Limits Imposed by Biological Factors: Pests

W.V. Campbell * and W. Reed **

T palatibility and high protein content of some
foud legumes make them desirable to a wide variety
of insects. Although most have developed resistance
by natural sclection to many potential pests, as for
example the chickpea with its acid exudate
(Rembold and Winter 1982), almost all food
legumiey sufter severe losses. A possible exception
10 this is Lathyrus; however, the plant and seed itsell’
is toxic to man, unless properly cooked.

Pests can damage legumes from the seedling (e.g.
cutworms) through the vegetative (¢.g. defoliators)
and reproductive stages (¢.g. pod borers) and in the
stored seed (bruchids), Many insccts can act as pests
(e.g. over 200 insect species have been recorded
damaging pigeonpea in India). A comprehensive
account of the pest problems will not be presented,
but rather the account will be restricted (o the major
food legumes — peanuts, chickpeas, mungbeans,
soybeans, pigeonpeas, and cowpcas -~ that are
widely grown in Southeast Asia. This paper will
concentrate upon the general aspects of the pests,
and their management.

Losses from Inscct Pests

There have been few, if any, realistic assessments
of crop losses caused by food legume inscct pests.
Such assessments should include not only the losses
caused 1o the crops in the farmers' fields, but also
the lost opportunity to grow crops in some arcas.
Flower- and pod-boring insects huve nearly stopped
the cultivation of pigeonpea in Sri Lanka
(Subusinghe and Fellows 1978). Farmers have,
through trial and crror aver generations, found
which crops will produce a reasonable return in their
lields. They have abandoned crop production of
those species which insects destroy in thewr arca.

* N.C. State University, Ralvigh, NC 27695-7613, USA.
Paper No. 10619 of the Journal Series of N, Carolina
Agricultural Research Service,

** [CRISAT, International Crops Reseurch Inatitute for
the Semi-Arid Tropics, Patancheru, Andhra Pradesh,
India. Paper No. CP 315.

However, with the advent of modern insecticides, it
is now possible to protect crops from damaging
pests, There are several examples of ‘new crop’
introductions  or  high-yielding varicties  of
established crops, which do well when imensively
protected, but yicld nothing when left unprotected.
We must add the cost of such lost opportunities to
the debit account.

Crop loss assessment is difficult. It is more otten
discussed than practiced. Most data of crop Joss are
from research station ficlds, where the ecology and
pest complexes are often atypical of those found in
farmers’ fields. A good example of this is provided
by data from pigeonpea on the ICRISAT Centre
farm. Here, pigeonpea is severely damaged by i
hymenopteran pest, Tunaostugmodes capaninue.
More than 80% of the pods of late maturing
pigeonpea can be destroyed by this nsect. However,
in a survey of farmers' fields across Indiv in
collaboration with national scientists, the dumage
to pods caused by tis pest averaged less than 2%
(Lateef ¢t al. 1985). Clearly, T. cayaninge is @
research station nuisance rather than a real pest 1n
farmers’ fields.

The ICRISAT surveys of pest damage in furmers’
pigeonpea and chickpea fields across India provide
us with data that are rarely available. Table | shows
the percentage ol pods damaged by the major pests
in these surveys. In collecting such data, ICRISAT
scientists visited more than 1200 farms, talking to
farmers and collecting pod samples that were later
analysed. Few national research organisations
afford their scientists the opportunity or facilities
to conduct such surveys. Most have no
transportation, so their research is restricted to the
atypical conditions of their rescarch farm.

Even the extensive and expensive ICRISAT
surveys did not provide direct data on crop loss. The
percentage of damage caused 10 pods is obviously
an important factor in crop loss, but the survey did
not reveal the losses of pods caused by insects
feeding on vegetation, buds, flowers, and young
pods. Perhaps the easiest means of estimating crop
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TABLE 1. The percentapes of pigeonpea pods, sampled from farmers' fields just before harvest, that were damaged
by pests in India in 197581 (after Lateef et al, 1985).

Northern India

Pests (above

23°N)
1 epidopterous borers 15.2
Melanagramyza ohtusa 20.1
Callosobruchus spp. 0.2
Tanaostigmodes cajamnac 0.4
Na. of ficlds sampled a7

. . S
Central India Southern India

o (below
(20-23°N) 20°N)
243 3R.6
2 1.1
22 6.3
1.6 2.4
446 444

loss is to compare the yields of plots that are left
unprotected and those that arc adequately protected
by appropriate pesticide use. It is impractical to
climinate all damagc, so the difference between the
yiclds of the protected and unprotected plots i<
generally referred to as the *avoidable loss'. Such
data from replicated trials in farmers’ fields would
be very valuable for research and extension
planning. Unfortunately, such data did not appear
1o exist for the food legnme crops of Southeast Asia.
As a result, no realistic estimate of the losses
caused by pests 10 these Jegumes can be made.
However, the cconomic estimates that do evist, cop.
the 1CRISAT cstimate that Heliothis armigera
causes losses of pigeonpea and chickpea to the vatue
of $300 million per year in India, and the frequent
reports of these crops being devastated by inseet
peatar arfiont e oconvse e e e teos!
yaeqr Coe e e .

cans

wlAe pest manaremenT e

Major Pests

Pest problems vary from crop to crop, arcit to
nea and season 1o scason. More than SO0 insccts
were listed as pests of food legumes in the book
edited by Singh et al. (1978). Many predators and
parasites prey on these destructive pests and help
maintain the balance of naturc and reduce pest
outbreaks, Hundreds of species of inseets and mites
were collected in Cambodia from many crops,
including the food legunies, during 1961-1963 and
wlentified in an annotated list by Nickel (1979). This
review lists only the major widespread pests on each
vop. these are shown in Tables 2 and 3. In gencral,
the most damaging pests arc those that attack the
pads, for most legumes can compensate
whstantially for damage caused to leaves and
flawers, For example, some peanut genotypes can
loee upy 1o S0% of their leaves to insects prior to pod
formation without a significant loss of yicld
Camphell, unpubl.), Pigeanpea can lose all of its
first flush of flowers and pods to insects, but still
prachice a scecond flush which will give a good yield,
if climate and the pests allow.,

Some of the major pests are common to maost of
the food legumes. Heliothis armigera, Maruca
testulalis, Aphis craccivora and Nezara viridula
attack almost all of thesc crops and in most arcas.
Others, such  as  the pigeonpea  podfly
Melanagromyza obtusa and the soybcan stemfly M.
sojae are relatively crop specific. Details of the
major pests follow.

Heliothis armigera

The larvae of F. armivera damage all food
lepumes. They are particularhy damaging to
pigconpea and chickpea in Asia. The female moths
can cach tay more than 2000 cgps. The moths move
from plant to plant laying their cggs separately. The
small white cggs hatch after 2-5 days, depending on
temperatare, and the voung farvae initially feed on

; P The
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Ateammieie ey slorrient on easesst inhing
hodies are not available. On most hosts, cggs are
primarily laid during the flowering period and most
damage is confined to the flowers and pods or fruits.
tHowever, chickpea is an exception for it attracts
ovipositing moths while in the seedling stage (Table
4) and it can lose most of its leaves to this pest. On
peanuts, /. armigera feeds on leaves and flowers
and can cause substantial yield loss, but normally
the plants compensate for most of the damage.

Maruca testulalis

This pest, which is variously known as the bean
pod borer, spotted borer or mung moth, attacks
many legumes across Asia and Africa. The moth
can lay more than 100 cggs in small batches (2-16).
These are usually found on flower buds, but are also
found on shoots, leaves, flowers, and pods. The
larva, which is casily recognised by the two pairs of
black spots on cach segment of its white body,
produces silk which is used to stitch plant parts
together to form a web within which it feeds on leaf,
flower or pod tissue. Alternatively, it can bore into
pods or stems. It is particularly common on cowpea,
mungbean, pigeonpea and soybean. In Thailand, it
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TABLE 2. Damaging pests of food legumey in South and Southeast Asia
&

vi‘amily__ G

Pest Type } Order Common Natne

Fegume

Lycaenidac
Lycacmdae
Agromyzidac
Apromyzidag
Pentatomdae
Cicadelhdae
Arctindae

Chrysomelidae

Lampides boeticus
Fuchrysaps cnejus
Optaomyia phaseolt
Q). centrosematy
Nezara virilulu
Empousca sp
Amsaciy sp
Mutdurasia obscurelia

Mungbean  Pod borers Lepidoptera Pyralidae Maruca testulalis Legutue pod borer
Noctuidae Heliothis armigera Bollwarm
Noctuidae Spodoptera htura Cutworni

L ony tatled bluc
Blue buttertly

Stem ty

Stem fly

Green stinthbuy
Potita leathopie:
Red hary vater palla
| eat beede

Alcyrodidac Bemsiu tubact White tly
Aphicdidac Aphiy craceivora Conpea upilid
Peanwt Pod burers and Hymenoptera  Formiidae Dorviuy vrieniale Subtciraan i
rout feeders Dernaptera Latwig,
Diplopuda Millipedes
Col:optera Scarabaeidae  Jachnosterna pp. White ¢tuby
bopiera lernnuidae Cdontoternics sy, Tecnine
Termandas Vicraterme . Ternaiv
Lgtaliatar. Lepidoptera Noctuidae Hehathus armigera Bollwait
Nuctundae Spodoptery liiura € atworn.
Actudae Amnsacty spp Ked Loy calet oo
Lymantiisdae — Orgyw spp. Huary caterpiliar
Gielechidae Aproderemna miodicelly Leal imnet
Tornvidae Archups muicacarana Leut rolle:
Pyralidac Laprosema spp Leaf toller
Sap suckers and Hemiptera Cicadellidae Empoascu spp Potato leathoppu
mycoplusina vectors
Virus vectory Homopiera Aphididae Aphis craccivora Cowpea aphid
Fhysanopters  Thripidace Frankhimetla schutizen
Scirtothrips dorsali
Pigeonpea  Pod borers Lepudoprera Noctuidae Hehothis armigera Bollworm
Pyralidae Muruca testulalis L epume pod boter
Pyralidae Etiella zinckeneliu Lima bean pod
boret
Prerophoridae  Exelustis aiorosu Flume moth
Prerophoridae  Spenarches Plume muth
anisoductyius
Lycaenidae Lampides bueticus L ong tailed Blue
Podfly Diptera Agromyzidae  Melanogromyza obiusa  Podily
Pod sucking insect Hemiptera Coreidae Clavigralle spp.
L.caf binder Lepidopters Tortricidae Cvd critica
Sterility mosaic Acarini Friophyidae Aceria cujam Enophyid mie
vector
Soybean Pod borers Lepidopters  Noctuidae Helwthis armigera Bollworm
Pytalidae Etiella zinckenelly Lama bean pod
borer
Stem borery Diptera Agromyzidue  Melunogromyza sojae— Stem 1y
Agromyzidae  Ophwomyia phaseoh Stem tly
Coleoptera Cerambycidie  Oberia brevis Girdle beetle
Stem feeder tepidoptera Noctuidae Agrotis spp. Culworm
Detolintors Lepidoptera Noctudae Spodoptera litury Cutworm
Noctuidae S, exigua Cutworm
Arctiidae Diucrisiu obliqua Jute hairy caterpulla
Gelechiidae Aproueremu modicellu Leat miner
Pyralidae Luprosema spp. Leat 1oller
Torticdae Archips micacadeuna 1 eaf roller
Acaring Tetranychidae  Tetrunychus urtivae Twospotted spider

nute
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Lepume Pest Type Order Famly Cien. & sp. Common Name

Soybean Sucking pest Hemiptera Peniatomidae  Nezara viridula CGireen stinkbup

Virus vector Homoptera Alevradidae RBemisia tahaci White Ny
] ) Aphididae Aphis craccivora Cowpea aphid

Chickpea I‘ml hnu‘r Fepidoptera Noctuidae Heliothis armigera Rollworm
Stem, pod and I epidoptera Noctuidae Agrotis spp. Cutworm
foliape
Virus veetor Homopiera Aphididae Aphis craceivora Cowpea aphid
Root and stem lsnnlua Termtidae Odontotermes spp Irnmm

Cowpea Pod borers 1 epidoptera

Pyralidae

Maruca testulalis ( cpume pnd harer

Noctuidac Helothis armigera Bollworm

[ yeaenidae Lampides boeticus Long-tailed blue
Stem feeder Diptera Agromyzidac  Melanagromvza Rean fly

phaseali

Pod snckinp Hemiptera Pentatonmdae  Nezara viridulu Green stinkbug
Detolintors Lepidoptera Noctuidae Spodapiera itura C utworm

Noctuidac S. exigua Cutworm
Sap Ieeder Hemiptera Cicadellidae Empoasca sp. Potato leathopper
Yirus vector Homoptera Aphididae Aphis raceivora Cowpcea aphid

FABLE 3, I"ostharvest pests of beans, peas and peanuts

Caleoptera

Ad7uki Bean Sced Beetle

chinensis (Rruchidac)
Cowpea Seed Beetle -

- Callosxobruchus

Callosobruchies maculatus

(Bruchidac)

Ground nut seed  beetle Carvedon serrainy
(Brachidae)

Bean Sced Beetle Acanthoseediles obectus
(Bruchidae)

Khapra  Bectle T'rogoderma  granarmem
(Dermestidac)

I ocer Grain Borer — Rhezapertha demriey
Sl v
U

Mochang G e R

Cowenindae)

Py
Rue Moth Corevra cephalonica (Cialleridae)
Almond Moth - Fphestia cautella (Phyeitidae)
Warehouse Moth -~ Ephestia elutella (Phycitidac)
Indian Meal Moth = Plodia interpunctella
(Phwitidace)

A found in the stems of groundnats, but this
sppears o be unasial, 10has not been reported from
Wk pens,

{phis eraceivora

Of ihe many aphids that feed on the food legumes
nthe repion, the cowpea aphis is the most common
wdwidespread, These black aphids can build up to

13

TARLF, 4. Mean numbers of vees [aid on chickpea and
pigeonpea plants prawn in pots and cxposed to
Helinthis armigera moth.n ficld capes at ICRISAT
1978 -79 (after Bhatagar et al. 1UR2),

Mean ne. of
_eeps Lud pluu

Stage ( hukpc.\ I‘lrcum\c.\
Seedline 1250120 23010
Flowering L2y IR.S (104)

* Figures in parentheses are number of plants evamined

'nd retioles, Hlovvaver g
vectors of varous vituses that can capple or kil rhe
hosts,

AT TN Do

Nezara viridula

The green stink bug is a common pest of most
food legumes, but it causes little damage to peanuts
and has not been reported trom chickpea, The
shicld-shaped green or green and gold adult female
lays several batches of 10-100 green epgs on leaves
or pads. The newly hatched black nymphs disperse
over the plant, feeding on the shoots and pods. The
feeding causes necrosis, and heavy populations can
rreatly reduce vields. Very young pods arc
particularly susceptible. When the stink bug picrees
young sceds, they shrink, become distorted and
wither, Older heans, when pierced, will show a
discolored and slightly sunken spot.



Bemivia tabaci

The common whitefly whose immature stages
(scales) feed on the underside of several legumes,
particularly mungbean, can build up to heavy
populations causing wilting and defoliation.
Howevcr, this pest causes most damage as the vector
of yellow mosaic on mungbean and other legumes.

Agromyzids

‘The agromyzid flics are particularly isnportant on
food legumes in the region. Some, such as the
pigeonpea pod fly, Melunagromyza obtusa and the
soybean stemn Iy, M. sojae are host-specific, but
others such as the bean flies, Ophiomyia phaseoli
and 0. centrosematis attack the stems of a wide
range of food legumes across the region. The plants
may be killed if the stem feeding larvae attack the
scedlings, but older plants can usually compensate
for the dumage. The pigeonpea pod fly is the most
damaging pest of pigeonpea in central and northern
India, ICRISATT surveys found 21% ol the pods
sapnpled from farmers’ fields were damaged by this
pest. The losses caused may amount to 250 000
tonnes, worth more than $US60 million per year,

Aproaerema modicellu ( - Stomopteryx
subsecivella)

‘The peanut leafminer occurs throughout India
und Southeast Asia. Peanut and soybean are the
inajor host, but it also feeds on pigeonpea and mung
beian (Moh 11981). Females lay an average of
186 egps. Eggs hatch within 3 days and the larvae
tunnel into the leatlet near the midrib. After feeding
for about one week, the larva emerges from the
mine, folds the leaflet or webs together several
leatlets. The destructive larval stage lasts 9-17 days.,
Young larvae are creain colored and as they age,
they turn green 1o brown with a black head. The life
cycle from egg 1o adult lasts from 15 1o 28 days.
Adults live only 5-20 days. Keerati-Kasikorn and
Hiranyasaree (1975) reported 15 -65% leafminer
dumage to peanuts in Thailand. Arunin (1978)
reported 85% soybean seedling stand loss in
‘Thailand. Heavy rain and high humidity results in
a decreasce in the leal miner population. Multiple
cropping of susceptible legumes, especially soybean
and peanut in rotation, should be avoided (Feakin
1973).

Bruchids

Callosobruchus spp. occur worldwide, They are
particularly destructive 10 cowpea, but pigeonpea
and soybean pods are also attacked. Callosobruchus
larvae bore through the green pod (o attack the
developing bean. Although field infestations may
only be 1%, the weevils increase rapidly in storage,
50 that what starts as a minor field problem blooms

into a destructive storage problem. Southgate (1978)
reported that damage increased to 33% in six
months and 87% after nine months storage. Losses
in quality as well as weight loss occur in bruchid-
damaged legumes. Callosobruchus spp. do not
altack peanuts, but Caryedon serratus can attack
the pods after harvesting in the fields or in storage,
causing substantial losses,

Pest Management

Insccticides are useful in limiting the losses caused
by the insect pests 1o food legumes, howeser
experience has shown that there are problems and
danger in relying solely upon insccticides for insect
pest control. ‘There are many examples of prolonged
of intensive insecticide use inducing resistance
pests so that the insecticide 15 no longer elfective
There are also examples of insecticides killing the
natural control clements and so  promotng
populations of pests. in the southeastern Unted
States, Bradley and Van Duyn (1979) reported an
outbreak of Heliothis zeq after predators were
severely reduced by the incorrect timing of an
inseeticide application. Spider mite outbreaks oceur
frequently on peanuts following fungicide and
fungicide-insecticide application intended to control
lepidopteran pests and prevent plant diseases
(Campbell 1978). Some of the food legumes are not
high value crops and many farmers in the region
have fimited capital. Insecticides are expensive and
pollute the environment. Hence, there are many
rood reasons for using alternative means of pest
management.

Alternatives 1o insecticide use are host plant
resistance, hiocontrol and the use of cultural
practices that reduce pests or allow the plant 0
escape damage.

Host Plant Resistunce

The benefits from host plant resistance have been
obvious in plant discase control. There have been
very successful efforts to breed food legumes that
are resistant to the major diseases, and many new
cultivars that have been released have resistance to
one or more of the locally damaging discases in
Asia. Unfortunately, the cntomologists have not
made as much progress, partly because screening
and breeding for insect resistance is usually more
difficult than for disease, and also because there has
been less cffort until recently. Good progress is now
being reported from ICRISAT, where peanuts,
pigeonpeas and chickpeas are being bred for
resistance 1o a varicty of pests, and from AVRDC
und several national research centres. Lateef (Table
5) evaluated 12 000 chickpea germplasm lines and
recorded that very many of these had no insect
damage, but it was obvious that most were simply
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VARLE S. Screening chickpea germplasm for
swceptibility to Heliothis armigera. Plots found to be
tree from damage in harvested samples, ICRISAT
Centre during 1976--77 (aftcr Latecf 1985).

No.of  No. without % without
enties I, urmigera 1. ormigera
e vested dam; are_ d tmage
Germplasm lines  R629 955 11,18
Check BEG-482 221 43 19.5¢
Cheek €-235 219 61 21.9*

ftzrences sipmficant at *P0.0S, 2P0 (01

cwapes. However, subsequent replicated screening
of these lines showed that several were less preferred
by Heliothis armigera for cgg laying and larval
feeding, Campbell and Wynne (1980) identified
peannt plant introductions and breeding lines with
Tow to high resistance to a complex of insects and
mites, Resistance 10 Spodoptera litura, thrips,
jassids, aphids and pod borers (including termites)
has heen identified at ICRISAT and is being
mneorporated into breeding. lines for Asia, Wild
pecies of peanwt (Arachis) exhibited resistance
approaching immunity to thrips, potato leafhopper
and Heliothis (Amin 1985). Rogers (1982) reviewed
the literature on screening legumes lor resisiance to
Helinthy spp knﬂb TETE g

iney. RN
1

T oL .

RLE BT mn\lSwndnw' AP (RPN ST

-+ ! I'iland. Among the nearly 1200 accessions,

Macre selected as moderately resistant (Chiang ct
2 1977). Mungbean secds were exposed to the
desructive weevil Callosobruchus chinensis in the
horatory in the Philippines and 11 of the 60
veesions were resistant (Epino and  Morallo-
Rejeons J9RD).

Sovhean breeding lines were registered as multiple
seect 1esistant in tests condueted in North Carolina
urton et al. 1986). These sclected soybean lines
weraped 40-60% less damage from defoliators than
¢ vandard susceptible check.

utsinger (1982) sugpested prioritics for hreeding
foamsedt resistant fegumes. On mungbean and
<vpeas he placed high priority on the pod borers
Vaenca and Heliothis and on the prefowering pests,
vemily, thrips and feafhopper. On soybean Fiiella,
womily and tink bug were considered 1o be
apatant. Pipconpea breeding priorities were for
retance 1o Heliothis, Maruca and the podfly.
Peanut pest priorities included the leafminer,
Uathopper, Aphis and Heliothis, For chickpea, only
Hehothic was rated as a priority.,

There is great diversity of pest susceptibility
among germplasm lines of the legume crops that
have heen adequately studied. It is therefore
probable that useful levels of pest resistance can be
identified and incorporated into the breeding
programs for cach food legume in South and
Southcast Asia.

Rincontrol

Biological control, involving the introduction of
exotic parasites and predators and the breeding and
release of these and endemic species, has been most
successful on islands and in perennial crops. 1t hay
not heen very successful on long-established annnal
crops, However, there are many natural enemies of
pests on these crops, without which the losses due
to pests would be much greater. We must at Jeast
protect these natural encmics and if possible,
augment their ¢ffects. For example, in central India
Heliothis armigera is known to be attacked by at
least 26 parasites and many predators (Bhatnagar et
al. 1982). Injudicious insecticide use can destroy
parasites and predators and lead to greater pest
attacks,

Many scientists are investigating the potential for
biological control an crops, including food legumes,
in Southcast Asia. However, most of this rescarch
has not vet reached the economic evaluation stare
'vn(‘ i ]w“‘\ o

Whnthes the mmadusiae e

W, TN G Geedmean
viruses Lo control some tepidopteran pests including
Spodoptera spp. and M. armigerg is already at the
pilot stage of testing at some centres in India
(Nagarkatti 1982),

)

Cultural Practices

Changes in the cultural practices, particularly in
sowing dates, can have a great cffect on the
incidence  of most insects, By the adroit
manipulation of crop proximitics and rofations, it
is possible to reduce the damage caused by some
insects. The traditional systems that have built up
over gencrations, particularly the careful observance
of scasons, have cvolved partly in response to pest
threats. When farmers in an  arcas sow
synchronously, the pests arc diluted across crops. It
one sows carlier or later or uses a shorter or longer
duration cultivar than his ncighbors, then he is likely
1o cxperience a more or fess concentrated pest attack
on his crop. Bradley and Van Duyn (1979) reported
that early planted soybeans in southeastern United
States escaped Heliothis zea damage while 79% of
the soybeans planted threc to four weeks later
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‘TABLE 6. Pere of puds ¢ J by Tunaosti}

"

¢ in samples @aken trom toals of shot, mediam

and long duration genotypes of pigeonpea at ICRISA'T (after Lateef et ul, 19%5),

198182 — o2y
Genotype Month " Mean % " Muun %y
duration hi_livcslt'(l (ranges) (anges)
Short Nov.-Dec. 16.3 12 1.3
(6.2 32.6 1 4.40) (0.4 193+ 242
Medium Jan.-Fcb. 25 229 L] 259
(1.9-8).2 1 3.88) (5.3-62.9 1 7.01)
Long Murch 24 49,7 15 L6

(19.0-68.715.23) (38720445

n = number of genotypes tested

required insecticide treatment for f4. zea control.
Al ICRISAT, short-duration pigeonpea suftered
less damage from Tunaostigmodes cajaninae than
medium or long duration genotypes (Table 6). The
many advantages of traditional systeins are not well
understood and will probably be fully clucidated
only when changes in such systems result in major
problems,

Food legumes are often grown as intercrops or in
sequential-multicrop systems. Ruhendi 1979 (MS
thesis, Entomology, Univ. of Philippines) found
insect pests on cowpea plants, that had becn sown
alter flooded rice, were affected by the height of the
rice stubble. The maximum rice stubble effect on
insect reduction occurred at 41-54 ¢m high for
beanfly, 54 ¢m for thrips, and 44-48 ¢m for
leathopper. Rice straw mulch reduced thrips and
leufhopper numbers but not beanfly, In the United

TABLE 7. Comparison of thrips damage on two peanut
cultivars planted in wheat stubble (no-till) and
conventionally tilled land, North Caroling, USA
(Cumpbell, unpubl.)

Avg. % thrips/damage

Peanut No-till Conventional
cultivar planting planting
NC 6 13 14.0
Florigianmt 16.7 133

LSD an 0.05 level is 8.9 for NC 6 vs. Florigiant and 11.§ for ao-
tilk vy conventional,

States, Campbell (Table 7) found that peanuts
planted after wheat in the stubble (no-till) had
significantly less thrip damage than peanuts planted
in conventionally tilled land. Campbell (Table 8)
reported also that leafhopper damage was reduced
on peanuts planted in rye stubble (no-till) compared
with conventionally planted peanuts. frrigation or
flooding may have positive or negative effects on
insects depending  on  their  environmental
requirements. It is therefore possible to t1ake
udvantage of cultural practices to reduce or manage
the complex of pests,

Insecticide Use

Insecticides are now widely available in this
region, and most farmers in the region have made
some use of these, if only for their household pests.
In most cases, the high costs of pesticides will ensure
that farmers do not overuse these chemicals on their
crops. As a whole, insecticides are still relatively
underutilised in Southeast Asia. There are, of
course, striking exceptions to this, particularly on
high-valuc crops such as cotton and vegetables near
urban markets. Most farmers are still at the stage
of making tentative, cxperimental use  of
insecticides, Untortunately, most apply insecticides
far too late. They wait until they see pest damage
and then buy insecticides. The recipe for successiul
insecticide use is simple; apply the correct insecticide
in the right amount at the right time, Unfortunately,
lew people know the ingredients for this recipe!

TABLE 8. Comparison of potato leathopper damage on two peanut cultivars planted in winter ryc stubble (no-1ll)
and cultivated land (conventional). North Carolina, USA, (Campbell, unpubl.)

Peanut Curbaryl
Cultivar kg/ha
NC 6 L1
Check
Florigiant 1.
Check

* Based on 200 leafler rundom sampic.

No uill Conventional
2.3 23
8.0 19.0
10 47
17.0 0.°

18D ut 0.05 level is 7.8 for treated va. check and 8.6 no-till vs, conventional
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Insecticides should be applied when the pest
population is such that substantial damage will
oceur unless the insecticide is applied. Most pest
species cause little damage when small or when few
are present. Thus, the crops should be regularly
monitored and the farmer should be ready to spray
whenever counts, particularly of cggs or small larvac
or nymphs, thrcaten to cxceed the ‘cconomic
threshold'. This threshold is the level of population
(or damage) at which the application of insecticide
will be profitable.

Thresholds

Economic thresholds are more often discussed
than calculated, It is not possible to give a simple
cconomic threshold for a pest on a crop that will be
valid for all scasons and all regions. Fconomic
thresholds must take into account the following
factors: crop potential, pest damage potential, cost
of the treatment and market valuc of the crop, These
factors vary preatly across arcas and time. Crude
thresholds can be constructed that will he generally
applicable (o at least prevent gross over-use or
under-use of pesticides. We may have to rely on crop
stage and calendar date for treatment guidelines
until realistic crop losses are established for farmers®
ficlds.

TABLE 0, Revrnluziva eaze ~fpaqne for Sraank

(Stemrond Bommee (] legynnent < egenies (after Poosee
1982)
Days after planting
__ (DAP) )
Reproductive stase Starr Florynne
LR
1
[T
b Aepnnine eed ] “)
Copall el "7 4
R Nevmnine maturity RO 93
By Harvest maturity 19 129

An important step is a knowledge of the crop
phenology in relation to the insect and its damage
potential. In the United States, Boote (1982)
described phenological stages for the peanut. A
comparison of the reproductive stages of the
Spanish and Runner peanut is shown in Tablc 9.

Thresholds for (oliage loss that affect peanut yicld
also vary with the stage of plant development. Yield
reduction occurred at 50% defoliation for the R2
stage, 10% for the R3 and R4 stages, 20% for the
RS stage and 50% for the R6 stage (Table 10).
Sathorn Sirisingh (unpublished 1984) found 60-day
peanuts were more susceptible to defoliation than
carlier phenological stages at Ra Young, Thailand.
E.P. Cadapan (Univ, of Philippines, unpubl.) also
reported that the R3 to RS phenological stages of
the peanut were the most susceptible to defoliation.
In spite of differcnces in plant duration of 120-150
days, the most susceptible stages for leaf loss
occurred at the RY to RS stage in North Carolina,
Thailand and the Philippines. This is apparently a
critical period when pods and young sced are
developing. Fchr and Caviness (1977) described
growth stages of the soybean. The pod fill stage of
the soybean is the most sensitive 1o foliage loss,
Thomas ct al, (1974) reported the threshold for
soybean defoliator was 40% when pods were juct
visible, but the defoliation threshold was only 6™
when the beans were heginning to develop.

While the economice of pectivide treatmen® wi'
change, the damage-yicld loss relationship remaine
morc stable and will serve as a guide to ‘on demand’
or ‘as needed” treatment, However, the threshold
will vary greatly across geopraphical areas,
renotvpes and acronomic sveams, so it will be

sty o et TE fre gy o mregmes

B s ——— “-

AT RIS Ly

e pest compleses on peannts, using the eatablished
sampling methods and thresholds. The results show
(Tables {1a, 11b) that insecticide application, bascd
on thresholds applied when necded, resulted in

TABLE 10, 1iffect of foliage loss and date of foliage loss on the vield of NC § peanuts North Carolina, USA

(Campbell, unpubl.)

Defaliation Plant __Yicld ke/20 m row after defoliation

e stape’ DAP" 0% 10% 20% 0% ROLE 5%
[FI N R2 61 587 5.90 5.75 5719 $.45 s.2
At R3 82 6.17 5.87 5.16 $.60 3.%6 4.2
Aup 14 R4 9% 6.30 5.68 598 5.30 4.47 2.6
ept | RS "3 5.79 579 526 $.22 4.9% 144
ept 18 R6 127 5.94 §.79 $.94 $.87 AR 2) 4.44
141 at 0,05 0.39

‘Ihenotomcal stape according to Boote (1982)
DAR Dy after planting. NC § is late maturing (140-150 days).



Y

TABLE 11a. Summary of insect d

d control p in & peanut 1IPM project,

L)

vs.
North Carolina, USA, 1984 (W v. Cumpbell H.D, Cole and J. h Bailey, unpubl.).

Cultivar % Thrips % Leafhopper % Corn % Southern corn Average
and damaged damaged carworm 100Iworm yield
treatment leaves leaves damage damage Kg/65m
NC6
Preventive 1.0 1.0 23 0.8 7
On demand 20.0 6.7 5.0 1.3 2.4
Florigiunt
Preventive 1.2 1.5 9.8 2.7 26
On demand na 28.7 12.3 6.7 225
Florigiant
Check - - - - 153
LSD 0.08 0y
LSD 0.0t 1.2
‘Threshold 225 )25% YI0% Y3V
damage damage damage damage

‘TABLE 11b, Comparative cost for each hectae tor on-
demand (ay needed) vs. preventive inseet contiol
program, North Caroling, USA, 1984, (Campbell,

unpubl.)
i Prevenive On demand
Cultivar $ US $US
NC 6 47 0
IFlorigiant 9% 2

yiclds equivalent to the preventive program and
saved the grower money. The NC 6 cultivar has
multiple insect resistance (Campbell and Wynne
1980) and insect damage did not exceed established
thresholds on this cultivar in this trial. The
thresholds used are currently being refined. It is
better to use an approximate threshold or plant
development stage as a basis for insecticide
treatment, rather than treat at the first sign of insect
damage or after the insect has caused economic
damage.

Conclusions

Pests of food legumes need to be monitored und
their damage potential established with reference to
the phenology of the crop. Thresholds should be
determined for the most important pests, and the
most pest-resistant and acceptable cultivar should
be utilised according to the most damaging pests for
the particular legume. The identification and
development of pest-resistant food legumes ofters
the most reliable, long-term method of pest
management.  Cultural  practices may be
incorporated to reduce the pest potential so long as
they fit into the accepted cropping practices for the
crop and region. Preservation of natural cnemies of
our crop pests is possible by the judicious use of

well-timed minimum rates ol pesticides, Finally,
best pest management packages will be put topether
as interdisciplinary team research expands.
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