 197.50 1.09 1.04 1.00 1.04
Vs 350 . Mixture 188.98 95.58 99.77
- (Ry) Pure 86.28 94.38°.  100.00 1.03 1.01 1.00 1.01
Vs 438 Mixture 93.11 96.04 99.77 : o
(R3) , Pure 95.00 93.75 100.00 0.98 1.0z 1.00 1.00
Kanakamony Mixture 54.30 . 78.00 95.03 _
(5 Pure 40.00 72.50 88.75 1.35 1.08 1.07 1.17
Pusa Komal Mixture 52.46, 81.58 ‘94,32
(S, ‘ 1.65 1.13 1.09 1.29

2) . Pure ' 31.88 72.50 86.88
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than ‘unity.  During third }seas__on, the GCoA: of- the -'line. R, - only
" was greater than unity'“ (1. 01)3 Considering all the seasons together

the GcoA of S1 was 0 99: the GCoA of - R3'was 0.97, and that of".

RTAWas 1.01. The GCoA. of RZ was 1. ()() and that of S2 ‘was below
unity” (0.79).

- Yield/plant .

For .yield/plant, R (1.16), R, ;(1.0,5) and R, (1.27) had

1 3
t_the‘ 'GCoA estimates greater than one, S .“had 0.99 and 5‘2' had
l-e’ss'than one (0.55) durlng f1rst season (Table 42) During ‘second

7

‘season, the GCoA was 1.0,' O:'.98, 1,03,: 0. 97 and O 90 -and durmg
lthll"d season the GCoA was 0. 98 0.90, 1.12, 1.01 and 0.94 respect—r
1vely for R1 Rz, 3, S1 and S2 " Howevery consider"ing the .mean

1

_ 1 .05 and R3 1‘.‘14."The GCoA’oté ‘52 (0.80) was. less than unity.

o

" GCoA  over all the seasons, S, had ‘a GCoA of 0.99, R, 0.98, R,

Level of ‘aphid resistance

For leVel “of aphld re51stance, all the 1ines except’ R3
"(0.98) had a GCoA greater than unity- durlng first season (Table 43).:
During second ‘season, all the llnes had a GCoA greater than unlty

During third season the GCoA of all the re51stant lines were equal

- to one and that of S (1 07) and S (1 09) . were gre,ater, than
un1ty Con51der1ng all the seasons together the. GCoA of ‘R3 _was

unlty and that of both susceptlble 11nes -were greater than unity.
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v) Correlation between obstruction created (%) and level of resist-

ance to aphids |

The 1level of aphid r‘esi:stance during three seasons were
subjected to c_or*r‘elatioh analysis with the obstl;‘uction (%) created
due to blending of resistant ahd susceptible components. .The cér‘ré—
lation coeffig:ients- (r wvalues) are presented id_:_Table 44, There
‘is a significant and - positive cor‘r‘élatibn between .the obstruction
given} and thev resistance dur‘ir:lg all the three seasons.: The
advantage of mlixing, incfea_séd with incr‘eas'ing level of obstruction
created. ‘In mixtures, the lévc_al' of resistance was 'higher‘ than.
the mean le\l/el \of‘ susceptible components gi"own in purestands.
During first season 81% of the variation in the,lle'vel of resistance
is explained by the obstruction given. Dur‘ing_seéonAd and third
“seasons 70% and 69% of the variations r‘espectivély were explained

/

by the obstruction given.

v

Table 44 Mean obstruction (%),. mean. level of aphid resistance
(%) and correlation. between them over three seasons

. Mean Mean level Coefficient Coefficient of
. Seasons obstruction of .resistance of - determination
0 0, 3 . ’
(A;)‘ : _(A;) corr‘elatlons‘ (RZ) (%)
Season I . 60.52 71.83 ©0.89% . 81
‘Season II - 60.52 " 86.97 o.84% 70

Season III 60.52 96.47  0.83% 69
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vi) Pooled analysis of variance for pods/plot, vyield/plot and

level of aphid resistance in a set of purelines and mixtures

The data collected during the Ithr‘ee seasons (August-October
1989, November 1939—Febr~uar~y 1990 ana June-August 1990 were
pobled and aﬁalysed to study extent of- variations dﬁe to treatments,
seasons and treatments x seasons interactions (Table ~ 45). The
treatments were ‘'significantly different (p = 0.0j) for" podé/plot,
yield/plot and, level 01; aphid resistance. The tr‘éatments X seasons
interactions were highly signific;anf (p = 0.01) for pods/plqt and

yield/plot and ‘were not significént for level of aphid resistance.

The mean performance of 19 treatments during the three
seasons for pods/plot, vyield/plot and level of aphid resistance

are given in Tables 46, 47 and 48 respectively.

Pods/plot

Among the purelines, pods/plot. ranged from 1197.5 in R2

to. 2176.5 in R3 during first season (Table 46). Among the

mixtures, two component mixtures Risz had 1003.5 pods/plot .énd

R351 had 1885 pods/plot. Among the. 3 vcombonent mixtures, _R1R252

had the lowest (897) and H1H35-1 had . the highest (1570.5) pods/

plot during the first season. During second and third seasons

had fhe . highest

3

also, Rz'had the lowest (1178.5, 1213.5) and R
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Table 45 Pooled analyses of variance for pods/plot, yield/plot and level of aphid resistance

Sources df , Mean squares
Pods/plot ) Yield/plot Level of aphid
) resistance
Treatments . 18 ' 258708, 43%* 1.16%% 391.,79%%
Seasons 2 : . 691911.98 . : 0.43 . 5863.25%
Treatments x Seasons .36 3 51122 .67%% , 0.15%% - 79.39

Pooled error: 54 - 6393.48 0.04 - 10.90

' D o 0.0']; *P = 0.05
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Table 46 Mean performance of purelines and mixtures for pods/
plot )

Mean perfor-

- Treatments Season I » Season II Season III mance. over
' three seasons

R, 1277 .50 154900 1299.00  1375.17
R, 1197.50 1178.50 ©  1213.50 1196.50
Ry 2178.50  2087.00 © 1965,50 2077.00
s, 1329.50' 1598.00 1416.50  1448.00
s, © 1322.50 1756.50 1459.00 - 1512.67
R,S; 1346.00  1469.50 . 1479.00 1431.50
R,S, 1003.50 154400 1482.00 - 1343.17
R,S, 1308.50 1374.50  1245.00 1309.33
R,S, 1246.50 1447.50  1271.00 1321.67
R3$1 1885.00  1559.00 1701.50 1715.17
R4S, 1253.50  .1526.00 , 1756.00 °©  1514.83
RR,S, 1320.00 1654.50 . -1225.50 1399.00
R,R,S, 897.00 1401.00 ~  1285.00 1194 .33
'R,R,S, 1570.50 1769.00 1708.50 1682.67
RyR3S, | ‘ 991.00  1732.00 1588.50 - = 1437.17
RoR4S, 1609.00 1735.00 1603.50 1649.17
CR,RyS, 1267.50 1702.00 1502.00 1490.50
R{RyR,S, . 1549.00 ,1952.00 | 1504.50  1668.50
R,R,RS, - 1221.00 ~ 1850.50 1405.00 1492.17
SEms= - 69.84  47.52 49 .54 92.31
cD (P = 0.05) 207.52 142.36 147 .24 264 .74

R, = Vs 452; R2 = Vs 350; R3'= Vs 438
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Téble 477 Meah performance of purelines and mixtures for: yield/
plot (kg)

. Mean perfor-
‘Treatments Season 1 Season II Season III _mance over
three seasons

R, 3.615 4.045 3.963 3.87
R, 3.085 2.425 2.775 2.76
Ré 3.290 4.136 3.750 3.73
S, 4.138 . 4.425 . 4.413 4.33
s, 4.593 4.895 4,715 4,73
RS, 4.098 4.059 4.265 414
R152 3.603 4,364 ' 4.388 412
R,S, 3.500 3.413  3.505 3.47
RpSp . 3.925 3.498 3.680 ‘ 3.70
' RS, 4.483 4,359 4,285 © 4.4k
RyS, 3.723 4.546 4,475 4.25
RR,S, 4.058 3.558 3.625 3.75
R R,S, 3.282 3.560 3. 447 3.43
R R3S, 3.920 4.013 . 4.155 4.02
R,R;S, 3.138 4.104 4.072 3.77
R,R,S, 3.760 3.680 . 3.713 3.72
R,R3S, _2.990 _ 3.821 '3.665 3.49
R,RyR4S, 3.765 3.302 3.955 3.68
R R,R3S, 3.455 3.568 -3.350 3.46
SEmz 0.157 0.157 0.115 0.16
CD (P = 0.05) © 0.465 0.465 0.345 " 0.46
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Table 48 Mean performance of pur‘elinesl and mixtures for leve_l

of aphid resistance (%)

Mean perfor-

Treatments Season I Season II - Season III mance over
. . three seasons

: 76..88 86.25 97.50 ~ g6.88
5 ' 86.25 94.38 . 100.00 93.54
3 95.00 93.75 100 ;00 96.25
;- 40.00 72.50 88.75 67.08
s, ’ 31.88 - 72.50 86.88 63.75
R.S, 64.38 81.87 95.63 . 80.63
RS, . 68.75 84.38 95.00 82.71
R,S, : , 72.50 86.25 " 96.88 85.21
R,S, 66.25 87.50 96.25 83.33
R3S, - 68.13 85.00 96.25 83.13
R,S, 67.50 86.25  98.13 ~ 83.29
R1R251' _ 72.22 " 90.00 96.13 86.78
R{R,S, 69.68 - 90.00 97.50 . 85.73
R1R3S1 , T 79.17 88.13 96.63 87 .64
R4R4S, 75.35. 86.25 97.50 86.37
RyRyS, . 81.34 - 91.25 : 97.50 90.03
- =

R, R3S, 89.29 | 90.63 98.75 90.55
R{RyRSS, 82.50 93.13 99.38 91.67
B1R2R3SZ : 85.00 92.50 99.38 92.29
SEmt - 3.37 1.79 1.34 3.64
CDh .(P=0.05) 9.97 5.33 3.99 ©10.43

R. = Vs 452; R, = Vs 350; R, = Vs 438

2 3
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(2087, 1965.5) pods/plot respectlvely Durlng second season among
'th.e‘ m1xtures, - h hlghest pods/plot (1952) ‘_ s recorded by

'R1R2R3S1 and the lowest number (1374 5) was recorded by R251

Durlng th1rd season, the hlghest pods/plot (1756) was recorded""

by R352 and the lowest (1245) by R S1 Con51der1ng all the seasons"::

',together, the‘mean pods/plot was the hlghest (1715 17) in R3S

l

o and the lowest in R251 (1309 33) among the m1xtures A

4Yield/.plotv- T N

A
~

Among the purellnes, the hlghest y1eld/plot was recorded‘

by S (5{.593 kg, 4 895 kg, 4, 715 kg) durlng all the three seasons,

reSp'ectlvely (Table 47) Among the mlxtures," the hlghest y1eld/_
‘plot was recorded by RSS (4 483 kg) dur1ng first' season, 352—‘
o -during- second, 1(4 546 kg) and thlrd seasons (4 475 kg). The lowest‘

was recorded -by RZR?’S2 (2 990 kg) durlng f1rst R1R2R3S1 (‘3 .302

kg) durlng second and R1R2R3S2 (3 350 kg)' dur1ngf third season.

.Among purelmes, the~mean yleld was the hlghest (4~.73’Akg) -in.

S2 "Among the mlxtur‘.es;,» R3S1 (/+ 44 kg) had the hlghest mean -

“'.yiel‘d,lr—and R1R2R352 (3.’46ﬂ.’kg)‘ had the lowest mean yield.

AR T

‘Level. of ‘aphid resistance

: ..'Il'hezv highest_ level of aphld res‘i's'tance.'vyas ‘recorded by '

R3 ‘_(95.‘0%)J\dUring‘-‘ fi‘rst season and RZ ‘(94.38%) dur‘ing> second

o
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seas.oﬁ‘(Table 48).v Both R, and R, recorded 100% r“esistance'dur‘.ihg
third season. Among the mixturés, the four component mixtures
were the highest in the level of resistanqe during all the three
seasons. The mixture R'1RzR3S2 Had the highest level of‘aphid'
resistq;?:ce (85.0%) during first seasoh, th;e mixture R1R2R3S1 had
the highest (93.13%) dyr‘iﬁg second .season and both R1R2R3S1 and’
R.R.,R,S, had 99.38% resistance during thirfd season. |

12372

'
i

vii) Phenétypic stability analyses for pods/plot, yield/plot "and‘

level of aphid resistance

Phenotybic stability analyses as suggested 5y Eberhart
ana Russel (1966) were conducted to estimate parameters of stability
for each of the 19 :cr‘eatments for pods/plot, yiéld/plot and level
‘of aphid resistance (T;':lble 49) . Tréatménts were significantly
differént for yield/plot \_over" the lthr‘ee seasons (p = 0.01).
Seasons were not significantlby different .to, create variations for
pods/plot and yiéld/plot.~ Seasons were significantly different for
level of aphid r‘esistaknce (;:; = 0.05). ~The tfeatments X  seasons
interactions \&ere highly significant for pods/plot and 'yield/plot
(b = 0.01). The significanc.e of difference of regression coefficient
:f.r‘om unity was tested and was significant in treatments R1R352
and R.S, for pods/plot (T:able 50). The deviétion fr‘orﬁ .r‘egr‘ession

31

(Szdi) of each of the treatment was tested from zero and was

 observed significant in R1R352 and R,S,. - The two. dimensional



"R

. Table 49
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Aﬁalysis of variance -for [ahenotypicﬂstability

- Sources

df

Mean squares. .

Pbd/blot o Yielq/ploﬁ*

Tt
[

Level
. aphid

of

"resistance

Treatments
Seasons _
Treatments x
Seasons -

Season +. -

" (Treatment x . '

. Season) ...

Season’(linéah)

Treatments x
_ Season. (linear)

Pooled
deviation

R
R

]
2
3
sy
S,
RSy
Ry3
RoS4
- RoSy |
CRgSp
RS,

RiRa51

RaRgS3

RiRsdy
RiRyS,

RoR334

RyR35,
R.R.R

R1 2R3S1
1RoR35,

Poqled error

18"

36

38

-

18

R

-

- B4

258708.
691911.
51122.

. 84848.

1383872
66415
. 33940.

~'6950.
. 404
-~ 19511
831
2497

© 3913.
35836
' 5822.
" 2094,
8.
93107
41542

- 16659.
1502
Eﬁ4869;
2632
883
34617
7040
: 6393,

43 e
98
67 N

42

.80
.08

08

43"

.89
.69
6
.56

18
52
73

o1,

61

A9
o
46"
.36

81 .

95
61 7
84
22 4

48

0.86
0.24%%

L16%%
0.43
0.15%*

A7

0.01
0.08 -
0.1
- 0.01
0.02
0.02
0.003
10.006
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01 |
0.03
0.23
Q;OZ‘ _
0.04

391,
| 5863.
- 79.

383

11726,
149.

06 - 8.

[4%] . —
S &=

01

- c>yui'o .0 O N o o ol o o =

-—
o

7 9 seske

25%
39.

.81

58"
70°%%

60

7.11
0.07
.24
.27
.65
.89
.16
.98 -
.22
.11
.89
.29
.85
87
.80
.003
.06
.04
.16
.90

“¥p = 0.05; **P = 0.01
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| | e 2
Table 50 Mean and stability parameters (bi, S”di) for pods/plot

Stability parameters

Treatments Mean
bi ‘ - Szdi
R, 1375.17 1.03 | 556.95
R, , 1196.50 -0.08 ~-5988.59
Ry 7 2077.00 ~0.30 - 13118.21
s, 1448 .00 1.00 -5561.62
S, p 1512.67 - 1.62 -3895.91
R.S, 1431.50 . 0.44 -2480.31
R,S, ' 1343.17 1.95 | 20443, 03%*
R,S, : . +1309.33 0.26 - - -570.76
R,S, 1321.67 0.76 -3399.47
R.S, A 1715.17 -1.20% -5581.88
RSS, 1514.83 " 0.96 - 86714.00
RIR,S, . 1399.00 1.30 35149 .02%%
RiR,S, 1194 .33 | 1.84 10265 .98
R\RS, 1682 .67 0.73 ' -4891.12
R,R;S, 1437.17 2.69% . 38476.33%%
RyRSS,  1649.17 0.48 -3760.53
R,RSS, 1490.50 . 1.60 ~5509.87
- P

R R RSS, 1668.50 1.55 28224.%6
R]32R352- | 1492.17 2i36 ' 646.74
SEmz . 92.31

CD (P = 0.01) 355.07

*P = 0.05; **P = 0.01
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Fig. 7.

Scatter diagram indicating mean performance ( p) and regression coefficient (bi) for
5 . pods/plot
4
3 -
15
&
19
@
7
17 5
18
D
12 ®
2]
1 4 .
! @ &
| 9 &1 14
£ ' 16 &
6 3
8 &
)
0 6
3
&
-1 10
®
_2 -
1100 1200 1300 1400 1500 =50~ 1700 | 1800 1900 2000 2t

Mean pods/plot



158

scatter ' diagram (Fig. 7 ) indicatés' that the resistant pureline
R3 has the highest overall mean for ‘pods/plot (2077), and regress-
ion tending to zero (-0.30). :Among the two way mixtures, R351
gave the. highest pods/plot (1715.17) and deviation fr‘om‘regr‘ession
(Szdi) nonsignificant. The regression (bi) was hqwever"significant.
Among the three way mixtur‘es, R1R3'S1 was the most promising

average stable treatment.
Yield/plot .

Treatments were significantly different for yield/plét (Table
49). Among _pureline’s, S2 yielded the highest over the seasons
(4.73 kg/plot) (Table 51). Amoqg‘reéistant lines, R.1 .yielded the
highest (3.87 kg/plot). The treatment R351 yielded 4.44 kg/plot,
the highest among the physical mixtures. Its regression (bi)
deviated - significantly from unity; thougf-w Szdi was hnon-significant.
Among three way mixtures, Rl1R3S1 was the promising with an
overall mean of 4.02  kg/plot, r?egr‘eésion non—s'ignificant from unity
and deviation from regression non—significant. The scatter diagr-am>
‘(Fig. 8_) indicated that R1 is uan avera'gveustable pureline with

. regression tending to one and deviation from regression non-signifi-

cant. Its yield was 3.87 kg/plot.

lLevel of aphid resistance

The 19 ‘treatments were significantly different for level



Fig. 8. Scatter diagram indicating mean performance ( IJ) and regression coefficient (bi) for mean yield
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Table 51 Mean and stability parameters (bi, Szdi) for yield/plot

Stability parameters

Treatments Mean (kg) 5

' bi S°di-
R, 3.87 2.06 -0.03
R, 2.76 ~2 443 0.04
Ry - 3.73 13.33 : 0.07%
s, 4,33 : 1.51 ' -0.04 .
5, 4.73 1.05° -0.02 !
R'151 414 " 0.45 -0.02
R,S, 4,12 4,18 . ' -0.04
RS 3.47 -0.66 . -0.04

271
- e -

R,S, 3.70 o -1.72 0.02
RS, 4 44 -0.90 _ -0.04
RS, 4.25 . 4.22% . -0.03

- sk ) “__'
R,R,S, 3.75 2.48 . 0.03
R,R,S, - 3.43 1.14 -0.03
R,RS, _.4.0; 0.96 -0.03
R,R3S, 3.77 512w -0.03
RyR,S, ' ~3.72 . -0.33 - ~0.04 -
R,R3S, 3.49  3.99% -0.01
' _ e

R R,RSS, , 3.68 -0.37 0.19
R, R R3S, | .3.46 -0.09 ~0.02
SEm: : 0.16

Ch (P = 0.01) : 0.62

*P = 0.05; **P = 0.01
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Plate XIII. Grub of Menochilus sexmaculatus -

Plate XIV. Larva of Ischiodon scutellaris
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of aphid resistance (p = 0.01) (Table 1|V9)'. Ampné purelines, R,
had the highesi level of aphid resistance: (96.25%) ,'over‘ all
seasons i(Table 52). The A euscebt .S, was "the . most susceptible.
Amoné tr‘eat’ments, the four way mixture R1R2R3$2 had the highest
level of resistance (92.29%), deviation from regression A(Szdi)
non;significant and bi s_izgnificantly- different from unity (p = 0.05).
‘The scatter diagram (Fig. 9 ) indicates that the pureline R1 is

'aver‘age stable w1th regr‘essmn tendlng to one and deviation from

regression non-significant. It had 86 .88Y% re51stance to aphids.

E. Natural predators and their identification

The identified predators include two c_occinellids and one

syrphid. The. coccmelllds were Coccmella ar‘cuata (Plate XII-) and

Menochilus sexmaculatus (Plate X‘III). The syrphld was Ischiodon

scutellaris (Plate XIV).

The coccinellids Coccinella ’_ septempunctata, Coccinella

transversalis, Micraspis. sp. and Scymnus spp. were also noted

in the éowpea plots.
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: ‘DISCUSSION

| |
Attembts on exploration of s(ou.r'ce(s) of resistance to aphids
in cbwpea ger‘m‘plasm are ver\ﬁk much 'limited in Indié. Bell (1980)
and Dhanorkar and Daware (12-980)- were the fir‘st ‘to 'ihitiate qu‘k‘
on ident'ificatioh' Iof sour‘ce('s;) of r‘ésistan\ce. in India; Sulochana
(1984) and Jayabpa and 'L'li:hgappa (1988) attempted to identify
cowpea’ lines r‘esis‘ta‘n_t to aphi_ds.l‘ Use 'of host plant r*esistgnce.
in pest manager_nent. in the‘country-has. not come‘fo much reality.
To stnengthén‘ this line of"rjesear‘ch, pr_eseht investigations were
carried out to evaluate var‘iéial 'per‘for‘m.énce ‘and understand ﬁatur‘e
of r‘esis’-cancé, as this'for‘ms the_b‘ase‘s .in ‘br‘eedi'n'g'I for hesistance

to aphids. | |

A.. Identification of éo‘urcé(s)f of resistance to aphids‘ -in = cowpea
\ _ _ .

and estimation of level of resistance

Any breeding pr‘ogr‘am'rﬁe, including one lthat invol\'/es‘ host-
plant resistance to pathbgéns or vectors, must -begin with
extensive sér‘eening of 'gér‘mplasm. Success in ‘identifying resistant
source(s) is directly” reiated.‘to diver‘sity'— of gerﬁplasm avajilable

and probability of Eesistancé occurring in the host populations.

In initial stages of a screening programme, . quicker easier

and reliable techniques are. desired to reduce the bulk of entries,



163 .

~and to e11m1nate potentlally susceptlble accessions. Two hundred
'and four cowpea accessions 1nclud1ng exotic and 1ndlgenous collect—
1ons were evaluated for resistance to aphld under field conditions.
\The populatlon build up of¢ aphlds in dlfferent cowpea accessmos
was con51dered as the crlterlon to assess resistance. Observations

1

on aphid infestation were recorded at frequent intervals in all
varieties and estimates of aphids were made by counting,and
, ratihg on a 0-2 scale.' Evaluation of cowpea germplasm for Iabs:olute
number‘ of. aphids is not plossi.b,le' particul_arl‘y when testing is
done under ' heavy natural. infestation. Assessment of -varietal
performance was on relative: basis. Similar rating for resistance
based on aphid- p'opulat;lon was. followed_earlier 'b>y Ortman et al.
(1953); Banks (1954); Sa1n1 and Chabra (1968) Dahms' (1972) and -
Sulochana  (1984). Hanifa ot al. (1973) con51dered field. bean
cultivars as resistant, if they had less- than 104 _aphids/2;5' cm
length_ of terminal ‘shoot, vﬁmile other cul’rivars were taken Aas‘
'susceptlble Cowpea varieties with less than‘ one foliage damage
index only were de51gnated as re51stant to aphids and the rest

were treated as susceptible by Karel and Malinga (1980).

Bas'ed on preliminar-yf’evaluations of 204 lines under natural
field condltlons durlng eleven seasons, three‘, six and two lines

fallmg in 0, 1 .and 2- scales respectively . were - selected and

evaluated rigorously to confirm their host response. .Counts of .
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»aphidr_.,..populati.on build up on the terminal shoots, terminal leaves,
flowers and pods were téken, and they were r‘ate‘d into 3 groups
- low, medium and hig}l’l. In the group rated -as resistant, number
of aphidsAon .ter‘minal shoots ranged from 20.3 »(Vs 452) to 22.7
‘(Vs 350), in the moderately resistant group, it ranged from-33.4
(Vs 307‘) to 86.3 (Vs 456) “and in susceptible group 504.6 (Pusa
Komal) to 596.5 (Kana’kémony). On terminal leaves, fché ranges
were 10.2 (Vs 350) to 26.6 (Vs 452) in resistant group, 39.8; ('Vs
458) to 76.7 (Vs 457) in moderately resistant .an.d in the
susceptible group, ‘the r‘ange‘ was Trom 826.5 (Pusa Komal) to 912.7
(Kanakamony). On flowers, the ranges were 6.9 (Vs 438) to 28..5
(vs 452), 12.1 (Vs 457) to 35.1.(Vs 306) and 96.1 (Pusa Komai)
to 108.2 .(Kanakamony) in the resistant, mpdératély resistant and
susceptible groups, respectively. Ranges of aphids on pods were
10.4 (Vs 438) to 19.9 (Vs';4‘52), 22.0 (Vs 147) to 77.6 (VS.307)-

and 842 (Pusa Komal) to 910 (Kanakamony) on resistant, moderately

resistant and susceptiblé groups respectively.

The repeated resistant behaviour of the three cowpea‘
accessions Vs 350, Vs 438 and Vs 452.(Plate XV~XVII) confirmed ‘their,
resistance to aphids. Based on consistent host responses, three
resistant lines V5‘350, Vs - 438, Vs 452, six moderately r*esistant'
lines (Vs 306, Vs 307, Vs 147, Vs 456, Vs 457, Vs 455) and two

susceptible lines -(Kanakamony and Pusa Komal) were selected and
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Plate XV. Vs 350 - A cowpea.line resistant to aphid

Plate XVI. Vs 438 - A cowpea line resistant to aphid






Plate XVII. Vs 452 - A cowpea line resistant to aphid
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further evaluated under _lﬂl’irﬁ conditions. Aphid population
multipli'ed at varying rates among the cowpea accessions. Multipli-
cation rate in aphids ranged from 34.8 to 52.6 by 10 DAI. and
86.4 to 143.2 by 15 DAI in the resistant group. In the moderately
resistant gr‘oﬁp; multiplica'tic")'n ,réte véried from 56.2 to 84.0 by
10 DAI and 176.2 to 292.6 by 15 DAI. Rate of rhultiplication was
the highest in the hig.hly. susceptible 'gr‘oup. On 10 DAI, the
'pobulation ranged from 187.6 to 208 and at 15 DAI it Wag 627.6
to 714.6. Apparently, the céwpea lines showed their suitability/
unsuitability for feeding arjd' breeding. Among the eleven lines,
the three lines Vs 350, Vs 438 and Vs 452. restr‘ict'edA a'phid
multiplication oncet again pfoving that these accessions did r)‘ot.

form ideal hosts for growth and multiplication of the aphid.

"Results in the present studies agree - with earlier reports
(Singh, 1977; Dhanorkar. and Daware, 1980; Sulochana, 1984;.
Manawadu, 1985; Jayappav and Lingappa, 1988) sAhowing var'ietal.
differences in susceptibility ‘ of cowpeas to field infestation by

Aphis craccivora. The accessions Vs 350 (v-16) from Assam, Vs

438 (NI 778 IND) from Belgium and Vs 452 (P-912) from Bangalore -
were the least infested byj éphids in natural field conditions and
were confirmed as resistant in the succeeding field and in vitro

studies. The lines Vs 306 (v-1) and Vs 307 (PI- 476) from Tamil

Nadu Agricultural University, Vs 147 (TVu 1889) from Nigeria,
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Vs 456 (Icv-10), Vs 457 (Icv-11), Vs 458 (Icv-12) from Kenya

were moderately resistant in the field and in in vitro':studies.

The line P 912 .'(\[s.. 452) reported resistant by Jayappa
and Lingappa (1988) wés resistant to aphids in the present studies
as well. Singh (1977) ar;d Jayappa and. /Lingappva- (1988) -stated
that TVu 2740 was resistant to aphids. The present study did
nbt corroborate this ‘obéer‘vation, the line TVu 2740 /S/was
susceptible to aphids. The line PI 476 reported- resistant by Bell
(1980) and Dhanorkar and Daware (1980) and moderately resistant
'by Jayappa and ‘Lin.gappa (1988) was observed moderately resistant
in the  present studies.. Cdﬁtrar‘y to the reports of Jayappa and
Lingappa (1958) about resistant responses in cowpea lines -
Mandya Local and MS 370, the current study revealed their
suéceptible responses. The‘ line TVu. 410 lwas _highly susceptible
in the presehi evaluationsr contrary to the finding ovf' Karei and
Malinga (1980). The line TVu 3273 observed resistant to éphids‘
by Chari et al. (1976) ‘suc‘cumbed to infestation in the present
study.-Pathak (1988) reported ICV-10, ICV—11, ICV-12 and TVu 310
to be highly r‘esis.tant torapﬁids at Nairobi, Africa. But the lines
icv-10, ICv-11 and I(IZV—12; were oniy moder‘ate}y resistant and
Tvu 310 was highly sus_céptible under the prevailing ’.far‘min.g
condi.tions.' Sulochana (1984) found that the line TVu 1889 was

completely free from aphid infestation on leaves, internodes and
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VS 456 (ICV 10), Vs 457 (ICV 1"1),'; VS 458 (ICV 12) from‘ Kenya

A were moderately re51stant 1n the fleld and 1n in v1tro StUdleS PRI

: T-hv‘ linev P 912 (Vs 452) reported wre51stant! by Jayappa
-and Ltngappa (1988) was re51stant tol” aphlds 1n the present studles S
zas’ .well- Slngh (1977) and Jayappa and L1ngappa (1988) stated
that TVu 2740 was res1stant to aphlds.: The present study d1d

; “:no,tli’ corroborate - thls - observatlon, »"_the‘ lme ‘TV 2740 E f-b,was;' '

susceptlble 'to aphlds The 11ne PI 476 reported res1stant by Bell N

(1980) and Dhanorkdr andt Daware (1980) and moderately re51stant

by Jayappa and L1ngappa (1988) was observed moderately re51stant
'. 1n the present studles Contrary to the reports of Jayappa and‘
L1ngappa (1988) "about ‘re51stant responses 1n cow-pea llnes ',_—‘
Mandya Local and MS 370 the current study '.Areveaﬁled the‘ir."i

. susceptlble responses The 11ne TVu 410 was hlghly susceptlble ’

".1n the present evaluatlons contrary to the f1nd1ng of Karel and ‘

Mallnga (1980) The line TVu 3273 observed resistant to aphids

by Char1 et al (1976) succumbed to 1nfestat10n in the present -

_study Pathak (1988) reported ICV 10 ICV 11 ICV 12 and TVu 310

to be hlghly re51stant to aphlds at Na1rob1,cAfrlca.,{ But the 11nes

ICV 10 ICV 11 and ICV 12 ‘ were only moderately re51stant and

""'"TVu. 310 Was‘ hlghly susceptlble ‘under 'the' preva111ng farmlng
condltlons.,_ Sulochana (1984) found that the 11ne TVu 1889 was

cornpletely - free from‘ aphld 1nfestat10n on. leaves,f‘ 1nternodes ‘and



167

pods. But this line is rated as only rﬁoder‘ately resistant in the

present studies.

From the above 6bseryations, it is evident that the
accessions r‘epor‘_ted resistant in ‘a particular r‘egion,‘ are not
resistant in another r‘egion'. Differences in performance of specific
accession could be due to v-ar'iatio.h in the biotypes of aphids
involved, nutf‘itional factors, weather factors, alternative hoété/
carriers or the population level in the field. This observation

was supported from the report that, cowpea cultivars resistant -

to Aphis craccivora at  IITA, Nigeria, were not resistant to an
aphia population infr‘oduced from Georgia (Chalfant, 1985).
Br‘eeding; for aphid resistance is a‘ complicated affair as aphids .
are capable of evolving biotypes to overcome host resistance.
Three i‘biotypes of A. craccivora were reported - biotypes- A -and
B in Nigeria and bio'tS/pe K in Upper \(olta (IITA, 1981). .The

’ 4

existence of Aphis craccivora populations with distinct and

different faatter‘ns of pest behaviour in Africa, A.sia. and the USA
emphasizes need for identification of multiple genes for. r‘esistancé.
to aphids in major growing af‘éas where this pest is a potential -
threat to cowpea Crop. Growing multilines each possessing
different resistant gene system would alsé be a functional

alternative.
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Mechanlsm~of evolutlon and development of aphi-d- biotypes
are not fully understood and are open to theoret1cal speculat1ons

-‘ Accordlng to,Nlelson et al (1970), certa1nly the env1ronmentalf.‘

~forces "acting Aupon a g1ven populatlon can ult1mately cause that'i =

i population to. change to meet requ1rements ‘of new env1ronment for,_
urv1val and ~perpetuat10n.. Evolut1on of b1otypes “can also be thev‘

'resultant of grow1ng resistant plants, ' wh1ch prov1de d1fferent1al

v.hosts enabl1ng b1otypes f;to7 be recognlsed . and th‘e, selectlve.’“

pressure for blotypes to evolve The flrst spotted alfalfa aphld}
re51stant cultlvar was Lahontan, Wthh possessed ant1b1051s and."
: anti'>'<enos_'i:s. - However, vlrulent b1otypes : have adapted 1t
'(Nie'lson'and Olse_n, ] 1982) Th1s type of aph1d response can occurf-.‘

ﬂwhenever selectlon 'p’r‘essure is exerted through use of re51stant C

:‘cult1vars (Jlmenez et al 1989) If the host is tolerant to aph1dv‘_ .

f1nfestatton or if 'resi'stance 1s based on -a morphologlcal feature,._"
‘;Abiot’ypesv rarely develop (’G‘a-llun, n 972) | but var1at1ons in host
phvsioljogy affectlng aph1d nutr1t1on, or- the productlon of tox1c7

ﬂsub’stance‘may v/vell be matched by ’equ:walent var1at1on in ablllty'
to surv1ve such features Accordlng to N1elson et al.r .(1-970)'_
development of blotypes of spotted alfalfa aph1d appeared to have
’, resulted d1rectly from the 1nfluence of res1stant alfalfa cultlvars |

An apparent ‘solutlon for : control fo‘f a v1rulent b1otype in -an.

infes‘ted- area, i‘s'. replacement of the cult1var W1th those- vi/hich.r
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have proader‘ base of unrelated . highly - resistant germplasm.
Cultivation of multilines is. another possibility as this may block
rapid build up of differ‘ent biotypes of insects as has been the

case with many race specific 'pathogens like Puccinia graminis f. sp.

tritici causing stem rust of wheat, and Erysiphe graminis f. sp.

hordei causing.powd'er'y mildew of barley.

B. Morphological and biochemical bases of host reaction to aphid

infestation

© Painter (1941) divided plant resistance mechanism to insect
pests \in’;o three categories - preference/non—preference, antibiosis
and tolerance. Plants may be non-preferred  for oviposition,
shelfer‘ or food, pr‘imar‘_ily pecause of lack of essential nutrients
or presence of toxic chemicals or 'due to. adverse physical or
mechanical factors. The term antibiosis is proposed for those
adverse effects on the insect's life history whiéh result Whén
a resistant host >var‘iety or species I1is used for‘m food. Tolerance
refers to the ability of a plant to withstand the damage or
recover from éttack in  spite of supporting the population of
insects that would normally cause greater injury to a susceptible

plant.

Attempts were made in the present investigations to

categorise the mechanisms of resistance, in . the chosen lines, into
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preference/non preference . and _ antriblo‘si’s:'.': - Number | .;of' : aphids\'“
o mtgrated and settled on _ se‘lected‘ cowp‘ea acce551ons, in the f1e1d
| »'and on the - shoot t1p cl1pp1ngs kept 1n a’ comcal flask in the a
"laboratory,i der free ch01ce condltlons were counted There was,

;signihcant dlfference between cultlvars in number of aphlds m1grated'

) “'and colonlzed on the flve cowpea accessmns The l1ne Vs 350

.

"»recorded zero number of aphlds,,_ followed by the rema1n1ng tw0'

accessmns Vs, 438 and Vs 450 both in the f1e1d and laborat_ory'
:ystudles In general ’aphld settlmg reflected non preference, wi_th
fewer aph1ds settllng on res1stant 11nes when mu1t1p1e cho1ce 1s _
f“‘given. Fleld ant1xenos1s has prev1ously been observed in’ faba
- beans- .(Muller, 1958 Tambs Lyche and Kennedy,, 1958) ‘ D1st1nct>:’”-~
dltfer:ences in preferences by aphlds for res1stant and suscept1ble'
cowpea"‘entries were»_'found in glasshouse tr1al by Jayappa and

'-Lingappa’(jgss)‘also;,

Dren51ty‘ of trlchome cover dtffered notably among u‘res“istant} e
‘ and: }susceptible' »li»nes Aphlds colonlse -on tendermost shoot ap1ces*,"
) ‘andl growmg pomts ':’Inf the ”case of re51stant llnes, the tender. :"
r‘egions are protected by profuse cover of sharp tr1chomes of:_'."
'~.‘_m1xed length The sharp pomts can readlly penetrate the softerv
'tlssues of the aph1ds when they‘come in contact w1th them._Smal‘l

'-'aphld nymphs may become hooked 1n any part of the body or

appendages, :whereas thefadult aphlds more often become fastened_ -
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or hooked in the soft tissue of the leg joints (McKinney, 19383
Johnson, 1953) . A' ‘
‘Sever‘a‘l‘-'factor‘s contrlbute 1n causmg 'small -insects to

become 1mpaled. Length of the tr‘lchomes Cin relatlon to insect:

. 51ze is an- 1mpor‘tant factor‘ wh1ch causes 1nsects to become 1mpaled L

‘Whlle[ ' per‘for‘mlng thelr_ : natural movements around plants. Thef‘

:dir*ect : actlon of wind fOrces- soft bod1ed 1nsects on. - to g:lthe »

.tr‘ki,chom"es._y Quick, unnatural movements, as ‘in attempts to escape"
fi"o'm p'arasites. ‘ and pr‘edators’,; ,Flncr‘eases chances ‘ l_o_f' becomlhg
t:r‘app.e_d ,on)' the. sharp - .tr'1chomes Occur‘rence Vvo't:‘»'.mi\xed » sized
trichomes ra'ls:o '-fa\‘/oui" ' th1s type of trapp1ng . Ttuchomes ,as‘ a
,:r‘e51stance factor 1nter‘f‘er‘ej"\lv1th 1nsect ov1p051t1on, attachment to'_%‘
‘the' plant', feed1ng and/ 1ngest10n. The pur‘ely mechanlcal effects_
" of tr1chomes depend on. 1ts den51ty,‘. er‘ect_nes.s,v.’ length and type.
In aphlds wh1ch feed fr‘om phloem, they have to 1nsert the1-r‘~-
stylets deeper 1nto the plant tissue.. But profuse cover of trlchomes‘.-;

may 1mpede feedmg..

Though all the . res1stant llnes were densely pubescent,
- when compared to suscept1b1e llnes, the res1stant llnes dlffered

,among themselves 1n den51ty and size of tr1chomes Hence reslstance

"..'cannot‘ be attr1buted -tof pubescence alone Def1n1tely, it »pﬁl’ays

‘a ‘role;'inﬁ pr‘otectlng‘ grow1ng 'tlps b_y 1;nter‘fer‘ihg in .aphids\
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. locomotlon an'd phloem feedl‘n‘g .Pube"sdence 1s cons'ideredasanonpre—
ference m_echanlsm_, in comb1nat1on w1txh other blochemlcal or other
faotors. .‘This view is'" supported by the observatlons of Bell
(‘1‘980)» - who "a'lso ,reported" more”’ pubescence on aph1d resistant '
:leo,vvpea~ » cuhylti‘vars.v A re51stant plant is s one whlch possesses a ’

complex' of- ’characteristlcs whlch reduce growth rate ot' 1ts 1nsect‘ .

fpopulation .

Transverse sect'ions(‘ of shootgf' aplces from l3rd _'internode
.of'-all covvpea accessmns were‘ observed for arrangement' .‘of~
'vas‘c‘ula)r bundle‘s,‘ thlckness lof cutlcle,> number of layers of cells
‘in) epldermis, thypodermts, ) endoderm1s Aan‘d schlerenchymatous‘»
,,periCyﬂole. _._Nol c—:onsistent' anatomlcal dlfferences -w'e‘re observed o
lbetWeen shoot' t1ps of - re51stant and susceptlble plants, ' except,
for the- highly llgn1f1ed schlerenchymatous perlcycle in the suscept—h ._V
ible lines, in ._contrast .to ,expectatlons Th1s suggests ‘that the
'. basis f(;i» resi'stance does" not -'lie"f ih‘ structural dlfferences\ in’
plantsikr,and llgnlfled : schlerenchﬂyma _:-was‘ not large - ehot;gh t‘o

constltute a b10phys1cal barrler to prevent the aph1d stylets from<

B _reachlng the 1nternal phloem, the feedlng 51te,- as suscept1b111ty

'_'was more “in l1nes wh1ch were more l1gn1f1ed Slmllar results were
- obtained by~ Hackerott .and’ Harvey (1959) and McMurthy and

‘Stanford (1960) ho - demonstrated that re51stance in alfalfa to

'spotted alfalfa aphlds was of a phys1ologlca1 nature rather than -

anatom 1cal .



173

Painter f1§41) . foun‘d "that‘ co'mpos'ition‘ of. a\:/”ailable 'f'ood‘"‘
Tin the host plant plays ‘pos51b1y the most 1mportant role in’
'determlnmg the relatlve re51stance to aphlds Accordlng to . Palnten
- (1951 e 1958), any adverse effect on growth 2 dqevelopment -’and."_
_perpetuatlon of pest- spe01es feedlng‘ on the host “plant may bevv
’affected by (1) deleterlous effects of spe01f1c chemlcals 1nc1ud1ng
";tox1ns (2) lack - of spe01fic food materials in plants (3) differences
in guantltles of food present (4) f‘ood materlals present but for
some reasons not avatlable to the 1nsects and ('5j)’ the presence
.of materlals soA repellent that the 1nsect w111 -not eat ‘th_e -_plant
eyen '_ though t'he- i'plantf 5 w11t apparently support the' life.
Quantltatlve ‘estimations' ‘;of""-important ’:food components, A;'“like
reducmg - sugars, “non—.r‘educing SUgars,-f ftotal 'sugars“,_ protetn,

_‘n1trogen, phosphorus and potassmm were made

The re51stant cowpea l1nesv possessed more reduclng sugars .
| (3. 80 2 40’ 1 12 mg/g - 1n Vs 438) than susceptlble 11nes (1 10,.
0. 92 and 0. 65 mg/g) in. Kanakamony at all stages of maturlty (5
10 and 15 days respectlvely) | In contrast the re51stant ” lines

. ,had only lesser contents of nonreducmg sugars (1 10 1.95, :2.‘69

mg/g) ‘1n Vs 438 at‘all stages of maturlty when compared 'to_f.,

,suscept1ble line (4 53, 4 82 and 4. 94 mg/g) ’Pusa Komal " This
 is of: 51gn1f1cance in v1ew of the report by Auclair (1965) that‘

_he_‘was unabie.' to rear pea aphlds ‘on chemlcally def1ned d1ets‘
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with less than 35% sucrose.. In studles conducted by -‘Barlow and’
| Randolph (1'978)_‘ 'us1ng exudates from severed aphld “stylets,
the only sugar they could f1nd was sucrose. In tomato ‘also, Quiros
‘et al. (1977) reported s1gn1-f1cantly h1gher sucrose concentrat1on

in susceptlble plants potato aph1d (Macrosiphum euphorblae).

i
!
!
!

They found that the
|

glucose tended to be5 lower in concentratlon in susceptible plants.

. These - reports lead to infer that™ avrelatlonsh1p p0551bly ex1sted

"between sucrose_andiapmd»i,‘reactlon. ngher levels of total sugarsv
were recorded in suscept1ble co'wpea 11nes hen : compared to -
resistant lines. ThlS is in: agreement w1th the f1nd1ngs of Malta1s- ’
and- Au_clalr (195'7) -who ;reported that hlgher concentrat1on of .

sugars -in pea -'varieties was -not: preferred by._the_‘ aphld‘.

rest of the sugars espec1ally fructose and‘ g

Acyrthosiphon pisum. ThlS also leads to assume that nutr1t10nal‘4".'.'

/compositlon, particularly . sugars, 'p_lays an’ important role An

imparting resistance to aphids.

. T_otal .nitrogen content did 'n:ot vary significantly - vamong:
cowpea lines. The susceptlble l1ne Pusa Komal ha_d: 'the 'highest*'
nitrogen content (4.08%) among all the l1nes and Kanakamony had
“‘3.88%. Among the re51stant lines . only Vs 350 had hlgher n1trogen',-,
conte‘nt (3.93%) than the susceptlble 11ne Kanakamony Other. two
resistant ' lines (Vs 438 and Vs 452) ' had only - 3. 86% and .3. 80%

-nitrogen res pectively.



175

It is reported that f3a‘phids respond v_pos_iti\_/ely to increased

nutrient elements in host plants, ’pa‘r‘ticularly nitrogen. This was -

true of the bean aphld - Aphis fabae (Davidson, 1925), the

Acah-bage aphid Brev1coryne ' brassicae (Evans, 1938), ..the cotton

aphid, Aphis gossypii (;'McGarr; 1942, 1943), sorghum aphid

'Rhopalosiphum maidis" (Bra‘ns‘on and Simpson, 1966) and cowpea

aph1d Aphls craccivora’ (Bell 1986)‘; " Significant variations in

7

fecundlty of aphlds , duey-;;to varlatlons _in nitrogenous substrat'esv
in the phloern -were: repo:'trted' by ‘I;(en’nedy (1958), Waghray and
Singh "("1965) and YCrawley15~ (1@)83);_ Iﬁience it "seems‘ that, in the
pr‘esent ”study, though the dlfferences in total nqitrogen contents“
-are small, it may probably reflect proportlonally large dlfferences

in the _sot‘uble nitrogen fractlons. used ;by aphlds.

Phosphorus content also d1d 'not \-/ary among re51stavnt and .
‘susceptlble llnes The susceptlble 11ne Kanakamony had a phosphorus
content of 0.34% and Pusa Komal 0. 30/). The re51stant 11ne, -'\Vs 452 |
had a phosphorus -content: of 0.30%; Vs. 350, 0.31% and Vs 438,
0.33%. - - R

i

Thevasagayam . (1962) reported “that - population . of cotton
aphld 1ncreased due to hlgher doses of phosphorus applled In
studying nrole of ~phosphor.us,- Kalalchelvan (1974) reported hlgher

amounts of phosphorus in bh1nd1 yarletles susceptlble to . Aphls‘

gossxpn, than in re51stant sources. Bell (1980) also reported
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high phos‘phor‘us “content in the. susceptible .line-s\ of cowpea.
Phosphorus plays aA.major‘ rolé in var‘ious. enzymatic reaction in
carbohydrate metabol‘iém' includir;g intefconvenéion of carbohydrates
and “pr‘ov_idi‘ng r‘espir‘ator‘s./ ehehéy. for ‘chemical reduction of nitrates .
In the present sf‘Lde, there being least - difference in ~phosphor‘.us
conténts among thev resistant and susce‘ptible' lines, thelr';sjistance

in these lines may not in any way be -related to the phosphorus.

i
i

content, in these lines.

The potassium content also did not vary significantly ‘among
the lines. It was the highest in the susceptibl’e line Pusa Komal
(2.13%) followed by the resistant line Vs 350 (2.07%) and was

_the least in the resistant 'line Vs 438 (1.85%). - Isely (1946)

reported that potassium deficiency was. one of the factors for

slower development of Aphis gossypii in cotton. The present study
suggested that the différences between . resistant and susceptible'

-accessions in potassium content were not significant enough to

irﬁpar‘t any promotive or inhibitory effect on Aphis craccivor‘a.
Protein contents in the resistant and susceptible lines qléo did
not differ significantly. lsboteiﬁ content in the sele;ted cowpea
lines may ﬁot be related to‘resistant or‘- su‘.sc_:eptible ‘host reaction.
In m studies showed tHatv ‘the mechanism of,reéistance in all
the three r‘eéistant. lines Vs ‘350, ' Vls 438 and Vs 452 includes

antibiosis. This was observed . as lower feguhdity of aphids (9.0
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to 17.6) reared on “them, icombar‘ed to the susceptible lines (43.2
to 50.8). Antibiosis 'as a factor was responsible for resistance

in a few other cowpea lines like PI 476, Tvu 9836, TVu 9914,

TVu 5929, TVuv993O to Aphis craccivora (Bell, 1980; Jackéi and
Singh, 1983). All other climatic, e_cological and cultural factors
\being same, the difference in raté of reproduction depends
directly -on the quality or q'uantity or both of the food materials,
an .aphid imbibes from its host. It appears that there is abs,ence

of specific food materials or presencé of toxic chemicals in the

resistant lines.

Caf‘tier‘ (1963) opined thatl antibiosis could be the result
of twé se.pa.r‘ate plant factors, acting on aphids, a restlessness
factor and a nutritional factor. The restlessness factor would make
the female overactive and .v_inevitably unéble té feed and sustain
optimum reproduction. Invéstigations by sévéral' .wor‘kers'(Dahms
and Painter, 1940; Har‘r‘ington-, -1941; Carhahan et al., 1963; Panda
and Raju, 1972 and Fotedar and Kﬁshwaha, 1976) revealed that
"the host plants r:esistant, to aphids invariably possessed high

antibiosis.

~ Antiblosis: is used commonly as a criterion for the final

selection of plants in resistance breeding programmes. The true

type and nature of antibiosis have not been reported. Harrington

(1941) demonstrated through green house tests . that the resistant
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p’ea variety Pride, when compared with .the susceptible variety
Perfection, incr‘éased the period of_development of nymphs by
3.1%, decreased reproduction by 12.5% and .shsr‘tened fhe aphid
life spén by 20%. Maltais’ (‘1951) repbrted that the susceptible
pea = variety Perfection showed an aVer‘age population of 209.6
aphids/plant sarﬁple for a.total of nine years, whereas the
r‘esis;cant 4var‘iety Championjo'f England had an average population
of only 67.9. M'CML'JI"thy and Sta‘nfor‘dv (1960) found that a.phvids
confined to highly resistant alfalfa plants such as C-84 qually
died Wi»thir-‘l a ber‘iod of 24 to 72 h Though cowpea aphid (Aphis
cra;:civc;ra) completéd 'its life cycle on the'r‘esistant‘ accessions,
bioiogy _of'the pest was _cons"ider‘ably'affected. It is'" inferred that

antibiosis was greatly responsible for imparting- resisténce. Non-

preference regulating aphid migration, " is also another mechanism -

explaining resistant host response. Total phenol content was high

in resistant lines (88 to 96 ppm) and low in susceptible lines

(64 to 69 ppm). Among tho pesiatant  iles, Vs 350 had the.

maximum total phenol content (96 ppm) followed by Vs 438 (92 ppm)
and Vs 452 (87 ppm). The 10wes{it total phenol contenl was
observed in K‘alnakamony (64 ppml) and Pusa Komal had 69 ppm.
The highlest‘ 0D phenol content was also estimated in the resistant
Iaccessions, The line Vs 350 had 38 ppm oD phe_nol‘ followed. by
'V's 438'(36 pbm) and Vs 452 (29 ppm). The OD phenol content

was thHe lowest in Kanakamony (23 ppm). Pusa Komal had 27 ppm
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of 0D phenol Contents of total and OD phenols were higher in
all the re51stant saccessions 'compared to’ susceptlble accessmns
'Very lim1ted research attempts are made- on the role. of’ phenol;cs
in 'plrants, resistant,'to insects. Chelllah (1971) reported more-
of . total and oD . phenols in melon Varieties resistant. to fru1t fly
Bell = (1980) reported more phenols and oD phenols in all the
resistant varieties ’.of' ‘cowpea . to aphids. Houston ‘(1976) ‘a»lso‘
o . ’ R
irnplik:ated_ total phenollcs as :an- important facfor_ for resistance
in ‘trees. It is suggested that the phenols '\nd OD phenols play

a unique/and distinct role "in. the defence mechanlsm of the

resistant cowpea lines . ta aphi'ds.‘

Resistant llnes Vs 438 and Vs 1;5.2 had 1.50 trypsin inhibitori-f
(T.1.) unlts/g of the seeds The llne Vs 350 had 1. 33 T.I. uni_ts/g>
o.fﬂ seed. Both the susceptxble lines had ‘no inhibitor present in
: thelr seeds Inh1b1t10n of trypsm act1v1ty was v10.85% in Vs 438

: and Vs 452 and the'llne Vs 350 inhibited the actlv{fy by .9.62%.

;-

Ryan and HUlsman (1970) v1ewed that these inhibitors.migh;c
~ be intimately 1nvolved in depos1tlon and moblllzation of protelns
in’ plan,ts..‘ The rapld accumulatlon of protelnase 1nh1b1tors_ in crop
plants in response to woundlng could ’ have a magor adverse effec;‘t'
on the abllity of feeding 1nsocts to “digost leaf protoins With

an’ inhibited system- for digesting: proteins, & severe nitrogen
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-deficiency- could —re_sult,'v'i whlch 'twould ‘arrest the normal
development of the' insect. Tryps1n 1nh1b1tor activity in leaf

extracts of legumes l1ke lentll (Lens culmarls), alfalfa (M ed1cago

sativa),  kidney bean (Phaseolus vulgarls), pea. (Plsum sativum),

clover (Tr1f011um repens) and broad bean v(Vicia faba) were .
reported by’ Walker—Slmmons and Ryan (1977) Ng et al. (1987).

_reported that the T I contents in raw cowpea seeds ranged from

27 to 66 T.I. un1ts/mg proteln and was not related. to re51stance

“to bruchid pests. It is. unllkely that. 1nh1b1tors act. alone to protect

1

;any -given  plant. It' is more llkely that 1nh1b1tors. represent one
line  of ",.p_rote,cti.on among :_var10us- ~other protect1ve chem1cals that

Tmay-als'o be present'.

C. Genetics of resistance to aphids “ih. cowpea.

All the . F plants were resmtant 1ndlcat1ng dominant ‘naturé

of res1stance over susceptlblllty The Fz' generation, . showed a -

s‘egregation- of 3 re51s_tant:1 susceptlble 1ndlcat1ng that . re51stance
. . S /A

" to the aph1d "in 'each" case;‘ was” governed by - a smgle ‘domlnant
gene These conclusmns were conf1rmed from the react1ons of back
cross populat1ons 1nvolv1ng suscept1ble parents ‘ALl BC ] segregated
in a rat1o of 1 re51stant’1 susceptlble The F1 sz and back crossl

. , Sy . :

data obtalned from the present study 1nd1cated that 1nher1tance

of . aph1d resistance- in- cowpea is controlled by a s1ngle domlnant

P
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gene. The single dominant'gene inheritance for - aphid resistance

makes it ‘rather easy 1o manipulate this trait in breeding

programmes .

The A, B, C -scal\ling tests were significant in crosses Vs
‘350 .x' Kanakamony and Vs 350 X Pusa Kémal indicating presence
of epistgas-is. In all other‘ crosses the sdaling testf.;: Wer‘é
non-significant indicating‘ the -suitability of simple addi.tive

dominance model to explain level of aphid resistance.

-

The heritability in broéd sense Was high in all -cases
indicating that level of resistance to aphids was not _altered much
with environmental pressure. The characteristics inherited more

as a mendelian trait.

The low K2 value indicated that only one factor was

involved" in inheritance of r‘eSistance.
D. Development of physical mixtures in cowpea to manage aphids

Various invest_igations involving physical mixtures as
potential . cultivars in rice (Chin and ' Husin, 1982), wheat (Gacek,
1987),; oat (Frey and Maldonado, 1967), soybean (Schutz and Brim,

1971) and maize (Funk and Anderson, 1964) . indicated possibility

of some favourable interaction among the mixture components Such
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mixtures are useful in achieving:'greater yield tnrough inore efficient
use of envirOnment (Donald, 1963) .. As the different components
in a mixture constitute a barrler to slow down and arrest spread
of disea,se' organisms, it appears possible that heterogeneous'
populations may act as non-polluting means of disease‘ con‘trol
(Vander Plank, 1968, 1975). The spectacular successes in c'ontrolling
.plant diseases - using multilines soggest ltha't against a few insect
pests also, this approach may be effective by blocking riapid
"population buil‘d up and formation. of speciflc biotypes. .This is:
especiaily, so in case ,of hlghly host_ spec1f1c 1nsect pests llke
aphids, easily vulnerable to rapid- development of blotypes Onev
of the basic informations, plant breeders requ1re before embarklng'
on a multiline variety concept is the knowledge on relative
performance of lines when grown singly and in phy51cal mixtures

To be cost effective and successful, a physmal mlxture should-
yield at " least 'to the ievel of average performance of_ its”
components when-igrown alone. Anytconsisten'lc depression in vield
of a mixture below this threshold level would . indicate a lack
of efficiency and ‘consequeni non-adoption of the technology.
Knowl_edge on practical' application of principles of varietal
diversification, suited to risk situations, which provide .suff_icient
barriersi as given by resistant varieties to specific ‘insects are

very 'irieagre. The present( preliminary -studies were ‘taken up to
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collect basic information on better performance of multilines/
physical mixtures of cowpea for pod yield and level of aphid

resistance.

Two, three and four component mixtures of cowpea involving

and two suscepts (S, and 52) ‘along

three resistants (R R., R

10 Ryr Rg) 1

with burelines were grown during three consecutive seasons. Data
were collected on pods/plot, yield/plot and level of ap;ﬂd
resistance. During all the three seasons, the pureline monocultures

, and physical mixtures differed significantly for the above
characters. When purelines were compared with physical mix’gures
as a whole, the difference .was significant only for level of aphid
resistance during all the three seasons. No 'sign‘ificant difference
was observed 'when pur‘élines were compared with physical
mixtures as a whole for yielq/plot. The three resistants and two
suscepts differed one another  for yield/plot, during one or the
other seasons. Three way and four way mixtures did not differ
among themselves for level Aof aphid resistance during all the
three seasons. Two way mixtures when cdmpar‘ed with three or
féur way mixtures as a v'vhole,' significant differences were observed
for yield/plot and level of éphid resistance during all the thr‘lee

seasons.

Pods/plot ranged from 1197.5 (Rz) to 2178.5 (R3) in pureline
monocultures and from 991 in R2R352 to 1885 -in R3S1 during first
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seéson- in physical mixtures. The two way mixture R351 deviated
by 7.47% over the e_xpected; values, had they been grown as mono-
cultur‘és. D.ur‘ing second season, the 4 way mixturé R1R2R3S,1
deviated by 21.76% over the expected values. The pods/plof
decreased in 8 out of 14 physical mixtur‘eé.‘ During third season,
eight physical mixtur‘eé had a positive deviation " from expected
val'ues due to physical blending. Number of physical mixtures
;axpr‘essing compensatory effect with regard to three char‘aéter‘s
are .pr'esent'ed in Table 53.A During first, second and third seasons,
7, 4 and 7 out of 14 mixtures expressed compensatory effect for.
yield, respectively. During all the seasons, all the physical

mixtures expressed compensatory effects for level . of aphid

resistance.

The common approach of selecting lines of a mixture on
the basis of per se per‘for‘mahce ‘does not necessér*ily lead to
desirable results in physical mixing. Selection of ph‘ysical mixtures
based 6n knowle_dge of associative ability is relevant here for
identification of desirable mixtures. Performance of component
lines in physical mixtures is a function of the genotype of the
line and its associative values with other 1lines. The associative
value with other lines\ is to be assessed by actual field trials.

If a tight relation can be worked out between per se per‘for‘mancé

of line(s) and 1its general associative ability, then per se
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Table 53 Number of physical mixtures expressing compensatory
effect, range of compensatory effect and outstanding
physical mixtures for pods/plot, yield/plot and level
of aphid resistance during three seasons
Number of phy- Range of Qutstand- Character
sical mixtures corresponding ing under

Seasons . expressing effect _physical observation
compensatory mixture
effect

Season I 6/14 2.58%—7 . 47% R4S, Pods/plot’

7/14 2.24%-20.71%  R;S vield/plot
14/14 0.9_2%—26.43% R152 Level of aphid
resistance
‘ Season II 6/14 1.39%-21.76% 'R1R2R3S1 Pods/plot
4/14 0.05%-1.82% R351 Yield/plot
14/14 2.25%-8.66% R1RZS1 Level of aphid
R.R.S resistance
1272
Season III 8/14 0.62%-9.5% R1R351 Pods/plot
7/14 1.12%-6.44% R1R2R3S1 Yield/plot
14/14 0.74%-5.02% R?)S2 Level of aphid

resistance
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performance can be used as an index for the character under
study. The tedious process of field -evaluation for subsequent

studies can be avoided in such cases.

Data from pureline monocultures and 2 component physical
mixtures were ana'lysed fo' find out general as.sociative ability
of lines- and specific associative ability of physical mixtures.
The .highest general associative ability effect was estim-atec!' in
R, during all the three seasons for pods/plot (228.75, 55.75 and

3
239.67 respectively). The highest saa effect was manifested by

R3S1 during first (143.08) and second (35.58) seasons and by

R352 during third season (13.33). The highest gaa effect for

yield/plot was manifested consistently by R3 during all the three
seasons ((0.199, 0.412 and 0.280 r‘e_speétively). The specific’
associative ability effect was maximum in RZSZ (0.32) dur;ing first
season, in R1S2 (0.06) during second season and in R1S1 (0.02) .
dur‘ihg third season. During all the three seasons, the line Rz
had the highest valuei of gaa (1.458, 1.667 and 0.542 respec.tively)
for level of aphid resistance. The mixtures R,S, (2.71), R,S, (0.42)
and R352 (0.17) possessed high saa effects during first, second
and thrir“d’ seasons respectively. It ‘was -also noted that th;a line

showing high per se performance for - pods/plot had_ high gaa for

pods/plot and yield/plot, in 2 component mixtures.
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General coexistence ability index is the ratio of average
performance of a line in physical mixtures to its per‘for'm.ance
in purestand. The mean general coexistence‘ability of .all the iines
except S2 (0.79) was one or equal to one for pods/plant and yield/
plant. This may be the possible reason for observing a negative
deviation from the ekpecfed values'in seven out of seven physicai
mixtures involving 52 during first season, five out of seven mixtures
during second season and four out of seven mixtures during t!";ir‘d
season for pods/plbt. Similar negative deviations from expected
values were also observed for yield/plot also. " Qut of seven
physical mixtures involving 52, six, five and five combinations
deviated negatively for yield/plot during first, second and third
seasons respectively. It 1is evident that High yielding ability
of a variety was not an assﬁr‘ance of its ability to survive in
a heterogeneous populétio‘n‘. Among the five’ purelines included
in the present studies, S, has & different growth habit (bushy)
while others are semiviny. It is not apparent whether such differ‘;
ences in maturity, height, growth habit, etc. are more _imp.or‘tant
in .allowing a genotype to its f-ull expressivity of pr:\oduction
potential, in heterogeneous varietal blends. In the present ;tudy,
a gr‘eéter‘ percentage deviation from }expected .waé obtained in

blends with wide character differences than in blends with narrow

character differences.
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For level of aphid resistance, all the resistant lines had
a GCoA equal to one. Both the susceptible lines had a GCoA greater -
than one' (1.17 and 1.29) which is a clear indication of thé
improvement in performance (level of aphid resistance) over pure-
stand .of the suscepAt-,s. Results indicated that mixing more resistant
components increases level of resistance. The physical mixtures
have definite advantage'o‘ver‘ monocultures for higher level of.
aphid resistance. This advantage 1is derived by obs'tr'ui:tion
barriers creqted by resistant components in mixtures by slowing
down aphid multiplication. This indicates that the concept of multi-
lines cannot be ruled out in a risk situation like an insect
" epidemic.  though they"héve slightlg/ lower efficiency of biological
yield. Priﬁciple of diversification suited tq- r;isk situations
involving pathogens pr‘opbsed by Jensen (i952) could be a good
fit in risk situations inv'olvin.g insects too. Now-a-days, multilines

are assuming considerable significance in race specific resistance

to pathogens in crop plants.

. Development of biotypes in insect pests are compa}‘afively
not frequent because of the insects own complex ph.ysiology. Pest
resistance in host plant .is being often related to the host-finding
behaviour -of insects (Singh, 1986). But out of the eleven insects
with known biotypes, six ‘are aphids, which could be due to

parthenogenetic reproduction and a  relatively short life cycle
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(Singh, 1986). Development of biotypes in ‘insect pests is
obviously traced to the severe selection press-ur‘e exerted by the
resistant ér‘op variety(s). When antibiosis is the component of
resistance, such selection pressure is the -most‘ effective, 1if it ~
results in mass mortality (Panda,' 1979) . An aphid that can survive
a resistant plant can build up a \new biotype within- one or two
crop séasons (Singh, 1986). Gallun (1972) observed that toler‘aﬁce
~or non-preference is the main component of resistance inherent
in the plant. When non—pr‘efc-)r;:-)nce. is the 'mechanism of resistance,
a -particular plant is not chosen as a host (a bad host) because
of presence of another (in multilines) preferred one, whereas this
blant or variety ‘(non-preferred) is accepted as a host, if there
is no choice (resistant pureline alone). fhough there is no
evidence to support presence of aphid biotypes "in Kerala, the
reduction. of level of resistance of the‘tes’,c lines during course
of present field studies, and difference in performance of r'épor‘t—
edly resistant lines, lead to possible presence of biotypes of

aphids even in Kerala.

The data collected during three seaéons were pooled and
analysed to study extent of variations due to treatments, seasons
and treatments x ‘seasons interactions. The treatments -Wel;‘e
significantly different (p = 0.01) for pods/plot, yield/plot a_nd

“level of aphid resistance. The treatments x seasons interactions
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Wer‘ﬂe. highly -si.gnificant(p=0.01)A for pods/plot and yield/plot and
were not significant fbr“ level " of aphid resisfance. The linear
com'ponent of treatments X .seaso'ns.‘ interaction wést highly
significant for yield/plot and level of ‘aphid r‘esisténce.' Significance
~ of -ihe_ linear components of treatments ix seasons interaction
suggested that the itréatmen‘ts X " seasons interactions wér‘e linear
‘and the treatments differ éonsiderably for yield and level of

aphid resistance.

Eber‘hér‘t and Russell (1966) defined an average stable
variety vas one with qoefficient of regression tending to one and
 deviation from regression tending :to' zero. The non-linear stability
parameter, deviations ir‘om regression, refleéts thé ability of
,é line or mixture to r‘espoﬁd tc1>:a series of uniform environments
in a r*epeatablg way and reflects the kind of stability measured
by treatments. x seasons intéractions. Tl'ie line R3 had the highest
bods/plot (2077), regr‘essipn tending to zero (-0.30) and deviation

from regression non-significant. Among two way physical mixtures,
, ’ e

M

R had the .highest pods/plot (1715.17) and deviation from

351
r‘egr‘essicin (Szd_i) .non—significarit. The lr‘egression (bi) was
however, significant; Amohg thr‘eé way mixtur‘es,' R1R351 was the
most promising ‘a'ver‘age,stablé : physical- mixture for yield/plot.
2.

Among pureline monocultures S, yielded the highest over - the

seasons (4.73 kg/plot). Among resistant lines, R1 yielded the
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highest (3.87 kg/plot). Th:e“ treatment R3S1’ yielded 4.44 kg/plot,
the highest among - the physical mixtures. 'Its regression (bi)
deviated significantly from“ unity, though S di was non-significant.

Among three way m1xtures, R1R3$1 ‘was promlslng with an overall

mean of 4.02 kg/plot, regressmn tended to un1ty and deviation
from regressmn non-— 51gn1f1cant Among purellnes, R-3 had the

highest level of aphid re51stance over seasons (96 25%) The suscept

1

2

mlxtureI R R2R352’ had the! hlghest level of resistance (92.29%),

deviation from regression (S di) non- 51gn1f1cant and bi, 51gn1flcantly

S was the most suscept-lble. Among treatments, the four [way

different from unity (p = O 05) The scatter diagram indicates
that ‘the pureline R1 has -86.88% resistance‘, “regressvionr tending
to zero and dev1at10n from regressmn ‘non- 51gn1flcant -

: Whether or not, .aﬁ~multiline' bzwou"ld ‘yield higher than ;the‘
hlghest y1e1d1ng component ourellne iis of 1nterest in commercml
produetlon "In the present study, none of the multilines exceeded'
the . oerformance of 52, the highest 'yleldlng component. As such,
cowpea varietal blends as. a productlon pract1ce for hlgher yleld-
- per _S_g'requme further experlmentatlon. The GCoA of 52 belng
less than one, we can take the second high y1e1d1ng component-
line §1 ‘
- multilines R'3S1 (4.‘4_4 kg) exceeded'- the per 2 ‘performance :of

w1th a mean'yleld of 4.33 kg/plot. The two component

S,. If has a bi value of 0.90 and 's?di non-significant. R,S, has
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an average yield. of 4.25 kg, R1S1 has 4.14 kg and R1S2 4.12 kg.

.C'onsider‘ing together higher .yield ‘and management of aphids
the scope of physical mixtur‘es. like R351 needs to be tried as
a cultural practice. The physical mixture R351 offers 83.13%
resistance to aphids under‘_field condition. Resistance of a plant
variety/multiline to ‘ins'ect' pests need not be absolute, to be of
considerable ec'ono.mic utility. A level of resistance which r‘edy’ces
number of progeny of a pest by 50% may, in suécessive generations,
r‘educeﬁ the pest populatioh belo'w economic threshold of . démage.
(Newﬁ;; and Pimental, 1974)v. Resistance which slowed the
population growth rate ny 25-50% may be important for field
control, because of increased time to r‘each. destructive' levels.
This can further be protected by only a. fewer insecticides or
other control treatments if absolutely required. Usé of multilines
offer‘ka wider scope aé a new cultural pr‘actice'to deal with pest
problems, which may otherwise lead to toxic health hazards,

due to increased use of insecticides.

A  multiline variety would be expected, on theore_tic;al
grounds, to p_osée_ss characteristics of longer varietal life, greater
stability of production, broader adaptation to envir‘onment,’ and
greater protection against disease/pestA. Small losses - from

diseaééé/pest would be expected perhaps to occur oftener in a

mixture than in a single pureline variety.
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E. Natural predators and their identification

The po_g_;fglation cycle of all the three predators synchronised

well with that of Aphis craccivora. Whenever there was a high
population build up of aphids, there was an abundant develop.ment
of predators too. Larvae of the three predators were very active
feeders, and could get a rapid control of aphid ‘population all

i

the time.
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Summary



SUMMARY

Cowpea, rich 1in vegetable protein, 1is gaining importance
even in developed countries now-a-days. It is a very important
component of the traditional cereal based diet o_f the people of
Kerala. Area under the crop in Kerala is increasing due to accele-
rated demand and partly due to developme’nt of short duration
. varieties for homestead conditions and for cereal-legume iﬁter‘—
cropping. The‘ >over‘r'iding biological consfr‘aint .is the serious
damage caused by \the insect pests, which necessitates application
of insecticides; Isolation of line(s) resistant to insects will
counteract this production constraint without the need for lr‘epeated

insecticide sprays. In the present study 'Genetics of resistance

to aphids (Aphis craccivora Koch.) and utility of line mixtures

in cowpea (Vigna unquiculata L. Walp)' attempts were made to

isolate line(s) resistant to an important cowpea pest - the

aphids.

The studies were conducted during 1986-90 at the Vegetable
Research plots of Kerala Agricultural University at Vellanikkara.
Two hundred and four cowpea lines were evaluated for resistance
to aphids, over eleven field trials. The lines were grouped into
three - low aphid infestation group (resistant), medium infestation
group (moderately resistant)  and high infestation group (susceptible).

The studies resulted in identification of three resistant (Vs 350,
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Vs 438 and Vs 452) and six moderately resistant (Vs 306, Vs
307, VS 147, Vs 456, VS 457 and Vs 458) lines. None ef the lines

exhibited complete immunity to aphids.

Under no; cheice conditions in scr;‘eenhouse, aphid population.
ihcr‘eased at different . rates among identified lines. The three
.r‘esistant lines recorded the minimum number of aphids at 10 DAL
and 15 DAI and pr‘oved their least suitability for ap'hid multiplica-
tion. | |

Under‘ free choice conditions, fHe a;phids migrated .in all
directions but coionised more’ on suscepfi'ble lines. Thisvr*efliected
non-preference, with a fewer aphids settling on resistant lines

when multiple choices were given.

Pubescence of re51stant and Susceptlble 11nes were electr‘onl—
"cally scanned and found that the resistant line Vs 452 was the
~most pubescent with mixed type of tr‘ic’:homes,l which are straight
" with sharp tips. The tender“most shoot tips of the f‘esistallnt ‘lines
are also densély pubescent thereby pr‘otec‘ting the growing tips”

and making them unsuitable or non- pr‘efer‘r‘ed for‘ aphld feeding,
locomotion end colonisation. Non—pr‘efer‘ence. mechanism acts in

conjunction with other biochemical or physiological factors to

impart host resistance to 'aphids.

Anatomical studies showed that lignification, of- the

schlerenchymatous pericycle. was more in susceptible lines,
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" indicating that ‘resistancex; is - more' of "phys'i‘ological nature rather
_than ana’tomical. ' i
'Biochem‘ical base*s - of resis'tance_ were 'studied-. 'Chemical
‘comp051t10n of nutriént, components viz. redl'Jcin'g, .nonf'Ped'UCing and -
’ _total sugars, protelns, nltrogen, phosphorus and potasswm contents_'

were determmed The re51stant llnes Vs 350 Vs 438 and Vs 452‘>

%

A~,had more reducmg sugars but lessr non-reducmg sugars and total‘

_ : ]
,sugars, when compared to'susceptlble 11nes. The proteln, total

‘

7

nltrogen, phosphorus and pota551um contents d1d not dlffer among‘:
resis'tant' and susceptlble -llnes \_Ih,_~v1tro studlesAshowed that‘

mechanlsm " of re51stance 1n all lmes 1ncluded ant1b1051s and 1nter—'

vfered "With‘ the blology of aphlds," reduc1ng aph1d fecundlty on

: ,re51stant 11nes Fecundlty of aph1ds was 51gn1f1c:antly hlgher (43 1-‘_- :

50 8) on susceptlble llnes when compared to re51stant l1nes (9 O—-'

17.6).

“The total phenol content was hlgh in re51stant 11nes (88 ppm—

“96 ppm) and low “'i_n_susceptlble 11nes (64 ppm -69 ppm) e_ -

orthodlhydroxy phenols also were hlgh 1n re51stant 11nes (29 ppm- .
38 - ppm) ‘when’ compared to susceptlble lines (23 ppm- 27 ppm)
Trypsm 1nh1b1tor content estlmated in seed"of re51stant 11nes ranged-

© from: 133 T T. unlts/g of seed o, 1. 50 T. I unlts/g of seed

whereas both the - susceptlble 11nes ~had” no‘1nh1b1tor present in__“

their seeds.- Observatlons on seasonal 1n01dence of Aphls cracc1vora'
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Y

revealed that,"the populafion was minimum during ‘:'March, April -
and May months which coincided with high temperature, low

humidity and less rainfall. Genetic bases of resistance to cowpea

aphids were studied. Resistant behaviour was -monogenicA and
dominant. Level of aphid resistance . had 'high her‘itability (h2
‘= 0.92 - 0.97) and one 'factor' was involved in inheritance of

resistance.

Physical mixtures ge‘nerétec! through mixing -of seeds ffom
three resistant and 'twor suscAeptible_ lines in> two, three and four
ways wer‘ev‘evaluatec.':l during August-October 1989, November 1989-
Fe.br‘ua’r(‘g/ 1990 a\nd' June-August 1990. 'Pr'esen't- pr‘eliminar‘yAst'udies’
brought Qut a few basic 'infor*mationvon perfor‘mancé of physical
rﬁixtur‘es of cowpea. During all the thrée"sea’soris, .the pureline
monocultures and ph:ysical mi'ktures. differed significantly for po_ds/.
plot, 'yield/plot .and. level of aphid‘ fesistance. During all the
t'hr‘ee vse.asons, all the physical mixtures ex'pr‘essed compehsator‘y’
- effect .for level of aphid r.‘esistance." Th_e‘r‘e‘ was a positive correlat-
ion . with the level of aphid .re_sisfance expressed and the (%)

obstruction created thr‘ough' physical ble'nding.
T .

\

The line Vs 438 (R recorded the highest general - asso-

3)
ciative ability for pods/plot ‘and . yield/plot durlng all the
‘seasons. ‘The hlghest spe01f1c assoc1at1ve ablllty effect for yleld/

- plot was manifested by the two way mixtures Vs 438 + Kanakamony

)
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(R S1') during first and second seasons and by Vs 438 + Pusa

3
Komal (RBSZ) during third season. During all the :5easons, the

line Vs ‘350 (Rz) had the highest gaa effect for level of aphid

resistance.

The general coexistence ability of the line Pusa Komal

(S was less than one for —pods/plant and 'yield/plant.“'This

5)

" indicates that Pusa Komal (S is not a desirable component line

2) ;
in physical mixtures for yield and pods/plant. The »high yielding
ability of a 'v‘ar*iety was hot an. a_ss'ur‘ance of it§ ability to sur‘v.ive
in a hefér‘oge‘neous population. The mean ' general - coéxistence
ability of all other lines were equal to one for pods/plant and.
yield/plant, thus provihg their suitability to be grown in mixtures.
Both the 'su>sceptib1e lines had a GCoA- more thaﬁ one for level
of a‘phid resistance, showing improvement in level of aphid
resistance over purestana of "the suécepts.‘Though mixtures have
a slightly lower bioldgical yield, they are effective under r*lis-k

situations like insect epidemics, especially when there are chances

of biotype formation.

The mechanism of non-preference adds to the' soundness of the

éoncept of physical mixtures involving resistant and susceptible
lines to manage aphid incidence. A particular non-;preferr‘ed plant
is not ' chosen as "a host because of the presence of another

. preferred one, "whereas the non-preferred plant is, accepted as
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a host if there is ﬁo other choice. The mixtures were significantly
different for pods/piot, yielci/plot and level -of aphid resistance.
The treatments x seasons interactions were highly significant for
pods/plot and yield/plo‘t and were not significant for le_vel. of

aphid resistance.

Pa-r‘ameter‘s . of phenotypic stability (bi’ Szdi) were worked
'out _ for pods/plot, yield/plot and ’le'vel c.>th aphid r"esistahcé. i The
line Vs 438 (R3) | '
two way mixtures Vs 4'38. + Kanakamony (R351) had the highest

had the highest pods/plot (2077) . - Among "the

pods/plot (1715.17) .

Amo'ng pureline monocul-tures, Pusa. Komal 'yielded tt;e
highest over the seaéons (4,73,}<g/plot). Arﬁong resistant lir-1es,
Vs 452 yielded the jhighest (3.87 kg/.plot). The two way mixtures
Vs 438. + Kanakamony (R351),yield¢d 4.44 kg/plot, ‘the highest

among physical mixtures.

Among pur‘elsines, Rs'ha'd~thé highest level of aphid resist-
ance (96.25%) over seasons. The mixture Vs 452 + Vs 350 + Vs 438
+ Pusa Komal (R1R2R3Sz) had the highest level of resistance

(92.29%) .
None of -the m’ixtur‘es exceeded the performance of Pusa

Komal (Sz) for yield/plot. The mixture Vs 438 + Kanakamony (R3S1)

performed better with 83.13% resistance under field conditions.
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The predators of cowpea aphids were also indentified in

the study. The pr‘eda'tors were Coccinella arcuata, Menochilus

sexmaculatus and Ischiodon scutellaris.
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ABSTRACT

Dir;act ‘damage _;aused by aphids by suckiﬁg plant. sép land
ing:iir*éct - damage caused by transmitting mény vi;"al diseases are
serious’ havocs in. cowpea. This cbnstitutes a f(?rjmidable obstacle
in r‘ealisation of ité yield -potential, unless protected with insecti-
cides. This, in turn, leads to high cost of broduction, 'ser"ious
health hazards and ~atmospheric pollﬁ’gion. In this context host
plant resistance appeér‘s to’ hold great hope ‘for' CO\)vbea

production.

Exper‘iments. on "Geﬁ(e_tics 01'; resistance ‘to aphids (Aphis
craccivora Koch.}. and utilits; of line mixtures in cowpea (li_g@
4unguiculata L. Walp)" were qar‘r‘ied out during. 1986~1990 at
Department of -Olericulture, ‘Kerala Agr‘icultﬁr_él Uniyer‘sity ét
Vellanikkara  to isolate cowpea lin‘e.(s) r‘esi-s‘tant- to aphids, vto
‘study mechanism  of resistance, inher‘i_tance Qf r‘esistan'ce and to

develop physical mixtures to manage "aphids.
3

Three resistant and six moderately  resistant lines were
jdentified. The resistant lines are Vs 350, Vs 438 and Vs 452.
‘The moderately ‘resistant lines are Vs 306, Vs 307, Vs 147, Vs 456,

Vs 457 and -Vs 458.

The resistant lines ,werevthe least preferred. for colonizat-

ion. Gr‘ow'ing tips of resistant lines were highly- pubescent. Non-.



preference and antibiosis mechanisms were the causes for gbserved

resistance in cowpea.

Nitrogen, phosphorus, potassium and protein contents did
not differ among resistant and susceptible . lines. The resistant
lines had ‘more reducing sugars but less non-reducing sugars and

to‘fal sugars when compared to susceptible lines.

Fe'cur;dity of aphidé 'wer‘e.siglnificantly higher (43..1-.:‘50.8)
on suééeptible.lines when comp»ar'ed> to resistant lil;{es (9.0-17.6).
Total phenol content was high in resistant lines (88 ppm-96 ppm)
énd léw in susceptible lines (64\»_pp‘m—69 ppm) . Or‘thodihyér‘oxy
iphenols also' wer“e high in resistant lines (29 ppm-38 ppm) when.
compared to susceptible lineé (23 ppm-~-27 pvpn;). Trypsin inhibitors

were also observed in resistant lines.

Aphid population was the lowest during March, April and
May which coincided with high temperature, low humidity and

less rainfall.

Aphid resistance was governed by a single - dominant ' gene.
Level of resistance when considered as a quantitative trait, one

'factor' was estimated governing resistance.

All the physical mixtures expressed compensatory effects
, v

for level of aphid resistance. There was a positive correlation



with level of aphid re51stance and (%) obstr‘uctiorf'cr'eai"ced through
phy51cal blendlng None of * the mlxtur‘es exeeedee the per‘for‘mance‘ ‘
of their pnr‘eline'co’mponents for"pods/plot and y1eld/plot ‘The
m1xture Vs 438 + Kanakamony lwas' promlslng in yield with 83.13%

r‘e51stance under fleld condltlons

Coy

" Two “coccinellids -~ - Coccinella arcuata and . Menochilus

‘ sexrnaculatusf and one syrphid Ischiodon scutellaris - were . the most -

prevalent predators of aphids.

'Climate'-, natur‘al .enemies . and “host plant effect are the

maJor factors affectlng development of aphlds on cowpea.
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