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ABSTRACT
Pigeonpea@ajanus cajahis an important crop in semi-arid tropical and sub-
tropical farming systems, providing high quality vegetable protein, animal feed,
and firewood. Insect pests feeding on flowers, pods, and seeds are the most im-
portant biotic constraint affecting pigeonpea yields. This review summarizes the
biology and ecology of the three most important groups of pests: flower- and
pod-feeding Lepidoptera, pod-sucking Hemiptera, and seed-feeding Diptera and
Hymenoptera. Recent research investigating the complex interactions among
pigeonpea, its key pests, and their natural enemies is also reviewed. These rela-
tionships have implications on the pest status of individual species and on possible
control strategies. Pigeonpea pest management research has focused until recently
on the identification and development of resistant cultivars and on chemical con-
trol. Future research must focus on environmentally sound pest management
strategies that are compatible with the needs and limitations of pigeonpea farm-
ers. Several priority areas for research are suggested.
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INTRODUCTION

PigeonpeaCajanus cajainis an important pulse or grain legume crop in semi-
arid tropical and subtropical areas of the world. In terms of global grain legume
production, it is sixth aftePhaseolusbeans, peas, chickpeas, broad beans,
and lentils (21). In Asia, which accounts for approximately 90% of world
production, pigeonpea is the third most important pulse crop, where India,
Myanmar, and Nepal are the largest producers (57). Although Asia accounts for
the bulk of production, pigeonpea is also an important crop in Africa and Latin
America. In Africa, pigeonpea is primarily a subsistence crop, though several
countries export significant quantities. Because of its role as a subsistance crop,
and coupled with its use as a garden vegetable and intercrop, area and production
figures from Africa are generally considered to be gross underestimates. It is
grown in more than 33 countries, with Kenya, Malawi, Uganda, Tanzania, and
Nigeria having the largest areas under production (33, 100). Countries with the
largest production in the New World are the Dominican Republic, Venezuela,
Ecuador, Puerto Rico, and Haiti (57).

Pigeonpeais cultivated as an annual or semi-perennial crop, usually in mixed
cropping systems. Traditional cultivars/landraces are medium-to-long—duration
and are harvested 6—12 months after sowing. Pigeonpea is well suited to in-
tercropping, as it is slow growing and does not compete with shorter-season
crops (3). More recently short- and extra-short—duration genotypes have been
developed that mature in as few as 90 days. The shorter-duration genotypes
generally have less sensitivity to photoperiod than long-duration types (4). The
shorter maturity time and reduced sensitivity to daylength give these geno-
types more flexibility in new cropping systems (e.g. at higher latitudes) and
rotations (e.g. preceding wheat in the Indo-Gangetic Plains). The variety and
complexity of cropping systems that include pigeonpea are great. In Asia, pi-
geonpea is frequently intercropped with sorghum or millet, while in Africa,
maize is the predominant intercrop. In addition to cereals, pigeonpea is also
intercropped with other legumes and with root and fiber crops (3). In contrast
to the longer-duration traditional genotypes, short-duration pigeonpea is usu-
ally not intercropped. The yield advantage of short- and extra-short—duration
genotypes is greatest in monocrop systems with a high plant density (4).

Pigeonpea grain is consumed in many different forms, made both from green
seeds and from reconstituted dried split seeds. In the vegetarian societies of
South Asia, pigeonpea is an important source of dietary protein. Studies in
India have shown that in some villages, pigeonpea provides half of all protein
consumed (78). In Latin America, pigeonpea is both a backyard garden crop
and an export crop grown for canning green seeds (43). Pigeonpea is consumed
both as green seeds and as whole dried seeds in Africa (100). Important nonfood
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uses are as fodder (leaves and young branches), building material, and firewood.
In some areas of northern India, firewood production is as important a reason
for growing pigeonpea as grain production (22). The nitrogen-fixing ability of
pigeonpea makes it an important component in sustainable cropping systems,
and farmers recognize and appreciate the ability of pigeonpea to “replenish”
the soil when planted after a cereal crop (34, 37).

Yields of pigeonpea vary considerably among locations, cultivars, seasons,
and cropping systems. In most areas, insects are the most important yield con-
straint and the greatest cause of yield variation. Diseases and the use of low-
yielding genotypes are also cited as constraints to improving pigeonpea yields
(45, 56). More than 200 species of insects have been found feeding on pigeon-
pea, although only a few of these cause significant and consistent damage to
the crop (41). Reed & Lateef (68) presented a generalized review of pigeonpea
pests and control strategies. This review emphasizes recent literature on the
key pests of pigeonpea, including crop—pest—natural enemy interactions and
management. Priorities for future research are also suggested.

THE PESTS

Insects feed on all parts of the pigeonpea plant. The most serious pests, and
the primary focus of pigeonpea pest management research, are those that attack
reproductive structures, including buds, flowers, and pods. Pigeonpea has a
great capacity to tolerate and recover from early season losses of flowers and
young pods, provided the general health of the plant is good and that sufficient
soil moisture is available. Removal of all flowers and pods for up to 5 weeks after
flower initiation did not reduce seed yields in 10 short- and medium-duration
pigeonpea cultivars (86). Thus, only pests that are continuously present or
that attack at the middle or end of the crop cycle are economically important.
The key pests of pigeonpea can be grouped into three categories: flower- and
pod-feeding Lepidoptera, pod-sucking Hemiptera, and seed-feeding Diptera
and Hymenoptera.

Flower- and Pod-Feeding Lepidoptera

Nearly 30 species of Lepidoptera in six families feed on the reproductive struc-
tures of pigeonpea. Most of these occur at low densities and are only occa-
sional pests or are of local importance. Basic information about the impor-
tance and the biology of individual species or groups of pests has been given
in other reviews (41, 68, 92, 93). Therefore, this section focuses on the two most
important speciesHelicoverpa armigera(Noctuidae) andMaruca vitrata
(=testulalig (Pyralidae).
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H. armigerais the major biotic constraint to increasing pigeonpea production
(41). Annual pigeonpea losses dugtoarmigerahave been estimated at $317
million worldwide (28). The key pest status ldf armigerais due to the larval
preference for feeding on plant parts rich in nitrogen such as reproductive
structures and growing tips (24). These structures are also the most suitable for
larval developmentH. armigeralarval and pupal weight were highest, larval
development period shortest, and adult longevity greatest when larvae were
reared on flowers or pods as compared with leaves of several short-duration
pigeonpea genotypes (94).

In general, moths prefer to oviposit on plants in the reproductive growth
stage (25) and are attracted to flowering crops, perhaps by the nectar, which is
a carbohydrate source for adults (36). On pigeonpea, more than 80% of eggs
are laid on calyxes and pods (77). Three factors contribute to this ovipositional
preference: Reproductive structures are the preferred larval feeding site, long
trichomes and sticky trichome exudates provide a secure substrate for the eggs,
and the calyxes and pods seem to provide an “enemy-free space” for eggs and
larvae (see below).

In addition to its preference for feeding on reproductive structures, four fea-
tures ofH. armigeralife history make it one of the most serious and widespread
insect pests in the Old World: high fecundity, extensive polyphagy, strong fly-
ing ability, and a facultative diapause (24). In Indi, armigerahas been
recorded on at least 181 plant species from 45 families (45). Though highly
polyphagousH. armigeraprefers maize and sorghum to most other host plants
(25,32,36). In a study comparing the ovipositional response to certain host
plants excluding cereals, pigeonpea was more attractive than cotton, tomato,
okra, and chickpea (65). Relative to other host plants, pigeonpea is a very
suitable plant foH. armigeradevelopment (107, 109).

The ability to feed on various plants enabldsarmigerapopulations to
develop continuously during the entire cropping season as they exploit a
succession of different hosts (10, 58). At the ICRISAT research station near
Hyderabad, IndiaH. armigeraoccurs on groundnut in July and feeds on sor-
ghum and millet in August and September, and moves to pigeonpea and chick-
pea from October to March (10).

The biology and ecology d¢i. armigerahave been extensively reviewed, and
the general features do not differ when pigeonpeais used as a host (24, 36, 114).
Females oviposit at night and fecundity is high, with up to 3000 eggs reported
from a single female. The eggs are white and nearly spherical when freshly laid
and darkenwith age. Eggs hatchin 3-5 days, and the number of instars, from5to
7, varies with temperature and host plant. The generation tirkke afmigera
is highly variable. In tropical regions it can be as short as 28 days, withupto 11
generations per year. Mean development time on six short-duration pigeonea
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genotypes was approximately 21 days for larvae and 15 days for pupae (94).
Pupation occurs in a pupal cell 2-18 cm below ground. The prepupal stage
lasts for 1-4 days. The pupal stage requires 10-14 days for nondiapausing
individuals but may last several months during diapause. The variable devel-
opment time on different host plants, varying number of generations per year,
strong migratory ability, and co-occurrence of diapausing and nondiapausing
individuals all contribute to produce overlapping generations in the field.

Extensive lists oH. armigeranatural enemies have been published for India
(73), Australia (114), and Africa (110). Detailed life table studies have been
constructed forH. armigeraon several crops in Australia and East Africa
(106, 110), though only limited knowledge of the importance of natural en-
emies in India exists (73). In general, the impact of predators and parasitoids
seems to be relatively low on pigeonpea.

M. vitrata is distributed throughout tropical and subtropical regions world-
wide (92, 105). Ithas awide hostrange butis restricted to legumes (6, 102, 104).
M. vitrata is a serious pest of pigeonpea in India, Sri Lanka, and Africa (41),
with annual losses estimated at US$ 30 million worldwide (28). During the
dry season, when crop host plants are not availdleyitrata feeds on wild
leguminous shrubs and trees (30).

The bionomics oM. vitrata has been studied in some detail, although most
of this work has been with cowpea (31, 92,102, 104). Pigeonpea and cowpea
are often grown in the same areas, although the former is more common in Asia
and the latter in Africa. The biology and life cycle Bf. vitrata appear to be
similar on the two host plants. Regardless of the host plant, eggs are primarily
laid on buds and flowers. Fecundity of more than 400 eggs per female has
been reported from laboratory studies. Eggs are usually laid in groups of 4-6,
though up to 16 eggs have been found in some groups. Eggs hatch in 2-5 days
and larvae pass through five instars over 8-14 days. The prepupal period lasts
for about 2 days and the pupal period 6 to 9 days. Pupation may occur either
on the plant or in the soil in a pupal cell made of silk and covered with debris.
Generation time is typically 18-25 days, but can be as long as 57 days.

Larvae feed from inside a webbed mass of leaves, flowers, and pods. This
concealed feeding complicates control as pesticides and natural enemies have
difficulty penetrating the shelter to reach the larvae. Pigeonpea genotypes with
determinate growth habit, where pods are bunched together at the top of the
plant, are more prone to damage than genotypes with indeterminate growth
habit, in which the pods are arranged along the fruiting branches (80).

A large number of natural enemies have been reported to ditaskrata
(7,61,99,108,111). Life table studies on cowpea in Kenya have shown that
generation mortality is about 98% (61), and that “disappearance” and diseases
are the most important mortality factors. Parasitism has not been recorded from
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eggs or the first four instars and only low levels of parasitism were observed for
fifth instars and pupae. No life table studies\f vitrata on pigeonpea have
been reported.

Pod-Sucking Hemiptera

A large number of Hemiptera, mainly in the families Alydidae, Coreidae, and
Pentatomidae, feed on pigeonpea and are commonly referred to as pod-sucking
bugs (41). Relatively few are serious pests; the most important are the coreids
AnoplecnemigClavigralla (Acanthomid, andRiptortus Research has focused

on threeClavigralla speciesClavigralla tomentosicolliss widespread in sub-
Saharan Africa, whileClavigralla scutellarisis found from Kenya through
Yemen, Oman, Pakistan, and India (14, 15). The third spe€Cikssigralla
gibbosa is restricted to India and Sri Lanka (14). Three additional species,
Clavigralla shadabiin western and central AfricaClavigralla elongatain
southern and eastern Africa, a@thvigralla horridain Zimbabwe and South
Africa, are also associated with pigeonpea (15, 4Zlavigralla spp. within

a region, particulariyC. shadahij C. elongataand C. horrida in Africa and

C. gibbosaandC. scutellarisin India, are similar in appearance and habit and
are often confused in the field and in the literature. For example, nearly all of
the literature orClavigralla spp. in India refers only t&€. gibbosa although

C. scutellarisco-occurs on pigeonpea. Only recently hawegibbosaand

C. scutellarisbeen differentiated in the field in India (44).

Both adults and nymphs @lavigralla spp. feed on pigeonpea by piercing
the pod wall and extracting nutrients from the developing seeds (11). Damaged
seeds are dark and shriveled, and they are difficult to distinguish from those
damaged by drought. For this reason, bug damage is frequently underestimated
(68). Damaged seeds do not germinate and are not acceptable as human food
(47). In Tanzania, Materu (47) reported that more than 50% of pigeonpea
seeds were disfigured and unmarketable because of pod-sucking bug damage.
Seed damage due to pod-sucking bugs in Kenya, Malawi, Tanzania, and Uganda
ranged from 3 to 32% and varied among locations within and between countries
(52). Combined losses due® gibbosaandC. scutellarisn India vary among
regions and occasionally exceed 50% (11, 89).

The egg to adult development Glavigralla spp. reared on pigeonpea is
completed in 15-40 days under ambient temperatures (11, 19, 55,91). Both
C. gibbosaand C. tomentosicolligpass through five nymphal instars before
reaching the adult stage. Ad@lavigralla spp. can live more than 150 days
(11, 19), and females occasionally lay as many as 430 eggs in clusters of varying
size. Field collections oflavigralla egg clusters in India showed that cluster
size ranges from 2 to 62 eggs (meanl8 eggs), with more than 70% of clusters
containing 7-24 eggs (81). Similar ranges in egg cluster size have also been
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reported for AfricanClavigralla spp. (16,19, 104). Longevity and fecundity
of adults and egg cluster size of laboratory-reared bugs may differ significantly
from field-collected bugs (11).

Relatively few natural enemies have been reportefavigralla spp. The
most important are hymenopteran egg parasitoids (Table 1). These parasitoids,
alone or in combination, have been reported to parasitize more than 55% of
available hosts on pigeonpea in India (@rgibbosasee 11, 55), Nigeria, and
Benin (forC. tomentosicollissee 16, 50)Gryon clavigrallae(Hymenoptera:
Scelionidae) parasitizes up to 69% of eggs and up to 100@tanfigralla egg

Table 1 Egg parasitoids reported to attaClavigralla spp.

Parasitoid Clavigralla species Country Crép Reference

EUPELMIDAE

Anastatus ?hancocki Clavigralla tomentosicollis Tanzania C 50

Anastatus ?hemipterfe C. tomentosicollis Nigeria C 50
Benin C 16
Anastatussp? C. tomentosicollis Nigeria C 50
ENCYRTIDAE
Ooencyrtussp. C. tomentosicollis Nigeria P 20
Ooencyrtus afet C. tomentosicollis Nigeria C 50
Ooencyrtus utetheisae C. tomentosicollis Benin C 16
(=0oencyrtus patriciae C. tomentosicollis Nigeria C 50
C. tomentosicollis, Tanzania C 50
Clavigralla elongata
SCELIONIDAE
Baeusspd C. elongata Tanzania — 50
Gryonsp. C. elongata Tanzania C 50
Gryon clavigrallae Clavigralla gibbosa/ India P 44,51
Clavigralla scutellari§
Gryon fulviventré C. elongata Tanzania — 51
C. gibbosa/C. scutellarfs  India P 11,90
C. tomentosicollis Benin C,P 16
C. tomentosicollis Nigeria C, P 50,103
C. tomentosicollis Tanzania C,B, 48,50
D,P
Gryon saxatile C. elongata Tanzania — 51
Telenomusp. C. elongata Tanzania C 50

af reported; B= Phaseoludeans, C= cowpea, D= Dolichos lablah P = pigeonpea.

bAnastatusspp. are probably hyperparasitoids (G Mineo, personal communication in 16).
CIncorrectly indentified a©oencyrtus kuvana@0).
dProbable misidentification, as this genus is known to attack only spider eggs (A Polaszek, personal

communication).

€C. gibbosaandC. scutellarishave been confused in the literature (see text).
fHadronotusis a junior synonym ofGryor Gryon antestiaeand Gryon gnidusare synonyms of
G. fulviventre(A Polaszek, personal communication).
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clustersinIndia (81). Large egg clusters are more frequently attacked, probably
because they are more easily located. Most of the egg parasitoids reared from
Clavigralla spp. (Table 1) are polyphagous.

Only five other natural enemies, two parasitoids and three predators, have
been recordedMormonomyia argentifrongDiptera: Tachinidae) parasitizes
adultC. horridain Tanzania (48), andlophora nasaligDiptera: Tachinidae)
was reared fron€. tomentosicollisn Nigeria and Tanzania and. elongatan
Tanzania (49). The three predators @@smolestesp. (Hemiptera: Reduvi-
idae), observed feeding d@lavigralla nymphs in Kenya (EM Minja, unpub-
lished data);Antilochus coquebertjHemiptera: Pyrrhocoridae), preying on
nymphs and adults in India (90); and a predatory nBghartiasp. (Acarina:
Erythraeidae), which reportedly infests up to 21%M®fgibbosaadults and
nymphs in India (67, 90).

Seed-Feeding Diptera and Hymenoptera

Two Diptera and one Hymenoptera feed on developing seeds within the pigeon-
pea pod. The most importantidelanagromyza obtus@iptera: Agromyzi-

dae), the pigeonpea pod fly, which appears to be restricted to Asia. Its biol-
ogy, ecology, and management have been extensively studied (83). A second
agromyzid speciedlelanagromyza chalcosomia a pest of pigeonpea in east-

ern and southern Africa (54). Though less well studied, it seems to occupy a
similar ecological niche (52). Both species feed only on pigeonpea and closely
related species within the subtribe Cajaninae (83).

M. obtusafemales produce up to 80 eggs and lay them individually into
developing pigeonpea pods. Development of the immature stages under field
conditions includes 3-5 days for the egg stage, 6-11 days for the three larval
instars, and 9—-23 days for the pupal stage. Adults live up to 12 days when fed
with honey and about half as long without food (1). The population dynamics
of M. obtusaare governed by its narrow host range and feeding niche. In India,
pigeonpea pods are available in the field from approximately October to April,
and infestations increase rapidly over a relatively short period (66). Fewer eggs
are laid in December and January when temperatures are low, and populations
increase as temperatures rise. Long-duration pigeonpea crops mature in March
or April and can be heavily damaged (38)1. obtusamay survive the off-
season on alternate hosts sucliRagncosia minimavhich have been found to
be infested with eggs, larvae, and/or pupae between April and November (35).

Pod fly damage has been reported from several countries. In India, the pod
fly is a more serious pest in northern and central areas than in other parts
of the country (40). Damage levels in farmers’ fields range from 10 to 50%
(39,59, 97). In Vietnamiyl. obtusais the key pest of pigeonpea, causing seed
losses of more than 90% (27), while damage of 43% is reported from Taiwan
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(101). Seed damage of less than 1% was observed in Malawi and Tanzania,
3-5% in Uganda, and up to 15% in Kenya (52).

Parasitic Hymenoptera that attack the larval stage are the only natural ene-
mies reported foM. obtusa Shanower et al (83) listed more than 14 species,
though research has focused on the two most important Eu@derusspp. (Hy-
menoptera: Eulophidae) a@myrusspp. (Hymenoptera: Ormyridaeude-
rus spp. are solitary or facultatively gregarious ectoparasitoids and are found
in India (96), Sri Lanka (22), and the Philippines (JA Litsinger, personal com-
munication in 101). Parasitism rates of more than 25% have been reported
for this group (2, 106) Ormyrus orientalisandOrmyrus fredrickiare solitary
endoparasitoids that parasitize up to 13% of hosts in India (105). Parasitism
levels of up to 30% have been reported @rorientalisin Sri Lanka (23).

The larvae offanaostigmodes cajaningdelymenoptera: Tanaostigmatidae)
also feed on developing pigeonpea seeds. In addition to pigedhpaganinae
has been reported feeding on 13 noncrop legumes (42, 64). Female wasps lay
individual eggs on the surface of flowers or young pods. The larva bores into
the pod and feeds for 8-10 days on the developing seeds. Pupation, which
occurs within the pod, lasts 5-7 days, and the adult lifespan is 7-9 days. Low
infestation levels €2.4% pods) have historically been reported in farmers’
fields in southern India, but higher infestation levels, up to 58% of pods, were
found on research stations, especially in pesticide-treated plots (42). Lateef
et al (42) suggest that the more frequent use of pesticides on research stations
results in highefl. cajaninagpopulations and damage owing to the destruction
of its natural enemies. More recently, higher levels of pod infestation (5—11%)
in farmers’ fields in southern India have been observed (TG Shanower, CS
Pawar & VR Bhagwat, unpublished data). The higher damage levels parallel
the increasing use of pesticides by farmers (see below), lending support to the
earlier hypothesis (42) that cajaninaes a secondary pest.

MULTITROPHIC INTERACTIONS

In recent years, increased attention has been given to the interactions among
plants, herbivorous insects, and their natural enemies in order to optimize the
efficiency of naturally occurring or released parasitoids and predators (63).
Oviposition and feeding behavior of herbivorous insects are affected by both
physical and chemical features of the plant (8). The plant surface plays a key
role in these plant-insect interactions. Trichomes are the most well-studied
plant surface structure. In several crops, trichomes have been manipulated
to develop insect-resistant cultivars (62,98). However, trichomes and their
exudates are also known to reduce the efficiency of natural enemies and thus
may have positive or negative effects on pest populations (13).
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Five trichome types, three glandular and two nonglandular, have recently
been described from pigeonpea and two wild relati@Gsganus scarabaeoides
and Cajanus platycarpug74). One of the glandular trichomes (Type A) is
multicellular with a broad base and a long tubular neck that secretes a clear,
viscous fluid at its tip. The density and length of the different trichome types
vary significantly among different plant structures and am@agnusspecies
(74). C. scarabaeoidegods have significantly higher densities of nonglandular
trichomes than pigeonpea pods and generally lack the Type A trichome. On
pigeonpea leaves, trichomes are generally much shorter than on reproductive
structures, and the exudate-secreting Type A trichomes are rare.

The most detailed knowledge of pigeonpea—herbivore—natural enemy inter-
actions is foH. armigeraand itsTrichogrammaHymenoptera: Trichogram-
matidae) egg parasitoids. Plant volatiles, trichomes, trichome exudates, and
surface chemicals affect the behavior of bbtharmigeraand Trichogramma
spp. Inthe laboratory, volatiles from pigeonpea leaves atttaatmigeraand
stimulate oviposition (26, 69, 70). Olfactometer studies Witlthogramma
chilonis have shown that females are repelled by volatiles from pigeonpea
plants in the reproductive growth stage and by pods alone (75, 76). Because
the parasitoids show no response to plants in the vegetative stage, different
volatiles appear to influence the behaviotbfarmigeraandT. chilonis The
infochemicals that repdll. chilonisare unknown but do not derive from Type
A trichome exudates; washed pods and pods.aicarabaeoidethat generally
lack this trichome type also repel the parasitoids (76). Another paradfoid,
celatoria bryani(Diptera: Tachinidae), which attackselicoverpaHeliothis
larvae, is attracted by volatiles from pigeonpea leaves, buds, flowers, and hex-
ane extracts of flowers (46). However, the relative importance of pigeonpea
volatiles during host selection and oviposition behaviotHbyarmigeraor the
host location process of its parasitoids in the field is not known.

More than 80% ofH. armigeraeggs on pigeonpea are found on calyxes
and pods (77). Differences in the length and distribution of trichome types
among different pigeonpea plant structures may contribute to this ovipositional
preference. Trichomes play an important role in the ovipositional behavior and
host selection process bf armigera(25, 36, 114). In addition, they have been
identified as an important resistance factor in wild relatives of pigeonpea, as
they prevent smaMl. armigeralarvae from reaching the pod surface (84). But
on pigeonpea reproductive structures, the long trichomes and sticky trichome
exudates inhibit the movement @fichogrammaspp. (76). Egg parasitism
levels therefore vary widely on different plant structures. Romeis et al (77)
found 41% of eggs on leaves were parasitized, while fewer than 4% of eggs on
pods and calyxes were attacked.

The oviposition behavior afallosobruchus chinens{€oleoptera: Bruchi-
dae) is also affected by trichomes. In no-choice experiméntshinensidaid
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more eggs on pigeonpea pods with trichomes removed or on pods with low
trichome density than on pods with a high density of trichomes (88). High
trichome density also prevented small bruchid larvae from reaching the pod
surface. There is no information on the effects of pigeonpea trichomes on other
important pests. However, trichome density and orientation are important re-
sistance factors against. vitrata andClavigralla spp. on cowpea (29, 60).

Surface chemicals from pods of pigeonpea and Wijanusspecies also
affect the behavior ofi. armigeralarvae andr. chilonis A filter paper feed-
ing test showed that an acetone extract from the surface of pigeonpea pods
containsH. armigerafeeding stimulants (84). The same response to surface
extracts was detected @. platycarpuspods, but not in extracts from pods of
C. scarabaeoidethat lack Type A trichomes. These results suggest that the
feeding stimulants are contained in the trichome exudate. Apolar chemicals on
the plant surface also stimulate oviposition behavioHo&rmigera(12). M.
obtusamay also respond to pigeonpea surface chemicals because significantly
more eggs were found in water-washed pods than in unwashed pods of the
same cultivar (95). In a filter paper bioass&ychiloniswas deterred by pod
surface extracts from pigeonpd@, scarabaeoidesandC. platycarpus(76).

The compounds responsible for this effect are therefore not present in the Type
A trichome exudates.

Generalist predators may also be deterred from searching on pigeonpea. Sev-
eral major taxa of predators including chrysopids, coccinellids, anthocorids, and
spiders are more common on sorghum than on pigeonpea in sorghum-pigeonpea
intercrops (18).0Orius tantillus (Hemiptera: Anthocoridae) attacks eggs and
first instars ofH. armigeramore effectively on sorghum than on pigeonpea.
The lower efficacy on pigeonpea relative to sorghum is attributed to differences
in plant chemistry and architecture (87). A predatory Baratrechina longi-
cornis (Hymenoptera: Formicidae), removes more than 50%l.oirmigera
eggs from leaves but less than 17% of eggs from buds and pods (72). The long
trichomes and sticky exudates on pigeonpea reproductive structures interfere
with movement and searching ability. Thus it appears that the pigeonpea plant
growth stage and plant structures most preferreld larmigerafor oviposition
and larval feeding are the most unsuitable Toichogrammaegg parasitoids
and other natural enemies.

Thereisalsoindirect evidence that pigeonpea affects the hostlocation process
of natural enemies of other pest insects. Egg parasitis@lafigralla spp.
is strongly influenced by the host plant on which eggs are laid. In Africa,
Gyron fulviventreattacked 6% o€. tomentosicolli®ggs orPhaseolubeans,

11% of eggs on pigeonpea, and 24% of eggPoflichos lablab(48). Dreyer
(16) reported tweC. tomentosicolli®gg parasitoids on cowpe@, fulviventre
and Ooencyrtus utetheisaeOnly one of theseG. fulviventre was found in
more than 12,000 eggs sampled from pigeonpea. In addition, both parasitoids
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attackedC. tomentosicolli®ggs on potted cowpea plants in a pigeonpea field,
but O. utetheisaalid not parasitize eggs on pigeonpea plants exposed in a
cowpea field. Similarly, Egwuatu & Taylor (20) reported titencyrtussp.
attackC. tomentosicolli®ggs on pigeonpea at very low levelsQ.1%).

MANAGEMENT

Pigeonpea pest management is complicated by several factors. The crop is at-
tacked by at least three key pest groups with very different biologies. These dif-
ferences include host range (oligophagous to highly polyphagous), apparency
(feeding on the plant surface versus concealed feeding), and feeding mode
(chewing versus piercing and sucking). The pests also have highly variable pop-
ulation dynamics between years and locations, and at leasHormemigera
has developed high levels of resistance to several insecticides. The key pests
are all direct pests, feeding on the portion of the crop most valued by humans,
and each is capable of completely destroying a crop. Economic thresholds have
not been developed for any pest of pigeonpea. Given the variety of pests, the
long reproductive phase and compensatory ability of the crop, and the socio-
economic constraints of farmers in most pigeonpea-producing countries, it is
doubtful if useful or practical economic thresholds could be developed. An-
other obstacle to progress in pigeonpea pest management is that pigeonpea has
been considered a marginal crop or is the neglected component of a mixed
cropping system and is thus given less attention by farmers, crop protection
specialists, and policy makers.

The primary focus of pigeonpea pest management has beldnaimigera
andM. obtusawith emphasis on chemical control and host plant resistance (68).
A major change in farmers’ pest management practices has been the widescale
adoption of synthetic pesticides as the primary method of pest control in some
areas (85). In India, calendar sprays are recommended and followed, with the
first application at 50% flowering and second and third applications at 15-day
intervals (79). Farmers in southern India now apply pesticides 3—6 times per
season (82). This change has occurred over a period of about 10 years, and there
are indications that pigeonpea farmers in Africa may follow a similar trend (53).
In Asia, H. armigerahas developed high levels of resistance to organophos-
phates and synthetic pyrethroids (5). This has resulted in control failures and a
lack of confidence in insecticides (71). The rapid increase in pesticide use on
pigeonpea is alarming and emphasizes farmers’ concern with insect pests. The
trend also highlights the need for safe and effective management strategies.

The difficulty in managing insecticide-resistant populationsliofrmigera
has given impetus to the development and use of alternative insecticides such as
plant-derived products [e.g. neeizadiracta indicd] and insect pathogens,
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particularly theHelicoverpanuclear polyhedrosis virus (NPV). These prod-
ucts are generally considered to be safer for humans and the environment and
have less negative impact on beneficial organisms than conventional insecti-
cides. Neem products have traditionally been used to protect stored grain in
India. Commercially formulated neem products are available in many coun-
tries, although results on pigeonpea have been inconsistent (82). The use of
NPV to controlH. armigerahas received much attention, particularly in India,
though reliable control on pigeonpea has not been obtained (82). Both neem
and NPV products suffer from poor and highly variable quality and a more lim-
ited distribution network than conventional insecticides. These problems must
be overcome before these products can be considered effective and practical
alternative control methods. The possibility of farmers or farmer cooperatives
producing and using plant-derived or insect pathogen products on a local scale
has attracted the attention and resources of a number of nongovernmental or-
ganizations.

The development of insect-resistant and/or -tolerant pigeonpea cultivars has
been a high priority in both national and international research programs for
many years. Two problems have hindered progress: highly variable pest pop-
ulations (within and across seasons) and the high degree of out-crossing in
pigeonpea. Thefirst problemwas addressed by developing an open-field screen-
ing methodology to compare the performance of genotypes at different locations
and across years (68). The key to this system is that material is evaluated in
groups with similar flowering and maturity times, and any entry more suscepti-
ble than standard checks is rejected. Over a period of several years, only lines
showing consistently superior performance relative to the checks are advanced
(68). Isolating material and vigilantly removing off-types minimizes the effect
of out-crossing. Limitations of land, labor, and financial resources make this
approach difficult for many national programs to follow rigorously .

Pigeonpea lines with resistance to either or bdtlarmigeraandM. obtusa
have been reported, but little progress has been made in incorporating resis-
tance in cultivars that are acceptable to farmers. No insect-resistant pigeonpea
genotypes are widely cultivated by farmers. Frequently, the resistant lines are
less preferred in terms of taste, seed color, and/or size and are often susceptible
to wilt, sterility mosaic virus, or other diseases (82).

Traditional pigeonpea landraces are medium-to-long—duration and may have
been selected to avoid peak pest attack (68). Delaying planting to avoid high
pest populations has been an effective strategy in research station trials but has
not been widely adopted (112, 113). Selecting companion crops or cultivars
has also been investigated as a means of minimizing pest damage (41). The
widespread practice of intercropping the longer-duration pigeonpea genotypes
with one or more companion crops may have evolved through farmers’ desire to
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reduce the risks of insect or other losses. But the companion crop(s) is usually
harvested before pigeonpea flowers when medium- and long-duration pigeon-
pea cultivars are used. Thus, when pigeonpea is most attractive to the key pests,
itis functionally a monocrop, and there is seldom any reduction in pest damage
relative to sole-cropped pigeonpea (9). Recently developed shorter-duration
pigeonea genotypes, which mature in less than 4 months, may offer new oppor-
tunities for cultural or agronomic manipulations to minimize insect damage.

Improving the impact of natural control agents is perhaps the most neglected
area of pigeonpea pest management research. Although a large number of nat-
ural enemies have been recorded from the key pests of pigeonpea (31, 73, 83),
little is known of their effect on pest population dynamics. No reliable or com-
prehensive life table study that evaluated the role and impact of natural enemies
of any insect pest on pigeonpea has been published. An attempt was made to in-
crease the impact of natural enemies on short-duration pigeonpea by intercrop-
ping with short-duration sorghum (17). The mechanism behind this strategy
was that synchronized flowering times would facilitate the transfer of natural
enemies from sorghum to pigeonpea. Though initially successful, the impact of
natural enemies in this intercrop system has not been consistently greater than
in sole-cropped pigeonpea (77). Anumber of pigeonpea plant characters that in-
hibit natural enemies have beenidentified. Developing genotypes thatlack these
characters would be a practical approach to improving natural enemy impact.

Another possibility for improving natural control would be to investigate the
potential for exchanging natural enemies. For examplegrmigeraeggs are
attacked byTelenomuspp. in Africa and Australia, while only a single un-
confirmed record of this genus in India is available (73). Speci€dafigralla
andMelanagromyzare other promising targets either for classical biological
control or for trying new associations of natural enemies from closely related
species. Much more needs to be known of the pests and natural enemies of
pigeonpea, particularly in Africa, before the feasibility of this idea can be
determined.

FUTURE NEEDS

Insect pests are a major constraint to pigeonpea production, yet there has been
relatively little research investment, particularly outside of India, into the biol-
ogy, ecology, and management of pigeonpea pests and their natural enemies.
Research has concentrated almost exclusivelld oarmigeraandM. obtusa

with little attention given to other pests. Knowledge of the impact, dynamics,
and ecology of the pests and their natural enemies is essential before effective
control strategies can be developed. These studies must focus on the crop-
ping system, as pigeonpea is frequently one component of a complex farming
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system. Other tropical legumes are particularly important because they share a
number of pests and natural enemies with pigeonpea.

Pigeonpea farmers in some parts of India and Africa have rapidly adopted the
use of pesticides as the primary means of pest management. Past experience
in developing countries has shown that pesticide use is often inappropriate and
unsafe and that farmers frequently fall into a cycle of increasing the amounts
and/or frequency of pesticide applications. To avoid this “pesticide treadmill,”
pigeonpea farmers need effective alternative pest management practices. There
is no shortcut or magic bullet to reduce losses due to insect pests immediately.
Progress will be incremental, and in the short term, the greatest impact may
come from improving insecticide application. This would involve enhancing
the skills needed to scout fields and properly mix and apply insecticides and
providing unbiased information on the relative risks and benefits of different
insecticides. A strategy for the medium term should concentrate on developing
improved cultivars that combine high yield and disease and insect-resistance
into backgrounds with consumer-preferred agronomic characters. The iden-
tification of specific resistance mechanisms, such as increasing the density of
nonglandular trichomes on pods, would be a good start. A longer-term solution
to insect pest problems in pigeonpea must focus on ways to enhance natural
control processes, either by the introduction of exotic natural enemy species or
by enhancing the effectiveness of endemic species.
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