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ment. Other agricultural uses include fillers for fertilizers,
mulches, roughage in livestock feed, and litter for poultry
houses. In addition, the shells are used as abrasives for pol-
ishing metal, as insulation, fuel, filler for particle board, and
for making charcoal (Woodruff, 1973), and for the extraction of
organic chemicals, as a resin extender and as a cork substitute
Gibbons (1980).

Haulms are the above ground portion of the plant remaining at
harvest and are important yield component for small farmers. The
quality and yield of groundnut hay depends on the variety, inci-
dence of pests and diseases (e.g. foliar diseases), and plant
population. Fraps (1917, as reported in Woodruff, 1973) showed
that though haulms are lower quality hay than alfalfa, they are
good maintenance feed for cattle, sheep or horses. In Nigeria,
haulms are an important dry season feed for domestic animals, and
near urban areas may be as valuable as the nuts (Johnson et al.,
1981).

The most valuable product of groundnut plants are the seed
kernels which are utilized in many ways. Whole kernels are
enjoyed around the world raw, roasted and boiled. In the West
African savanna, kernels are consumed in stews and in roasted
meat preparations (Kassam, 1976). In South America the kernels,
sometimes in combination with maize meal, are used to prepare
alcoholic drinks (Gibbons, 1980). Whole kernels are also widely
used for confectionery purposes, principally in candies, bakery
sweets and in dessert items.

Groundnuts are an excellent food, combining high energy value









extend (1 m or less), hence erosion and downstream seed movement
within watersheds became significant, and probably determined the

distributions of species within the genus (Gregory et al., 1980).

Gibbons et al. (1972) suggest that new and distinct patterns of
variation arose in Africa after groundnut’s introduction (early
16th century) and hence this area should be considered a second-

ary center of variation.

There are 22 species described in the genus Arachis but there

may be 40 or more undescribed species (Gregory et al., 1980).
Domestic groundnut, A. hypogaea, is one of two annual tetraploid
species within the genus Arachis. The other, A. monticola, is
found only in the wild (Ashley, 1984). The subspecific classifi-
cation of A. hypogaea is based primarily on branching and
main-axis floral patterns. There are two subspecies and two
varieties in each subspecies. The following classification is
widely accepted:

Arachis hypogaea

subspecies  hypogaea

variety hypogaea
variety hirsuta

subspecies fastigiata
variety fastigiata

variety vulgaris

Subspecies hypogaea is distinguished from fastigiata by an
alternate branching pattern and the lack of inflorescences on the

main stem axis. In contrast, fastigiata exhibits sequential



branching and always produces flowers on the main stem axis (Gib-

bons et al., 1972). The two subspecies also differ in several

other agronomic characteristics. Subspecies fastigiata matures
faster (90-100 days), has an upright bunch growth form, compact
fruiting pattern and lacks seed dormancy. Subspecies hypogaea
has alternate branching, requires 120-150 days to mature, has a
runner or spreading growth form, a scattered fruiting pattern and

usually exhibits seed dormancy (Feakin, 1973).

Growth and general physiology

Groundnuts are cultivated under a wide range of environmental
conditions between 40° N and S, and require a minimum of 90 frost
free days and 450 mm water per growing season. A complete review
of groundnut physiology has recently been published (Ashley,
1984) and the following discussion is drawn largely from that
work.

Flowering generally begins 30 to 40 days after sowing and may
continue throughout the season. Flowers open at night and are
almost entirely self-pollinated. The development of subterranean
fruit occurs via a structure called the peg which is formed from
rapidly dividing cells beneath the ovary. The peg, carrying the
developing ovary at its tip grows downward (geocarpy) until it
penetrates the soil. The tip turns horizontally in the soil and
the ovary and seeds begin to grow rapidly. Fruiting efficiency
in groundnuts is thought to be low with only 10-15% of the flow-

ers producing mature pods (Norman et al., 1984). Crop yield is

thought to come predominantly from the first flowers suggesting



that as photosynthate demand increases in the older fruits, fur-
ther fruit formation is inhibited (Bunting and Elston, 1980).

The most important climatic variable for groundnut growth and
development is temperature. Groundnuts are largely unaffected by
photoperiod though changes in daylength can influence the rela-
tive amount of vegetative and reproductive growth and may affect
pod number (Ashley, 1984). The rates of all aspects of growth
and development from seedling emergence and canopy development to
flower production and fruit maturation are regulated by tempera-
ture. Optimum growth occurs between 25° and 35°C though ground-
nuts tolerate a wider range of temperatures. The lower develop-
mental threshold is 10°C (Leong and Ong, 1983), and high tempera-
tures in the range of 45° and 50°C are often experienced in

places such as India and Iraq during the growing season.

THE INDIAN AGROECOSYSTEM
Agroecosystem
Despite low yields, India is the largest single producer of
groundnuts in the world. 1In 1986-87 groundnuts were cultivated
on 7.15 million hectares (mha) in India (Anon., 1988). Production
is concentrated in the states of Tamil Nadu, Andhra Pradesh, Kar-
nataka, Maharashtra and Gujarat (see Fig. 1). These five states

cultivate 77% of the Indian groundnut acreage (George et al.,

1978).
Groundnuts may be found in the field at all times of the year
in some part of India, but there are two main seasons: the rainy

season and the post-rainy season. Rainy season planting begins






are generally light red soils.

The other major groundnut growing region is Gujarat, in west-
ern India where the growing season is about 45 days shorter than
in the south, rainfall is from one monsoon, and moisture stress
usually occurs by October (Huda, 1986). The black soils common
in this area become hard and dry as a result of low rainfall late
in the season, and the pods are held tightly by the soil making
harvest difficult in most years.

Virmani (1988) recognized two additional groundnut growing
zones in India: north-central and northeastern zones. The north-
central zone has a 120-150 day growing season and an annual rain-
fall of between 700 and 1000 mm. The soils are sandy or shallow
black soils. The same type of soils are also found in the nor-
theastern zone. The northeastern zone has the highest rainfall
(1000-1200 mm) and the longest growing season (150-180 days).

The area under groundnut cultivation in the north-central and
northeastern zones is much smaller than in the south and western
zones.

In India, rice is commonly rotated with groundnut in areas
where sufficient water is available. Other cereal crops, princi-
pally sorghum, millet and maize, are often intercropped with
groundnut. Other crops interplanted with groundnut include
pigeonpea, soybean, sugarcane, greengram, blackgram, sunflower,

sesamum and sunnhemp.

Yield constraints

Constraints on groundnut production in India include agro-
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sures. A prerequisite to the development of a sound pest manage-
ment program is a methodology for examining interactions between
the crop, pests and natural enemies as modified by agronomic
inputs and weather. Simulation modeling and other elements of
systems analysis provide such a framework. These models are
important both as tools for ecological research in the study of
predator-prey interactions (used in the broadest sense these
include plant-herbivore and herbivore-natural enemy interac-
tions), and also in practical studies to evaluate the impact of
herbivores on groundnut yields and the role of biological control
in regulating the herbivores.

In this study, models of groundnut and the groundnut leaf
miner were developed and used to examine the effects of GIM on
plant growth and development. The effect of natural enemies on
GLM population dynamics was also included. The impact of weather
(e.g. rainy versus post-rainy season) and agronomic inputs (e.g.
application of insecticide) on the plant-herbivore interactions

was also examined.

Methodology

The analysis of a subsystem of a biological community has
been termed the "life-system approach" (Clark et al., 1967). The
use of this methodology has been reviewed by Hughes et al.
(1984). The methodology used in this study is related, but has
its origins in the study of ecological relationships (Gilbert, et
al. 1976), and was recently reviewed by Baumgaertner et al.

(1988).
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The field work for this project was conducted at the Interna-
tional Crops Research Institute for the Semi-Arid Tropics (ICRI-
SAT), Patancheru (26 km northwest of Hyderabad), Andhra Pradesh,
India. ICRISAT is one of 13 international centers of the Consul-
tative Group on International Agricultural Research (CGIAR).
Support for these institutions comes from the governments of 16
countries as well as private and international organizations.
ICRISAT's mandate is to improve the yield, stability and quality
of five crops important in the semi-arid tropics: groundnut,
chickpea, pigeonpea, sorghum and millet (ICRISAT, 1988).

The semi-arid tropics (SAT) are characterized by mean monthly
temperatures above 18° C and rainfall exceeding potential evapo-
ration for two to seven months. The SAT cover 20 million square
kilometers including all or part of 50 countries on five conti-
nents (ICRISAT, 1987). With the exception of Australia, all of
these countries are considered less developed nations. More than
700 million people live in the SAT, including half of the popula-

tion of India.
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Table 1. Major arthropod pests of groundnut in India.l/

................................................................

Below-ground pests

Termites (Termitidae)
White grubs (Scarabaeidae)
Pod borers (includes millipedes, Dermaptera,

Tenebrionidae, Elateridae, Formi-
cidae and Lepidoptera)

Above-ground pests

Aproaerema modicella (Deventer) (Gelechiidae)
Spodoptera litura Fab. (Noctuidae)
Heliothis armigera (Hub.) (Noctuidae)
Mylabris spp. & Epicanta spp. (Meloidae)

Aphis craccivora Koch (Aphididae)

Thrips (Thripidae)
Jassids (leaf hoppers) (Jassidae = Cicadellidae)

Disease vectors

Aphis craccivora Koch (Aphididae)
Frankliniella schultzei (Trybom) (Thripidae)

----------------------------------------------------------------

1/ source: Wightman and Amin, 1988.












INTRODUCTION

The groundnut leaf miner (GLM), Aproaerema modicella (Deven-
ter) (Lepidoptera: Gelechiidae), is a serious pest of groundnut
and soybean in South and Southeast Asia. It is present every
season though often it does not reach damaging levels. When pre-
sent in high numbers, it has the potential to severely limit
groundnut yields. Amin (1983) has called it the most important
groundnut pest in India. Mohammad (1981) previously reviewed the
GLM literature, but since then much has been learned about this
pest, and considerable progress made to control it. This review

emphasizes studies published after 1981.

TAXONOMY
A variety of common names have been applied to the groundnut
leaf miner, including the ’'surul puchi’ (Ramakrishna Ayyer,
1940), ’surul’ moth (Cherian and Basheer, 1942), groundnut leaf
webber (Srinivasan and Siva Rao, 1986), leaf folder (Lewin et
al., 1971), Arachis leafminer (Van Der Laan and Ankersmit, 1951,

in Mohammad, 1981), stem borer (Prasad et al., 1971), soybean

leafminer (Shetgar and Thombre, 1984), and the peanut leaf folder
(Abdul Kareem and Subramaniam, 1976). The establishment of its
scientific nomenclature has also been confusing. It was origi-
nally described as Anacampsis nerteria Meyr. from specimens
collected in India (Meyrick, 1906). Five other scientific names
have been given to this insect: Biloba subsecivella Zeller,
Stomopteryx nerteria Meyr., Stomopteryx nertaria Meyr.,

Stomopteryx subsecivella Zeller, and Aproaerema nerteria Meyr.
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HOST PLANTS

With the exception of Boreria hispida (Rubiaceae), the host
plants of GIM are all legumes (Table 1). Several crop plants are
among those attacked by A. modicella, the four most important
being: groundnut (Arachis hypogaea L.), soybean (Glycine max (L.)
Merr.), pigeonpea (Cajanus cajan (L.) Millsp.) and alfalfa
(Medicago sativa L.). Phisitkul (1985) attempted to rear GLM on
a variety of other plants, sunnhemp (Crotalaria juncea L.),
winged bean (Psophocarpus tetragomnolobus (L.) D.C.), yard long
bean (Vigna sinensis (L.) Saviex Hask subsp. sesquipedalis
Fruwirth), siratro (Macroptilium atropurpureum L.), hamata

(Stylosanthes hamata L.), cowpea (Vigna sinensis (L.) Saviex

Hask), showy crotolaria (Crotalaria pallida Ait.), and sword bean
(Canavalia gladiata D.C.). Female GLM oviposited on these plants
at a much lower rate than on groundnut or soybean, and larvae did

not survive beyond the first instar.

LIFECYCLE
Maxwell-Lefroy and Howlett (1909) and Bainbridge-Fletcher
(1914; 1920) were among the first to describe and document the

lifecycle of GLM. Cherian and Basheer (1942), Kapadia et al.

(1982) and Phisitkul (1985) also gave detailed accounts of GLM
biology. The small (<1.0 mm), oval eggs are deposited by the
female moth on the undersides of groundnut leaflets and on the
stems and petioles. The number of eggs per female averages

between 86.6 (Gujrati et al., 1973) and 185.8 with a maximum of

473 recorded (Cherian and Basheer, 1942). When freshly laid the






1978). A development threshold temperature has not been estab-
lished for GLM nor has development time been estimated in terms
of physiological development (e.g. degree-days) for any GLM life
stage. The development times reported for egg, larva and pupa
are based on ambient temperatures. Under field conditions in
south India, the egg to adult lifecycle is completed in 15 to 28
days (Cherian and Basheer, 1942). In northern India, where mean
temperatures range between 14 to 22°C, the lifecycle may be

require 37 to 45 days (Sandhu, 1978).

DAMAGE AND YIELD LOSS
Feeding by leaf miner larvae reduces leaf area and photosyn-
thesis. If the reduction in leaf area is significant, lower pod
yields will result. In terms of leaf area, a single larva will

reportedly consume 34.8 cm? of leaf tissue (Islam et al., 1983).

One method used to estimate potential damage by GLM is to calcu-
late the proportion of infested leaves or plants. Sadakthulla et
al. (1976) found 66.7% to 100% of the unspraved (check) plants
were infested in three trials carried out in Tamil Nadu. GLM
larvae infested 38.5% of plants in selected plots in Bangladesh
(Islam et _al., 1983). In Karnataka, Sangappa and Mustak Ali
(1977) reported 19.4% and 18.2% of the leaves attacked by GIM
larvae, while in Maharashtra, Khan and Raodeo (1978) found 50% of
the leaves infested. However, estimating the incidence of GLM
does not give an indication of its impact on groundnut yields.

Based on three years of data, Jagtap et al. (1984) found that

insect pests, principally GIM and Aphis craccivora Koch,
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year (Campbell, 1983). Mohammad (1981) reported that other
researchers in Thalland found severe GLM infestations during
November and December, with only negligible numbers from March to
July. Groundnut in Bangladesh supports the largest populations

of GLM in March and April (Islam et _al., 1983) while in India,

the peak season includes March, April and the first half of May
(Amin and Mohammad, 1980). This is the end of the post-rainy
season, when groundnuts are grown under irrigation. GIM can also
be a problem towards the end of the rainy season (September and
October), especially in drought or low rainfall years (Amin,
1983). Population levels fluctuate widely, so that seasons with
low GLM incidence can be followed by outbreak populations. Khan
and Raodeo (1987) recorded low GIM densities in the first half of
1971, followed by extremely high populations in August, September
and October. In that study, high GLM populations continued
through four generations but, by March, declined to a low level.
These authors claimed that rainfall was the key factor regulating
GIM populations, but their data do not support that conclusion.
The high populations in August/September occurred during a high
rainfall period, and the high population in January/February
occurred when no rain was recorded (Khan and Raodeo, 1987). As
this study pointed out, the effect of abiotic factors on GLM pop-
ulation dynamics is uncertain.

Amin (1987a) suggested that heavy rainfall reduces leaf miner

populations though Wheatley et al. (1989) found that water from

an overhead irrigation system did not lower GLM density. Lewin

et al. (1979) found a significant negative correlation between
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has not been demonstrated. Cherian and Basheer (1942) first sug-
gested using light traps to capture adults as a method of sup-

pressing GLM populations. Nair (1975), Aswasthi et al. (1987),

and Parasuraman and Prasad (1987) have also recommended light
traps. Another technique frequently suggested is crop rotation
with a non-host plant. Parasuraman and Prasad (1987) recommend
rotation with millets to check multiplication of GLM populations.
Two studies, at the same location, came to different conclu-

sions regarding the effect of sowing date on GIM infestations.

The first study (Lewin et al., 1979) showed that early sowing led
to higher infestations of GLM while the second study (Logiswaran

et al., 1982) concluded that later plantings were more heavily

attacked. One reason for the discrepancy may be that different
varieties were used in these trials.

Logiswaran and Mohanasundaram (1985) found lower GIM larval
densities when groundnut was intercropped with sorghum, millet or
cowpea compared to monoculture groundnut at 30 x 10 cm spacing.
However, the lowest GLM larval densities in this trial were
recorded in monoculture groundnut at close spacing (15 x 10 cm).
Mulching with rice straw had no effect on GIM levels but did have
a positive effect on parasitism levels. Monoculture groundnut at
30 x 10 cm had the lowest percent parasitism while monoculture
groundnut at 15 x 10 had the highest. Intercrop treatments all
had intermediate levels of parasitization (Logiswaran and Mohana-

sundaram, 1985).
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and the weight and longevity of adults reared on five bunch and
five spreading varieties of groundnut. The bunch variety JL-24
was significantly more conducive to GLM growth and development
than other varieties. Larval, pupal and adult weights were sig-
nificantly higher than on other varieties. In addition, larval
survival was higher and adults lived significantly longer when

larvae were reared on this variety (Motka et al., 1985).

Resistance to GLM in soybeans has not been observed. Mundhe
(1980) compared 20 varieties and found no differences in GLM pop-
ulations at 30, 45 and 60 days after sowing (DAS). Significant
differences were noted at 75 DAS but this was too late in the
crop cycle for GIM damage to affect yields. In another trial 18
varieties were compared (Shetgar and Thombre, 1984), but no dif-
ferences in leaf miner populations were observed at 30, 45 or 75
DAS. At 60 DAS, however, two varieties had significantly lower
GILM populations compared to the check variety. More recently, 40
soybean varieties were evaluated during two rainy seasons (Shri-
vastava et al., 1988) and all were attacked by GLM, though three
varieties, JS 75-46, JS 73-22 and JS 78-41, had significantly

lower larval populations.

BIOLOGICAL CONTROL
Natural control, by diseases, predators and parasitoids,
plays a large role in suppressing GLM population growth. At
least three disease agents infect GILM larvae in India: nematodes,
viruses and fungi. A mermithid nematode was found infecting lar-

vae (Kothai, 1974 in Mohammad, 1981; Srinivasan and Siva Rao,
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1986). Of eight parasitoid species recorded in Gujarat, six
were present in the rainy season (July-October) and four were
active at the end of the post-rainy season (March-May). Two
species, Goniozus sp. and Stenomesius japonicus Ashm., were

active in both seasons (Yadav et _al., 1987).

When parasitoids attack GLM in soybeans, parasitism rates up
to 84% occur in August and early September during the rainy sea-
son (Shetgar and Thombre, 1984). During the post-rainy season,
parasitism peaks in February at a lower level (44%) than in the
rainy season (Gujrati et al., 1973). The number of parasitoid
species may be lower in soybeans or soybean may simply be less

well studied. Gujrati et al. (1973) recorded only 2 species,

Bracon gelechiae Ashm. and Elasmus brevicornis Gahan, while other
authors recorded five species in soybean, Chelonus (Microchelo-

nus) sp., Apanteles sp., A. litae Nixon, Stenomesioideus ashmeadi

Subba Rao & Sharma and Goniozus sp. (Shetgar and Thombre, 1984).
When present, parasitoids attack a considerable portion of
the available GLM. Three reports, from three different states in
India, give peak parasitism rates of 83% in Maharashtra in 1972,
25% in Andhra Pradesh in 1983 and 90% in Gujarat in 1983 (Khan
and Raodeo, 1978; Srinivasan and Siva Rao, 1986; Yadav et al.,
1987). The impact of these parasitoids on groundnut leaf miner

population dynamics is poorly understood.

CHEMICAL CONTROL
A wide variety of chemical insecticides have been screened

for activity against the groundnut leaf miner (Table 3): botani-



cals, organophosphates, carbamates, organochlorines and synthetic
pyrethroids. Notably absent from the list are commercial micro-
bial insecticides. Most of the chemicals listed in Table 3 are
applied to groundnut foliage either as a liquid spray or as a
dust. Systemic insecticides have also been tested both as seed
dressing or incorporated into the soil at the time of planting.
The history of chemical control against the groundnut leaf
miner follows the paradigm described by Metcalf (1980), who
traced the history of insecticide use on several different crops.
In the early 1940s DDT was being recommended for the control of
GLM (Ramakrishna Ayyer, 1940). DDT remained effective into the
1960s at which time BHC, dieldrin, endrin and parathion were also

being recommended (Anon., 1950; Krishnamurthy Rao et al., 1962;

Vittal et al., 1964; Vittal and Saroja, 1965). By 1965 carbaryl

had been added to the list (Krishnananda & Kaiwar, 1965). Appar-
ently GLM has not developed resistance to any chemical, or at
least there are no reports of resistance, so there has not been a
crisis of insecticide failure. Carbaryl, BHC and parathion have
been used for more than 20 years and all three still provide
effective control (Rajput et al., 1984; Ghule et al., 1987). As
new insecticides have been developed, they have been evaluated
for control of GIM and recommended. All of the synthetic chemi-
cals listed in Table 3 were effective either in reducing GLM pop-
ulations or in increasing yields relative to unsprayed check
plots.

Through the 1970s, organochlorine compounds continued to be

used even as the newer organophosphates and carbamates were
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recommended (Lewin et _al., 1973; Kapoor et al., 1975; Devaraj Urs

& Krishna Kothai, 1976). The only botanical insecticide tested
for GLM activity was an extract from neem seed (Azadirachta

indica A. Juss.) (Sadakathulla et al., 1976). 1In a single trial,

4 sprays of 1% extract failed to reduce the incidence of GLM rel-
ative to the unsprayed check. Synthetic pyrethroid insecticides
were evaluated in the mid 1980s (Sivasubramanian & Palaniswmy,

1983; Rajput et _al., 1985) and found to be highly effective, but

they are more expensive than the older insecticides. Srinivasan
and Siva Rao (1985) compared the cost and efficacy of 7 insectic-
idal dusts for control of GIM. A single application of lindane
cost one third the price of an application of carbaryl or malath-
ion and was just as effective.

Systemic insecticides are one way to reduce the negative
impact chemical pesticides have on natural enemies. Application
of systemic insecticides to the soil has effectively controlled a
different lepidopterous leaf miner on citrus (Sohi and Varma,
1969). Khan and Raodeo (197%a) tested 4 granular insecticides,
including carbofuran and phorate, for control of GIM in a potted
plant experiment. All four chemicals reduced larval GLM popula-
tions by more than 85%. Logiswaran and Madhava Rao (1982)
screened 5 systemic insecticides applied as foliar sprays at 30
and 45 DAS, and found that all 5 compounds reduced GILM larval
populations. However, with foliar sprays it is likely that natu-
ral enemies would be negatively affected. Carbofuran applied as a

seed treatment was evaluated by Lal et al. (1974). They found

significantly lower numbers in both larval population and per-
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centage of infested leaves without noticeable phytotoxic effects.

Radhakrishnan et al. (1983) studied the use of isofenphos as a
seed treatment, using 0.1% gum arabic as a seed sticker. All
three dosages tested were found to have a lower GIM incidence
than untreated plants. Insecticides applied as seed dressings or
at the time of planting can be combined with fungicides to fully
protect the crop as early as possible. Vembar and Thobbi (1967)
and Thobbi et al. (1974) investigated the use of combined sys-
temic insecticide and fungicide treatment on groundnut. They
reported higher yields and reduced leaf miner damage though some
phytotoxicity was noted early in the season. Using a package of
crop protection measures including fertilizer and 2 sprays of a
fungicide-insecticide mix, pod yields in Orissa (India) were
increaseed 30-50% (Samola and Parida, 1983).

There are many problems with a pest management program rely-
ing solely on chemical pesticides (van den Bosch, 1978). These
problems include the development of resistance to insecticides,
creation of secondary pests and resurgence of the primary pest,
not to mention environmental and human health hazards. Cotton
production in the Rio Grande Valley in Texas provided an example
of how this situation can develop (Adkisson et al., 1982). A
recent survey of groundnut production areas in Andhra Pradesh
indicated that pesticide applications for the control of GIM may
be upsetting the natural biological control for Heliothis armig-

era and Spodoptera exigua (Ranga Rao and Shanower, 1988).
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CONCLUSION

The groundnut leaf miner is a widespread and frequently seri-
ous pest of groundnut and soybean throughout South and Southeast
Asia. Most of the published research deals with management and
generally emphasizes chemical control. Given the negative
aspects of reliance on insecticides and the limited resources
available to farmers in the semi-arid tropics, a more integrated
approach to leaf miner control is needed.

One of the goals of integrated pest management is to minimize
the use of pesticides and thereby preserve the naturally occur-
ring biological control agents (van den Bosch, 1978; Bottrell,
1979). From this perspective, it is unclear why more research
has not been carried out on the use of microbial and soil incor-
porated systemic insecticides, and most important, the conserva-
tion of natural enemies.

In developing an integrated control program, it is important
that the biology and ecology of the pest are well understood.
The results published to date do not provide sufficient informa-
tion on key aspects of the groundnut leaf miner biology.
Reliable information on the effect of abiotic (e.g. temperature
and rainfall) and biotic (e.g. natural enemies) factors on GLM
population dynamics is incomplete. In addition, the impact of
leaf miner damage on crop yields and the economics of yield loss
have not been adequately quantified. One of the most difficult
and important questions to understand is the cause(s) of the
large GILM population fluctuations frequently observed. The

development of an ecologically sound management program will be
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Table 1. Host plants of Aproaerema modicella

Arachis hypogaea L.
Glycine max (L.) Merr.
Vigna radiata (L.) Wilzcek

(=Phaseolus aureus)

Cajanus cajan (L.) Millsp.
Medicago sativa L.

Psoralea corylifolia L.

Inigofera hirsuta L.

Maxwell-Lefroy, 1906
Ramakrishna Ayyar, 1940

Prasad, et al., 1971

Bainbridge-Fletcher, 1914
Sandhu, 1977;1978
Maxwell-Lefroy & Howlett, 1909

Jai Rao & Thirumalachar, 1977

Vigna umbellata (Thunb.) Ohwi & Ohashi

(=Phaseolus calacaratus)
Glycine soja Sieb. & Zucc.
Trifolium alexandrium L.
Teramnus labiolis (L.) Spreng
Lablab purpureus L.

Rhychosia minima Dec.

Boreria hispida K. Sch.

I T T e Y

Jai Rao & Thirumalachar, 1977
Vanhall, 1922 (in Mohammad, 1981)

Thontadarya, et al., 1979

Das & Misra, 1984
Das & Misra, 1984
Srinivasan & Siva Rao, 1984

Srinivasan & Siva Rao, 1984



Table 2. Primary and secondary parasitoids of Aproaerema

modicellal/

Family Parasitoid Host Stage Attacked

Braconidae
Apanteles sp. Gnut/Soybean L
A. javensis Rohwer Gnut L
A. singaporensis Szep. Gnut L
A. litae Nixon Soybean L
Avga nixoni Subba Rao & Sharma  Gnut L
Bracon sp. Gnut L
B. brevicornis Wesm. Gnut L
B. gelechiae Ashm. Gnut L

B. (Microbracon) hebetor Say

Gnut/Soybean L

Chelonus (Microchelonus) sp. Gnut L

C. blackburni Cam. Gnut L

C. curvimaculatus Cam. Gnut L

Phanerotoma sp. Gnut L
Bethylidae

Goniozus sp. Gnut L

G. stomoptervcis Ram & Subba Rao Gnut L

Perisierola sp. Gnut L
Ceraphronidae

Ceraphron sp. Gnut L
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Table 3. Pesticides evaluated for control of Aproaerema

modicella

acephate Rajput et al., 1984; Rajput et _al., 1985

aldrin Vittal & Saroja, 1965

ambithion Sadakathulla et al., 1976

BHC Vittal et al., 1964; Krishnananda & Kaiwar,
1965; Vittal & Saroja, 1965; Lewin et al.,
1973; Kapoor et al., 1975; Rajput et al.,
1984; Rajput et al., 1985;

BPMC Singh & Singh, 1983

bromophosethyl Rajput et _al., 1985

bromophosmethyl Rajput et al., 1985

carbaryl Krishnananda & Kaiwar, 1965; Lewin et al.,
1973; Kapoor et al., 1975; Devaraj Urs &
Krishna Kothai, 1976; Sangappa & Mustak Ali,
1977; Khan & Raodeo, 1979b; Singh & Rawat,
1981; Singh & Singh, 1983; Sivasubramanian &
Palaniswamy, 1983; Rajput et al., 1984;
Rajput et al., 1985; Ghewande et al., 1987;
Ghule et al., 1987

carbofuran Lal et al., 1974; Devaraj Urs & Krishna
Kothai, 1976; Sangappa & Mustak Ali, 1977;
Singh, 1978; Khan & Raodeo, 1979a

carbophenothion Palaniswamy & Ramachandran, 1978

chlorfenvinphos Abdul Kareem & Subramaniam, 1976; Khan &

Raodeo, 1979b; Sangappa, 1979



chlorphenamidine
chlorpyriphos
cyfloxylate

cypermethrin

DDT

DDVP

decamethrin

dibrom

dichlorvos

dicrotophos

dieldrin
dimethoate

dimethoate
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Sadakathulla et _al., 1976
Sadakathulla et al., 1976; Sangappa, 1979

Rajput et al., 1985

Sivasubramanian & Palaniswamy, 1983; Rajput
et al., 1985

Vittal et al., 1964; Krishnananda & Kaiwar,
1965; Vittal & Saroja, 1965; Abdul Kareem &
Subramaniam, 1976

Sadakathulla et al., 1976

Sivasubramanian & Palaniswamy, 1983; Rajput
et al., 1985

Sangappa & Mustak Ali, 1977

Lewin et al., 1973; Radhakrishnan et al.,
1976; Sangappa & Mustak Ali, 1977; Palanis-
wamy & Ramachandran, 1978; Khan & Raodeo,
1979%b

Abdul Kareem & Subramaniam, 1976; Palaniswamy
& Ramachandran, 1978

Vittal & Saroja, 1965; Kapoor et al., 1975

Lewin 1975

Lewin et _al., 1973; Kapoor et al., 1975;

Abdul Kareem & Subramaniam, 1976; Devaraj Urs
& Krishna Kothai, 1976; Sangappa & Mustak
Ali, 1977; Palaniswamy & Ramachandran, 1978;
Khan & Raodeo, & Ramachandran, 1978; Khan &
Raodeo, 1979a; Singh & Rawat, 1981; Logis-

waran & Madhava Rao, 1982






heptachlor
imidan
isofenphos
leptophos
lindane

malathion

menazon

methamidophos

methomyl

methyl dimeton

methyl parathion

monocrotophos

neem extract

parathion

Lewin et al., 1973
Lewin et al., 1973

Radhakrishnan et al., 1983

Sangappa & Mustak Ali, 1977

Kapoor et al., 1975

Devaraj Urs & Krishna Kothai, 1976; Sadak-

thulla et al., 1976; Palaniswamy & Ramachan-

dran, 1978; Singh, 1978; Khan & Raodeo,
1979b; Sangappa, 1979

Krishnananda & Kaiwar, 1965; Sangappa & Mus-
tak Ali, 1977

Singh & Singh, 1983; Sivasubramanian & Pala-
niswamy, 1983

Rajput et al., 1984; Rajput et al., 1985

Kapoor et al., 1975; Palaniswamy & Ramachan-
dran, 1978; Logiswaran & Madhava Rao, 1982
Singh & Singh, 1983; Ghule et _al., 1987
Abdul Kareem and Subramanian, 1976; Sadakath-

ulla et al., 1976; Sangappa & Mustak Ali,

1977; Khan & Raodeo, 1979b; Sangappa, 1979;
Singh & Rawat, 1981; Logiswaran & Madhava
Rao, 1982; Singh & Singh, 1983; Rajput et

al., 1984; Rajput et al., 1985; Ghule et al.,

1987

Sadakathulla et _al., 1976

Vittal et al., 1964; Krishnananda & Kaiwar,

1965; Vittal & Saroja, 1965; Lewin et al.,




permethrin

phenthoate

phorate

phosalone

phosphamidon

quinalphos

sevimol

toxaphene

TPTA

TPTH

70

1973; Radhakrishnan et _al., 1976
Sivasubramanian & Palaniswamy, 1983; Rajput
et al., 1985

Sadakathulla et _al., 1976; Sangappa, 1979

Devaraj Urs & Krishna Kothai, 1976; Khan &
Raodeo, 1979%a

Sadakathulla et al., 1976; Sangappa, 1979;

Sivasubramanian & Palaniswamy, 1983; Ghule et
al., 1987

Lewin et al., 1973; Kapoor et al., 1975;

Sangappa & Mustak Ali, 1977; Palaniswamy &
Ramachandran, 1978; Singh, 1978; Khan &
Raodeo, 1979b; Logiswaran & Madhava Rao,
1982; Singh & Singh, 1983; Rajput et al.,

1984; Ghule et al., 1987

Abdul Kareem & Subramanian, 1976; Devaraj Urs
& Krishna Kothai, 1976; Radhakrishnan et _al.,
1976; Sadakathulla et al., 1976; Singh, 1978;
Khan & Raodeo, 1979b; Singh & Rawat, 1981;
Singh & Singh, 1983; Sivasubramanian & Pala-

niswamy, 1983; Rajput et al., 1984; Ghule et

al., 1987

Singh & Singh, 1983; Ghule et al., 1987;
Abdul Kareem & Subramaniam, 1976; Sangappa &
Mustak Ali, 1977; Khan & Raodeo, 1979

Abdul Kareem & Subramaniam, 1976

Abdul Kareem & Subramaniam, 1976









73

INTRODUCTION
The groundnut leaf miner (GLM), Aproaerema modicella (Deven-
ter) (Lepidoptera: Gelechiidae), is a key pest of groundnut and
soybean throughout Asia. GIM was first recorded as a pest of
groundnut more than 80 years ago, but many aspects of its biology
remain poorly understood. Reported development times for A.
modicella immature stages and adult longevity differ as much as

two-fold (Gujrati et al., 1973; Kapadia et al., 1982; see Table

1). Published values for GIM fecundity vary by the same order of
magnitude (Cherian and Basheer, 1942; Gujrati et al., 1973;
Kapadia et al., 1982). The effect of temperature on development
and fecundity has not been previously investigated, and may offer
an explanation for the conflicting results of these earlier
studies.

Reports in the literature also disagree concerning the number

of A. modicella larval instars. Kapadia et al. (1982) reported

three instars for A. modicella, Gujrati et al. (1973) and
Phisitkul (1985) described four, and other authors recorded five
(Amin, 1987) and some as many as six (Islam et al., 1983).

Only one observation has been reported on the per capita con-
sumption of leaves by GLM larvae. 1Islam et al. (1983) estimated
that, in terms of leaf area, GLM larvae consume 3480 mm? of leaf
tissue, or the equivalent of 6 to 10 leaflets. By comparison, a
mature Spodoptera frugiperda (J.E. Smith) which is approximately
20 times larger than GLM consumes only 3 times as much leaf tis-

sue (Garner and Lynch, 1981) as reported by Islam et al. for GLM.

To develop an effective pest management program for A. modi-
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cella, its biology must be understood well. In this paper,
experiments were designed to relate the rate of development,
fecundity and longevity to temperature. In addition, the number
of larval instars and per capita leaf consumption were deter-
mined. The results presented here resolve some of the confusion

concerning the biology of this important pest of legumes.

MATERIALS AND METHODS
All experiments were carried out at the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), located

near Hyderabad (17° N), Andhra Pradesh, in peninsular India.

Rearing methods

Experimental insects were taken from laboratory colonies
started in March 1988, and maintained under greenhouse condi-
tions. GLM larvae were reared and tested on groundnut variety
Kadiri 3 (ICG 799). The colony was maintained by collecting sev-
eral hundred newly emerged moths and introducing them into cages
with fresh plants. Deposited eggs were allowed to complete their
lifecycle on the same plants. Cotton wool soaked in sucrose
solution was provided for the adult moths.

Cohorts of insects were reared at 15°, 20°, 25°, 30° and 35°C
in temperature cabinets programmed for 12:12 photophase and rela-
tive humidity in the range of 62 to 85%. These data were used to
estimate temperature dependent growth and fecundity r;tes. The

studies were conducted as described below.












function was fitted to the oviposition data using multiple

regression.

RESULTS
Stage developmental times and adult longevity

Total immature (egg to adult emergence from the pupa) devel-
opmental times (y) at various temperatures (x) ranged from 18.9
days to 58.1 days (Table 2). The threshold temperature for
development of the egg stage based on the regression line y =
-0.2111 + 0.0171x was 12.3°C (Fig. 1). Eggs required an average
of 60 DD to complete development, but at 25° and 30°C eggs
hatched in 53 and 52 DD respectively. Approximately 13% of the
total immature development time was spent in the egg stage. Tem-
perature adversely influenced egg survivorship only at 15° C
where only 79% of the eggs hatched. In contrast, the hatching
rates at 20°, 25°, 30° and 35° C were close to 100%. The
percentage of eggs hatching at 15° was significantly lower
(ANOVA; Fy4 2g=7.23; p<0.001; n=40).

The longest period required for larval development was 34
days at 20° and the shortest was 12.4 days at 35° (Table 2). No
larvae survived at 15°C, but despite this, the estimated develop-
mental threshold for larvae was 8.9°C based the linear equation y
= -0.0308 + 0.0032x fitted to data on survivors (Fig. 1). Larval
development was completed in the fewest DD at 25° (266 DD) with
the next fewest at 30° (309 DD). Larval development averaged 327
DD or 71% of the total immature development time (Table 2). Lar-

val development rates varied less than egg and pupal development















close to average generation times given in Table 2, especially at

the two highest temperatures.

Instar number and body size

The relationship between body length and larval head capsule
width indicates that five larval instars are typical for GLM at
ICRISAT (Fig. 5). The data cluster into five relatively distinct
groups that are interpreted to indicate stages or instars. The
first three clusters show minimal variation in head capsule
widths and were easily differentiated (Table 6). The body
length/head capsule width relationship was more variable in the
fourth and fifth groups and the decision to separate them into
4th and 5th instars is based on their clustered distributions
(Fig. 5).

Head capsule widths ranged from 0.12 to 0.68 mm and body
lengths ranged from 0.56 to 6.4 mm. The correlation between head
capsule width and body length was very strong (r = 0.96). The
regression of body length on head capsule width is described by y
= -0.432 + 9.977x, n = 158. Average wet weight of 19 first
instar larvae was 0.09 (+ 0.005) mg. Live weight of 43 final
instar larvae averaged 2.77 (+0.012) mg and 2.38 (+0.073) mg for

pupae.

Per capita consumption
A strong correlation was found between leaf area and wet
weight per unit area for Kadiri 3 leaflets (y = -0.037 + 0.0026 x

10'4mg mm'2; r = 0.98). Based on this relationship, the average
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leaf area consumed through 5 larval instars was 179.3 (+ 7.15)

p—"

per larva using only the 43 larvae which completed develop-
ment. This is equivalent to 33.29 (& 1.347) mg leaf tissue (wet
weight). The efficiency of conversion of ingested food (ECI) for

groundnut leaf miner larvae was 8%.

DISCUSSION
Effects of temperature on development
Studies on the effects of temperature on poikilothermic
organisms are common in the literature (e.g. de Candolle, 1855;
Andrewartha and Birch, 1954, Gilbert et al., 1976). Such studies
assume that there is a continuous relationship between develop-

ment times, longevity and fecundity across temperatures (Hughes,

1963; Gilbert et al., 1976; Curry and Feldman, 1987). The linear
or degree-day method is the most common method of calculating
development rate because data seldom are available across the
full range of temperatures (Stinner et al., 1974, Gilbert et al.,
1976). The linear method was used here.

Temperatures in peninsular India range from 9° to 42°C,
though cropping season temperatures are more moderate and range
from 18° to 32°C (ICRISAT, 1988). At low temperatures the
groundnut leaf miner completed its life cycle in 80 days while at
higher temperatures only 23 days were needed. A physiological
time scale (degree-days above a threshold temperature) accounts
for differences in development rate due to temperature. When
development in physiological times are compared across tempera-

tures, the differences are not large. The total GIM life cycle
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required 660 DD with only a 60 DD difference between the fastest
and slowest development times.

Previously reported development times for GIM eggs, larvae
and pupae vary widely (Table 1) and the reported ranges do not
overlap. Temperatures in these earlier studies were not con-
trolled so it is impossible to calculate temperature dependent
development rates. The data reported in the literature fall
within the range reported here (Table 2) and it seems likely that
discrepancies in reported development times are due to differ-
ences in temperature. The development times of a related
species, Stomopteryx palpilineella, were similar to the tempera-
ture dependent growth rates calculated for A. modicella (Valley

and Wheeler, 1976).

Survivorship

Temperature influenced survivorship in GIM immature stages,
especially the larval stage. Egg hatch was lower at 15° than at
higher temperatures. Larval mortality was high at all tempera-
tures and 100% at 15°C. This may have been due to the use of
excised leaves instead of whole plants to rear larvae. At mid-
range temperatures (25° and 30°C) survivorship was generally
between 40 and 70% in the 4 experiments, but was as low as 8% in
one experiment at 35°.

At 15°C dead larvae were frequently found on the leaf sur-
face. To determine if first instar GIM were more vulnerable than
older instars, several older instar larvae were kept at 15° for

observation. These older instars survived and successfully



pupated. These results suggest that a failure to establish is the
cause of high mortality at 15°, however, once established, larvae
can survive and grow at 15° C.

The only immature stage in which survivorship was apparently
unaffected by temperature was the pupal stage. No significant
differences in the percentage of pupae successfully emerging were
found across temperatures. Emergence from the pupal stage was

uniformly high (82-100%) at all temperatures.

Adult longevity

Temperature also affected adult longevity. In physiological
time units, adults at 25° and 30°C lived approximately 50% longer
than at the other three temperatures. These differences are
important because they indicate that females at these tempera-
tures have longer ovipositional periods than females at other

temperatures (see below).

Fecundity

Adults at 15° and 35°C lived equivalent physiological time
periods and produced the same number of eggs. But because
females oviposit at night, females at 15° had three times as many
nights for oviposition (Table 2), as females at 35°C. However,
daily per capita egg production was much lower at 15°C. Daily
per capita egg production was nearly the same at 25°, 30° and 35°
(Fig. 2), but because adults lived fewer days at 35°, average egg
production was lower. All three indicators of fecundity show that

egg production was highest at 30° followed by 25° and fell
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high larval mortality produced low l; values which biased the
calculation of ry and R,. The life table parameters need further
confirmation and in future experiments, larvae should be reared

on whole plants.

Number of instars

Larval age is frequently determined by measuring head capsule
widths (Southwood, 1978), and the technique has also been used
for species identification (Nemjo and Slaff, 1984). Dyar (1890)
was the first to note that head capsule width between successive
instars increases by a constant factor for a given species. Guj-
rati et al. (1973) reported the following GIM larval head capsule
widths: 1st instar 0.07 mm, 2nd instar 0.14 mm, 3rd instar 0.21
mm and 4th instar 0.28 mm. Head capsule widths of the first two
instars were smaller and larger than the width of the first
instar reported here. The ratio of head capsule widths between
successive instars (width of older instar/width of younger
instar) is usually about 1.4 (Wigglesworth, 1972). The ratio of
head capsule widths between first and second instars reported by
Gujrati et _al. (1973) was 2, which is too high. Head capsule
width ratios in this study were between 1.39 and 1.67 (Table 6).

A second discrepancy in the Gujrati et al. (1973) study is
that head capsule widths for the fourth and fifth instars are not
reported. The largest head capsule size (0.28 mm) was the width
of the third instar head capsule in this study (Table 6). Valley
and Wheeler (1976) measured head capsule widths for the slightly

smaller, related species, S. palpilineella. This species has
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Table 2.

Duration of each life stages at five temperatures,

degree-day requirements and development threshold for Aproaerema
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33.87 £ 5.01
(67)
16.54 + 2.89
(35)
14.66 + 2.63
(62)
12.33 + 1.87

(9)

15.11 + 2.67
(64)
7.50 + 2.45
(34)
3.85 + 1.47
(54)
3.89 + 1.69

(9

17.70 + 8.24
(56)
11.41 + 6.25
(147)
12.78 + 5.09
(143)
10.62 + 5.48
(129)
5.47 + 3.01

(131)

----------------------------------------------------------------

modicella.
Temp.
(°c) Egg
15 22.96 + 0.32
(63)
20 9.13 + 0.35
(76)
25 4.19 + 0.19
(79)
30 2,87 + :0.29
(78)
35 2.79 + 0.21
(78)
Threshold 12.3°C

Mean developmental

period (degree-days)

60.1

................................................................

1/ Numbers in parentheses refer to number (n) of experimental

animals.
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Table 3. Effect of temperature on Aproaerema modicella fecun-
dity.
Temp. Pairs Eggs/Female Max. 1 Day Max. Total

(°C) Producingl/ (meaniSE)z/ Egg Production Egg Production

15 15 37.8¢c (+6.91) 36b 88b
20 47 42.66bc  (£7.11) 52ab 160b
25 69 57.04b (£6.71) 8la 170b
30 44 87.59%a (29.85) 70a 248a
35 22 27.09¢c (£6.29) 70a 105b

................................................................

1/ pairs producing at least one egg.
2/ Values within a column followed by the same letter are not

significantly (p=0.05) Duncan’s Multiple Range Test.
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INTRODUCTION

Groundnut (Arachis hypogaea L.) in peninsular India is
commonly grown in both the rainy (June to October) and the post-
rainy seasons (December to April). One of its major pests is the
groundnut leaf miner (GLM), Aproaerema modicella (Deventer)
(Lepidoptera: Gelechiidae), which completes as many as 4 gener-
ations per season (Wightman and Amin, 1988). Population levels
fluctuate dramatically between years, seasons and even between
generations at the same location. Reports concerning the popula-
tion dynamics of GLM are common in the literature (Amin and
Mohammad, 1980; Logiswaran and Mohanasundaram, 1986; ICRISAT,
1986; 1987; 1988), though the causes of population fluctuations
are uncertain.

Studies by Lewin et al. (1979) and Logiswaran et al. (1982)

conducted at Tindivanum, Tamil Nadu (India) came to different
conclusions concerning the effect of temperature and rainfall on

GILM population dynamics. Lewin et al. (1979) used correlation and

partial regression to test the effect of sowing time, temperature
and rainfall on leaf miner populations. Temperature was posi-

tively and rainfall negatively correlated with leaf miner inci-

dence (Lewin et al., 1979). Yield was affected more by sowing

time than by GLM incidence. Logiswaran et al. (1982) reported a

significant negative correlation between both maximum and minimum
temperature and GLM infestation levels, but no correlation was
found with rainfall.

In another study, Khan and Raodeo (1987) compared changes in

several weather factors to GIM incidence over two years. None of
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the four weather variables measured, rainfall, maximum and mini-
mum temperature, and relative humidity, offered a reasonable

explanation for the fluctuations.

MATERIALS AND METHODS
The population dynamics of GILM larvae and adults were studied
at the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) located near Hyderabad, Andhra Pradesh, (17°N)
in peninsular India. Weather data used in this study came from

the ICRISAT meteorological station.

Agronomic procedures

Two groundnut crops are grown annually in this region, one
during the rainy season and one during the dry, post-rainy sea-
son. In this study, four crops were studied during the period
1987-89. Rainy season crops were planted the first week of July
and harvested in mid-October, and post-rainy season crops were
planted in mid-December and harvested in mid-April. The ICRISAT
recommendation of growing 4 rows of groundnut on raised beds was
followed. Beds were 1 m wide and separated by a 0.5 m furrow.
Seeds were planted 15 cm apart. Plot size for experiments
described below was 396 m? in the first two seasons, 360 m? in
the third and 288 m? in the fourth. Irrigation was supplied as
needed and approximately 500 kg ha-l gypsum (67% CaSO,) was
applied about 60 days after sowing (DAS) to assure sufficient

calcium supply for plant growth.
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Experimental design

Larval populations were sampled weekly beginning one week
after plant emergence and continuing until harvest. The treat-
ments used in each trial are presented in Table 1. Each of the
four studies (2 rainy and 2 post-rainy season) was planted in a
randomized block design of treatments (2 varieties x insecticide
(sprayed vs. unsprayed control)) with four replicates per treat-
ment. Field trials were blocked against the flow of water in
irrigation furrows. Larval density is presented both as larvae
plant'1 and as larval-days, which is the product of larval counts
and sampling interval summed through the season.

The susceptible variety, Kadiri 3 (ICG 799) was planted in
all studies, and one of two tolerant cultivars (NCAc 17090 orxr
NCAc 343) was planted in all but the final season. An untreated
(control) plot and one treated with at least one foliar spray of
monocrotophos (40% EC) applied at a rate 181 mg a.i./ha in 331
1/ha water when GILM larvae were first observed were common across
varieties. 1In the first study, three insecticide sprays were
applied, two were applied in the second and third seasons and one
spray was applied in the final season.

Two other insecticide treatments were included during some
seasons. In the second, third and fourth studies, Kadiri 3
plants were sprayed with monocrotophos when adult moths were
first observed visually in the field. And in the two rainy sea-
sons (the first and third studies), an additional treatment con-
sisting of Kadiri 3 plants treated at planting with a systemic

insecticide (isofenphos 5G) incorporated in the soil at a rate of
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Smith, ICRISAT, pers. comm.).

The effect of rain on eggs was tested using 10 pots with 5
plants each. Eight to 10 eggs were marked in each pot using a
knotted string (1 knot for each egg) attached to the petiole.
Egg numbers before and immediately after the simulated rainfall
were compared to determine the direct effect of rain on egg sur-
vivorship. The eggs were observed daily to compare hatch rates
between the two groups.

The effects of rain on larval survival was tested using 10
pots with 10 plants per pot and infested with third, fourth and
fifth instar GLM larvae. Five pots were put into the rain simu-
lator and five kept as control pots. The number of live larvae
before and one week after treatment was recorded in each treat-
ment,

Analysis of variance (ANOVA) was used to test differences in
egg and larval survival between treated and control plants (Zar,

1974).

RESULTS

1987 Rainy season

GLM populations were very high in the 1987 rainy season
(Fig. 1). TUnsprayed plots of Kadiri 3 had up to 130 larvae per
plant in the first generation. The numbers in the second and
third generations were much smaller (<30 larvae per p}ant). The
two unsprayed treatments reached the highest cumulative leaf
miner populations, with the susceptible cultivar, Kadiri 3, hav-

ing 50% more larval-days than NCAc 17090 (Fig. 2). The Kadiri 3
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+ isofenphos treatment had the smallest, cumulative larval-days,
being 1/10th that of the unsprayed Kadiri 3 treatment.

Two large peaks and several smaller peaks of moths were
observed in light trap catches (Fig. 3). The low and scattered
rainfall that occurred in the 1987 rainy season did not appear to
adversely affect larval populations or disrupt adult oviposition

(Fig. 3).

1987-88 Post-rainy season

Leaf miner populations were the lowest of the four seasons in
the 1987-88 post-rainy season (Fig. 1). The four peaks in larval
numbers correspond to the four generations of GIM. The popula-
tion built up slowly through the season but reached only 0.35
larvae per plant by the end of the season. This population was at
least three orders of magnitude smaller than the 1987 rainy sea-
son (Fig. 2).

GIM larval-days were less than 1 per plant across all treat-
ments. Low rainfall and increasing temperatures, typical of the
post-rainy season, were experienced (Fig. 3).

Light trap catches of adult moths were lower than during the

rainy season (Fig. 3), but increased slightly towards the end of

the season.

1988 Rainy season
The 1988 rainy season was wetter and cooler than the 1987
rainy season (Fig. 4), and leaf miner populations were much lower

(Fig. 1). In unsprayed treatments of both varieties, a large,
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450 degree-days (DD) broad peak of larval numbers may have
resulted from 2 flights of immigrating moths (Fig. 1). GIM lar-
val-days followed a pattern similar to the larval-days in the
1987 rainy season, but was 1/50th that of the 1987 rainy season.

Unsprayed plots had more larval-days than treated plots, and
variety NCAc 343 had slightly more than Kadiri 3 (Fig. 2). Within
Kadiri 3, the insecticide was less effective if applied when
moths were present than applied when larvae were present.

Few moths were recorded in light traps (Fig. 4), thus most of

the within-plot population came from within plots.

1988-89 Post-rainy season

During the 1988-89 post-rainy season, GLM populations were
very low and of the same order of magnitude as the previous post-
rainy season (Fig. 1). Populations "peaked" during the last week
of February at densities less than 0.4 larvae per plant. These
low densities were similar to the 1987-88 post rainy season, but
the peak was reached earlier in 1988-89 (Fig. 2). Agroclimatic
conditions were similar between the two post-rainy seasons except
for a brief but intense thunderstorm that occurred in mid-March
1989 (Fig. 4).

Light trap catches of adults were low until the end of the

season, when two small peaks of moths were recorded (Fig. 4).

Simulated rainfall experiment
Of 48 eggs exposed to simulated rain, 2 washed off and two

failed to hatch. 1In the control group, 3 of the 51 eggs failed
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to hatch. The hatch rate under simulated rainfall (92%) and in
the control group (94%) were statistically equivalent.

Larvae were also unaffected by the direct effects of simu-
lated rainfall. Under conditions of simulated rain, 72.0 + 6.0
larvae were observed before treatment and 64.4 + 10.37 larvae
were found one week after treatment, which was 89% of the origi-
nal number. In the control pots, 63.0 + 6.50 larvae were present
before treatment and 59.8 + 14.43 larvae one week later, or 95%
of the original number. Differences between treatments were not

significant (ANOVA; F3,16‘2-79; p>0.1; n=10).

DISCUSSION

Groundnut leaf miner populations in peninsular India vary
dramatically between seasons and generations. During the two
years of this study, larval GLM populations ranged from 3200 lar-
val-days per plant in the 1987 rainy season to less than 1 lar-
val-day per plant in the 1987-88 post-rainy season (Fig. 2).
Fluctuations of this magnitude do not appear to be unusual (Amin
and Mohammad, 1980; Logiswaran and Mohanasundarum, 1986; ICRISAT
Legumes Entomology Unit, unpubl. data).

The effects of variety, insecticide versus no insecticide
(control), rainfall and the role of adult immigration in the pop-

ulation dynamics of this pest are discussed here.

Varieties
The resistant NCAc varieties supported lower GLM densities

than did the susceptible variety Kadiri 3 in all but the 1988
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rainy season when populations were extremely low. Lower GLM pop-
ulation were found on unsprayed NCAc plants compared to unsprayed
Kadiri 3 when populations were high (1987 rainy season), but
yields were significantly lower. This suggests that NCAc may be
resistant to GLM, and that agronomic characters were largely
responsible for the significant yield difference. GLM popula-
tions were so low in the other seasons that comparisons are not

meaningful.

Insecticides

Insecticides reduced GIM larval populations, especially when
populations were high in the 1987 rainy season. Compared to the
check, cumulative larval-days in this season were reduced 60%
with three foliar sprays (Fig. 2), and reduced 85% with a sys-
temic insecticide (not shown). Insecticides effectively reduced
GLM larval populations, but one application of soil-incorporated
systemic insecticide was as effective as three applications of a
foliar insecticide. 1In addition, systemic insecticides have less

impact on non-target organisms such as natural enemies.

Variety x insecticide interaction

The lowest leaf miner densities in both the 1987 and 1987-88
seasons were recorded in the plots combining insecticides and
less-susceptible varieties. Aside from the 1987 rainy season,
differences in GIM density across treatments were not important
because GLM populations were far below economic injury levels and

had no effect on yields.



Rainfall effects

Several authors have suggested that rainfall may reduce GLM
larval populations in some seasons and have tried to correlate
high GIM numbers with low rainfall seasons. Extremely low rain-
fall is typical of the post-rainy season in peninsular India
(Figs. 3 and 4) and if rainfall were an important larval mortal-
ity factor, then GLM populations should be higher in the post-

rainy season. Both post-rainy seasons had low rainfall and low

GIM populations. The 1987 rainy season had the highest GLM popu-

lation and had below average rainfall (58% less than the 1988
rainy season). These conflicting patterns of rainfall and GLM
abundance point out the difficulty of using single factors to
explain biological phenomena.

Historical data from 1980-86 (unpubl. data, ICRISAT Legumes
Entomology Unit), indicate that groundnut leaf miner populations
ranged from a high of 320 larvae per plant in the 1980-81 post-
rainy season to less than 1 larva per plant in the 1985-86 post-
rainy season. Very high (+50 larvae plant’l) GLM populations
were recorded in two post-rainy seasons and one rainy season.
Moderate GLM populations, 20-50 larvae plant'l, were observed in
two rainy seasons and three post-rainy seasons. These data pro-
vide an historical background for GLM population dynamics at
ICRISAT but give no indication of cause and effect.

Using artificial rain, no significant differences between

treatment and control were found in egg or larval survivorship.

Leaf miner abundance may be influenced by climatic variables, and
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rainfall in particular, in more subtle ways. For example, heavy
and persistent rainfall may interfere with oviposition, or fungal
and other pathogens may be favored by rainfall patterns different
from the conditions in this experiment. This aspect of GLM ecol-
ogy requires further investigation and is crucial to understand-

ing the large, erratic fluctuations of GLM populations.

Adult immigration

Light trap data (Fig. 3) indicated a large influx of moths
preceded the establishment of the large larval population in the
1987 rainy season. Larvae appeared more than 200 DD earlier than
populations in other seasons (Fig. 1). The extremely high number
of moths produced a large larval population which caused signifi-
cant defoliation and up to 40% yield loss in unsprayed groundnuts
(Chap.4). Moths migrating into the field may have emerged from a
summer diapause or aestivation perhaps triggered by the onset of
the monsoon, or may have migrated from some unknown source.
Immigration is an important component in the population dynamics
of most insect species. It may be especially important with an
insect such as GLM which undergoes large population fluctuations
routinely. The degree of trivial movement and directional or long
range migration will need to be studied if GIM population dynam-

ics are to be fully understood.

Summary

Summarizing the results using multiple regression analysis

produced the following equation:
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Table 1. Treatments used in groundnut experiments to monitor
Aproaerema modicella population dynamics during rainy and

post-rainy seasons at ICRISAT, India.

1987-88 1988-89
Treatment Rainy Post-rainy Rainy Post-rainy
Kadiri 3 sprayedl/ . . . .
Kadiri 3 unsprayed . . . .
NCAc 17090 sprayed . .
NCAc 17090 unsprayed . .
Kadiri 3 systemic . .
Kadiri 3 sprayedz/ . . .
NCAc 343 sprayed .
NCAc 343 unsprayed o
soybean .
Total 5 5 6 4

1/ 1Insecticide applied when larvae first observed.

2/ 1Insecticide applied when adults first observed.
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INTRODUCTION

Crop growth rates for groundnut (Arachis hypogaea L.) are
thought to depend primarily on the amount and intensity of inter-
cepted solar radiation, and the photosynthetic efficiency of
leaves (Williams and Nageswara Rao, 1983). Other important fac-
tors affecting groundnut yields are temperature, water stress,
photoperiod, genetic differences between varieties and biotic
constraints, principally insects and diseases (Williams and
Nageswara Rao, 1983).

Bolhuis and De Groot (1959) documented phenological changes
in groundnut in response to temperature. Lower temperatures
delayed germination and flowering, but the numbers of flowers and
mature fruit had a more complicated relationship with tempera-
ture. Flower and mature fruit numbers were greatest at 27° C,
but declined at lower and higher temperatures. More recent
studies have shown that temperature influences all aspects of
vegetative and reproductive growth in groundnut (e.g. Cox, 1979;
Cox and Martin, 1974; Leong and Ong, 1983; Ong, 1984).

Lack of water is potentially the most important limiting fac-
tor for groundnut production (Ketring, 1986) but the timing of
water stress determines its impact (Williams and Nageswara Rao,
1983). Early season water stress may suspend development, but
lack of water during the reproductive phase may either hasten or
delay fruit maturation (Williams and Nageswara Rao, 1983).
Reports cited in Ashley (1984) indicate that groundnut is more
susceptible to drought at flowering than at any other time.

Drought stress is thought to promote extensive rooting, allowing



the plant to explore a larger soil volume and increasing the
root:shoot ratio (Ketring, 1986).

Photoperiod can affect both vegetative and reproductive phe-
nology. Short-day conditions are thought to increase peg and pod
numbers, and reduce the size and dry weight of plants (Ashley,
1984). Higher fruit numbers may result from higher fertilization
rate, since no increase in flower production was observed (Wynne
et al., 1973). Depending on the cultivar, pod yield may either
increase or decrease in response to short-day conditions (Witzen-

berger et al., 1985).

Groundnut genotype also contributes to crop phenology. The
two subspecies of A. hypogaea, subsp. hypogaea and subsp.
fastigiata, have very different growth patterns. Subspecies
hypogaea has a spreading or runner type growth form and takes
120-150 days to mature, but subspecies fastigiata has an upright,
bunch growth form and matures in 90 to 100 days (Feakin, 1973).

Biotic constraints (insects, pathogens and weeds) may alter
groundnut growth, development and yield (Gibbons, 1986). Rust
(Puccinia arachidis) and leaf spot fungi (Cercospora arachidicola
and Cercosporidium personatum) can cause rapid defoliation and
yield reductions of more than 50% (Bell, 1986). Leaf diseases
reduce photosynthetically active leaf area and reduce the photo-

synthetic rate of individual leaves (Boote et al., 1980), alter-

ing leaf production rates and the initiation and development of
reproductive tissue (Bell, 1986).
Insects such as the defoliator, Spodoptera spp. (Lepidoptera:

Noctuidae), and the leaf miner, Aproaerema modicella (Lepidop-
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tera: Gelechiidae), affect groundnut phenology primarily by eat-

ing leaves and reducing photosynthetic area. Artificial defolia-
tion studies have shown that yield losses are greatest when defo-
liation of 50% or more occurs during pod formation (Enyi, 1975;

Panchabhavi et al., 1986). Groundnut appears to compensate for

lower levels of defoliation, or when defoliation occurs early in
the season (Turner, 1982). Stem weight has been shown to be par-
ticularly sensitive to defoliation (Enyi, 1975; Williams, 1979;

Wilkerson et al., 1984) and lower stem weight has been associated

with lower pod yields.

Application of additional nitrogen does not increase ground-
nut yield but may promote vegetative growth (Ashley, 1984).
Nitrogen-fixing bacteria such as Rhizobium provide sufficient
nitrogen for maximum yield (Norman, Pearson and Searle, 1984).

The experiments described below compare growth, development
and yield of two groundnut cultivars during the rainy and post-
rainy seasons under different levels of insect herbivore pres-
sure; Cultivars of the Virginia bunch variety (subsp. hypogaea),
Kadiri 3, which has a semi-spreading habit, and the Valencia
variety (subsp. fastigiata), NCAc 17090, with an upright growth
form, were used in these studies. In the past, the effect of
herbivores on growth, development and yield of groundnut has been
studied using artificial defoliation, but this treatment may not

reflect the true impact of herbivores.

MATERIALS AND METHODS

All field experiments were conducted at the International
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Crops Research Institute for the Semi-Arid Tropics (ICRISAT),

located near Hyderabad (17° N), Andhra Pradesh, India.

Experimental design

Two experiments were conducted, one in the rainy season
(June-October) and one in the post-rainy season (December-April).
Both utilized a randomized block design with four replicates per
treatment. Each trial included four treatments: Kadiri 3 with
insecticide, Kadiri 3 without insecticide, NCAc 17090 with insec-
ticide, and NCAc 17090 without insecticide. Treatments without
insecticide will be referred to as checks and NCAc 17090 will be
abbreviated as NCAc throughout the text. The insecticide, mono-
crotophos (40% EC), was applied at a rate 181 mg a.i./ha in 331
1/ha water when early instar A. modicella larvae were visible on
the plants. Three applications were made in the rainy season and
two in the post-rainy season.

The rainy season crop was planted the first week of July 1987
and harvested in mid-October. The post-rainy season crop was
planted in mid-December 1987 and harvested in mid-April 1988.
Both crops were planted in four rows on raised, 1.5 m wide beds,
in medium deep alfisol soil which was planted to pearl millet the
previous season. Seeds were planted 15 cm apart at a density of
ca. 210,000 ha'l. Plots were 396 m? (11 beds, 24 m long). Beds
were separated by an irrigation furrow and irrigation .was sup-
plied ad 1ib. Gypsum (67.2% CaSO,) was applied at a rate of 500
kg hal about 60 days after sowing (DAS) in both seasons to

ensure an adequate calcium supply during pod enlargement. Fungi-












Vegetative growth - leaves

Rainy season - Leaf production was significantly different
across cultivar/insecticide treatments within the rainy season
(F3,9=24.7; p<0.001). Kadiri 3 plants produced significantly
less leaf tissue than did NCAc plants (Fig. 3A). The rate of
biomass accumulation was also lower in Kadiri 3 plants (see
Appendix). Across insecticide treatments, sprayed plants pro-
duced more leaf tissue than check plants in both cultivars, but
Kadiri 3 plants lost a larger proportion of leaf biomass (40%)
when not sprayed than did NCAc plants (15%). The rate of leaf
biomass production was also higher for insecticide protected
plants (see Appendix).

In NCAc plots leaf biomass was added rapidly until the end of
the season, whereas Kadiri 3 leaf growth rate slowed midway
through the season (Fig. 3A). Unsprayed Kadiri 3 plots had the
lowest rate of leaf production (see Appendix) but produced leaves
longer than sprayed Kadiri 3 plants.

IAI increased at similar rates across all treatments within
the rainy season (see Appendix). Maximum LATI in all treatments
was below 2.2 (Fig. 4A), and differences across culti-
var/insecticide were not significant (F3’9-0.3). Across culti-
var/insecticide treatments, leaf area per gram leaf tissue varied
from 151.2 cm? to 172.1 cm2, but the differences were not
significant.

Post-rainy season - Cultivar and insecticide treatment dif-
ferences in leaf growth observed in the rainy season disappeared

in the post-rainy season (Fig. 3B). Marginally higher leaf
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growth rates were observed in Kadiri 3 plots compared to NCAc
plots (see Appendix). Leaf biomass was statistically equivalent
across cultivars because of higher production in Kadiri 3 and
lower production in NCAc compared to the rainy season. No sig-
nificant differences in leaf production rates were observed
across insecticide treatments in either variety during the post-
rainy season (see Appendix). Though rates were similar across
cultivars, NCAc treatments produced leaf mass at a high rate
until the end of the season, but Kadiri 3 leaf production rate
began to slow approximately 30 days before the end of the season
(Figs. 3B). Across seasons leaf production was statistically
equivalent within cultivar/insecticide treatments (2-way ANOVA;
F1,9=1708; p>0.25)

The rates of increase in LAI were significantly different

across cultivars and insecticide treatments within the post-rainy

season (see Appendix). Kadiri 3 reached maximum LAI several

weeks before the season ended, while LAI in NCAc continued to

increase up to the end of the season. Within season, maximum LAI

was significantly higher (F3,9=20.5; p<0.001) in NCAc than in
Kadiri 3 (Fig. 4B) but differences across insecticide treatments
were not important. Differences in maximum LAI were significant
between seasons (2-way ANOVA; F3,9=27.41; p<0.001). Across
cultivar/insecticide treatments, leaf area per gram leaf tissue
varied from 158.8 cm? to 175.5 cm? and differences were not
significant. These values were also very close to the leaf area

per gram leaf tissue values in the rainy season.
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Vegetative growth - stems

Rainy season - Stem (plus petiole) production was signifi-
cantly higher in NCAc than in Kadiri 3 (Fig. 3C), and sprayed
treatments produced more stem tissue than unsprayed treatments
(F3,9=42.9; p<0.001). Stem biomass was 30 to 60% higher in NCAc
treatments than in Kadiri 3 treatments. When not protected with
insecticides, stem biomass was only 70% as high in Kadiri 3 and
80% as high in NCAc relative to the sprayed treatments.

Stem production rates were significantly lower in Kadiri 3
than in NCAc, and unsprayed plants produced significantly less
stem than sprayed plants (see Appendix). In addition, the period
of rapid stem growth was longer in unsprayed treatments compared
to sprayed treatments.

Post-rainy season - Within the post-rainy season no signifi-
cant differences in the rate of stem production were observed
across cultivar/insecticide treatments (see Appendix). Kadiri 3
stem production rates slowed before the end of the season, but
NCAc continued to add stem at a high rate (Figs. 3D). Across
cultivars, NCAc produced significantly more stem biomass than
Kadiri 3 (F3’9=18.1; p<0.001). Within cultivar, no significant
differences in stem biomass were found between insecticide treat-
ments. Stem growth rates and maximum production levels were
higher across all treatments in the post-rainy season compared to

the rainy season (Fig. 3C & D).

Reproductive growth - flower and peg production

Rainy season - Within season, more flowers were produced in







produced pegs for a shorter period of time but at a significantly
higher rate than NCAc (Fig. 5D). No differences in peg produc-

tion were observed across insecticide treatments within cultivar.

Reproductive growth - pod production and fruit growth rate

Rainy season - In contrast to leaf and stem production, pod
biomass production (g plant'l) was similar across cultivars and
treatments in the rainy season (Figs. 6A). Differences in pod
mass across cultivars and insecticide treatments were not signif-
icant (F3,9=2.2; 0.25>p>0.1).

Across cultivars, NCAc produced pods earlier than Kadiri 3
(Fig. 6C), though Kadiri 3 produced significantly more pods
(F3,9-44.3; p<0.001). Within cultivar, insecticide protected
plants produced more pods than check plants, though differences
across cultivar were greater than differences across insecticide
treatments. Across cultivars, pod production rates (# plant'1
day'l) were significantly different (p<0.025) but biomass produc-
tion rates were similar. The much larger pod size of NCAc
resulted in similar pod biomass despite the fact that fewer pods
were produced.

No significant differences were observed in fruit growth rate
(g pod'1 day'l) across cultivar/insecticide treatments (Figs.
7A-D) during the rainy season. There was also remarkable simi-
larity in the timing of rapid pod growth across treatments.

Post-rainy season - Pod mass was 2-fold greater in the post-
rainy season compared to the rainy season (2-way ANOVA; Fp g =

278.90; p<0.001l). Pod growth rate in the post-rainy season
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increased rapidly up to the end of the season, whereas in the
rainy season, pod growth rate began to decline several weeks
before harvest. Within the post-rainy season, differences across
cultivar/insecticide treatments were not significant. The rate
of pod growth and the period of maximum growth were also similar
across cultivar/insecticide treatments (Fig. 6A & B).

Across season, the number of pods per plant increased in
Kadiri 3 and remained the same for NCAc in the post-rainy season.
The number of pods per plant was significantly different across
cultivar/insecticide treatments (F3’9=15.3; p<0.001), but culti-
var differences were larger than differences across insecticide
treatments (Fig. 6D). Across cultivar, NCAc produced pods longer
but at a lower rate than Kadiri 3. Differences in the rate of
production were significant across cultivars (p<0.05) but not
across insecticide treatments within cultivar (see Appendix).

Growth rates of individual fruits were much higher in the
post-rainy season compared to the rainy season (2-way ANOVA; F1.9
=525.46; p<0.001). Within the post-rainy season, differences in
fruit growth rate across cultivar/insecticide treatments were not
significant (see Appendix). In contrast to the rainy season,
fruit growth rates continued to increase up to the end of the

season (Figs 8A-D).

Components of yield
Rainy season - Differences in per plant pod and haulm yields
across cultivar/insecticide treatments were highly significant

(p<0.0005) in the rainy season (Table 3). Across cultivars, NCAc
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pod yields were much lower than Kadiri 3. On a per plant basis
haulm yields were significantly higher in NCAc, but on an area
basis the two cultivars had equivalent haulm yields (Table 3).
Within cultivar and across insecticide treatment, yields of both
pods and haulms were not as large in unsprayed treatments.
Kadiri 3 pod yields were reduced 35% and haulm yields 25%, and
NCAc had 40% lower pod yield and 20% lower haulm yield in check
plots.

Differences in shelling percentage (the fraction of kernmel in
1 kg of pods) were due to cultivar (Table 3). Kadiri 3 treat-
ments were significantly higher than NCAc treatments (p<0.0025).
Within cultivar, the differences between insecticide and check
treatments were not significant (Table 3). Kernel weight in NCAc
treatments was 48-55% of the total pod mass, but Kadiri 3 pod
mass was 65-70% kernel (Table 3).

Within cultivar, the total number of pods produced (Table 4)
was higher in sprayed treatments than in unsprayed treatments for
both cultivars (p<0.0005). Unsprayed treatments had fewer total
pods and mature pods per plant, relative to sprayed treatments,
but the percentage of mature pods was nearly the same across
insecticide treatments and within cultivar (Fig. 9A).

Post-rainy season - Pod and haulm yields for both varieties
were much higher in the post-rainy season compared to the rainy
season (Table 5). Within cultivar, Kadiri 3 pod yield increased
from 7.4 to 25.2 g plant‘1 in the insecticide plots and from 4.8
to 22.2 g plant'1 in the check plots.

NCAc pod yields were 4 to 5 times greater than in the rainy
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season and haulm yields were 20% higher on a per plant basis
(Table 5). NCAc haulm yield per unit area doubled over rainy
season levels.

Within the post-rainy season, yields differed across culti-
var. Pod yields were higher in Kadiri 3 on a per plant basis but
statistically equivalent on an area basis between the two vari-
eties. Haulm yields were higher in NCAc than in Kadiri 3 on both
a per plant and per unit area. Within cultivar, only minor dif-
ferences existed between sprayed and unsprayed treatments.

Shelling percentage increased in the post-rainy season over
rainy season levels for all cultivars and treatments (Table 5).
Within season, Kadiri 3 had significantly higher fractions of pod
mass in kernel than NCAc. Within cultivar, only marginal differ-
ences between sprayed and unsprayed plots were observed.

Total pods per plant increased 2-fold over rainy season lev-
els for all cultivars and treatments. Within the post-rainy sea-
son, differences in total, mature and immature pod number were
significant only between cultivars (Table 6). A larger fraction
of pods reached maturity in the post-rainy season, and the
increase was most striking in NCAc which increased to 80% from
about 50% in the rainy season (Fig. 9B). Within cultivar, dif-

ferences between insecticide treatments were not significant.

DISCUSSION
Large and significant differences were observed in the
growth, development and yield of the two groundnut cultivars used

in these trials. Phenological differences between cultivars are



genetically based and are not discussed here. Environmental fac-
tors further influenced growth and yield as did the use of insec-
ticides (sprayed and unsprayed treatments) to protect against the

groundnut leaf miner, A. modicella.

Seasonal effects

The effect of season can be examined by comparing the sprayed
treatments across season. Low temperatures have been shown to
retard groundnut germination (Bolhuis and De Groot, 1959; Leong
and Ong, 1983) and probably account for the lower germination of
Kadiri 3 in the post-rainy season. It is unclear why NCAc would
show improved germination in the cooler, post-rainy season though
differences in seed quality may have been responsible.

Vegetative growth was generally higher in the post-rainy sea-
son than in the rainy season for both varieties, except for the
observed moderate decline in NCAc leaf biomass in the post-rainy
season. Kadiri 3 had higher stem and leaf biomass as well as
higher growth rates for those tissues in the post-rainy season.
NCAc had lower rates of growth for both tissues in the post-rainy
season, though final stem mass was higher. Leaf area index was
also higher in the post-rainy season for both varieties. Cox
(1979) and Ong (1984) report lower leaf and stem growth at tem-
peratures above 30° C, and high temperatures typical in the rainy
season may be responsible for less vegetative growth compared to
the post-rainy season. Physiological time units (i.e. degree-
days) accumulate more slowly in the early part of the post-rainy

season because of lower temperatures compared to the same period
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in the rainy season.

The proportion of flowers which formed pegs and pods was
higher for both varieties in the post-rainy season. Short-day
conditions, typical of the post-rainy season, are known to pro-

duce higher peg and pod numbers (Wynne et al., 1973; Witzen-

berger, et al., 1985). Also contributing to the lower rainy

season production of pegs and pods was the smaller amount of
solar radiation reaching plants because of heavy monsoon clouds.
Reports (Gautreau, 1973; Cox, 1978; Ketring, 1979) cited in Ash-
ley (1984) have shown that lower irradiance levels result in
fewer flowers, pegs and pods.

Pod mass was significantly higher in the post-rainy season
for both varieties. Enyi (1975) and Williams (1979) have noted
the association between higher stem mass and higher pod mass. It
has been suggested that assimilates stored in stems are utilized
by fruits when demand is greater than supply (Williams, 1979).
The higher pod mass is due to the several-fold higher fruit
growth rates observed in the post-rainy season compared to the
rainy season. Temperatures above 30°C have been shown to
markedly reduce dry matter accumulation in pods (Cox, 1979; Ong,
1984).

In the rainy season, solar radiation is frequently reduced by
extensive cloud cover, though temperatures remain high, with min-
imum temperatures frequently exceeding 22°C. The data suggest
that periods of reduced solar radiation in the middle of the sea-
son, coupled with high temperatures, resulted in less vegetative

and reproductive growth relative to the post-rainy season. Less
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vegetative growth reduced the supply of assimilates which lowered
the production rate of flowers, pegs and pods. Less solar radia-
tion and high temperatures, in addition to the long-day condi-
tions, reduced peg initiation and fruit growth rates in the rainy
season.

Conversely, low early season temperatures, higher solar
radiation and short-days led to significantly improved yields of
both varieties in the post-rainy season. Pod yields increased
3-10 fold on a per plant basis and haulm yields were 20-100%
higher. Shelling percentage increased from 64.4 to 72.9% for

Kadiri 3 and from 55.6 to 68.9% for NCAc.

Herbivore effects

The groundnut leaf miner, A. modicella, was present in high
numbers during the first half of the rainy season, and caused
extensive defoliation in check plots. The effect of this herbi-
vore was determined by comparing insecticide plots with check
plots. 1In the post-rainy season, low populations of the leaf
miner were present but no significant differences were observed
between insecticide and check plots.

Damage from A. modicella was extensive but did not increase
plant mortality in check plots of either cultivar. Leaf consump-
tion by leaf miner larvae had a greater impact on growth and
development of Kadiri 3 than on NCAc. Leaf biomass was reduced
by 33% with Kadiri 3 but only 10% with NCAc when compared with
the check plots. The rate of leaf production was lower in check

plots relative to insecticide plots for both cultivars. Leaf
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area index was not as strongly affected by GLM defoliation. LAI
was lower in check plots but the difference was not significant.

Compared to sprayed plants, stem biomass was 30% and 20%
lower in check plots of Kadiri 3 and NCAc respectively. The rate
of stem biomass production was also lower in check plots. These
results confirm findings from artificial defoliation studies.
Enyi (1975) observed a reduction in stem mass of up to 40%,
depending on the time of defoliation, when half of the leaflets
were removed from the plants. Stem mass was 20-30% lower in
another study when 50% of the leaves were removed artificially
(Wilkerson et al., 1984).

Damage from leaf miner significantly reduced flower and peg
production in check plots of both varieties relative to the
insecticide plots. Unsprayed check plots had 15 and 30% fewer
flowers (NCAc and Kadiri 3 respectively) and 20 and 40% lower peg
production in NCAc and Kadiri 3 plots. Santos and Sutton (1983)
reported lower flower and peg production when plants were defoli-
ated by hand at 12 and 14 weeks, though the magnitude of the
reduction was not reported.

Pod mass and number were lower in plots defoliated by A.
modicella compared to sprayed plots. The 33% reduction in leaf
biomass in Kadiri 3 lead to 30% fewer pods and 30% less pod mass.
The loss of 10% of leaf biomass in NCAc resulted in 25% fewer
pods and a reduction in pod mass of 20%. Insecticide plots had
more fruit and fruit mass per plant, but the growth rate of indi-
vidual fruits was lower. Fewer pods were initiated in check

plots due to heavy defoliation, but those pods grew faster.



Per plant pod yields were 35% lower in Kadiri 3 and 45% lower
in NCAc plots defoliated by A. modicella compared to sprayed
plots. Per plant haulm yields were 25% lower for Kadiri 3 and
20% lower for NCAc. Shelling percentages were statistically
equivalent across cultivar/insecticide treatments, though the
unsprayed (defoliated) Kadiri 3 treatment had a slightly higher
(nonsignificant) shelling percentage compared to the sprayed
Kadiri 3 treatment. Enyi(1975) found higher shelling percentage
in defoliated plants.

The naturally occurring infestation of A. modicella and the
extensive defoliation it caused suggest several important
results. Defoliation and lower leaf mass resulted in lower stem
mass. A reduction in stem biomass was clearly associated with
lower pod number and mass. However, if fewer pods are initiated,
the plant may compensate with a higher fruit growth rate. These
findings support results from artificial defoliation studies
(Enyi, 1975; Santos and Sutton, 1983; Wilkerson et al., 1984).
The effects of heavy defoliation are not limited to pod yield
reductions. The phenology of both vegetative and reproductive

growth may be affected.

CONCLUSION
The per plant data presented here can be summarized using
multiple fegression analysis to compare the effect of season,
cultivar and insect control on pod yield. Equation [1l] summa-

rizes the relationships:
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y = 7.394 + 17.573x3 - 2.389xy - 2.565%;

- 3.22x9%3 + 2.958x1xX9x3 [1]

RZ = 0.99; n = 32

where y is yield in g plant'l and X3, X9 and x3 are dummy
variables representing insect control [0 = sprayed, 1 =
unsprayed], cultivar [0 = Kadiri, 1 = NCAc] and season [0 = rainy
season, 1 = post-rainy season] respectively. Only variables and
interaction terms which were significant (t > 2.037, n = 32; Stu-
dent’'s t-test) were included. The regression was highly signifi-
cant (ANOVA; F5’25=533.07; p < 0.005).

The effect of each wvariable may be obtained by computing the
partial derivatives of yield with respect to each variable and
all interactions. The results suggest that under the conditions
of these trials, yield was influenced more by season than by cul-
tivar or insect attack. Across cultivars and insect control,
yield was 17.21 g pl.amt'1 greater in the post-rainy season com-
pared to the rainy season. The choice of cultivar and insect
control had similar impacts on yield formation, but on average,
yield was 2.4 g plant'1 lower with NCAc and 2.6 g plant'1 lower
when insecticides were not used.

The results can be summarized as follows: 1) Environmental
conditions during the post-rainy season led to superior vegeta-
tive growth, reproductive growth and yield for both varieties.
These conditions included, lower early season temperatures,

short-days, and higher incident solar radiation. 2) High popula-






LITERATURE CITED

Ashley, J.M. 1984. Groundnut. In: The physiolo of tro
field crops. P.R. Goldsworthy & N.M. Fisher, eds. John

Wiley & Sons, Ltd.
Bell, M. 1986. The effect of foliar pathogens on growth of
peanuts (Arachis hypogaea L.) in tropical Australia. Aust.

J. Agric. Res. 37: 31-42,

Boote, K.J., J.W. Jones, G.H. Smerage, C.S. Barfield and R.D.

Berger. 1980. Photosynthesis of peanut canopies as affected

by leafspot and artificial defoliation. Agron. J. 72(2):

247-252.

Bolhuis, G.C. and W. De Groot. 1959. Observations on the effect

of varying temperatures on the flowering and fruit set in
three varieties of groundnut. Netherlands J. Agric. Sci.

7(4): 317-326.

Cox, F.R. 1979. Effect of temperature on peanut vegetative and

fruit growth. Peanut Sci. 6: 14-17.

Cox F.R. and C.K. Martin. 1974. Effect of temperature on time
from planting to flowering in Virginia type peanuts (Arachis

hypogaea L.). Peanut Sci. 1: 86-90.

158



159

Enyi, B.A.C. 1975. Effects of defoliation on growth and yield
in groundnut (Arachis hypogaea), cowpea (Vigna unguiculata),
soyabean (Glycine max) and green gram (Vigna aurens). Ann.

Appl. Biol. 79: 55-66.

Feakin, S.D. 1973. Pest control in groundnuts. PANS Manual No.

2, London: Centre for Overseas Pest Research.

Gibbons, R.W. 1986. Biological constraints to increased
groundnut production in the semi-arid tropics. See ICRISAT

1986.

Gomez, K.A. and A.A. Gomez. 1984, Statistical procedures for
agricultural research. 2nd ed. John Wiley & Sons, New

York, NY.

ICRISAT (International Crops Research Institute for the Semi-Arid
Tropics). 1986. Agrometeorology of groundnut. Proc. of an
International Symp., 21-26 Aug. 1985, ICRISAT Sahelian Cen-

ter, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.

Ketring, D.L. 1986. Physiological response of groundnut to
temperature and water deficits-Breeding implications. See

ICRISAT, 1986.

Leong, S.K. and C.K. Ong. 1983. The influence of temperature

and soil water deficit on the development and morphology of



160

groundnut (Arachis hypogaea L.). J. Exp. Botany 34(148):

1551-1561.

Norman, M.J.T., C.J. Pearson and P.G.E. Searle. 1984. The

ecology of tropical food crops. Cambridge Univ. Press, Cam-

bridge, UK.

Ong, C.K. 1984, The influence of temperature and water deficits
on the partitioning of dry matter in groundnut (Arachis hypo-

gaea L.). J. Exp. Botany 35(154): 746-755.

Panchabhavi, K.S., C.R. Nethradhaniraj, S. Yelishetty and G.K.
Kulkarni. 1986. Effect of artificial defoliation on pod

yield in groundnut. Ind. J. Agric. Sci. 56(12): 855-857.

Santos, R.B. and B.G. Sutton. 1983. Effect of defoliation on
reproductive development of the peanut. Aust. J. Agric. Res.

34: 527-535.
Turner, J.W. 1982. Effect of defoliation on yield of peanuts
(Arachis hypogaea). Queensland J. Agric. Anim. Sci. 39(2):

183-185 .

Wilkerson, G.G., J.W, Jones and S.L. Poe. 1984. Effect of

defoliation on peanut plant growth. Crop Sci. 24: 526-531.

Williams, J.H. 1979. The physiology of groundnuts (Arachis



161

hypogaea L. cv Egret). 3. The effect of thinning at dif-
ferent stages of development on reproductive growth and

development. Rhod. J. Agric. Res. 17: 57-66.

Williams, J.H. and R.C. Nageswara Rao. 1983. Crop physiological
factors influencing groundnut productivity. Crop physio. 1:

1-28.

Witzenberger, A., J.H. Williams and F. Lenz. 1985. Yield, com-
ponents of yield and quality responses of groundnut cultivars
(Arachis hypogaea L.) as influenced by photoperiod and a

growth regulator. Field Crops Res. 12: 347-361.

Wynne, J.C., D.A. Emery and R.J. Downs. 1973. Photoperiodic

responses of peanuts. Crop Sci. 13: 511-514.

Zar, J.H. 1974. Biostatistical analysis. Prentice-Hall, Inc.

Englewood Cliffs, NJ.



162

Table 1. The effect of insecticidel/ and cultivar on groundnut

plant populationz/ meter 2 at 10 and 114 days after sowing (DAS)

in the 1987 rainy season, ICRISAT, India.

--------------------------------------------------------------

114 DAS

% decrease

Kadiri 3 sprayed
Kadiri 3 unsprayed
NC Ac 17090 sprayed

NC Ac 17090 unsprayed

21.

15.

14,

.68a

28a

26b

32b

.57a

.08a

.65b

. 1.2b

23.6

24.4

43.3

29.4

SE =

CVs

59

.886
<39
.73

<0.0005

2

47.

935

30

37

<0.0005

--------------------------------------------------------------

L/ Monocrotophos (40%) applied 3 times against Aproaerema

modicella larvae

2/ Mean of four replicates.

3/ Means in column followed by the same letter are not signifi-

cantly different (p=0.05) Duncan’'s multiple range test.



Table 2. The effect of insecticidel/ and cultivar on groundnut

plant populationsZ/ meter 2 at 37 and 135 days after sowing (DAS)

in the 1987-88 post-rainy season, ICRISAT, India.

Kadiri 3 sprayed
Kadiri 3 unsprayed
NC Ac 17090 sprayed

NC Ac 17090 unsprayed

20.4

19.4

15.2

15.2

SE =

CVs

0.25>p>0.1 0.01>p>0.005

1.74

7.13

1/ Monocrotophos (40%) applied 2 times against Aproaerema

modicella larvae

2/ Mean of four replicates.

3/ Means in column followed by the same letter are not signifi-

cantly different (p=0.05) Duncan’s multiple range test.

-
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Table 4. The effect of insecticidel/ and cultivar on groundnut

pod number2/ per plant at harvest, 1987 rainy season, ICRISAT,

India.

Mature Immature Total Percent
Treatment Pods3/ Pods Pods Mature
Kadiri 3 sprayed 12.68a 7.71ab  20.39%a 62.19
Kadiri 3 unsprayed 9.34b 4.91bc  14.25c 65.54
NC Ac 17090 sprayed 8.44b 8.33a 16.76b 50.36
NC Ac 17090 unsprayed 5.88¢c 6.26abc 12.14c 48 .44

----------------------------------------------------------------

SE = 0.698 0.493  0.858
CVs 17.34 24.9 9.62
F3 g = 12.72 3.25  21.56
P <0.0025 <0.1 <0.0005

1/ Monocrotophos (40%) applied 3 times against Aproaerema
modicella larvae

2/ Mean of four replicates.

3/ Means in column followed by the same letter are not signifi-

cantly different (p=0.05) Duncan’'s multiple range test.
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Table 5. The effect of insecticidel/ and cultivar on groundnut
pod and haulm yield, and shelling percentageg/ (g), 1987-88

post-rainy season, ICRISAT, India.

---------------------------------------------------------------

Per plant Per meter-2 Kernel
Treatment Pod3d/  Haulm Pod Haulm mass4
Kadiri 3 sprayed 25.20a 21.42ab 326.2a 280.2a 729.0a
Kadiri 3 unsprayed 22.17b 18.58a 291.7a 246.7a 738.2a

NC Ac 17090 sprayed 19.36c 27.87bc  299.9a 431.1b  689.4b

NC Ac 17090 unsprayed 19.75c 28.33c 294.2a 420.8b 682.1b

SE = 0.659 1.400 6.389 25.557 6.974
CVs 5.1 17.3 7.5 19..5 1.87
F3 g = 24.07 5.40 1.96 7.99 17.89
P <0.0005 <0.025 NS <0.01 <0.0005

...............................................................

L Monocrotophos (40%) applied 2 times against Aproaerema
modicella larvae

2/ Mean of four replicates.

3/ Means in column followed by the same letter are not signifi-
cantly different (p=0.05) Duncan’s multiple range test.

4/ Kernel mass from 1 kg groundnut pods.



Table 6. The effect of insecticidel/ and cultivar on groundnut
pod number2/ per plant at harvest, 1987-88 post-rainy season,

ICRISAT, India.

Mature Immature Total Percent

Treatment Pods3/  Pods Pods Mature
Kadiri 3 sprayed 35.61a 9.43a 45.04a 79.06
Kadiri 3 unsprayed 30.69a 7.04a 37.73a 81.34
NC Ac 17090 sprayed 19.05b 4.,06b 23.11b 82.43
NC Ac 17090 unsprayed 18.76b 3.81b 22.58b 83.12

SE = 2.114 0.679 2.753

CVs 18.2 27.1 18.9

F3 g = 12.81 10.45 13.46

P <0.0025 <0.005 <0.0025

L/ Monocrotophos (40%) applied 2 times against Aproaerema
modicella larvae

2/ Mean of four replicates.

3/ Means in column followed by the same letter are

not significantly different (p=0.05) Duncan’s multiple range

test.
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Figure 4.




































Table 2. The effect of insecticidel/ and cultivar on leaf growth rates (g plant-1

day-1) in the 1987-88 post-rainy season, ICRISAT, India.

Max.

Value (4SE)

Time

Rate Inc

Time

Rate Dec

.......................................................................................

Treatment Linear Equation-
Kadiri 3 spray y = -4.564 + 0.181x
Kadiri 3 unsprayed y = -4.516 + 0.174x

NC Ac 17090 sprayed y = -2.897 + 0.142x

NC Ac 17090 unsprayed y = -3.215 + 0.145x

0.981

0.970

0.982

0.969

10.65 + 0.414
9.91 + 0.884
11.65 + 0.163

11.95 + 0.684

28

28

28

28

105

105

F3'9 = 2.86

0.05 > p > 0.1

v Monocrotophos (40%) applied 2 times against Aproaerema modicella larvae.
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Table 3. The effect of insecticidel and cultivar on stem growth rates (g plant-1

day-1) in the 1987 rainy season, ICRISAT, India.

..............................................................................

Max. Time
Treatment Linear Equation re vValue (#SE) Rate Inc
Kadiri 3 spray y = -26.474 + 0.127x 0.974 6.19 * 0.307 208
Kadiri 3 unsprayed y = -12.216 + 0.061x 0.960 4.43 + 0.123 208

NC Ac 17090 sprayed y = -29.113 + 0.142x 0.964 10.90 + 0.728 208

NC Ac 17090 unsprayed vy = -21.585 + 0.107x 0.968 8.72 + 0.221 208

..............................................................................

v Monocrotophos (40%) applied 3 times against Aproaerema modicella larvae.

Time

Rate Dec

a57

278

285

292

.........
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Table 4. The effect of insecticidell and cultivar on stem growth rate (g plant-1 day-1)

in the 1987-88 post-rainy season, ICRISAT, India.

.......................................................................................

Max.

Value (+SE)

Time

Rate Inc

Time

Rate Dec

Treatment Linear Equation-
Kadiri 3 spray y = -3.709 + 0.140x
Kadiri 3 unsprayed y = -2.798 + 0.114x

NC Ac 17090 sprayed y = -3.481 + 0.130x

NC Ac 17090 unsprayed vy = -3.622 + 0.132x

9.87 + 0.447
7.97 + 0.361
12.12 + 0.173

12.91 + 0.655

28

28

28

28

105

105

F3,9 = 18.12

p < 0.0005

v Monocrotophos (40%) applied 2 times against Aproaerema modicella larvae.
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Table 5. The effect of insecticidel/ and cultivar on the change in leaf area index

(LAI) in the 1987 rainy season, ICRISAT, India.

........................................................................................

........................................................................................

Kadiri 3 sprayed y = -5.260 + 0.026x
Kadiri 3 unsprayed y = -4.064 + 0.020x
NC Ac 17090 sprayed y = -4.891 + 0.024x

NC Ac 17090 unsprayed y = -5.319 + 0.025x

........................................................................................

........................................................................................

0.962

0.826

0.915

0.909

Max

Value (+ SE)

2.12 + 0.651
1.77 + 0.679
1.99 + 0.308

2.04 + 0.569

Time

Rate Inc Rate Dec

215

215

215

215

v Monocrotophos (40%) applied 3 times against Aproaerema modicella larvae.

Time

278

278

278

278
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Table 8. The effect of insecticidel and cultivar on cumulative flower production (#

plant-1 day-1) in the 1987-88 post-rainy season, ICRISAT, India.

........................................................................................

Max. Time Time

Treatment Linear Equation' ré Value (#SE) Rate Inc Rate Dec
Kadiri 3 spray y = -162.460 + 4.062x 0.988 132.29 + 9.222 43 70
Kadiri 3 unsprayed y = -127.158 + 3.360x 0.990 115.19 + 7.231 43 70
NC Ac 17090 sprayed y = -35.591 + 1.391x 0.998 73.72 + 2.787 28 70
NC Ac 17090 unsprayed y = -34.257 + 1.355x 0.994 92.83 + 15.653 28 70

F3,16 = 3.034 F3,9 = 9.22

0.05 < p < 0.10 0.0025 < p < 0.005

........................................................................................

v Monocrotophos (40%) applied 2 times against Aproaerema modicella larvae.
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Table 10. The effect of insecticidel/ and cultivar on peg production (# plant-1 day-1)

in the 1987-88 post-rainy season, ICRISAT, India.

........................................................................................

Max.

Value (+SE) Rate Inc

Time

Time

Rate Dec

........................................................................................

Kadiri 3 spray y = -65.123 + 1.527x 0.970

Kadiri 3 unsprayed y = -49.075 + 1.180x 0.941
NC Ac 17090 sprayed y = -10,020 + 0.436x 0.989

NC Ac 17090 unsprayed y = -12.944 + 0.449x 0.935

69.78 + 7.508
53.85 + 3.622
34.58 + 1.781

38.50 + 3.780

43

43

49

49

90

90

105

105

0.0005 < p < 0.001

F3’9 = 12.11

0.001 < p < 0.0025

v Monocrotophos (40%) applied 2 times against Aproaerema modicella larvae.
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Table 11. The effect of insecticidel/ and cultivar on pod growth rate (g plant-1 day-1)

in the 1987 rainy season, ICRISAT, India.

Max. Time Time
Treatment Linear Equation ré Value (+SE) Rate Inc Rate Dec
Kadiri 3 spray y = -45.181 + 0.186x 0.990 6.69 + 0.475 243 278
Kadiri 3 unsprayed y = -33.117 + 0.135x 0.958 4.91 + 0.371 243 278
NC Ac 17090 sprayed y = -30.068 + 0.126x 0.943 5.54 + 0.784 243 285
NC Ac 17090 unsprayed y = -28.314 + 0.117x 0.924 4.63 + 0.761 243 278

F3'17 = 0.635 F319 = 2.19
p > 0.25 0.1 < p <0.25

v Monocrotophos (40%) applied 3 times against Aproaerema modicella larvae.



Table 12. The effect of insecticidel/ and cultivar on pod growth rate (g plant-t1 day-1)

in the 1987-88 post-rainy season, ICRISAT, India.

........................................................................................

Treatment Linear Equation’ ré
Kadiri 3 spray y = -36,632 + 0.572x 0.978
Kadiri 3 unsprayed y = -30.661 + 0.485x 0.986

NC Ac 17090 sprayed y = -22.311 + 0.400x 0.977

NC Ac 17090 unsprayed vy = -22.625 + 0.404x 0.983

........................................................................................

v Monocrotophos (40%) applied 2 times against Aproaerema modicella larvae.

Max.

Value (#SE)

24.53 + 2.307
20.80 + 2.248
19.31 + 0.683

21.39 + 0.898

Time

Rate Inc

63

56

56

Time

Rate Dec

105

105

105

105
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Table 13. The effect of insecticidel and cultivar on pod production (# plant-1 day-1)

in the 1987 rainy season, ICRISAT, India.

Max. Time Time

Treatment Linear Equation ré Value (+SE) Rate Inc Rate Dec

Kadiri 3 spray y = -114.847 + 0.509x 0.970 32.93 + 1.423 229 292
Kadiri 3 unsprayed y = -83.155 + 0.364x 0.924 21.15 + 0.913 229 278
NC Ac 17090 sprayed y = -56.308 + 0.269x 0.899 15.65 + 0.712 222 285
NC Ac 17090 unsprayed y = -47.405 + 0.221x 0.886 13.93 + 1.549 222 278
F3,20 = 3.83 F3,9 = 44,32
p < 0.025 p < 0.0005

v Monocrotophos (40%) applied 3 times against Aproaerema modicella larvae.
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Table 14. The effect of insecticidel/ and cultivar on pod production (# plant-1 day-1)

in the 1987-88 post-rainy season, ICRISAT, India.

Max. Time Time
Treatment Linear Equation ré value (+SE) Rate Inc Rate Dec
Kadiri 3 spray y = -55.157 + 1.088x 0.991 45.10 + 4.623 49 90
Kadiri 3 unsprayed y = -45.774 + 0.912x 0.991 37.35 + 2.622 49 90
NC Ac 17090 sprayed y = -11.008 + 0.329x 0.951 22.68 # 1.455 49 105
NC Ac 17090 unsprayed y = -10.038 + 0.302x 0.929 21.63 + 0.859 49 105

........................................................................................

3.506 F3,9 = 15.3

-
W
~
n
~
h

0.025 < p < 0.05 0.0005 < p < 0.00%

........................................................................................

v Monocrotophos (40%) applied 2 times against Aproaerema modicella larvae.
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INTRODUCTION
Natural enemies are a component of natural control, the force
"that keeps all living creatures in a state of balance with their
environment" (van den Bosch et al., 1982), and keeps potentially
damaging pests below economic levels. The importance of natural
enemies has been demonstrated by the development of secondary
pests and the resurgence of key pests following insecticide

applications (DeBach et al., 1976; Luck et al., 1977). Changes

in the natural enemy community due to pesticide use or other dis-
turbances may cause some insects to exhibit dramatic increases in
population.

The groundnut leaf miner (GLM), Aproaerema modicella (Deven-
ter) (Lepidoptera: Gelechiidae), is an endemic pest of groundnut
and soybean in South and Southeast Asia, and its population
dynamics are characterized by dramatic fluctuations (see Chapter
3.2). Several diseases and generalist predators have been iden-
tified attacking GIM (Godse and Patil, 1981; Oblasami et al.,
1969; Maxwell-Lefroy and Howlett, 1909; Srinivasan and Siva Rao,
1986; Shanower and Ranga Rao, 1989), but their impact has not
been quantified. The most important GLM larval mortality agents
are parasitic Hymenoptera. A large number of primary and second-
ary parasitoids have been reported in the literature (see Table 2
in Chapter 2) but little is known of their biology or impact.

Reports from India have shown that larval parasitoids are
most abundant, and often parasitize up to 80% of GLM larvae, late
in the rainy season (August and September) (Shetgar and Thombre,

1984; Khan and Raodeo, 1978). Yadav et al. (1987) found that the







ter paper in small (30 x 70 mm) plastic petri dishes and observed
daily for the emergence of the moth or parasitoid(s) and/or the
development of disease. A fresh leaf and/or additional water
were added as needed to provide food for and prevent dissecation
of the GLM larva. Larvae which died were examined for cause of
death. Black, mushy bodied GIM larvae, characteristic of virus
infection were common, and GIM larvae with fungal hyphae growing
out of the bodies also were observed. The incidence of these dis-
eases was recorded, but the diseases were not identified.
Parasitoids were identified by Z. Boucek, A. Polaszek and
A.K. Walker at the CAB International Institute of Entomology,
British Museum (Natural History). The relative abundance of each
parasitoid was calculated for each of five GIM generations. The
emergence of secondary parasitoids from pupae of primary parasi-

toids also was recorded.

Statistical analysis

Data on the proportions of each GLM generation killed by par-
asitoids and pathogens were transformed using an arc-sine trans-
formation. Two-way analysis of variance (ANOVA) was used to test
differences in mortality across variety x insect control treat-

ments and generations (Zar 1974; Gomez and Gomez, 1984).

RESULTS
The number of larvae collected ranged from 22 to 65 per
treatment in the first generation of the 1987-88 post-rainy sea-

son. In the second generation 8 to 54 larvae were collected, and
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in the third and fourth generations 68 to 116 and 98 to 122 lar-
vae respectively were found. Between 62 and 114 larvae were

sampled in the single GIM generation of the 1988 rainy season.

Mortality factors

The proportions of GIM larvae killed by parasitoids and path-
ogens were not significantly different across variety x insect
control treatments (Tables 1 and 2), but there were significant
differences in the proportion of diseased larvae in different
generations. 1In all variety x insect control treatments, parasi-
tization and disease infection increased through successive leaf
miner generations (Fig. 1, only Kadiri 3 treatment shown). By
the fourth generation, 25% of the larvae sampled were diseased,
more than 50% were parasitized in the unsprayed Kadiri 3 treat-
ment and only 10% reached the adult stage. In the 1988 rainy
season, 10% died of disease and 45% due to parasitism.

The three insecticide treatments had slightly lower (not sig-
nificant) parasitization rates compared to the two unsprayed
treatments (Table 1 and Fig. 1). GLM populations densities were
very low in all treatments during both seasons (<4 larvae
plant'l) and even unsprayed plots did not suffer yield loss (Fig.
6 B&D in Chap. 4). Parasitization rates were not significantly
different across variety x insecticide treatments and hence data
were lumped into sprayed and unsprayed treatments across vari-
eties. The Kadiri 3 treatment with systemic insecticide was not
included because there was no equivalent treatment in the NCAc

17090 variety.
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Two-way analysis of variance on the lumped data indicated
that parasitization rates were significantly lower in sprayed
plots (Table 3) than in unsprayed plots. There was, however, no
significant difference in disease incidence between sprayed and

unsprayed treatments in the lumped data.

Parasitoid community

The relative abundance of the dominant primary parasitoid
changed during the 5 GLM generations studied (Table 4). The
trophic relationships between primary and secondary parasitoids
were determined by direct observation of secondary parasitoids
emerging from the pupae of primary parasitoids. The structure of
the community is shown in Figure 2 with the arrows indicating the
associations between trophic levels.

The primary parasitoids reared from GLM (Table 5) include
several new records and indicate that this community is more com-
plex than previously thought. New records of parasitoids in the
GIM community include one primary, Temelucha sp., and 4 secondary

parasitoids, Pteromalus sp., Oomyzus sp., Elasmus anticles Walker

and Aphanogmus fijiensis (Ferriere). What was initially consid-
ered to be a single braconid species was in fact three species in
different genera: Apanteles sp., Avga choaspes Nixon and Bracon
sp. All three are larval ectoparasitoids which paralyze the host
before ovipositing. 1In analyzing this community the effect of
these three primary parasitoids was combined.

In the first generation, Sympiesis dolichogaster Ashmead was

the dominant species, emerging from more than 25% of the parasit-
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ized GIM larvae. The three braconids lumped as a single species
combined to kill 28% of the first generation GLM larvae. The
category "other" was composed of several unidentified species
which may have included both primary and secondary parasitoids,
and emerged from 26% of the first generation GIM larvae.

In subsequent generations, the proportion attacked by S.
dolichogaster declined while the fraction killed by Stenomesius
japonicus increased (Table 4). Parasitism by the three braconids
(Apanteles sp., Avga choaspes, Bracon sp.) also declined. Two
species, Chelonus sp. and Goniozus sp., never accounted for more
than 15% of the parasitized larvae in any generation. Secondary
parasitoids emerged from between 19% and 40% of the hosts in each

generation.

DISCUSSION

This paper provides the first evidence of the importance of
disease organisms on the population dynamics of groundnut leaf
miner. As many as 30% of the GIM larvae were infected by viral
and fungal pathogens. The proportion of larvae killed by pathog-
ens was higher in the third and fourth generations of the post-
rainy season indicating that pathogen levels built up through the
season. Though disease producing organisms have been identified
from GLM larvae in the past (Oblasami et al., 1969; Godse and
Patil, 1981), the effect of these pathogens was not quantified.

The other major cause of GLM larval mortality are parasitic
Hymenoptera. Parasitoids emerged from up to 53% of the larval

population. Parasitoid populations increased during the season
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and later GLM generations, which were slightly larger, had margi-
nally higher parasitization rates. The effectiveness of parasi-
toids was constrained by the use of insecticides which lowered
parasitization rates in plots receiving insecticides. GLM popu-
lations were slightly lower on sprayed plots because the insecti-
cide killed both the GIM larvae and the parasitoids. GLM popula-
tions were low in both seasons and no yield differences were
observed between sprayed and unsprayed plots. Parasitism rates
were reduced less in the systemic insecticide treatment than in
the foliar spray treatment but the difference was not significant
(Table 1).

The deleterious effect of insecticides on natural enemies is
widely known and is the cause of secondary pest outbreaks and

resurgence in primary pest species (Reynolds, 1971; DeBach et

al., 1976; Luck et al., 1977; van den Bosch 1978;). It is not
surprising that treatments receiving foliar insecticides had
lower parasitization rates. However, it is interesting that the
treatment using systemic insecticide had a slightly higher para-
sitization rate than the treatments with foliar insecticide.

The results reported here support the finding of Yadav et al.
(1987) in Gujarat, India, who found that up to 89% of the GLM
larvae were parasitized. Four species, Apanteles sp., Bracon
gelechiae Ashmead, Goniozus sp. and S. japonicus were the key
primary parasitoids, but their relative abundance varied markedly
during the year (Yadav et _al., 1987). The parasitoid community
found at ICRISAT was also very dynamic with the composition and

dominant species changing frequently. The dominant primary para-



sitoids were S. japonicus, S.

dolichogaster and the group of

three braconids, Apanteles sp., Avga choaspes and Bracon sp.

Four new secondary parasitcids were discovered in this commu-
nity (Fig. 2). The only other report of secondary parasitoids in
the GIM community listed 5 speéies, Pediobius sp. (Eulophidae),
Ceraphron sp. (Ceraphronidae), Tetrastichus sp., Eurytoma sp.
and an unidentified pteromalid (Subba Rao et al., 1965). Two of
these secondary parasitoids, Tetrastichus sp. and Eurytoma sp.
were found in the present study. Relationships between primary
and secondary parasitoids are very complicated in this community.
At least one secondary parasitoid (Qomyzus sp.) attacks two
different primary parasitoids and other secondary parasitoids may
also attack more than one primary. Unfortunately, because three
braconid species were not differentiated it is unclear which sec-
ondary parasite was associated with which primary parasite.

These secondary parasites may attack more than one primary or
they may act as facultative secondary parasites.

The dashed line connecting E. anticles to GLM indicates the
confusion concerning its role in the community. Yadav et _al.
(1987) and Phisitkul (1985) list Elasmus sp. as a primary parasi-
toid, though in the present study E. anticles clearly emerged
from Goniozus sp. pupa. It is possible that the Elasmus sp. in
the other two studies and E. anticles found at ICRISAT, are
different species with different feeding habits, or E. anticles
may be a facultative secondary parasitoid. Another interesting
feature of the parasitoid community is the possibility that Ste-

nomesius sp. is parasitic on a member of its own genus, S.
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Table 1. Proportion (mean :SE)ll of each Aproaerema modicella generation killed by

parasitoids at ICRISAT, India, 1987-88.

Post-rainy Season Rainy Season
(December - April) (July - October)
Treatment Gen. 1 Gen. 2 Gen. 3 Gen. & Gen. 1

........................................................................................

Kadiri 3 sprayed 35.4 (9.67) 35.2 (15.99) 37.1 (2.42) 37.1 (12.10) 37.3 (6.39)
Kadiri 3 unsprayed 37.5 (9.96) 45.2 (6.05) 45.6 (9.16) 46.4 (4.06) 33.7 (5.34)
NCAc sprayed 45.3 €11.80) 31.8 (11.78) 36.9 (1.71) 36.2 (5.38) 32.0 (6.69)
NCAc unsprayed 39.6 (2.96) 37.8 (8.31) 36.1 (14.73) 45.7 (3.10) 41.9 (10.68)

Kadiri 3 systemic 31.6 (20.69) 43.4 (14.72) 35.4 (9.14) 43.7 (6.56) 27.4 (19.50)

Treatment F4'12 = 2.50 0.10 < p < 0.25
Generation F4'12 = 1.37 p > 0.25
Interaction F16,12 = 1.02 p > 0.25

1

v Mean of four replicates; arc-sine transformed values.



Table 2. Proportion (mean 155)1/ of each Aproaerema modicella generation killed by

disease at ICRISAT, India, 1987-88.

.......................................................................................

Treatment

Post-rainy Season

(December - April)

(July - October)

....................................................

Rainy Season

.......................................................................................

Kadiri 3 sprayed
Kadiri 3 unsprayed
NCAc sprayed

NCAc unsprayed

Kadiri 3 systemic

27.8 (14.42)
14.5 (9.14)
18.1 (8.80)
26.2 (5.69)

23.9 (24.14)

19.1 (7.49)
25.0 (19.46)
27.1 (13.46)
24.1 (7.80)

29.9 (17.49)

29.7 (5.39)

31.0 (7.60)

36.4 (4.01)

34.8 (7.29)

34.3 (6.08)

31.1 (7.66)

32.5 (6.76)

38.2 (5.36)

34.5 (4.14)

34.8 (2.46)

28.4 (9.99)

43.8 (4.06)

39.2 (4.38)

35.6 (8.86)

32.8 (22.16)

.......................................................................................

Treatment

Generation

Interaction

........................................................................................

Fi,12 =

4,12

0.50

47.70

F16,12 = 4.54

p > 0.25

p < 0.0005

p < 0.01

Y Mean of four replicates; arc-sine transformed values.
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Table 3. Proportion (mean # SE)ll of each Aproaerema modicella generation killed by

parasites at ICRISAT, India, 1987-88; data lumped into 2 treatments (sprayed and

unsprayed).
Post-rainy Season

(December - April)
Treatment Gen. 1 Gen. 2 Gen. 3 Gen. 4
sprayed 39.0 (3.22) 27.7 (17.33) 36.0 (1.37) 38.7 (3.27)
unsprayed 39.0 (3.36) 41.1 (6.54) 41.7 (7.78) 46.2 (1.92)
Treatment F1’12 = 15.68 p < 0.01
Generation F4'12 = 0.73 p > 0.25
Interaction Fg 92 = 0.48 p > 0.25

.........................................................................

Y/ Mean of four replicates; arc-sine transformed values.

Rainy Season

(July - October)

33.6 (3.47)

40.0 (3.16)
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Table 4. Relative abundance of parasitoid species emerging from

Aproaerema modicella larvae, by generation, 1987-88, ICRISAT,

India.
Season and GLM Generation
1987-88 Post-rainy 1988 Rainy

Parasitoid species 1 2 3 4 1
Sympiesis dolichogaster 0.26 0.29 0.12 0.16 0.01
Stenomesius japonicus 0.06 0.08 0.25 0.22 0.51
Goniozus sp. 0.00 0.12 0.11 0.07 0.04
Chelonus sp. 0.13 0.00 0.01 0.02 0.07
braconids~/ 0.29 0.32 0.19 0.13 0.05
other 0.26 0.19 0.32 0.40 0.32

...............................................................

1/ Includes three species: Apanteles sp., Avga choaspes and

Bracon sp.



Table 5.

at ICRISAT Center from 1987-89.

Parasitoidsl/ reared from Aproaerema modicella larvae

P T T I T I e e e e e e T I R

Pteromalidae
Eurytomidae
Eupelmidae

Eulophidae

Elasmus

Bethylidae

Ceraphronidae

Braconidae

Ichneumonidae

Pteromalus sp.

Eurytoma sp.

Eupelmus sp.

Stenomesius japonicus (Ashmead)
Stenomesius sp.

Sympiesis dolichogaster Ashmead

Tetrastichus sp.

Qomyzus sp.

Elasmus sp. nr luteus Crawford
Elasmus anticles Walker
Goniozus sp.

Aphanogmus fijiensis (Ferriere)
Chelonus sp.

Apanteles sp.

Avga choaspes Nixon

Bracon sp.

Temelucha sp.

Secondary
Secondary
Secondary
Primary
Secondary?
Primary
Secondary
Secondary
Secondary
Secondary
Primary
Secondary
Primary
Primary
Primary
Primary

Primary

---------------------------------------------------------------

1/ Identifications made by CAB International Institute of Ento-

mology, Department of Entomology, British Museum (Natural His-

tory).
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INTRODUCTION

Groundnut (Arachis hypogaea L.) is a New World crop grown
extensively in the semi-arid tropics of Africa and Asia. These
two regions cultivate 28% and 66% respectively, of the 19 million
hectares sown annually worldwide (FAO, 1986). Groundnuts are a
multi-use subsistence crop providing food, fuel, fodder and some
cash to small farmers in traditional farming systems (Wightman
and Amin, 1988; Chap. 1). Yields in developing countries are
less than half those in developed countries (FAO 1986). Agro-
nomic, biotic and abiotic factors adversely affect yields, and
may interact in complex ways. Important agronomic factors which
lower yields include low plant density, poor quality seeds, poor
varieties and inefficient water and fertilizer management.
Abiotic constraints which reduce yields significantly include
poor soil structure, heat and drought stress. Among the biotic
agents are diseases, insects and weeds. Of these pests, the
groundnut leaf miner (GIM), Aproaerema modicella (Deventer)
(Lepidoptera: Gelechiidae) is the key insect pest of groundnut
throughout South Asia, and is the focus of this study. GLM may
be present in extremely high numbers and has been shown to reduce
yields by as much as 30% (Chap.4; Rajput et al., 1984). A large
number of natural enemies, especially parasitoids, attack GLM.
The biology, ecology and natural enemies of GLM have been
reviewed in Chapter 2.

Crop and pest models have been successful in capturing the
essential features of crop growth and development in several

agroecosystems. Such models have enabled researchers to examine






and Curry, 1989). Multiple trophic levels have been linked to
incorporate the effects of disease and herbivores in several
agroecosystems (Gutierrez and Baumgaertner, 1984a,b; Gutierrez et
al., 1988b,c). The detail and mathematical structure of the
model have been covered in depth in these papers, hence only a
brief summary of the mathematics of the model and its components
are presented here. The modifications to the general model nec-
essary to simulate groundnut growth and development also are
described.

The dynamics model [1] keeps track of changing birth and
death rates, as well as net immigration and mass growth for each

cohort Pi,j where age i = 1...k in population (j).

dpy , j/dt x5(t) -1y 5(8) - pyp 5(E, )Py 5 [1]

dpg , j/dt ry,3(8) - g 5(t) - pp 5(t,*)pa j

dpg,j/dt = rro1,5(8) - Yi(e) - Bk, j(E )Pk,

As applied to plants, the model considers populations of
plant subunits (leaves, stems, roots and fruits) linked via a
metabolic pool (see Fig. 1, adapted from Gutierrez and Baumgaert-
ner, 1984a). Birth rates enter the population via xj(t) in [1]
and net mortality rates, including immigration and emigration,
are included via -« < i, j < 1. The model is deterministic but
simulates stochastic development. Age-specific mortality greatly

affects the pattern of emergence from each stage and adds realism

22F
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to the model. Individuals of a cohort move through the k sub-
stages at different rates depending on the number of age catego-
ries (Vansickle, 1977). When k is large, and in the absence of
mortality, the emergence of the first individual is delayed, but
the variation in development times is small (i.e. k = x2/82).
Time and age are measured in physiological time units (degree-

days) above 10°C.

Incorporating biology into the model

Subunit population attributes include numbers for flowers,
pegs and pods, and mass for all components. For subunits in
which number dynamics are followed, age specific growth may occur
(e.g. fruit) via pj. For the other subunits, without the number
attribute, mass accrues via xy which enters the youngest age
class.

The interplay between carbohydrate supply (resource acquisi-
tion) and demand (demand for assimilate) determines subunit popu-
lation growth rates. The supply is daily photosynthesis which
depends on LAI, solar radiation, soil water and nitrogen. For
nitrogen fixing plants such as groundnut, nitrogen may not be
limiting.

Photosynthesis in the model is estimated using the Frazer and
Gilbert (1976) functional response model from animal ecology
(Gutierrez and Baumgaertner, 1984a). This model is demand
driven, which for plants is equal to the total vegetative and
respiration demands for carbon. Fruit growth is also a part of

the overall demand, but is not used to compute photosynthesis.
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The order of priority for carbohydrate allocation at each
time step (At) is (i) demand for respiration (and egestion in
animals), (ii) reproduction (post-flower fruits), (iii) vegeta-
tive growth to all subunits except post-flower fruits. The maxi-
mum possible assimilation rate for growth and respiration is the
"genetically determined" demand rate, measured for each organism
under non-limiting conditions. Photosynthesis or consumption,
and not the quantity of available resource, is the realized sup-
ply rate used in the production of new subunit numbers and growth
of existing ones. In the model the maximum rates are constrained
by shortfalls in the supply relative to the demand.

The demand rate may be computed as follows. The maximum
demand rate (g plant'lday’l) for leaf (bj), stem(bg) and root(b,)
growth and reserves (by) are assumed to be a fraction (0 <y <1

per dd) of the existing mass (Mj(t), j=1l,s,r) at time t.

0 < by(r) = 71(E)M1(E)At < Ay pay (2]
0 < bs(t) = 7s(t)Ms(t)At < As’max [3]
0 < by(t) = Cobs(t) [4]

where 7j(t) and Aj,max are estimated from the field data, At is
degree-days at day t and the consFants cj, i=1,..,4 were esti-
mated empirically. The demand rates bj reach a maximum Aj,max g
plant'lday'1 after maximum LAI. The 1j(t) are described as

follows:

71 if by(t) < Al,max
75(t) = [5]

Ts 1if bg(t) < As,max



and Aj,max are constants. Normally the Aj,max are functions of
plant density, but plant density was not included in this model.

Reserve demands are a fraction of leaf demands.
bg(t) = c4by (L) (6]

The total vegetative demand (b, (t)) for growth is the sum of

leaf, stem, root and reserve demand, scaled by nitrogen (0 < n <
1) and water (0 < w £ 1) stresses at time t.
by(t) = {by(t) + bg(t) + by(t) + by(t)} n(t)w(t) [7]

Reproductive structures also place a demand (bg) on the

supply of assimilate but this is not part of b,, used to compute

photosynthesis. Field data from various crops (Gutierrez et al.,

1987) have shown that maximum fruit and vegetative growth cannot
occur simultaneously. Fruits have a higher priority than by,
hence bg is a major factor determining the allocation rates of
assimilates to other subunits. Maximum age-specific per-capita

fruit growth rates (gp(a)) were estimated from field data:

c] for 0 < a < ag buds
gp(a) = cy for ag < a < ap post flower [8]
0 for a> ap . fruit maturation

where cj = 0.1/ag, cp are given in the Appendix, and ay is the age

when fruit growth ceases.
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Metabolic pool model

Dry matter or energy is the medium for interactions between
trophic levels. The distribution rates of assimilate in plants
(photosynthate) are described by balance equation [9], but the
process applies across trophic- levels (Gutierrez and Wang, 1976).
Energy is acquired from a lower trophic level and utilized by the
higher trophic level. Here the emphasis is on plant biology, but
the analogies to animals will be noted and incorporated into this

general model (Gutierrez et al., 1987).

dA/dt = ey{dG/dt + df/dt} + OpdR/dt
= $E($,At,b(n,0,+),5(+)) - z(At, )My (£) + 07(¢)

= M¥(t) - z(At,s,t)Mp(t) + 67(t) [9]

For plants at time t: dA/dt = assimilate rate, dG/dt = maxi-
mum vegetative growth rate (leaves + stems + roots + reserves),
dR/dt = maximum reproductive growth rate, df#/dt = maximum reserve
growth rate, ©p = supply/demand ratio (0 < &y £ 1) for fruit
growth at priority level 1 (see Gutierrez and Wang, 1976), 6y =
supply/demand ratio (0 < &y < 1) for vegetative growth at
priority level 2, f(¢) is acquisition (i.e., Frazer and Gilbert
(1976) functional response model) where (¢) implies all relevant
factors, z(At,+) is the Qg rule for estimating metabolic cost
rate (a20'1(T'20)) per unit mass of active plant mass (Mp) at
temperature T and base rate a, dt=At is the change in physiologi-
cal time, s(+) is the light interception function in plants based
on leaf mass and the search rate in animals based on animal mass,

Mt is the total dry biomass of respiring tissues, and v is the
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fraction of reserves (§) available (0*=y0(t)), M* is the
photosynthetic rate (i.e. supply).

In the model [10], metabolic costs z(At,s) are first sub-
tracted from M* and the remaining photosynthate is used to meet
growth demands at rates modified by fp and fy respectively. The
age-specific demands of fruit are met first, after which the
remaining photosynthate is allocated to vegetative growth and
reserves. Similar food supply and demand relationships regulate

resource allocation in other trophic levels.

GLM model

The above modeling paradigm was also used for the groundnut
leaf miner, A. modicella. The herbivore model is a distributed
delay model similar to eqn. [1] which accounts for changing rates
of birth, death, net immigration and mass growth in cohorts of
different age. Energy acquisition and allocation in the herbi-
vore trophic level is analogous to the process described above
for the plant. The groundnut leaf miner is a single population
linked to the leaf population via the GLM functional response
model which computes GLM leaf consumption rates. Mortality rates
for GIM were not available from field data, hence a value of
0.975 per day for adults after 600 degree-days was used to pro-

duce the results reported here. This is a major deficiency in the

model, and it must be corrected by further research.



FIELD DATA AND PARAMETER ESTIMATION

The plant

Field data on the growth and development of groundnut wvariety
Kadiri 3 were used to parameterize the plant model. The data
were collected at the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT), near Hyderabad (17° N), India.
Weekly samples were collected during the post-rainy season which
lasted from January to mid-April 1988. A second data set was
collected at weekly intervals during the rainy season (July to
October 1987) was used to compare groundnut phenology across sea-
sons. A detailed description of the collection and analysis of
plant growth data can be found in Chapter 4. Parameters used in
the model and initial starting conditions are given in the Appen-

dix.

GLM data

Population dynamics of the groundnut leaf miner (GIM) were
recorded in the field during the same 2 seasons. The collection
and analysis of this data are described in Chapter 3.2.

GLM temperature dependent growth and fecundity rates, adult
longevity and per capita consumption rates were studied in the
laboratory. The details of these investigations are given in
Chapter 3.1. The parameters and initial conditions for the her-
bivore model are listed in the Appendix.

Weather data from 1987 to 1988 collected by the ICRISAT

meteorological station were used to run the model.
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SIMULATION RESULTS
1987-88 Post-rainy Season

Leaf and stem mass accumulation and the change in ILAI were
simulated quite closely for the first half of the post-rainy sea-
son (Fig. 2). During the second half of the season the model
underestimated leaf and stem biomass as well as LAI.

Flower, peg and pod production were simulated accurately
(Fig. 3). Flowers last a day and their numbers are plotted on a
per degree-day basis. Pegs and pods remain on the plant, hence
are plotted as per plant totals. The model accurately simulated
the accumulation of dry matter in pods in the post-rainy season.

GIM populations were very low during this season (see Chap.

3.2), hence they are not reported.

1987 Rainy Season

The model accurately simulated leaf and stem biomass accumu-
lation and the change in LAI up to the end of the season (Fig.
2)., The rapid drop off in leaf and stem biomass, and LAI
observed in the field at the end of the season were not predicted
by the model and the reasons for this are discussed below.

With the exception of pegs, the model simulated the produc-
tion of reproductive structures closely in the rainy season (Fig.
3). The model over-estimated the number of pegs produced.
Despite the discrepancy in peg number, pod production was pre-
dicted accurately. The timing of pod mass accumulation was cap-
tured very closely by the model though the final mass was

slightly over-estimated (Fig. 3).
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to uninfected leaves. Fungal leaf diseases may also cause defo-

liation, further reducing total plant productivity (Boote et al.,

1980; Cole, 1982; Bell, 1986).

In this study, the incidence of fungal leaf diseases was high
in the rainy season in both fungicide treated and check plots
(see Chapter 4) and some defoliation was observed. Leaf and stem
biomass, and LAI were lower in the field than predicted by the
model at the end of the season, and it seems likely that this
discrepancy was due to pathogen induced defoliation. This defo-
liation also may have reduced peg numbers and fruit mass in the
field below the levels predicted by the model.

Other differences in groundnut growth across the two seasons
were also apparent. For example, in the rainy season, plants had
less leaf and stem biomass, lower LAI, fewer flowers, pegs and
pods and a much lower pod mass compared to plants grown in the
post-rainy season. These differences were captured by the model.
However, because plant density effects were not incorporated, the
observed vegetative growth rates from each season were used in
the model (see Appendix). The importance of density effects on
groundnut growth and development are well know. For example,
Ishag (1970) recorded higher yields (kg ha"l) but fewer flowers
per plant at higher plant densities. More recently, Kvien and
Bergmark (1987) found that higher plant densities increased par-
titioning of dry matter into stems and increased plant height but
that yield differences were dependent on planting date and loca-
tion. Incorporation of density effects in the model would enable

one to examine these conclusions.
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Groundnut leaf miner

The high GLM population observed in the rainy season was sim-
ulated very accurately by the model, given the constraints
described above. Larval populations were very high early in the
season, indicating a high adult immigration rate. The rapid
decline in GIM numbers after the first generation was simulated
using a high level of adult GLM mortality. This mortality was
probably caused by the many natural enemies which attack GLM
immatures and not the adults. While the specifics may not be
correct, the model does predict that a high mortality rate prob-
ably occurred in the field.

The effect of GIM on leaf, stem and pod mass, and LAI can be
seen by comparing sprayed and unsprayed plots in the rainy season
(Fig. 5). Leaf, stem and pod mass were reduced approximately 30%
in unsprayed plots, indicating the significant impact that GLM
can have. The model did not accurately capture this effect of
GIM on groundnut growth and development, and this is an aspect

which requires additional work.

Summary

The groundnut/GLM simulation model highlighted the several
areas needing additional research. Questions which need to be
resolved include, are differences in photosynthetic rates between
seasons accurate, what are the cause(s) of the differences (e.g.
fungal diseases or climatic effects), what are the effects of

plant density on groundnut growth and development, including both



within-season changes in plant density and differences in initial
planting density, why was the predicted impact of GLM on growth
and yield so small, and why did GLM populations declined so dra-
matically after the first generation?

The purpose of models is not to predict or model every aspect
of nature, but to gain insights into the patterns and processes
of nature. Model building is an interactive process between
experiments and field trials, and model refinement. As the model
is developed, weaknesses and deficiencies in the model and the
data become apparent, and further experiments can be designed to
determine where the error(s) lies. The groundnut/GLM models and
simulation results presented in this paper are the first steps in
this process and have indicated where future research should be

directed.
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APPENDIX

Groundnut parameters

Post-rainy season Rainy season
Plants m"2 13 16.5
Emergence 25 December 1987 8 July 1987
Harvest 22 April 1988 26 October 1987
Plant age (dd)
to first fruit 350 350
Fruit age (dd)
flower (agy) 475 475
Delay in pod
growth (ag; +) 140 140
To max growth 375 375
Shed windows
Bud 0-50 0-50
Maturing fruit (ag; +) 100 100

Fruit growth rate (g da-1 day;ll
Pre-peg = 0.1/ag;y 0.1/ag
Young fruit (cg) 0.00185 0.0015
Fruit point production rate (FP da-1 plant'l)

0.15 0 .12

Leaves (1), stem (S) and root (R)

development time (dd)

leaves 1500 1500
stem 2500 2500

root 2500 2500

leaf mass dng'l
1.95 1,95






