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Abstract: As research on food crops inlensifies in the tropics, the spotlight is being increasingly
focused on the development of varieties with resistance to pests and diseases. Much of lhe time,
mon€y and patience needed to conduct research on host plant resistance (HpR) is spent on the
development of methodologies that are eventually used to screen germplasm and breeding lines. The
products of this screening provide the building blocks for the development of resistant varieties.

Methodologies differ from one place to another and from one crop to the other, and are usually
tailored to suit local and/or individual circumstances. There is, however, a need to develop
standardiz€d methodology to make comparisons across locations easier. Any methodology is capable of
improvement, but improvements come only aflsr use and evaluation. In this pap€r we try to defin€ the
currsnt status of HPR screening methodology in cowpea entomology, concentrating mainly on techniques
developed and used with considerable success at llTA. In addition, the shortcomings of some of these
techniques are pointed out and areas needing improvement indicated.

An important component of crop
improvement programs the world over is
the development of pest resistant crop
variet ies. The abil i ty of a plant to resist
attack by another organism is known as host
p lan t  res i s lance  (HPR) .  The  o r i g ina l
def in i t ion of  HPR (Painrer  1951)  is  the" re la t i ve  amoun l  o f  he r i t ab le  p lan t
quali t ies that inf luence the ult imate degree
of damage suffered by the planl" under a
known/given insect pest population. This
qual i ty  is  expressed in  three c lass ica l
modal i t ies:
1. Antibiosis - when the plant possesses

a t t r i bu te (s )  t ha t  p roduce  adve rse
effects on the insect's biology, behavior
and/or physiology.
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2.  Non-preference when he p lant
possesses attr ibutes that ad to the
non-use or reduced use o' ne plant by
the insect for food, shelt , oviposilion
or  any combinat ion of  ,1€s€.  This
modality has been r€ hristened by
K o g a n  a n d  O r t m a n  ( 1 9 7 8 )  a s"ant ixenosis"  meaning "bad host"  to
reflect a characteristic of the plant, as
in other  modal i t ies,  ra ther  than a
response by the pest, but there is st i l l
some debate on its acceptabil i ty for
common usage (Wiseman 1995).

3. Tolerance - when the plant possesses
attr ibutes which enable i t  to grow,
repair injury and produce an acceptable
y ie ld  desp i te  suppor t i ng  a  pes t
population that would normally cause
s ign i f  i can t  damage  and /o r  k i l l  a
susceptible plant.

These terminologies have undergone
various degrees of redefinit ion over the
years (Beck 1965) but the original theme
has remained, by and large, unchanged. Host
plant resistance may also be rated as low,
moderate or high (Horber 1980; Wiseman



1985) ,  based on i ts  mani festat ion in  a
defined rest situation.

DEVELOPMENT OF RESISTANT VARIETI ES

Development of resistance can be a
long and expensive process, often taking
over  20 years to  accompl ish"  However ,
there are many examples in the l i terature
where resistant crop variet ies have been
developed in a much shorter t ime (Gould
1983) .  Success in  the development  of
res is tant  var ie t ies is  predicated on a
number of factors. To start with, a highly
diversif ied germplasm resource is essential
to provide the genetic variabi l i ty required
for  such work.  Once th is  is  avai lab le
sources of resistance have to be identified, a
process that requires the development and
use of rel iable screening procedures. This
is probably the single most important phase
of host plant resistance work, as it provides
the foundalion on which the development of
crop res is tant  var ie t ies for  the fu ture is
based.

A  w i d e  r a n g e  o f  b i o l o g i c a l
information is usually required to develop
a p p r o p r i a t e  s c r e e n i n g  p r o c e d u r e s .
Information on the phenological relationship
between insect pest and target crop, as well
as that of non-target crops or alternative
hosts; plant stage(s) attacked and insect
stage(s) causing damage; and developmental
and behavioral profiles of the insect pest
wi th  reference to  i ts  host  p lant .  This
in format ion is  impor tant  in  determin ing
how frequently and at what levels of pest
in f  estat ion screening in  the t ie ld  or
elsewhere should be carried out. There is a
continuing need to develop methods of
eva lua t i ng  res i s lance  i n  the  f  i e l d ,
screenhouse and laboratory.

Dahms (1972) outl ined 16 criteria
that have been used to evaluate resistance of
plants to insect damage. These include both
host plant and insect responses, most of
them relatively simple but others involving
the use of complicated physiological and
biochemical studies.

Where f ield screening is used it  is
necessary to develop appropriate sampiing
methods for plants or plant parts, as weli as
for the insect pest. Sampling is a cri t ical
component of HPR work. Poorly conceived
sampl ing designs can resul t  in  h igh ly
misleading conclusions. Rating scales are
useful for both f ield and greenhouse work
(Davies 1985), but even the development of
such scales, which ate often based on
degrees of damage, depends on a proper
understanding of the biology of both crop and
pes t ,  as  we l l  as  the i r  i n te rac l i ons .
Contrary to  the opin ion held by some
workers, rating scales can be analyzed
stat isr ica l ly  (L i t t le  1985;  L i t t le  and Hi l ls
1 e 7 7 ) ' .

Fo l lowing the above two phases
(col lect ion and screening of  germplasm),
hyb r id i za t i on  techn iques  a re  used  to
l rans f  e  r  res i s lance  f  ro  m the  o r i g  i na l
sources to  other  genet ic  backgrounds,
usual ly  breeding l ines or  o ther  mater ia ls
w i t h  o n e  o r  s e v e r a l  d e s i r a b l e
characteristics. This process involves close
co l l abo ra t i on  be lween  b reeders  and
entomologis ts .  Because of  the pecul iar
nalure of  segregat ing breeding mater ia l ,
screening procedures must be such that the
transfer of resistance can be monitored
either in single plants or in progeny rows at
the appropriate stage of the breeding cycle.

A s tudy of  the mechanisms of
res is tance is  the f ina l  phase in  a HPR
research program and may require the
expert ise of biochemists and physiologists.
While this is imporlant in understanding
the overal l  resistance phenomenon, and
cou ld  i ndeed  p rov ide  c lues  to  the
development  of  more rapid screening
procedures, it is not a prerequisite for the
development of resistant varieties. The need
for  h igh ly  specia l ized personnel  and
sophisticated instrumentation in some cases
makes its pursuit by inadequately staffed or
poorly equipped programs unadvisable.

Most crop improvement programs in
developing countries have a HPR component
and it has received increasing emphasis in



agricultural research in Africa during the
past two decades. Most national programs
are involved in a lot of screening of all-kinds
of crops for resistance lo various diseases
and insect pests. A variety of methods are
employed for this purpose, many of which
were developed elsewhere, or ate
modifications of methods used on other
crops. The diversity of procedures used in
HPR screening is clearly evident from the
publications on crop/varietal resislance
that appear in scient i f ic  journals;  the
number of methods almost equals the
number of authorsl An obvious outcome of
this is that comparisons of results from
several.locations may sometimes be quite
inappropriate. Superimposed on this is the
fact  that  the internat ional  agr icul tural
research cenlers (lARCs), which have a
major responsibility for the development of
crop var iet ies for  use by nat ional
agricultural research systems (NARSs),
are scaltered throughout the African (or
o ther )  con t inent  in  w ide ly  d i f f  e r ing
environments.  Sometimes var iet ies or
cultivars developed by an IARC, say for
resistance to a particular insect pest, are
senl to NARSs without complete details
( including possible opt ions) on how to
evaluale the resistance. Many research
s ta t ions  do  no l  have pro f  ess iona l
enlomologists or wel l - t ra ined technical
staff , with the result that other less
qua l i f  ied  personne l  a re  g iven the
responsibility of screening for insect pest
resistance. This underscores the need to
develop and publish screening procedures
that are both practical and scientifically
valid, without being complicated.

Even though local  ecological
circumstances and other factors (both
socioeconomic and biological) may vary
from one region, country or locality lo
another, there still appears to be an urgent
need to put into a single documenl the more
frequently used and time-tested techniques
that are available for HPR work on cowpeas.
That is the raison d'6tre of this paper. We
cannot pretend to give an exhaustive list of
all the techniques that have ever been used
in cowpea resistance work (particularly as

some of them have not been published) but
rather present a selection of those methods
that are more commonly used and have
shown a good level of precision and
repeatability. Most of these methods were
developed andlor are currently used at the
I n t e r n a t i o n a l  l n s t i t u t e  o f  T r o p i c a l
Agriculture (l lTA) in Nigeria.

l lTA has a cowpea germplasm
collection of over 12,000 accessions, lhe
largest in the world, and a global mandate
for the improvement of cowpea. lts Grain
Legume lmprovement Program, which has
research and training responsibil i t ies for
cowpea, has a mult id iscipl inary leam
comprised of plant breeders, entomologisls,
pathologists and agronomists who work on
various aspects of crop improvement, with
HPR as the centerpiece.

No extensive details will be given on
how to evaluate the mechanisms of
resistance and/or the basis of these as they
have been treated elsewhere (e.g. Maxweil
and Jennings 1980; Davies 1995; Dahms
1972). In the long term it is hoped that
some form of standardized procedures or
techniques for screening cowpeas for
resistance to insect pests can be established,
with acceptable modifications to suit local
conditions. Such documents are available
for a number of other crops, e.g. rice
(Heinr ichs et  a l .  19gS),  a l fat fa (USDA-
ARS, ARS-NC-19, 19741 and cotton
(Southern Cooperative Series Bulletin 2gO,
1983) (the latter two are cited by Davies
1 s 8 5 ) .

THE RAT{GE OF COWPEA INSECT PE,STS

Insect pests damage cowpeas at all
growlh stages. These pests have been the
subject of recent reviews (Singh and van
Emden 1979; Singh and Jackai  t98S;
Jackai and Daoust 1986). Even though the
range of pests and their relative importance
may vaty slightly from one location or
region to another there are a number that
are a regular feature of cowpea agro-
ecosystems worldwide. These are generally



divided into three groups according to the
growlh stage of the crop.

Seedling phase: Pests attacking this
stage consist of aphid (Aphis craccivoral,
beanffies (Ophiomyia spp.), leafhoppers
(mainfy Empoasca spp.), foliage beetles
(Ootheca spp., Medyfhra spp. and others)
and the arct i id defol iator (Amsacta
moloneyi).

Early reproductive phase: This
consists of the flower bud stage plus early
flowering and is attacked mainly by the
f l o w e r  b u d  t h r i p s  ( M e g a l u r o t h r i p s
s jostedti) and the legume pod borer
(Maruca testulalis).

Late reproductive phase: This
covers the period from late f lowering
through podding and is attacked primarily
by the legume pod borer and the pod sucking
bug complex of  which two coreids
(Clavigralla spp. and Anoplocnemis sp.),
two alydids (Riptortus sp. and Mirperus
spp.) and a number of pentatomids (e.9.
Nezara viridula and Aspavia armigera) are
most important. Other insects present
during lhis phase are the cowpea seed moth
(Cydia ptychora), the cowpea pod weevil
(Ap ion  var ius) ,  the  cowpea curcu l io
(Chalcodermus aeneus) and flower beetles
(Mylabris spp. and Coryna spp.).

Other classification systems are
found in the l iterature (e.9. Singh and van
Emden 1979; Taylor 1964): lnsect pests
are also encountered in storage and only one
genus, Callosobruchus, is known to be of
economic importance. The importance
attached to these pests by different workers
varies, a fact that is reflected in the
research emphasis that has been placed on
different members of the pest complex.
Aphids, leafhoppers and the storage beetle
have received a great deal of attention
worldwide (partly because they are easier
to study) while flower thrips, pod sucking
bugs and the legume pod borer have received
much less attention. The latter two are
am6ng lhe most difficult pests to work with
in cowpea HPR research.

HPR screening techniques have been
lried for practically all cowpea pests, with
varying degrees of success. lt is clear that
some of these methods have been based on a
shotgun approach devoid of the necessary
background knowledge of pest biology and
behavior. Many such techniques have ended
up in the pages of journals or in-house
publications. Some of these are cited below
as examples of unsatisfactory techniques,
but the greater part of this paper is devoted
to the description of procedures that have
been used f  requent ly  and y ie lded
satisfactory results.

SCREENIiIG PROCEDURES

Seedling pests

Aphids

The major species encountered on
cowpea is  Aph is  c racc ivora  Koch
(Homoptera: Aphididae). This is probably
one of the most widely researched insects in
agricultural entomology. Aphids damage
young cowpea seedlings by sucking sap from
the young leaves and stem tissues. Even
though they also infest  reproduct ive
structures (l lTA 1985) the effect is not as
damaging at this stage as at the seedling
stage. Screening for resistance to aphids
can be conducted in field trials as well as
under more controlled screenhouse tests.
Most of the resistant lines developed at llTA
(Table 1) have been obtained using the
la t te r .

Field techniques. Cowpea aphid
populations tend to be spotty early in the
season, but if planting is delayed or made to
coincide with dr ier  per iods a good
infestation is generally possible. At l lTA,
f  ie ld screening is general ly conducted
dur ing  the  dry  season (December -
February), when the major pest problem on
cowpea is aphids. This is, however, only
possible because irrigation facil i t ies are
available. Where such facilities do not exist
a late planting during the main cropping



Tab le  1 . Cowpea variet ies/cult ivars with reslstance
to various insect pests

Insect @mmon name
(species)

Resislance source
l i n e s

Advanced breeding
l i nes

Aphid
(Aphis craccivora Koch)

Leafhoppers
(Empoasca spp.)

Beanf ly
(Ophiomyia phaseolil

Flower bud thrips
(Megalurothrips sjostedti)

Legume pod borer
(Maruca testulalis I

Pod sucking bug
(C I av ig ral I a to m e n to sico I I i s)

Cowpea slorage weevil
(C allosobruchus m aculatusl

TVu 36, TVu 408-P2, TV 410,
TVu 801, TVU 2896, TVU 3000

TVu 59, TVu 123, TV 662,
TVu 1190,  (VITA 3)

TVu 1433,  TVU 3192,
Farv 13

TVu 1509, TVu 2870

TVU 946
Kamboinse local

TV 1,  TVu 1890

TVU 625, TYU 2027, TVU 1 1952
TVU 11953,  TVu 4200
(pod wall)

t T 8 1  D -  1 0 2 0
r T 8 2 E - 1 - 1 0 8

t r 8 3 s - 7 4 2 -  1  1
1 T 8 3 S - 7 4 2 - 1 3
1 T 8 3 S - 7 4 2 - 1 4
f T 8 3 5 - 7 4 7 - 4

l T 8 1  D  - 1 2 0 5 - 1 7 4
l T 8 2  D - 6 4 4

TVx 3236
t T 8 2 D - 7 1 3
1 T 8 2  D - 7 1  6
t T 8 4  S - 2 2 4  6 - 4

l T 8 1 D - 1 0 0 7
l T 8 1  D - 1 1 3 7
t T 8 1  D - 1  1 5 7
t T 8 4 s - 2 2 4 6 - 4

season wi l l  produce the same ef f  ect .
Appl icat ion of  DDT (Don-Pedro 1980)  and
c e r t a i n  o l d e r  g e n e r a t i o n  s y n t h e t i c
pyrethro ids (Mat teson 1982)  produces an
increased aphid infestation. This is thought
to result from a drastic reduction in aphid
parasites and predators. The use of DDT,
however, should not be encouraged. Single
row plots (3-4m long) or plots consist ing
of four rows each four meters long can be
used, depending on the amount of material to
be screened. In each case resislanl and/or
susceptible checks are included, and tests
are repeated for verif ication.

One method of assessing the incitlence
of aphids is to determine the percentage of
plants in each row that is infested at 10, 20
and 30 days after seedling emergence or,
where larger plots are used, on the center
two rows at the same time intervals. The
incidence of aphids is important because
they act as vectors in the transmission of
cowpea aphid-borne mosaic virus. The
severity of lhe infestation can be measured
using a rating scale of 0-9 based on the
number and size of colonies (Table 2). The
level of infestation is assessed on 30 stands
per plot (f ive stands per row at f ixed
intervals to avoid bias) and lhe scores
averaged. lt is usually not necessary to use



Tab le  2 .  V isua l
cowpea resistance
after Lists inger el

ra t ing  sca le  fo r
to aphids ( in part

af . 19771

no infestation
a few individual aphids
a few isolated colonies
several small colonies
large isolated colonies
large continuous colonies

aphids (Starks and Burton lgZZ). Infested
trays are transferred to cages with f ine
saran mesh, small enough to al low passage
of air but not insects. These cages'are fe-pt
in a greenhouse. About two weeks after
infestation, or as soon as the susceptible
check dies, plants are rated on a 1_5 scale
for damage (manifested as decreased plant
vigor). The susceptible check is usually
ki l led around 10-15 days after infestation.
The rating is first done on a row basis, and
laler within rows. The latter is more useful
when deal ing wi th  segregat ing breeding
l ines.  A score of  1  ind icates h igh
resistance, 2 or 3 indicate moderate/low
r e s i s t a n c e ,  w h i l e  4  s u g g e s t s  l o w
suscept ib i l i ty  and 5 h igh suscept ib i l i ty .
This process can be repeated several times
for l ines with scores of 1 , 2 or 3, with as
many replications as possible, using trays
as the replications.

A s imi lar  technique is  used for
screening sorghum for  res is tance to  the
green bug, Schzaphis graminium Rondani
(Starks and Burton 1977\.

Leafhoppers

Most leafhoppers found on cowpea
belong lo lhe genus Empoasca (Homoptera:
C icade l l i dae ) .  I n  As ia  ano the r  genus ,
Amrasca, is encountered. At llTA resistance
to.leafhoppers has been identif ied mainly by
using f ie ld  techniques.  Leafhoppers, - l ike
aphids, are a major problem during periods
of low rainfal l .  Field screening is therefore
conducted by planting test materials in late
September/early October, roughly a month
later than is customary (Singh and Jackai
1985). About two weeks prior to planting
the test  mater ia ts  (which should 

'a twayi

inc lude a res is tant  and/or  suscept ib ie
check)  a suscept ib le  spreader  row is
planted along the borders of the f ield. l t  is
also customary to leave any grass around the
field uncut unti l  after the test materials are
ib9!t 10 days otd. These precautions hetp to
build up the leafhopper population. test
lines are then planted in single rows, each 4
or 5m long. Checks are included once in
every 10 entries. The susceptible spreader

Rating Number of
aphids

Appearance

0
1
3
5
7
9

0
1 - 4
5 - 2 0
2 1 - 1 0 0
1 0 1 - 5 0 0
> 500

both assessment methods, the former being
adequaie for most bulk screening work.

Other  methods are avai lab le for
determin ing the mechanisms of  res is tance
involved (e.9.  Davies 19g5)  but  these are
beyond the scope of this paper. Many of
these use no-choice techniques lo identity
ant ib ios is  and non-preference,  as wel l  as
tolerance.

Screenhouse techniques. A method
developed at llTA uses cowpea plants grown
in wooden trays (54 x 80 x 11 cm) f i l led
with soi l  to about 8 cm depth (Singh and
Jackai  1985) .  Tes l  mater ia ls  are ptanteO
in single rows equidistant from each other.
Inc luded among these are res is tant  and
suscept ib le  checks (Singh 1977,  19gO)
where these are available. In a situation
where no resislant check is available test
l ines. are planted with a known susceptible
check only. Eventually a resistant source
will be identified and included in subsequent
tests. When plants are aboul 10 days old,
each plant of every test row is infested with
5 fourth instar nymphs using a camel_hair
blusfr Aphids for use in this test may be
obta ined f rom the f  ie ld ,  but  preteraOty
should come from a,l exist ing aphid cul lure
careful ly maintained in a screenhouse away
fro;'n parasites and/or predators. Several
methods have been described for rearing



Table 3. vlsuat rating scale lor leafhopper damage to cowpea

Rating Appearance

1
3

no visible damage
slight yel lowing of the midrib; no cupping
pronounced yellowing at midrib and side veins; yel lowing extends sl ightly betweenthe veins; symptoms may or may not be associated wirfmoderate.,ippiig--'
severe yellowing of the leaves fol lowed by drying of teaf t ips and i6irhargins;

characterist ic "hopper burn" observed
severe defol iat ion, fol lowed by wilt ing, result ing in death of plants

row is cut, but left on the plot, about 10_
15 days af ter  the emergence of  the test
materials. This results in movement of the
leafhoppers to the test materials.

Resistance rating is done on a 1_9
scale (Table 3) on a row basis around 25_
30 days afler seedling emergence. Resistant
l ines ate later tested in replicated f ield
tr ials. Several resistant l ines have been
ide .n t i f i ed  _us ing  the  f i e ld  sc reen ing
technique (Tabte 1).

Screenhouse tests have also been
used (Raman et al. 1979) and are based on a
procedure s imi lar  to  that  descr ibed for
aphids. However, more consistent results
have been obtained from field evalualioni
sugges t i ng  tha t  f  u r the r  re f  i nemen t  i s
requi red to  improve the screenhouse
techniques.

Beanfly

The predominant species on cowpea
is  Ophiomyia phaseot i  Tryon (Diptera:
Agromyzidae). This insect iunnels in tne
slems of cowpea seedlings causing them to
swell and crack at ground levei. Badly
infested plants wilt off and then die. eggi
are laid in the leaves or hypocotyl by ihe
smal l ,  sh iny b lack adul t  f  l ies .  Most
resistance screening is therefore targeted at
the stem.

Since the insect is not presently a
serious pest of cowpea in Africa little or no
attention has been given to i t  on cowpea.
However, because it is an important pest on
other legumes such as beans fhdseolus
spp.) ,  which are widely  grown in  the
eastern and southern parts of Africa, as well
as on soybean, we consider it a potentially
important pest on cowpea and'therefore
useful to discuss the methods developed for
beanfly resistance work elsewhere.

Screening of cowpea for resistance to
O. phaseoll  has been conducted bv l lTA
during the past three years in collaboration
with the Asian Vegetable Research and
Development Center in Taiwan using lhe
fleld. techniques developed by Chiang and
Talekar (1980) for use on soybean. Singte
rows of test material are grown with known
susceptible checks in the fashion described
for other pests. Four weeks after planting
the entries are assessed for perientage
infestation. The best entries 1i.e. mose with
the lowest infestation) are later subiected
to replicated f ield tr ials. In such tr ials
(plot sizes vary but 4 rows x 4m should be
adequate) about 30 plants are sampled per
plot and the number of beanfly larvae and
pupae, and the extent of damage arc
recorded. The level of infestation pei plot is
me.asured prior to the collection of sarhples.
Using both measurements as criteria, ' f ive
cullivars were selected as resistant (llTA
1s86)  (Tab le  1 ) .



I t  i s  c o n c e i v a b l e  t h a t  t h e
screenhouse caging technique described for
aphids could be used, with appropriate
modifications, as a procedure for beanfly
resistance screening. This has been
attempted in the Phil ippines but requires
f  u r ther  s tudy  (C.  Ada l la  persona l
communication).

Other seedling pests

No systematic effort has been made
to develop specific screening procedures for
foliage beetles partly because of the
sporadic nature of their attacks and the fact
thal they are not considered urgent
problemi. Where an attempt has been made,
fiefd plots were rated on a scale of 1-5,
representing a gradation in leaf area damage
and the presence/absence of adult beetles
(Jackai er at. 1989).

Pests of the early reproductive
phase

Two of the more important pests of
cowpea, the flower bud thrips (FTh) and the
legume pod borer (MPB), belong to this
group. However, since the MpB is also
important during the late reproductive
phase, the screening procedures used for
this pest are described in the next section.

Flower bud thrips

Considerable work has been done at
l lTA on the development, of screening
techniques for cowpea resislance to flower
bld thrips, Megalurothrips sjostedti Ttyb.
(Thysanoptera: Thripidae). Screenirq has
been highly successful in the field, but a
number of screenhouse techniques have also
been rried (ltTA 1983).

To  ensure  h igh  and un i fo rm
populat ions,  dwarf  p igeonpea (Cajanus
cajan) is established atong the borders of
the field. Since this is a perennial crop,
there is a special field designated for tfris
p_urpose at llTA. Planting is done to ensure
thal the pigeonpea flowers before the
cowpea. Thrips are attracted to the

pigeonpea flowers where their population
builds up. In the plot itself, susceptible
spreader rows, usually the cowpea cultivar
VITA 7, are established in a checkerboard
design, 2-3 weeks prior to the planting of
test lines. Thrips move from the pigeonpea
to the spreader rows once the latter start to
produce flower buds.

The test material is planted roughly
three weeks after the spreader rows and
VITA 7 is planted once in every 10 entries;
35 days later the spreader rows are
uprooted and plants laid between rows of the
lest plants. This forces the thrips to move
away from ths *ying plants to those of the
lest rows. In addition a low dosage of
endosulfan (ca 2@ g a.i./ha) is sprayed to
reduce infestation by {rttpB which might
otherwise interfere with the assessment of
thrips damage. Visual rating is f irst
carried out at 45 days and again at 55 days
after seedling emergence, or first wh6n
racemes are about 5 mm long and then 10
days later. In the past, a damage rating
scale of 1-5 was used, but this has recentlt
been replaced with a 1-9 scale (Table ai.
Rating is based on a combination of varying
intensities of browning of the stipules and
flower buds, non-elongation of peduncles,
and flgwer bud abscission. These damage
symptoms are used to diagnose damage
caused by M. sjostedtibut we believe other
species of flower thrips cause lhe same or
similar damage symptoms.

The distinction between susceptible
cuflivars and those with even low levels of
resislance is very clear in fiefd trials, so
lhat the use of screenhouse methods is
generally.unnecessary. Even segregating
breeding lines can be screened using this
fiefd technique. Lines with a score oi l, 2
or 3 are considered resistant. These are
usually tested again in larger, replicated
plots where rating is restricted to the
cenler lwo rows in order to avoid any edge
effect. Two germplasm lines, TVu 1509 and
TVU 2870, were identif ied with low to
moderate levels of  resistance (Singh
1977). TVu 1509 has the higher tevel of



Table 4. visual rating scale for f lower thrips damage to cowpea

Rating Appeararrce

3
5
7

no browning/drying (i.e. scaling) of stipules, leaf or flower buds; no bud
abscission

initiation of browning of stipules, leaf or flower buds; no bud abscission
distinct browning/drying of stipules and leaf or flower buds; some bud abscission
serious bud abscission accompanied by browning/drying of stipules and buds; non-

elongation of peduncles
very severe bud abscission, heavy browning/drying of stipules and buds; distinct

non-elongation of (most or al l) peduncles

/Vole: Scoring should be done at the slage when peduncles are about 2-3 cm tongrand then onswee[to=
10 days later.

resistance and has been used in the breeding
program at llTA to develop several advanced
breeding l ines wi th  res is tance to  thr ips
(Table 1). A higher level of resistance than
lhat in TVu 1509 is yet to be identified.

This technique has been criticized in
the past on the erroneous assumption that
test l ines closest to the pigeonpea borders
will receive a heavier infestation than those
f  ar lher  away.  Caref  u l ly  p lanned and
e x e c u l e d  s t u d i e s ,  h o w e v e r ,  h a v e
demonstrated that this is not the case (l lTA
1982). Another cri t icism has been that bud
absciss ion and non-e longat ion of  the
peduncles are symptoms lhat can result
from damage by other pests. While this is
possible, the other pests that might cause
simi lar  symptoms ( the legume pod borer
and the pod sucking bugs) do not cause lhe
character is t ic  browning associated wi th
thrips damage lo cowpea. Finally, f ield
screening can, and has been, carried out
without using permanent pigeonpea borders.
The main cowpea growing season in most
local ions is  genera l ly  su i tab le for  f ie ld
screening. The susceptible spreader rows,
however, help lo create a uniform insect
pressure. Their use should be encouraged.

Pesls of the late reproductive phase

Legume pod borer

The legume pod borer or maruca pod
borer (MPB), Maruca testulal is Geyer
(Lepidoptera: Pyral idae), is perhaps the
most elusive pest in cowpea entomology. lt
attacks a wide range of sites including
terminal shools, young succulent stems and
peduncles, flower buds, flowers and pods.
Because of this multiplicity of feeding sites
screening procedures have to be developed
taking each site into consideration but
we igh t i ng  them acco rd ing  to  the i r
impor tance  ( Jacka i  1982) .  Thus ,  as
damage lo some parts (e.9. flowers and pods)
is more crit ical than that to other parts
(e.9. stem) evaluation of resistance is often
weighted towards the former.  F ie ld
screening has been the mains lay of
evaluations for resistance to MPB. Several
attempts have been made to develop
greenhouse techniques (Dabrowski et al.
1983) but these have generally not been
repeatable by other workers.

Field techniques. A systematic
method for screening cowpeas for resislance
to MPB in field plots was developed at llTA
(Jackai 1982). Over the years this method
has undergone s l ight  modi f  icat ions to
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Table 5. Visual rating scales for legume pod borer damage
to cowpea

Pod load (PL)
Degree of podding

Pod damage (PD)
Rating "/"Rating

5

7

most (>60%) peduncles
bare (i.e. no pods)

31-60% peduncles bare

16-30% peduncles bare

up to 15% peduncles bare

occasional bare peduncles

1

2

3

4

5

6

7

8

9

0 - 1 0

1 1  - 2 0

2 1 - 3 0

3 1 - 4 0

4 1 - 5 0

5 1 - 6 0

6 1 - 7 0

7 1 - 8 0

8 1 - 1 0 0

Note' .  Pod evaluat ion index ( lpe) = PUPD. Higher values of lpe indicate
higher resistance (with PL > 5 and PD < 5). Even scores (2, 4, 6,8) are given
for PL where no clear-cut (odd-numbered) score appears to fit.

increase its precision and efficiency (Jackai
and S ingh 1983;  l lTA 1986,  1987)  bu t
has, by and large, retained the basic
components of the original method.

An ear ly  matur ing  suscept ib le
cultivar is planted along the borders of the
field, as well as perpendicular to every
range of rows within the plot. This ensures
that every test row has a spreader row
running across each end. Alternatively, two
rows of the spreader can be planted at every
olher range, in which case a test line has a
spreader running along only one end. The
latter design is preferable as it produces the
same pest augmentation and distribution
effect and allows adequate room for
movemenl between plots without stepping on
lhe crop. Two lo three weeks after planting
the spreader rows the test lines are planted

in  s ing le  3m- long rows,  w i th  two
susceptible (one early and the other medium
maturing) and one resistant check included
once in every 20 entries. These checks
serve a dual purpose. First, they provide a
means of  assessing the sever i ty and
distribution pattern of MPB through larval
counts in flower samples, or of assessing
percentage flower infestation based on 20
flowers per row collected and examined on
the spot. Second, and more commonly, they
provide a basis for comparison and
subsequent selection.

For effective field screening for
resistance to MPB, the earlier occurring
pests, flower thrips in particular, must be
controlled. This is achieved by spraying the
plots wilh monocrotophos at 250 g a.i./ha at
10-14 day intervals. lt has been shown
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that weekly sprays of monocrotophos (as
Nuvacron@ 4OEC) at  a  dosage of  500 g
a.i. /ha produce a MpB larvai population
similar to that of unsprayed plots (Jackai
1983)  and somet imes even 

'h ighei  
l t t fn1979). This treatment also controls'pod

sucking bugs which would also interiere
with pod evaluations for resislance to the
MlB. When large amounts of germplasm or
other material are being evaluated rating is
lim.ited to pod measurements, i.e. pod load
(PL)  and pod damage (pD).  These
evaluations are made using a 1-9 scale with
lhe degrees of acceptability at opposite ends
of the scate for pL and pD (T;6b S). For
example; a s@re closer to 9 is desirable for
PL while one closer to 1 is desirable for pD.
These evaluations are best made when the
pods are mature but still green, as damage
at this stage is much easier to observe thin
when the pods are dry. Where, unknown to
the invesligator beforehand, materials of
g rea t l y  .  va ry ing  ma tu r i t y  a te  be ing
screened, rating should be done when about
50"/" of the lines are mature and starting to
senesce. lt should be noted that for this, as
in many other cases, i t  is preferable to
screen germplasm or olher genotypes in
groups with similar maturity.

Malerials with pL scores of 5 or
better and PD scores of 5 or less are
selected for a second screening in replicated
2-row p lots  wi th  unprotected ( i . ; .  w i th
sprays of monocrotophos) and protected
lreatments. When lhe number of entries
has been reduced to less than 50. more
detailed measurements are taken on flower
infestation in addition to pL and pD. ln due
course a pod evaluation index and seed
damage are also computed using previously
descr ibed methods ( i lTA t  g-86;  Jackai
1982) .  Th i s  techn ique  and  i t s  ea r l i e r
vers ions (Singh 1980)  have been used to
iden t i f y  res i s tance  i n  TVu  946  and
Kamboinse local (Table 1). More recently,
a number of crosses using these two l ines
have shown d is t inct  promise ( l lTA 1996) .
Breeding l ines are usual ly  scored on a
progeny row basis afler which single plants
are selected from each of lhe setecled rows
for  fur ther  test ing.

Laboratory and screenhouse
techniques. The use of laboratory or
screenhouse procedures for evaluatioh of
res is tance to  the MpB h inges on the
availabi l i ty of a rearing faci l i ty/ insect
culture which can supply adequate numbers
of insects at the desired stages and times.
Unfortunately, most national programs are
not equipped with such a facility and are
therefore unable to carry out proper
laboratory and/or screenhouse resistance
evalualions. Even at the international
centers, where insecl rearing faci l i t ies
exist (Jackai and Raulston 19-gg), these
procedures are still in the developmental
phase ( l lTA 1985,  19g6,  19g7) .  lnsects
produced at llTA's rearing facility have also
been used in the development of artificial
infestation techniques to supplement natural
f ie ld  populat ions of  MpB,  but  these
lechn iques  a re  undergo ing  fu r the r
re f i nemen ts  ( l l TA  1995) .  Fo r  now,
screening cowpea for resistance to the MpB
by nat ional  programs wi l l  cont inue to
depend on existing field techniques. So far
these have proved satisfactory.

Pod sucking bugs

The most important members of lhe
pod.sucking bugs (pSBs) are the cowpea
coreids, Clavigralla tomentosicol/is Stai. in
west and central Africa, and C. elongata in
east and southern Africa. These and other
fSBs belong to the order Hemiptera and
descriptions of their biologies may be found
i1 the l irerarure (Singh and Jaikai 1985;
Jackai and Daoust 1986). Al l  pSBs cause
damage to young developing pods by sucking
sap from the seeds. This often results in
aborted or badly deformed seeds and
s.hrivelled pods. A heavy attack by pSBs
during late f lowering or early podding can
cause exlensive flower and pod abscission.

The  on l y  known  resea rch  on
lechniques for  screening cowpea for
resistance to this group of pests is that at
llTA. At least half a dozen different methods
have been tr ied, both in the f ield and under
contrc l led condi t ions in  screenhouse and
laboratr;ry. Few have stood the test of time.
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Are pods pres€nt
on peduncles?

Are pods normal?
(i.e. not shrivelled)

Are seeds formed?
(i.e. not aborted)

Are seeds only
slightly damaged?

(score < 6 out of 9)

Retain for
further screening

Figure 1. Schematic represenlation of selection procedure for mass screening
of cowpeas for resistance to pod sucking bugs. (Plants should be
sprayed with deltamethrin 2.5 EC at 12.5 g a.i-lha every 10 days,
starting at flower bud formation, until pod borer infestation
is minimal.)
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Field screening. Test lines are
planted in single or double row plots with a
known susceptible and/or resistant check
included once in every 10 or 20 entries.
The planting is usually sl ightly delayed in
order to expose the plants at the podding
stage to a high PSB population pressure.
The plants are sprayed with deltamethrin at
12.5 g a.i . /ha every 10 days, start ing at
flower bud formation, lo control thrips and
MPB. This  t reatment  is  terminated at
podding or afler two sprays unless the MpB
infestation continues to be high. During
certain years at some locations we have had
to spray. up to four times, but wilhout any
discernible etfect on the PSB population. At
mid- to late-podding, or at ful l  maturity i f
the PSB populal ion is low, the tr ial is
scored for damage based on a sequence of
el iminative steps (Fig. 1).

Entries with a low score for seed
damage are selected for further screening in
replicated tr ials with two levels of pSB
population density, obtained by spraying
with deltamethrin as earl ier described to
maintain the status quo (a "high" density)
and using half the recommended dosage of
endosu l fan  ( i . e .  250 -300  g  a . i . / ha )  +
deltamethrin ( i .e. 6.5 g a.i . /ha) at twice the
recommended interval ( i .e. every 14 days)
to obtain a "low" density.

Normally pod samples are taken back
to the laboratory where seed damage is
assessed. A resistance index (percentage
seed damage in  test  l ine d iv ided by
percenlage seed damage , in  check)  is
ca l cu la ted  and  used  fo r  res i s lance
class i f  icat ion and making se lec l ions for
fur ther  evaluat ion.

Screenhouse evaluation. Test lines
are planted in pots and placed in screen
cages (1.20 x 1 .25 x 1.30m) at the onset of
flowering. Ten to twelve pairs of pSBs are
introduced into each cage with five plants
and allowed to feed for two weeks. Flower
and pod abscission is closely monitored and
any eggs are removed daily. At the end of the
exposure period, counts are taken of pod

production as well as an assessment of pod
and seed damage, the latter usually in the
laboratory. This procedure can be carried
out on a choice or no-choice basis for each
rep l i ca t i on  ( cage) .  l t  i s ,  however ,
cumbersome and t ime consuming, and it  is
not surprising that i t  has not been widely
adopted. Modif ications to i t  are presently
being undertaken at llTA.

Other screenhouse techniques are
being developed. These require relatively
simple equipment - mesh-sleeve cages or
p last ic  pet r i  d ishes and rubber  bands.
However, as in the above technique, a source
of insects is a prerequisite. Simple rearing
procedures for PSBs using dry seed have
been developed recently (Jackai, in press)
but  convent ional  methods us ing f  resh
cowpea or pigeonpea pods are still useful.

Laboratory techniques consisting of a
set of simple bioassays have also been
d e v e l o p e d  r e c e n t l y  ( L . E . N .  J a c k a i
unpublished work; l lTA 1988). These need
to be adequately tested before they can be
recommended for use by national research
programs.

The  f  i e l d  sc reen ing  p rocedure
described here has identified low levels of
resistance in TVu 1 and TVu 1890 (Table
1 ) .

Storage pests

Species of the genus Callosobruchus
(Coleoptera:  Bruchidae)  are the most
important pests attacking stored cowpeas.
Its cosmopolitan nature has made it one of
the most widely studied insect pests. Adult
beetles lay eggs on pods (in the field) or on
seeds (in storage) and larvae develop within
seeds causing exlensive damage.

Screening cowpea for resistance to
bruchids is conventionally carried out in
laboratories. The method used at l lTA
(Singh 1977) is an adaptation of the method
used at Kansas State University (Nwanze and
Horber 1975). Twenty to 40 seeds (an
equal number for al l  test l ines) of each
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accession (ca 13% moisture conlenl) are
placed in small plastic boxes (5 x 5 x 2
cm). Two pairs of day-old adults arc
introduced into each box and allowed to
oviposit tor 24 hours. To ensure that there
is no hidden infestation prior to carrying
out this procedure the test material should
b e  f u m i g a t e d  ( e . 9 .  w i t h  a l u m i n u m
phosphide) for one or two days and then
aerated for about the same period to get rid
of the fumigant before screening. Storage of
seeds at extremely low temperatures is
another method of el iminating concealed
infestalion. In this case screening can be
carried out as soon as seeds have returned to
room temperature.

Boxes with infested seeds are
generafly letf at 28"C and 70-80% relative
h  u  m  i d i t y ,  b u t  w h e  r e  r o o m  s  w i t h
temperature and humidity control are not
available an ordinary laboratory room will
suff ice. Five days afler infestation the
number of eggs laid per seed lot is counted.
By this t ime the eggs are easily observed
and larvae may have already hatched and
moved into the seed. Starting from 25 days
after infestation the adults that emerge each
day are counted and removed. This is done
for up to four weeks, or unti l  no further
emergence occurs on the suscept ib le
contro l .  At  the end of  th is  per iod the
percentage adult amergence is determined
using the number of eggs laid as an estimate
of  the expected number of  adul ts .  A
sui tab i l i ty  index (= growth index,  Gl )  is
calculated using the formula Gl = log S/T,
where S = percentage adult emergence and T
= ff i€Bn development t ime (Howe 1971). On
the basis of this, as well as the level of
oviposit ion, an estimate of the resistance
status of the test materials is made.

Pod-wall resistance has been less
well studied. To screen for this factor,
different containers (e.9. paper bags) are
used to hold 6-12 pods which are infested
with 3-6 pairs of adult bruchids tor 24
[ours. After this the insects are removed
and lhe same data collected as for seeds.

In screening for resistance to
storage pesls, lfe brown (a susceptible
line) is often used as a check but other
checks can be used. TVu 2027 was
identified as having moderate levels of seed
resistance (Singh 19771 f  rom over
10,000 accessions that were screened.
Since then this l ine has been used as the
resistant check at llTA. Several breeding
lines have now been developed with almost
identical levels of resistance as TVU 2027
(Singh et al. 1985) (Table 1). These are
available upon request. The maintenance of
a continuous culture of C. maculatus (or
other bruchid species) is important for a
successful screening program for resistance
to this insect. Appropriate methods have
been described (Singh and Jackai 1985).

Techniques used for other cowpea
pests that  are considered of  minor
importance can be found in the review by
Singh and Jackai (1985). lt is hoped that
in due course specific screening procedures
wi l l  be  deve loped fo r  pes ts  w i th
restricted/localized importance such as
Apion varius, meloid beetles, the seed molh
(Ofuya and Akingbohungbe 1986) and
defol iators such as Amsacta moloneyi
(N'Doye 1978). What we have attempted to
do in fhis paper is lo summarize the various
methods available for use in screening
cowpeas for resistance to insect pests.
When field tests are used for screening it is
impor tan t  tha t  the  preva i l ing  insec t
population be monitored (by sampling) and
reported along with the resul ls of  the
screening tests.  This is important in
comparing the performance of resistant
var ie t ies  under  d i f f  e ren t  eco log ica l
conditions or in different locations.

Sampling procedures used for most
cowpea pests are identical to those described
for closely related pests on soybean (Kogan
and Herzog 1980). Those for f lower thrips
have been reported recently by Salifu and
Singh (1987) and for MPB by Jackai
(1982) and Jackai  and Lawson (1987),
while methods used for sampling PSBs
appear in various llTA Annual Reports (e.9.
l lTA 1983, 1984, 1985, 1987) as wel l  as
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in Todd and Hezog (19S0) and Suh et al.
(1986) .  The method fo r  sampt ing
Bruchidae described by Alzouma (19S8)
can be used to determine field infestation
fevefs of bolh C. maculatus and Bruchidius
atrolineatus. These methods are also useful
for screening insecticides. Even though
most methods used for sampling cowpea
pests require further research to improve
lheir precision and reduce oost, as has been
recently done for FTh (Salifu and Singh
1987; Salifu and Hodgson 1987), they are
quite adequale for use in resistance
screening and pest monitoring.

No research method is beyond
improvemenl. Consequently, the various
methods described here are constantly under
review. The authors would be glad to
receive suggestions for improvements or
new procedures for host plant resislance
screening.
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