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ABSTRACT

Field experinents were conducted for a two-year period
(1994 and 1995), during the wet season at Samaru (between
11°11'N and 07°38'E) to study the effect of post flowering
insecticidal treatnments and frequencies of application on
i nsect pest infestation, damage and yield of soybean. The
effect of planting dates and spacings on insect infestation
and damage to soybean were also studied. The mgjor insect
pests identified during the vegetative phase were Ootheca
mutabilis salhb and  Pygomorpha  vignaudi Geur. At t he
reproductive stage were the pod sucking bugs; Nezara viridula
L., Agonoscelis  versicolor (Fab.), Halydicoris  ventralis
(Dall) and Sphaerocoris annulus (Fab.). The population of the
pod sucking bugs was below the economc threshold |evel.
I nsecticides and frequenci es of application had no significant
effect on mean insect population, although treated plots had

| oner insect population than the control.

The percentage defoliation and pod danmage were bel ow t he
threshold I evel . There was non significant difference between
insecticides and frequencies of application on percentage
defoliation and pod damage.

Soybean yield paranmeters such as number of pods per
plant, 100 seed weight and seed yield per hectare were not
significantly affected by insecticidal treatnents and
frequenci es of application.

Pl anti ng dates and spaci ngs had no significant effect on



Vi i
the nmean nunber of 0. mutabilis and P. vignaudi per plant and
nunber of pod sucking bugs per plot. Per cent age pod damage
and seed damage index showed non-significant response to
pl anting dates and spacings. Planting dates had significant
effect on sone soybean yield paranmeters such as shelling
percentage and seed yi el d. The significant difference in
these paraneters are not attributable to insect infestation
and damage as there was no significant difference between the
planting dates in respect of insect infestation and danage.
Cimtic factors particularly rai nfall pattern and
distribution influenced soybean vyield nore than insect

i nfestation and damage.
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CHAPTER ONE

1.8 INTRODUCTION

Soybean (Glycine max) L. Merril is one of the most
important leguminous crops in the world. It is known by
different names in different areas of the world such as
chinesepea, churiapea and cinderella crop. Soybean has been
utilized for centuries by the people of the orient in the
preparation of fresh, fermented and dried food product (Singh
et al., 1987). 1In view of the richness of soybean in nutrient
constituents and the extent to which these are assimilated by
the body, the c¢rop has high oil and protein content both of
which are important for the nourishment of man and livestock.
It is known to have between 29.6 and 50.3% protein and 13.5 to
24% fat content (Purseglove, 1974). Soybean seed have an edge
over other commercial legumes and o0il seeds due to its
relatively high ratio of protein to oil content (Onochie,
1965) .

The two major soybean products are soybean meal and oil.
The meal serves as feedstuff (protein concentrate) for
livestock. The o0il is used industrially for the manufacture
of several finished goods such as; Lotion, insecticides,
adhesive etc. (Bichi, 1982). Kolecso and Onyekwere (1982)
reported that soybean paste can be used in the preparation of
a number of local foodstuff such as "akara" "moimoi"
"puffpuff" etc. It is also used in making soybean fortified
biscuits and "dadawa" (for thicking and spicing of soup) and
Cheese which serve as meat substitute. Soybean is also used

for the production of soymilk, a valuable protein supplement
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for infantg feeding (Singh, 1989).

Singh et al., (1987) reported that soybean production in
the tropics was deferred because of biological and agronomic
congtraints and lack of market. As a new crop it has not been
fully incoporated into the cropping systems in many countries
in the tropics. Among the biclegical constraints highlighted
by Singh et al; (1987) were seed longevity under ambients
storage, poor nodulation, shattering, disease and pest complex
and sensitivity to photo period. Emphasis on increasing
soybean production in Nigeria has recently focussed interest
on insect pests which may cause economic damage. This before
now has been considered unimportant in soybean production.
Before any effective management system can be developed for
these pests, seasonal population dynamics of the potential
pest species must be determined. There is lack of research on
insect pests of soybean in most part of Nigeria especially in
the Northern Guinea Savanna which is one of the major
producing areas.

Earlier studies in Nigeria to quantify yield losges as a
result of ingect damage on soybean by Jackai and Kueneman
(1983) showed a marked difference in yield between protected
and unprotected plots as a resgult of stinkbug damage. Yield
loss ranged from 39.5 to 57.3% in unprotected plots.
Similarly, Jackai et al., (1985) reported that in some parts
of Nigeria yield have been reduced by more that 60%, where the

population of the stinkbugs are high: Losses of 25-35% are
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common (IITA, 1983). In Mokwa, Jackai (1987), reported a
significant reduction in yield in unprotected plots ranging
from 41.5 to 69.7% as a result of infestation by the bugs,
with Nezara viridula (L) constituting more than 60% of the
total species. From the foregoing it is clear that the
hemipterans particularly the stinkbugs may constitute a threat
to yield as soybean cultivation increases. There is a need
for research to find out the major ingect pests of soybean and
to determine the most damaging insects Vis-a-Viz the
phenolegical stages of the plant. There is also the need to
determine metheds for effective management of these insect
pests. The specific objectives of this study are therefore to
determine: -
Lo The important insect pests at each phenological stage of
development and the nature of damage.
2. The effect of sowing dates and plant density on the
infestation trend and damage by the major insect pests.
3; Whether ingecticides application has significant effect
on yield and yield components of soybean.
4. To discover through comparison the most effective
insecticide and frequency of its application for insect

pest control.
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CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Origin and distribution

Soyabean is one of the oldest cultivated crops.
Historical and geographical evidence available indicates that
it originated from the Orient (China, Manchuria and Korea)
where it has been cultivated and is highly valued as food for
centuries. It was known to have been derived from a wild
species Glycine unuriensis (Regel and Moack) in hybridization
with G. tomentosa (Piper and Moarse 1923; and Hyowitz, 1970).
The crop spread to other parts of the world as a result of
trade and misgionary activities. According to Stanton (1966)
soybean was introduced into Africa in the twentieth century,
first to Tanzania in 1907 and Uganda six years later (Leaky
and Wills, 1977). The c¢rop was introduced into Nigeria by the
British colconialist from East Africa and its cultivation
started around 1908 (Fennel, 1966) .
2.2 WORLD AND NIGERIAN PRODUCTION

Commercial Soybean production hag gained world wide
attention. World Soybean production in the last decade has
witnessed increase both in terms of total hectarage under

cultivation and yield per hectare.



5
Table 1. Estimated World Soybean production in major

producing countries and regiomns in 1993 (Afer FAO,

1994)

Country/Region Total Land Production Yield
(Area (1,000 MT) Kg/ha
(1,000Ha)

World 57500 108,650 1890

U.5.A. 22840 49,200 2154

Brazil 10650 22,740 2134

China 833 1160 1393

Africa 420 550 1308

Nigeria 160 160 1000

South Africa 45 60 1333

In Africa, Soybean production is centred around Nigeria,
South Africa, Egypt and Zimbabwe, with Nigeria as leading
producer having an annhual producticen of 160,000 metric tonnes
(FAQ, 19%94}. Nigeria has an average yield of 1000 Kg/ha with
Benue State as the major producer accounting for 80% cof
Nigeria‘s total output (Innocent, 19%1).

2.3 Insects asscociated with soybean

In Africa the comparative scale of production has greatly
contributed to the slow colonization of the c¢rop by the
indigenous insect pests. However, Soybean production 1s on

the increase in many countries in Africa (Singh et al, 1987).

In Nigeria the crop is attacked by several groups of insects
such as grasshoppers, cutworms, caterpillars, stinkbugs,
beetles and leafhoppers. A list of insects associated with
the crop has been provided for Nigeria (Ezeuh and Dina, 1980)
which  include: Riptertus Spp, Probosidocoris  Spp.

Adelphocoris aethicopicus (Pop) Dryadocoris Spp.
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Chrysolagria cuperina (Thombs) , Luperodes lineata (Kars)
Chrysolagria nairobana (Borch) Ootheca mutabilis (Labois) O.
bifrons (L) Zonocerus variegatus (L) and Gastrimagus africanus
(Saun) . Ezeuh and Dina (1980) disclosed that the important
pests of soybean in Nigeria include Maruca vitrata (Fab),
Cydia ptychora (Meyer) Nezara viridula (L), Acrosternum Spp
and Piezodorus Spp. Many of the insectg reported by Ezeuh and
Dina (1980) cannot be considered as major pests but their
presence on soybean agroecogystem is a clear indication of
their potential especially as soybean cultivation increases
(Kogan, 1981). Several of these insects are pests of
cultivated legumes. About 139 species have been observed in
Nigeria. Of these 44 are more prevalent with about 10 species
regarded as major pests (Ezeuh and Dina, 1980). Similarly
Ayoade (1982) reported 39 species on the crop with the leaf
beetles being the most prevalent and causing severe short
holing on the foliage. The grasshopper, Zonocerus variegatus
was also recorded in large numbers. The minor ingects of
soybean include the aphid, Aphis craccivora (Koch), Coryna
hermanniae (F), Dysdercus volkeri (F), Helicoverpa armigera
(Hub) Spodoptera littoralis (Bois) Anoplocnemis curvipes (F),
Bemesia tabaci (Gen) and Nematocerus acerbus (L) (Raheja 1976,
Ezeuh and Dina, 1980).

Obasun (1990) recorded a complex of 79 insect species
belonging to 38 Families distributed among 7 orders in Zaria.

The most prevalent order was the Coleoptera having 28 species.
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Similarly Idoko (1989} reported that N. viridula and Aspavia
armigera were the most important insect attacking the podding
stage of soybean in Zaria. This colloborates with the finding
of Ezeuh and Dina (1980) that N. viridula and Pilezodorus Spp

damage to soybean pods affect the quality of soybean seeds.

2.3.1 Stages of insect attack and nature cof damage.
Jackai and Singh (1987) inferred that the profuse foliage
of soybean attracts a large number of insects although damage
begins with sowing of seeds and continues at harvest and
subsequent storage. Talekar {(1987) revealed that insects that
damage soybeans in the tropics may be classified based on the
nature of damage and plant part attacked viz:- insects of
foliage, stem flowers and pods. Gangrade (1974) elaborated
further by c¢lassifying insects that attack soybean intc
insects of seeds and germinating seedlings, insects of
foliage, insects of stems, insects of flowers and pods and

ingects of stored produce.

2.3.2 Insects of Seeds and germinating Seedlings

Crickets, ground beetles, seed corn maggot attack seeds in the
soil causing injury to moist and soft seeds. The seed maggot
severely threatens germination during pericd of low
temperature after a heavy rainfall when the seeds take unduly
long time to germinate. The seed corn maggot Delia platura

synomyn Hylemyia platura {(Meign} occurs in several parts of
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Asia including India where it is classified as a major pest.
H. cilicrura also attacks germinating seeds and seedlings of
soybeans. It has algc been recorded on several other plants
such as Pea, Maize, Onion, Potato, Curcubits, Buckwheat and
alfalfa. Thesge maggot species feed often on seed embryo and
reduce germination. Infested séeds often cannot unfold their
cotyledons and thus die prematurely (Singh et al., 1887;
Gujarati et al., 1971). Further investigations showed that
the number of maggot per 100 seedlings ranged from 9.25 to

14.79 on soybean field.

2.3.3 Insects attacking root nodules

The root nodules feeding insects form part of the soil
inhabiting insect complex. The larvae of some chrysomelid
feed on the roots and nodules, for example Cerotoma
trifurcata in United States of America. The adult flea
beetle, Phylitreta Spp also feeds on the root nodules
infesting up to 20% of the nodules. Feeding by the adult
beetles does not constitute any serious economic damage, but
feeding by the larvae reduced the nitrogen fixing capacity of
the nodules (Turnipseed and Kogan, 1976). The nodule fly,
Rivellia quadrifasciata (Macquart) was first reported in the
Southern U.S.A., on Soybean in 1979 (Eastman and Wunesche,
1977} . Reed et al. (198%9) in India reported that damage to
root nodules by R. angulata (Hendel} occurg when the larvae

attack the nodules. Jackai et al. (1985} reported that
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Rivella Spp may have been responsible for infestation of
Soybean observed in Niger Republic. Plants grown in sandy or
sandy loam seems to have higher infestation (Eastman, 1980).
This characteristics lends some support to the possibility
that the fly was responsible for the damage of nodules in
Niger Republic. Closely related species, R. apicalis (Hen)
and R. basilaris (Weid) damaged soybean nodules by larvae
penetrating and consuming root nodules making them hollow
{Bhatacharijee, 1977). The larvae feed upon the Nitrogen
fixing portion of the root and nodules, hence reduce the plant
capacity to fix Nitrogen (Newson et al., 1978). Heavy attack
hag resulted in the destruction of more than 90% of the

nodules.

2.3.4 Insects of Foliage

A wide spectrum of insects vigit soybean plant for food
from the time the plant attains a few trifoliate leaves to the
time of maturity. These includes leaf chewing, sap feeding
rasping and sucking insects. Most economic losses result when
high infestation occur from the time of flowering to pod
formation (Turnipseed and Kogan, 1976). Coleopterous and
lepidopterous insects are the most predominant insects
attacking foliage of soybean. Gangrade (1975) classified the

regqular insects of soybean foliage as follows:-
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2.3.5 Open Feeders

The open feeders include insects such as velvet bean
caterpillar, Anticarsia gemmatalis (Hubnerj , Bihar
caterpillar, Diacrisia obliqua {(Walker), Linseed caterpillar,
Spodoptera littura (Fab) , S. exigua {Hubner), Grain
caterpillar, Helicoverpa armigera (Hubner). A  heavy
infestation of soybean by these insects can completely
defoliate the whole plant within few days. Obasun (1990)
also reported that the larvae of Sylepta derogota damage
leaves by rolling and webbing them together and feeding on the
epidermal layers and interveinal tissues.
2.3.6 Leaf folders

A number of lepidopterous pyralid larvae cause damage to
soybean by folding the leaves, but most of them are of minor
economic importance., Lamprosema indicata (Fab) and L.
dieminalis damage are characterized by leaves having a silvery
- brown papery look which are noticeable from a distance.
(Rejesus, 1976; Sepswasdi, 1976; Sachan and Gangwar, 1980}.
The leafroller, Hedylepta indicata (Fab). is more widely
distributed having been recorded as a pest of soybean in
Nigeria (Ezeuh and Dina, 1980). Heavy infestation are
noticeable from a distance and when it occurs during the early
vegetation phase or pod filling stage, yield is adversely

affected (Chayan, 1984).
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2.3.7 Sap feeding insects

The major sap feeding insects observed on soybean include
Whitefly, Bemesia tabaci (Geun), Rhopolosiphum rufiabdominalis
(Dist) and Aphis craccivora (Koch), Empoasca terminalis
{(Dist), Sogatella longifurcfera (Esa) Creotia pallidifer
(Walker) and Coreid, Riptortus linearis (Fab) (8ingh and
Gangrade, 1975). The leaf hopper, Empoasca Spp attack soybean
during early vegetative stage. The damage is generally
recognized by the presence of browning on the leaf margins
followed by "Cupping" (ie upward and inward curving) and
blistering of the leaves. The disease-like appearance ig
referred to as hopperburn; resulting in drying and eventual
death of leaves (Smith and Poos, 1931). Heavy infestations
can stunt growth and even Kill the plant (Ogunlana and Pedigo,

1974} .

2.3.8 Rasping and Sucking insects

The mirid, Proboscidocoris sp, the Platispids, Brachyplatys sp
and Coptomosa sp were the major sucking insects recorded in
Nigeria (Ezeuh and Dina, 1980), but they are of minor
importance. In India thrips such as Calcothrips indicus
(Bagnall), Taeniothrips distalis (Kar) and Thrips tabaci were
recorded in small numbers caugsing minor damage (Gujarati et

al. 1971y .
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2.3.9 Stem Peeding Insects.
Soybean stems are attacked by many insects which are of
econcmic impeortance. According to Talekar (1987) there are
eight known gpecies of beanfly that attack soybean stem. The
most destructive been Ophiomyia phaseoli (Tryon), O.

centrosematis (de Meijere), Melanogromyza sojae (Zehnter) and

M. dilochostigma {(de Meijere). These flies have also been
reported on soybean in Africa (Greathead, 1968), where the
main host appears to be the bean, Phaseolus Spp. Damage

results from the activity of the larvae which tunnel through
foliar veins and other epidermal or cortical plant tissues.
The girdle beetle, Oberea brevis [Swed) has been reported to
attack soybean stem in Central India where it is a key pest
(8ingh and Singh, 1966; Gangrade et al., 1971). The females
make girdle around the petiole or stem and drill into the
plant, subsquently inserting their egg into the drilled holes

(Gangrade, 1975).

2.3.10 Insects of flowers and Pods.

No insect has so far been recorded solely on soybean flower.
In India, pods were occassicnally infested by the larvae of H,
armigera and a coried, Riptortus Iinearis (Srivastava, 1964
and Taleker, 1980). Turnipseed and Kogan (1976} and Ezeuh and
Dina (1980} showed that among the numerous insect pests that
attack soybean pods, the green bug complex of Nezara Spp,

Acrosternum Spp and Piezodorus Spp are the most important in
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soybean growing regions of the world. Turnipseed (1979)
remarked that the southern green stinkbug, Nezara viridula
damage soybean seeds within the pods by feeding directly on
the seeds and indirectly by transmitting yeast spot disease.

Chrysomelids, Lagria Spp and Chryscolagria cuprina have
been reported to damage foliage and pods of soybean in West
Africa (Jackai et al., 1985). Idoko (1989} observed that N.
viridula and Aspavia armigera were the most important and
prevalent insect pests of the podding stage of soyabean in

Samaru.

4.3.33% Insects of stored soyabean grain

Traditionally soybean has not had serious insect
infestation during storage. However, given the right
environment a number of storage insects do attack soybean
(Turnipseed and Kogan, 1987). Grains expoged to damp, moist
conditions are prone to damage by the larvae of Ephestia
cautella in India, (Gujarati et al., 1971). This finding is
similar to the later studies of Srivastava (1973) with
Trogoderma granarium and Callosobruchus maculatus which have
confirmed the wvulnerability of seeds in altered conditions.
Normally, Tribolium confusum, T. castaneum, Lasioderma
serricone and C. maculatus will infest soybean only after it
hag been processed into flour (Williams, 1986; Bhattacharya,

1988) .
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2.4 Effect of Insects On Soybean Productivity.

The major biological constraints to soybean preduction in
the tropics are insect pests and diseases, with the most
severe insect pest problems in areas where the crop has been
grown the longest (Panizzi et al., 1977; Kogan 1981; and
Talekar 1987).

The larvae of Diabrotica undecimpunctata (Howardi) attack
root nodules and reduce the Nitrogen fixing activity of the
mid-vegetative and early reproductive soybeans. Soybean at
both stages responded positively to the infestation and
subsequent injury by increasing nodulation and organs dry
weight of below ground tissues relative to the above ground
tissues. Leaf area as well as leaf and stem dry weight were
reduced in vegetative plants (Schroeder et al., 19%2).

It is incorrect to assume that soybean plant suffers
yield less only when it is damaged at the pod development
phase. It suffers adversely from insect damage even at the
flowering stage. Up to 40% destruction of leaf area by the
larvae of some lepidopterous insects can significantly reduce
yield (Singh and Gangrade, 1977). However soybean, like other
legumes, are particularly tolerant to defoliation injury.
Losses of up to 30% in leaf area before pod development do not
negatively affect grain yield (Wein and Tayo, 1978; Turnipseed
and Kogan 1976; Kogan and Turnipseed, 1987). These finding,
were gimilar to those of Talekar and Lee (1988) which showed

that single artifical defoliation of 10 and 25% do not affect
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yield but 50% defoliation at R;, R, and or R, and or R;, growth
stages reduced yield. Two consecutive defecliation at all the
three rates at R, and R, reduced yeild. They also reported
that single defoliation at 50% at the Ehree consecutive stages
reduced yield. They concluded that defoliation by removal of
the entire 1leaflets resulted in the highest yield loss.
Whereas defoliation by cutting 1leaflets along the midrib
resulted in lower yield loss. These findings were similar
to those reported by Turnipseed (1972) which showed that
soybean defoliation by insects amounting to about 17% will not
cause any significant yield loss at any of the growth stages
but 50-67% defoliation at the beginning of seed enlargement
can cause significant yield loss.

Kogan (1981) showed that insects with sucking or rasping
mouth parts may produce extensive chlorogis, but feeding has
little direct effect on vield and quality of the crop. For
example, heavy infestations of Empoasca Spp on soybean kill
the plant ({(Ogunlana and Pedigo 1974), The bihar hairy
caterpillar, Diacrisia obilgua (Walk.} a serious defoliator of
SOybean in Asia hag been reported to cause 15% yield loss.
These yield loss depends on the varieties (Singh and Gangrade,
1977; Kundu 1984) . Nolting and Edwards (1989) showed that the
bercentage vyield loss of soybean as a result of Mexican
beetle, Epilachna varivestis (Muls.) defoliation was
influenced by the level of defoliation, the growth stages at

which the defoliation occurred as well asg the environmental
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conditions. Generally defoliation which begins at growth
stages before the full seed had a significant effect on yield.
Continuous progressive E. varivertis defoliation produced a
linear relationship between defoliation and percentage yield
less. The yield component affected by the beetle was weight
per seed which decreased as defoliation increased. The cowpea
leaf beetle, Ootheca sp feeds on soybean leaves. Damage is by
adult feeding between the wveins on the leaves. Heavy
infestation reduces photosynthetic activity and can cause
seedling death (Karel et al., 1981; Idoko, 1989).

The phytophagous Noctuidae, Spodoptera spp is probably
the most important foliage and pod feeding Lepidoptera in the
tropics (Bhattacharya and Rathore, 1977; Gangrade et al.,
1971; Jackai and Singh, 1987). §. litoralis {Boisd.) has been
reported to be major insect pest of soybean in Egypt
especially where soybean is grown under Irrigation (Abu Nasir,
1956; Kamal 1951). High yield loss have been reported during
early infestationg in Egypt (Hammad, 1978; Shaheen, 1977).
Similar result has also been reported in Nigeria (Singh,
1589) .

Agromyzid flies, Ophiomyia  phaseoli (Tryon) , O.
centrosematis (Demeijere), Melanogromyza sejae {Zshn) and M.
dilochostigma (Demerjere) showed distinct preference for young
gseedlings (From few days after emergence to four weeks old)
(Taleker, 1987). The flies feed on the cortical layers of

young plants and this extend to other parts such as tap root,
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killing the plant (Bhattacharya and Rathore 1977; Talekar
1987) ., Characteristic signs of infestation include yellowing
and wilting of the first leaves, reduced vigour and capacity
to accumulate dry matter eventually leading to the drying of
seedlings and death (Taylor, 1%69; Bhattacharya and Rathore,
1977). 1If plants survive the initial attack their stems may
rupture at the ground level where they swell with the pressure
of the larvae and pupae. Bhattacharjee (1977) reported a
negative correlation between soybean yvield and the percentage
stem injury caused by 0. phaseoli. Thig indicated that with
increase in stem injury there was progressive fall in yield.
Damage to soybean by M. sojae was found to significantly
reduce plant height, leaf area, dry matter accumulation, leaf
moisture content, number of branches per plant, number and
weight of nodules, number of pods per plant, and seed yield
{Talekar, 1987).

The girdling by the females of 0. brevis (Swed) leads to
the drying of the trifoliate leaves along the margins. If the
regicn of attack is on the main stem, all the leaves and shoot
above the girdled area eventually dry up (Kapoor et al.,
1972). The extent of damage is highly dependent on the plant
stage attacked, an attack during the early seedling stage
could cause up to 75% plant mortality and reduce yield by as
much as 85%. The lesser corn borer, Elasmopolpus lignesellus
is a major soybean stem feeder in Latin America. It is

polyphagous with a wide host range comprising leguminous as
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well as non-legumous plants {Corseuil and Ferhorst, 1965). It
attacks soybean seedlings inflicting severe damage
particularly during the periocd of sub-optimal rainfall or in
sandy soil (Eastman, 1980). Mature larvae bore into the stems
of young plants generally at ground level. At the point of
penetration the insect weaves a shelter of soll and plant
debris to form the characteristic "earthen shelter " attached
to the stem. Young seedlings usually die of E. lignasellus
attack and other plants lodge or become weak as a result of
stem girdling {(Turnipseed and Kogan, 1976; Smith, 1978),
Entire stands have been known to be ravaged by E.lignosellus
causing serious yield loss. Plants more than 20 days are not
susceptible to attack (Santos et al., 1977).

In constrast to other cultivated legumes, sSoybean is
attacked by few insects that damage flowers solely. However,
Kobayashi (1976) reported that the larvae of FEtiella
zinckenella bored into pods and flowers in Japan. Eckel et
al., (1992} reported that the larvae of Helicoverpa zea damage
soybean flowers. Flower removal by the larvae resulted in
delay in ped setting. They also found that flower numbers,
leaf area and pod numbers were reduced when larval population
are high.

Two major orders of economic importance found worldwide
on soybean pods are the Hamiptera and Lepidoptera. The
hemipterans are mainly the stinkbug: Nezara spp, Piezodorus

spp, Euschitus spp and Aspavia sp. Others are Acrosternum
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acuta (Dall) and A. acuminata. The pentatomid, Nezara viridula
is the most important stink bug. It has been reported in Asia
{(Singh, 1973; Talekar, 19287) in Africa (Jackai and Singh
1987), Scuth America (Turnipseed and Kogan, 1987). U.S.A.

1.,1881). Review of

{Todd and Turnipseed 1974, Nilakhe et
literature indicates that the bug damages soybean by inserting
its stylet into the developing pods and sucking sap from the
gseeds. This injury results both in reduction (Shrivelling and
abortion) and deformation of seeds (Miner, 1%66; Todd and
Herzog, 1980). Feeding damage on mature pods and seeds cause
mainly reduction in the quality of seeds. Besides robbing the
plant of its juices the stink bug injects histolytic enzymes
that are essential for digestion of its food {Miner, 1966} and
transfer pathogenic organisms during feeding (Daugherty et
al., 1964}). Todd et al., {1973) found that the stink bug
damage to developing soybean seeds caused changes in fatty
acid composition of soybean 0il. As the severity of damage
increased, palmitic, steoric and linolenic acid decreased.
Other pod sucking pentatomids associated with soybeans include
Agpavia spp and Acrosternum spp. Aspavia armigera is one of
the early colonizers of the crop. The damage caused is similar
to those of N. viridula {Jackai and Singh, 1987). Exclusion
studies conducted in the laboratory at TIITA showed that

A. armigera can cause gubstantial damage at high population
(Konje, 1988). The bug in Nigeria prefers the humid forest

Zone, where it occurs along with N. viridula and Acresternum
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spp in high numbers (Jackai and Singh, 1987). Acrosternum
hilare infestation reduces seed yield and quality. As the
level of infegtation increases the percentage of damaged seed
increases, resulting in decreased seed viability and vigour
(Simmon and Yeargan, 1990). Piezodorus guldinii a neotropical
pentatomid has been reported in Africa where it occurs mainly

during the periods of reduced rainfall (Jackai and Singh,

1989). The pest has a wide host range, about 40 plant species
have been reported so far (Panizzi and Slanky, 1985). Damage
to soybean is similar to that caused by N. viridula. The

Alydidae, Riptortus spp is an important pod sucking coreid.
R. linearis is reported to attack soybean as well as other
solanaceae and convulvulaceae (Talekar, 1987). Damage by
Riptortus s8pp is similar to those of Nezara spp and is
generally considered to be more serious per unit time than
other pod sucking bugs.

The cowpea seed moth Cydia ptychora (Merrk.) has been
reported to infest soybean pods under favourable environmental
conditions (Singh, 1977; Singh and Jackmola, 1983) .
Considerable work has been carried out on this insect pest on
cowpea in Nigeria. (Taylor, 196%9; Perrin and Ezeuh 1978;
Olaifa and Akingbohungbe, 1978). Soybean left unduly long in
the field after they are ready for harvest are prone to heavy
damage from C. ptychora. Soybean pods infested by C ptychora
usually have sealed entry holegs that give the impression of

clogged pinholes. Helicoverpa armigera (Hubner) is a major
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insect pest of fcliage pods, and seeds in Africa (Buckmire,
1978) . It is widely distributed in the tropics and
subtropics. Damage by H. armigera to soybean pods are easily
recognized. The holes on the pods are round and are on the
locules where the seeds are found. Similar damage is found on

cowpea (Singh and Van Emden, 1879}).

2.5 Economic injury level
The infestation level of insect pests on soybean which will
justify artificial control measures has been investigated by
several resgearchers. Gangrade (1975) reported that
destructicn of 40% soybean leaf area by the larvae of D,
cbliqua significantly reduced vield. Ten larvae per metre row
length signified the beginning of injury level which resulted
in the reduction of grain weight by about 38.9%. Similarly,
gvery rise in the larval density of §. exigua per metre row
length caused a significant increase in defoliation, although
yield reduction was not guite significant. The author also
found that infestation by 10 larvae of H. armigera per metre
row length of soybean left practically no grains in the pods.
Therefore control measures may have to be completed even at
lower density.

The beanflies are the most destructive insect pests of
soybean stem in the tropics (Bhattacharya and Rathore, 1977;
and Talekar, 1987). Ophiomvia phasecli, O. centrosematis and

M. sojae favour plants from cotyledon stage up to early
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trifoliate leaf stage, while M. dilochostigma feed on shoots
of 3-4 weeks o0ld plant. The infestation levels of pod feeding
and sucking insects particularly the stinkbugs on soybean that
would justify control measures has been studied by several
workers (Blinkenstaff and Huggans 1962; Miner, 1966; Todd and
Turnipseed, 1974; and Nilakhe et al., 1984;) and Todd and
Turnipseed {(1974) revealed that one bug per 0.3 row metre can
cause significant yield reduction. They reported between 63.9
- 78.5% damaged seeds from cages containing 40 pods infested
at four dates. Germination, emergence, seedling survival were
reduced sigificantly by all degrees of N. viridula damage.

Significant yield loss in cowpea caused by N.viridula has
been reported by Shalk and Ferry (1982). Inital
infestation.of cowpea at early bloom by three adult bugs in
outdoor screened cages regulted in 100% pod damage. 99% seed
abortion, 100% less in total yield. 71% increase in vine
weight and 100% increased in the number of pods abscision
scars 1in the pedunle. These finding were similar to these
reported by Nilakhe et al., (1981} in which caged populations
of N. wviridula at 12 adult bugs per 0.92 meLre row Cowpea
caused significant yield loss. Conversely, low populations
of three and six bugs did not reduce yield. Similarly,
Bimboni {1980) showed that artificial infestation of soybean
plant (Variety Clark 63); with one adult bug per linear metre
row when pods are empty about 4cm long at growth stage R4 did

not result in significant seed damage. Bowever, infestation
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at that growth stage with 4-8 pairs of adults bug, reduced
both the quality and quantity of seeds and 16 pairs of adults
resulted in total yield loss. The author concluded that as
intensity of infestation increases, the percentage germination
decreases.

Caged populations of greenbug, Acrosternum hilare caused
similar reduction in yield and percentage germination when
densities of two or four adults bugs per 0.3 metre row were
maintained from early development to harvest. Yield losses
resulted from combined effects of reduced seed size and
decreased number of seeds produced per plant. The mean
percentage of damaged seeds was significantly higher in early
infestation than in the late infestation (Yeargan, 1977).
The brown stinkbug, Piezodorus guildinii causes similar damage
to soybean plant. Galileoc and Heinrichs (1978) revealed that
infestation by P. guidinii on soybean throughout the period
from full flowering to completion of physiological ripening
of seeds caused severe injury to seeds. The authors concluded
that geverely damaged seeds showed an increase in protein
content and decreage in o0il content with reduction in
germination being proportional to the degree of damage.
These findings are in agreement with that reported by
Daugherty et. al., (1964) which showed that heavy infesgtation
of Piezodorus spp resulted in reduced germination which is
related to the number of feeding punctures per soybean seed.

Conversely, Jensen and Newsom (1972) showed that with regard
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to viability, the location of stink bug puncture. is probably
more important than the number of punctures. One puncture in
the radicle-hypocotyl axis of the sgeed can prevent
germination.

Russin et. al. (1987) maintained four levels of natural
infestation on soybean (Population means of 3.8, 3.0, 1. and
0.3 bags per metre row of N. viridula, A. hialre and
Buschistus spp) and found that yield reduction occurred as
stink bug infestation levels increases. These vyield
reduction were primarily confined to the upper halves of the
plants. Feeding damage as evidenced by reduction in pod f£ill,
seed viability and seed vigour was restricted to the upper
halves of the plant until infestation reached the highest
level (3.8 bugs per meter row). Mcpherson et. al. (1978)
maintained a controlled infestation of third to fifth instar
nymphs and adults of N.viridula, A. hilare, Euchistus servus
and Tristigamus Spp and found out that thesge species caused
significantly more geed damage. Adults and fifth instar
nymphs caused sinificantly more damage. The adult bugs were
controlled at 0.5,1.0 and 2 bugs, per 0.3 row metre at RS {Pod
filling stage). Seed quality and vyield were significantly
lower with 2 bugs per 0.3 metre row than either of the other
infestations. They concluded that geed quality and yield
loss were most affected when exposed to stink bug feeding
during R4 (Beginning of pod development ) through R5 (Pod

filling) .
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2.6 Plant Compensation to damage

Turnipseed (1973) showed that soybean plant can withstand
considerable damage to foliage and fruiting structures without
a considerable yield loss. Studies on insect damage
threshold and compensation to injury have largely involved
simulated damage tc stems, leaves or pods. However, direct
losses from some insect attack have been measured (Carviness
and Miner, 1963). Like other legumes soybeans are tolerant to
defoliation. Losses of up 30% in leaf area before pod
development do not negatively affect grain yield (Wein and
Tayo, 1978; Turnipseed and Kogan, 1976.) However, soybean is
apparently less able to withstand damage to their stem
(particulatrly at seedling stage) (Bhattacharjee, 1977).

Turnipseed (1973) showed that soybean plant showed high
degree of compensation to insect pest damage especially during
early pod development stage. He advanced that if all pods were
damaged to about 1.2cm long by insect pests at the beginning
of seed enlargement (R6) yield would not be significantly
affected.

2.7 CONTROL INSECT PESTS OF SOYBEAN
2.7.1 Chemical Control.

Wessels (1979) disclosed that conventional chemicals have
been the principle recourse for the control of insect pests of
soybean. Stone (1965) reported that Carbaryl and
Mexacarbamates gave satisfactory control of many insect pests

including Nezara spp., Acrosternum 8pp, Piezodorus spp
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EBuschitus spp, Etiella zinckenella and S. exigua. Carbaryl
however, causeg photoxicity to certain soybean genotypes.
Residues of the insecticides on the leaves and pods may be
translocated into the edible seeds (Talekar et al., 1977).

Granular formulation have played a prominent role in the
chemical control of geed corn maggot, Delia platura,
Carbofuran, disulfon, carbaryl, trichlorophon and aldicarbate
widely applied in the furrow at planting. Sometimes
emulsifiable concentrates of carbaryl, endosulfan, Quinalphos
and dimethoate are sprayed on seed before the furrows are
covered or before the seeds are planted (Bhattacharya and
Rathore, 1977).

Gangrade (1974) in India reported that foliage feeders of
soybean such as D. obliqua, S. exigua, H. armigera, §.
littura, Trichoplusia 8pp, Lamprosema spp and grasshoppers
were effectively controlled by two to four foliar sprays of
Monocrotophos 40 €.¢, Endosulfan 35ec, Dimethoate 30 e.c,
Ethyl parathion 46 €.¢, and Fenithrothion 50 e.c. Spodoptera
Spp in West Africa can be satisfactorily controlled with a
range of insecticides including Monocrotophog, Endosul fan,
Cypermethrin and Dimethoate (Sherpaplus) (Singh et al., 1987) .
The Microbial insecticides and growth regulators have also
been used to control Aa. gemmatalis, Bacillus thuringiensis
and Baculovirus anticarsia at the rate of 500 and 50g a.i./ha
respectively. Panizzi et al. (1977) reported resurgence of

A. gemmatalis, Plusia sp and stinkbugs, in several soybean
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fields after application of a wmixture of methyl parathion and
Methonyl as a result of harmful effect of these products on
natural enemies. Similarly, H. zea has developed resistance
toc some recommended insecticides on soybean probably because
cotton which is also attacked by this pest is heavily treated
with insecticides (Turnipseed, 1973).

The leafhoppers, Empoasca spp have been controlled with
systemic organcphosgphates and carbamates such as monocrotophos
at 400g a.i./ha (Singh,1974). Carbofuran is also effective in
controlling the hoppers (Jackaili et al., 1988).

At present chemicals are the most reliable method of
beanflies control and many insecticides are used as
prophylatic. Applying systemic insecticides in furrows soon
after planting has proved to be effective in the control of
the flies ({Rooongsocok et al. 1973; Hussein, 1978). Foliar
application of Monocrotophos, Dimetheate and Omethoaie at
3,7,14,21 and 28 days post germination and seed treatment with
dust or emulsion of aldrin, deldrin and endrin were reported
to be effective (Walker, 1960 and Wikramsinghe and Fernando,
19¢62) .

Pod feeding insects on soybean has been successfully
controlled with 1insecticides especially in Asia where
stinkbugs are one of the major problems. Insecticides
previously recommended include DDT (May, 1958) but various
tests have confirmed it no longer effective (Miyazaki and

Sherman, 1965; Mitchell, 1965). Apparently, insect have
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species, profenofos and chloryrifos did show the same
efficiency only at high rates. The third and fourth instar
nymphs were found to be significantly more susceptible to the
insecticides than the fifth ingtar nymphs. Mcpherson et al.,
(1978) evaluated the differential mortality response of the
last four developmental stages of stinkbugs and found that
aerial application of Methyl parathion at the rates of 0.28
and 0.56g a.i./ha respectively «controlled all the

developmental stages of the stinkbugs.

2.7.2 Bioloegical Control

Biological control of soybean pests seems to have great
potentials in areas of the world where insecticide use is
minimal such as Africa south of Sahara. However, because of
the relative newness of the crop in this region not enough
studies have been conducted on bioclogical control (Singh,
1989). RBiological control employs the use of complexes of
predators, parasitoids and pathogens (Entomopathagens). Kamal
(1951) advocated biclogical contreol of S§. littura because of
the  unsatisfactory long term result obtained from
insecticides. He found that egg predators of S. 1littura
reduced up to 60% of its eggs and predation on young larval
instars averaged 34% during June and August which coincided
with peak infestation and predation. 1In addition to this a
number of predators were found on §&. littura such as

Coccinella sp., Cheilomenes sp, Scymus sp, ants, mantids and
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spiders.

Biological control of beanflies, Ophiomyia Spp and
Melanogromyza spp hag been successful in Hawaii where the
parasite, Opius melanogromyzae and 0. Importatus imported
from Uganda apparently prevented the build up of the
beanflies. The stinkbugs has been controlled with parasites.
In Japan two sclenold parasites, Asolcus mitsukurii {(Astnu)
and Telenomes nakagwai (Watanabe) heavily infest the eggs of
N. viridula and were decisive in keeping the population of the
bug from causing major vield loss (Kiritani and Hokyo, 1962;
Hokyo and Kiritani, 1963; Kiritani, 1964). Predation by
spiders and Nabis ferus (L} and climatic factors played an
important part in checking the population of the bug. In
Hawaii, Trissclcus basalis (Wall) and Trichopoda pennipes var.
pallifes {(F)} prevented the outbreak of N. wviridula (Davis,
1961; 1967; Davis and Krauss, 1963). In Indonesia, Oencyrtus
malayensis (Ferr}) and Telenomus sSpp. have been found to
parasitize the eggs of N. viridula. 1In Malaysia, a reduvid
bug, Sycanus collaris {(F} Kkeeps the bug under control and in
the Philippines, Corpuz {1969) found Qencyrtus spp preying on
the eggs of N. viridula. Parasites have been used extensively
to control stinkbugs in many countries (Harris and Todd, 1%80;
Buschman and Whitecomb, 1980; Mcpherson et al., 1982; Panizzi
and Slanky, 1985; Orr et al., 1985) in U.S.A. {Correa-

Ferreira, 1985; and Menezes,

t al., 1385) in Brazil and Hokya

and Kiritani (1963) in Japan. Natural enemies of N. viridula
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in Florida U.S.A. include T. basalis, Telenomus mormideae and
Tachnid adult parasites (Trichipoda pennipes and
Butrichodopsis nitens) (Panizzi and Slanky, 1985}).

Singh and Rawat (1982) and 8Singh (1973) recorded a
reduvid, Rhyncoris fuscipes (F) preying on nymphs and adults
of N. wviridula var smaragdula and a pentatomid predator
Amyotea malabarica (F) was also found predating on all stages
of the bug.

Bacteria and viral diseases have been used for the
control of Spodoptera spp in Egypt (Abdul-Nasir, 1956).
Microbial insecticides also play a role in the control of
soybean defoliators for example nuclear polyhedrosis virus of
A. gemmetalis (AgNPV) has been used in Brazil (Moscardi and
Corso, 1981}. This wvirus causes black disease to insects
which greatly reduces larval population of the insects when
applied at 50 larval equivalent/ha. Another entomopathogen of
A. gemmatalis is the fungus, Nomuraea vileyi which causes
white disease of A. gemmatlis. Field epizootics of N. rileyi
have been reported in several states of Brazil (Correa-
Ferreira et al., 1977). This disease keeps larval population
of A. gemmatalis from causing economic damage because of its
rapid progress. The combination of AgNPV and N. rileyi may
eventually eliminate the need for insecticidal control of A.

gemmatalis (Moscardi and Ferrarea, 1985).
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2.7.3 Host Plant resistance

The use of resistant host plants has been described as highly
desirable control Lactics with excellent potentials for
regulating populations of insect pests (Turnipseed, 1973).
The beanfly, M. sojae resistant genotypes have been identified
in wild soybean (G. sojae) germplasm at AVRDC {(Talekar,
1987) . Ten G. sojae and two Neotonia weightii accessions
exhibited good resistance to M. sojae.

The seed corn maggot, D. platura damage has been reduced
thorough the use of exotic Soybean resistance varieties such
as "merit" "Clark 63" "Adelphia"™ and Horesoy 63 under Indian
conditions {Bhattacharya and Rathore, 1977). Resistance of
SOybean to damage by leafhoppers is well established and secems
to be based mainly on the presence of hairs on the plant

1., 1972; Ogunlana and

surfaces (Antixenosis) (Broersma et
Pedigo, 1974 and Helm et al., 1980).
In Nigeria work at TITA has produced encouraging results
in the development of sOybean varieties resigtant to S.
Iitoralis (0jo, 1388} . The source of resistance is PI 171444
which has heen identified earlier asg resistant to a number of
pests including H.zes and stinkbugs in the U.S.A. {Turnipseed
and Sullivan, 1976 and Gilman et al., 1282} . The resistance
exhibited by PT 171444 is thought to be 45 a result of
antibiosgis resulting in reduced pupal size and elevated
mortalities as well ag non-preference (Antixenosis) for

feeding {0jo, 1988). The variety I.A.C.78-2318 has been
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reported as having multiple resistance to several pests of
soybean including defoliators (Lourencac and Miranda, 1987).

The potentials for genetic resistance of soybean to
stinkbugs particularly N. viridula has received much attention
over the years (Jones and Sullivan, 1987; Gillman st al., 1982
and Kester et al., 1984), Kester et al., (1984) cited non-
preference, antibiosis and temporal separation as possible
mechanism of resistance for soybean genotype PI 171444 to
damage by N. viridula. Lourencao and Mirvanda (1987) showed
that lines IAC 73-228 and IAC 2318 were resigtance to attack
by P. guildinii and E. hercs but the lines have unfavourable
gmall seeds and low o0il content.

In Nigeria mederate level of field resistance to
stinkbugs has been reported for few soybean breeding lines
(Jackai et al., 1988). A number of breeding lines and
genotypes were screened at two locations (Mckwa and Ibadan)
using two dates of planting. Based on seed damage ratio (SDR)
computed and used among other parameters TGX 306-036D, TGX 713
- 09D, TGx 307-048BD and TGx 814-036D were gelected as
genctypes manifesting the highest level of resistance. The
resistance is thought to be phenetic as well as antixenotic
and host evasion particularly in the early maturing of
genotypes {(Jackai, et al., 1988).

2.7.4 Cultural Control
Cultural control in general causes no undesirable

ecological consequences and is highly compatible with other
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control methods. Modifying planting dates has been found to
Create temporal asynchrony between the insgect pests and the
host plants (Kobayashi and Cosenza, 1987). Manipulating
planting dates have also been found to be effective in the
control of soybean defoliators. Bhattacharya and Rathore
(1977) showed significant differences in the population of §.
littura, S. obliqua and P. orichalcea in their defoliation and
subsequent grain yield in soybean planted at different dates
in India. Manipulation of pPlanting dates has also been shown
to work for the control of A. gemmatalis and Plusia Sp. More
larvae of these pests were collected on early planted soybeans
in narrow rows than those planted later at wider row spacings
(Panizzi et al., 1979) .

Beanflies have been controlled through field sanitation
which involves removal of field debris and plants harboring
the over wintering pupae. Increasing usge of fertilizers and
early sowing and thinning out of seedlings also reduce the
population of beanflies. These findings are similar to those
of Karel et al, 1881; Karel and Materu, 1983; which disclosed
that adjusting planting dates and rotating crops reduce
beanfly infestation and damage . However, this has limitation
in areas where rainfall distribution governs planting dates.

A variety of agronomic practices are known to alter the
population profiles of stinkbugs in several ways, although it
may not reduce population below damage thresholds (Glass,

1975) , However, Walker and Sullivan (1978) reported that
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early planted soybean guffers 22.9% seed weight loss compared
te 16% for late planting as a result of stinkbugs attack.
They concluded that differences in the length of pod
development and planting dates had an effect in the severity
of stink bug damage.

The use of traps crops for the control of stinkbugs has
received much attention, the idea may not be appropriate for
use by small holders but seems to be promising for medium to
large scale growers {Jackai, 1983). Kobayashi and Cosenza
{1987) showed that stinkbugs particularly N. viridula tend to
maintain highest density of their population 4-5m away from
the border of the soybean field towards the centre. They
planted about 5% of soybean field with suitable trap crop (an
early maturing soybean variety) along the margin areas and
sprayed with insecticides whenever the population exceeded the
threshold the crop can surport. They found that the crop
variety with trap crop suffered 29% seed damage compared with
40% for that without trap crop. Similarly, Mcpherson and
Newson (1984) found that planting an early maturing soybean
plant as trap crop one to two weeks before the main crop
significantly affected the peak populations of N. virdula and
E. servus. Kumar et al., (1981) reported that early planted
soybean escaped damage by pod borer, C. Ptychora. A two month

delay in planting soybeans resulted in 95% seed damage.
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2,7.5 Integrated Pest Management

Flint and Vanden Bosch (1981) disclosed that dependence
on insecticides for pest control has given rise to pest
resurgence, secondary out breaks, resistance to insecticides
as well as contamination often worse than the original pest.

Turnipseed and Kogan {1976) observed that judicious use
of artificial c¢ontrol measures afforded for immediate
improvement in the management of pests. This may be
accomplished by initiating contrel only when available
economic threshold so dictated and applying minimum rates of
chemical that allow for parasite and predator survival. Kogan
(1976) indicated that in many areas of soybean preduction more
effective economic threshold were determined through:
assessment of both plant damage and population levels of pest
species, selective wuse of insecticides at reduced bhut
effective rates. In addition to refined economic threshold
and improved methods of insecticide use, improvement of
sampling methods and relating plant phenoclogy to the pest
modelling are important components of integrated pest

management system (Turnipseed and Kogan, 1976]).



37

CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Experimental Location

Field experiment were conducted during the raining season
of 1994 and 1995 at the Institute for Agricultural Research
Farm, Ahmadu Bello University Zaria. The site was located at
11"10’'N, 07°35'E and 686M above sea level in the Northern Guinea
Savanna ecological zone of Nigeria.
The physio-chemical properties of the soil of the experimental
field and meteorological data during the experimental period are
shown in appendces 1,2 and 3 respectively.
3.2 Treatments and Experimental Design
3.3 Experiment 1

Treatments consisted of two insecticide typesg, two soybean
varieties and three post flowering frequencies of insecticide
application. The factorial combinations were laid out in a
Randomized Complete Block Design (RCBD), replicated three times.

Symbols.

Two insecticides

I, and I,
Two varieties = V; and V,
Three frequency of application = T,,T, and T,

Karate 25EC (259 ai/ha)

L

I, Perfekthion (400g ai/ha)

v, = Samsoy 2

v, = TGX 536-02D

T, = Control (check)
T, = Weekly spraying

Ty = Bi-weekly spraying
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Field layout for experiment 1 in 1994 and 1995

Fig. 1.
1 11 111
1 9 7 12 13 4 19 5 25 10 31 2
11 8 10 14 6 20 1 26 3 32 8
3 a 9 5 1 2 21 2 27 9 33 N
4 2 10 4 16 3 22 8 28 5 14 6
3 1 1 7 10 23 9 29 12 11
0 7 12 6 8 11 24 12 i0 1 i 7
3.4 Data recorded.

kR

2.

1

1

0.

il

Insect sampling

Defoliation (Foliar damage)

Pod damage

Number of pods per plant

Ten fresh pod weight per plant at R, to R,

Seed damage index

100 Seed weight

Shelling percentage

Pod yield Kg per hectare

Seed yield Kg per plot

Seed yield Kg per hectare
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3.4.1 Insect sampling

Insect sampling was done at weekly intervals starting at
two weeks after planting {(WAP). The sampling were carried cut
in the morning hours between 7 and 8 am. Soybean developmental
stages descriptions were based on Fehr et al. (1971). During
the preflowering stages, ground cloth technique was used. Each
sampling was carried ocut by unrolling a 0.9m' long ground cloth
between two adjacent rows and briskly shaking the plants over
the cloth to dislodge ‘insects’ onto it. Collected insects were
properly bagged, labelled and identified at the Insect museum of
Institute for Agricultural Research, A.B.U. Zaria. A total of
10 plants were randeomly selected and sampled from each plot.
During the post flowering phase (R; to R,} sweep net sampling
technique was used. Insect population were sampled by taking 25
sweeps with a standard 38cm diameter sweep net in each plot at
weekly interval. The samples were taken by swinging the net past
the uppermost leaves of the canopy. Sweep net collections were

bagged and identified at the insect museum of I.A.R.

3.4.2 Defoliation (foliar damage)

Defoliation was visually estimated on the basis of leaf
area damage (Kogan, 1976 and Nangju et al., 1979} . The number
of leaves damaged was expressed as a percentage of the total
leaves per plant. The means of 10 plants randomly selected per
plot was used in estimating percentage defoliation. Defeoliation

wag recorded from two to 14 WAP.
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3.4.3 Pod damage

The percentage pod damage was determined from the mean of
10 plants randomly selected per plot. Pods showing feeding
holes aor shrivellings were c¢ounted as damaged (Karel and
Ashimogo, 1%91)

% pod damage = Total number of pods damaged X 100

Total number of poeds in a sample

of 10 plants selected at random
from each plot.

3.4.4 Number of pods per plant

A total of 10 plants were randomly selected per plot and
the number of pods per plants recorded from nine to 14 WAP. The
mean of 10 plants per plot was used in determining the number of
pods per plant.
3.4.5 100 seed weight

The air dry weight of 100 seeds per plot were obtained

using a mettler balance.

3.4.6 Seed damage index

This wag expressed as seed damage index based on the work
of Jackai (1982). At harvest 50 pods were randomly harvested
manually from each plot and threshed in the laboratory to
determine sSeed damage index. (SDI}

SDI = ds x 100
pt

ds = number of seeds damaged

pt = total number of pods sampled
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3.4.7 Shelling Percentage
This was expressed as percentage of dried seed weight to

dried pod weight per plots.

3.4.8 Yield parameters

The yield parameters determined were pod yield (Kg/ha) and
seed yield (Kg/ha). Harvesting was carried out at R, (95% of the
pods turn brown). The plants in the three middle rows in each
plot were harvested manually for determination of yield
parameters leaving a 50cm gap from both ends of the row in order
to reduce the edge effect. The pod yield was determined by
weighing all the dry pods harvested from the middle rows with
a mettler balance. The pods were then manually threshed, seed
were cleaned, dried and seed yield obtained by weighing from
each plot separately. The seed yield per hectare was determine

in relation to the seed yield per plot.

3.4.9 Insecticide application
Insecticide was applied with a 20 litre CP3 knapsack
sprayer beginning at R, (pods 0.5cm long at one of the four
uppermost nodes) and continued unti] R, (physiological
maturity) . Spraying was carried out during the morning hours
between 7 and 9am. Perfekthion (400g ai/ha) was applied at the
recommended rate of 1000mls in 100litres of water and Karate
25ec (25g ai/ha) at the rate of 800mls in 120 litres of water

per hectare.
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3.5.0 Statistical analysis
The data for insect counts, percentage pod damage and seed
damage index were subjected to square root transformation before
analysis of variance. The separation of means was done using
the least significant difference (L.S.D.) as described by

S8necedor and Cochran (1966) .

3.6 Experiment 2

The treatments consisted of factorial combinations of two
soybean varieties ({Samsoy-2 and TGX 536-02D) two plant
population densities (400,000 and 200,000 plants/ha) and three
sowing dates spaced two weeks apart; 13 July, 27 July, and 10
August 1994 for the 1994 experiments; 11 July, 25 July and 8
August 1995 for 1995 experiments. The treatments were
replicated three times in 1994 and five times in 1995. The
layout used was split-plot design. The combinations of plant
population densities and soybean varieties were randomly
allocated to the main plots, while sowing dates were randomly
assigned to the subplots. Each plot consisted of five (5} meters
long rows o.75m apart while the interplots are spaced 1l.5m

apart.

Symbols
Plant densities = D, and D,

Varieties

vV, and V,

Sowing dates $,,8, and S,
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Sowing dates

First sowing 8§,

Second
Third

1. M,S,
3. MS,
5. M18,
7. M8,
9. M8
11. M,S,
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Intra row spacing of 4.2cm (400,000 plants/ha)

mn L

Samsoy-2

TGX 536-02D

1994
13th July
2 S, 27th July
" 8, 10th August

Treatment combinations
2. M,S,
4. M,S,

8.4cm (200,000 plants/ha)

1985
11th July
25th July

8th August



Field layout for experiment 2 in 1994
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The various data for experiment 2 collected as in experiment 1. D

to differences in sowing dates the crop matured at different date

46

Number of days to

harvest after planting
Sowing dates 1994 1995
|
First sowing date 102 99
Second " 2 92 87
Third b I 81 78

3.7 Cultural Practices.

The experimental plots were ploughed, harrowed and ridged wi
a tractor spaced 0.75m apart.
seeds per hole at spacing of 4.2cm within row. Weeds were controll
by application of pre-emergence herbicides Galex (1:]
metabromuron + metalochlor)
weeds were controlled by hoe weeding at three,
after planting (WAP). Fertilizer application was at the of 130k

(2% bags NPK) and 40kg P,0Os

Seeds were sown at the rate of t

Ciba Geigy. A.G.

(4% bags of SSP) per hectare.

(mixture of
a day after plantin

six and ten wee

|




47
CHAPTER FOUR
4.0 RESULTS

Experiment 1.

4.1 Effect of Ingecticides and Frequencieg of application on
insect pests infestation and yield of soybean
4.2 Identification of the major insects pests of soybean.

The major field insect pests of soybean are classified into
two groups based on the plant partsg attacked; namely insects of
vegetative phage and ingects of reproductive phase. The major
ingsect pests during the vegetative phase were the cowpea leaf
beetle, Ootheca mutabilis Salhb. and the grasshopper, Pygormorpha
vignaudi Geur. {Plate 1). During the reproductive phase the
predominant ingect pests were the pod sucking bugs namely; Nezara
viridula (L), Halydicoris ventralis (L}, Agonoscelis versicolor
{Fab) and Sphaerocoris annulus (Dall) {Plate, 1).

4.2.1 Nature of insect damage

The adults of 0. mutabilis damaged soybean foliage by feeding
on the leaf surface between the veins producing severe shot-holing
on the leaves (Plate, 2). The adults and nymphs of P, vignaudi eat
large irregular holes on the foliage (Plate, 3}. The pod sucking
bugs, N. viridula, Agonoscelis versicolor and Sphaerocoris annulus
damage soybean by sucking sap from developing pods (Plates 4, 5,

and é6) .
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Plate I. Major insect pests of soybean

a.

b.

5 8

N.

o

AL

By

0.

ventralis (Heteroptera: Pentatomidae)
viridula (Heteroptera: Pentatomidae)
annulus (Heteroptera: Pentatomidae)
versicolor (Heteroptera: Pentatomidae)
vignaudi (Orthoptera:Pygomorphidae)

mutabilis (Coleoptera:Chrysomelidae)

Plate II.

O.mutabilis and its associated damage.
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Plate III. P. vignaudi and its associated damage on soybean leaf

Plate IV N. viridula sucking sap from the soybean pod
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Plate V. A. versicolor sucking sap from soybean pod

Plate VI. S. annulus sucking sap from soybean pod
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4.3 Time of appearance and insect population fluctuations.

0. mutabilis was encountered in the field in both years as
early season fcliage pest. It was first recorded at 2WAP in each
year of the trial. The effect of soybean varieties on the
population of bheetles are shown in figures 4 and 5 (for 1994 and
1995 respectively). The peak peopulation occurred at 6WAP with a
mean of 0.97 and 0.83 Dbeetle per plant in 1994 and 1995
regpectively. In both years the peak populations were recorded on
Samsoy 2.

P. vignaudi was first recorded at 2WAP in both years. The
population of the grasshopper persisted up to the end of the
growing season. The bi-weekly neans are shown in figures 6 and 7.
The population peaked at 8WAP in both years with 1.0 and 1.1%5
P. vignaudi per plant for 1994 and 1995 respectively.

The effect of wvarieties, insecticides and frequencies of
application on the mean number of P, vignaudi per plant are shown
in Table 2. The treatments had no significant effect (P>0.05} on
the number of

P. vignaudi per plant. The interactions of varieties, insecticides
and frequencies of application were alseo non-significant (Table 2).

The pod sucking bugs were first recorded at 9WAP (R,). The
bugs population were low in both years. The effect of varieties,
insecticides and frequencies of application on the mean number of
bugs per plot in 1994 and 1995 are shown in Table 3., There were no
significant difference between the varieties, insecticides and
frequencies of application on the number of bugs per plot. The

effect of frequencies of application on the bug population
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Table 2. Effect of Soybean varieties, insecticides and frequencies
of application on the number of P. vignaudi per plant
in 1994 and 1995 wet seasons at Samaru.

Mean number of P. vignaudi per plant at:

awap” 10WAP 12WAP 14WAP
Treatments 1994 1995 19584 1995 1994 1995 1954 19895
Insecticides
Karate 1.0 1.0 0.8 1.1 0.8 .8 0.8 0.7
Perfekthion 1.0 1.0 0.8 1.0 0.8 0.9 0.8 0.8
SE+ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Varieties
Samsoy-2 1.0 0.8 0 0.1 0.8 8 0.8 0.8
TGX536-02D 1.0 1.1 0.8 1.1 0.8 0.5 0.7
SE+ 0.01 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Freqeuncies
of application
Control 1.1 1.0 0.9 1.1 0.9 0.8 0.8
Weekly 1.0 1.1 0.8 1.0 0.8 0.7 .7
Bi-weekly 1.0 1.¢ 0.8 1.0 0.8 0.8 0.83
SE+ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Interaction®
I.v. Ns Ns N= Ns Ns Ns Ns Ns
1.7T. Ns Ns Ns Ns Ns Ns Ns Ng
V.T, Ns Ns Ns Ns Ns Ns Ns N3
I.v.T N3 Ns Ns Ns Ns Ns Ns Ns

** WAP = Weeks after planting
@ T
NS

Insecticide, V = Variety, T = Frequency of application

H

Not significant, * = significant
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4.4.1 Insect Pest Infestation and Damage

The peak defoliation in both years was recorded at the early
vegetative stage when leaves were young and tender. The highest
percentage defoliation recorded in both years occurred at 2WAP with
19.8 and 14.4% for 1994 and 1995 resgpectively (Figs 10 and 11). The
effect of varieties, insecticides and frequencies of application on
percentage defoliation per plant are pregsented in table 4. The
effects of insecticides and frequencies of application were non-
significant. However, there was significant differences between the
varietiegs only at 10 WAP in 1995 in which Samsoy-2 had
significantly higher defoliation than TXG536-02D.

The pod sucking bugs damaged sgoybean by sucking sap from the
green developing seeds in the pods resulting in shrivelling and
geed distortion. The effect of wvarieties, insecticides and
freguencies of application on percentage damaged pods per plant is
shown in Table 5. The treatments had no significant effect on
percentage pod damage. In both years the peak damage was attained
at 12 WAP with 1.7% damaged pods per plant. The difference between
control and other frequencies of application were insignificant.

All the interactions were also insignificant.
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Table 4: Effect of Soybean varieties, insecticides and frequenci
of application on percentage defoliation per plant in 19

and 1995 wet seasons at Samaru.

Mean percent defoliation per plant at:

8WAP 10WAP 12WAP 14WAP
Treatmentg 1994 1995 1994 1995 1994 1995 1994 199
Insecticides
Karate 9.4 L 9.4 13.2 8.2 12.0 B.O 12
Perfekthion 9.2 1.6 9.3 14.3 8.1 13.8 8 11
SE+ 0.6 6.5 i S 2.3 0.5 2.0
Varieties
Samsoy -2 3001 6.0 10,2 11l.Ba 9.3 10.4 8.4 6
TGX536-02D 8.5 4.2 8.4 6.6b 7.8 8.3 8.2 5
SE+ 0.6 0.5 0.7 2.3 0.5 2.0 0.5 1
Frequencies
of application
Control 10.0 4.7 9.9 14.8 8,56 I (7 [ 17
Weekly 8.7 5.3 5.2 13.1 7.8 12.3 8.5 11
Bi-weekly 9.2 5 9.0 13.2 8.1 13.4 8.8 10
SE+ 0.8 0.6 8.9 2.9 0.6 2.0 0.6 2
Interaction®
I.V. N& Ns Ng Ns Ns Ns Ns N
L, Ns Ng Ns Ns Ns Ns Ns N
VT Ns Ns Na Na Ns Ng& N¢ N
L. N7 Ne Ng Ne Ns Ng NS Ns N

** WAP = Weekg after planting
» I = Insecticide, V = Variety, T = Frequency of application

NS = Not significant, * = significant
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4.4.2 Yield Parameters

The effects of insecticides and frequencies of application
on the number of pods per plant are presented in table 6 for
1934 and 1995, The treatments had no significant effect on the
number of pods per plant. All the interactions were also
insignificant except in 1994 at 11 WAP when there was
significant difference between ingecticide and variety;
insecticide and frequency of application interaction (Appendices
5a,b) .
4.4.3 Mean Fresh pod weight per plant at R, - R,; stages

The effect of insecticides, varieties and frequencies of
application on fresh pod weight per plant at reproductive stages
R, - R, are shown in Table 7. The treatments had no significant
effect on fresh pod weight. The highest fresh pod weight per
plant in both years was attained at R, with 8.42 and 7.40g for
1994 and 1995. All the interactions of varieties, ingecticides
and frequency of application were not significantly different.
4.4 .4 Shelling percentage

The highest shelling percentages were 68.33 and 66.80 for
1994 and 1995 respectively. Insecticides, varieties and
fregency of application had no significant effect on ghelling
percentage in both years (Table 8). All the interactions of
insecticides, varieties and frequency of application were also
insignificant.
4.4.5 Seed damage index

Results from the effect of insecticides, varieties and
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frequencieg of application on seed damage index in 1994 and 19295
are shown on Table 8. 1In both years seed damage was low and was
not significantly affected by the treatments. The highest seed
damage index was 1.53 and 1.23 for 1994 and 1995 respectively.
All interactions were not significantly different.
4.4.6 100 Seed weight

The effects insecticides, varieties and frequencies of
application on 100 seed weight are presented on Table 8. The
treatments had no significant effect on the 100 seed weight.
The heaviest 100 seed weight was 12.4g and 12.5g for 19%4 and
1995 respectively. All the treatments interactions were not

significantly different.
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Table 7. Effect of Soybean varieties, insecticides and
frequencies of application on ten fresh pod weight (g)

per plant at Ry -R, in 1994 and 1995 wet seasons at
Samaru.

Mean weight of 10 fresh pods per plant at:

R, R R, R,
Treatments 1994 1995 1994 1995 1994 1995 1994 1995
Insecticides
Karate .50 4.0 o 6.3 8.2 7.1 7.0 5.+5
Perfekthion 5.50 4.1 7.0 &.2 8.2 7.0 Tl 5.9
SE+ o 0.1 0.1 0.2 0.2 G .2 Q.1 0.1
Varieties
Samsoy -2 5.8 4.3 s 1 6.4 8.2 7.1 &.9 555
TGX536-02D 5.2 3.8 6.9 6.1 8.2 7 6.8 5
SE+ D 2 0.1 0.1 0.2 0.2 0 Q-1 0.1
Frequencies
of application
Control S| 4.0 6.9 5.9 8.1 6.8 6.9 5.4
Weekly 5.7 4.3 7.2 6.5 8.4 7.4 6.8 5.6
Bi-weekly 5.8 4.0 63 6.4 8.1 7.1 7.0 5.6
SE+ 0.2 g1 0.2 0.2 0.2 B3 0.2 0.2
Interaction”
TV Ns Ns Ng& Ns N& Ns Ns Ns
i A e Ns Ng Ng Ns Ng Ng Ng N&
V.T: Ns Ng Ns Ns Ns Ns Ns Ns
I i Ng Ns Ns Ns Ns Ns Ns Ns
» I = Insecticide, V = Variety, T = Frequency of application
NS = Not significant
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Table 8. Effect of Soybean varieties,insecticides and frequencies
of application on Shelling percentage, Seed damage index
and 100 Seed weight(g) in 1994 and 1955 wet seasong at

Samaru

Shelling percentage Seed damage index 100 Seed weight
Treatments 15694 1995 1994 1995 1994 1595
Ingecticides
Karate 67.4 6.8 1.4 1.2 11.6 12 .7
Perfekthion 67.5 66.2 1.5 1.3 12.4 12.0
SE+ 0.9 0.5 0.1 0.1 0.7 0.4
Varieties
Samsoy-2 65.7 £5.5 1.4 1.2 11.8 12.2
TGX536-02D €8.2 67.6 1.4 1.2 12.1 12.4
SE+ 0.8 0.5 0.1 0 0.7 0.4
Frequencies
of application
Control 68.3 66.1 1.5 1.2 12.3 11.8
Weekly 66.6 66.6 1.4 1.2 11.9 12.5
Bi-weekly 67.5 £66.9 1.4 1.2 11,9 12.5
SE+ 1.1 1.3 0.1 0.1 0.9 0.5
Interaction®
I.v. Ng Ns Ns Ns Ns N=
I.T. Ns Ns Ns Ng Ns Ns
vV.T. Na Ng Ns Ns Ng Ns
I.v.T Ns Ns Ns N= Ns Ng

@ I = Insecticide, V = Variety, T = Frequency of application
NS Not significant
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4.4.7 Pod yield per hectare
The air dried pod yield per hectare followed a similar
trend to seed yield per plot in both years (Table 9). The
differences between the insecticides and varieties were not
significant. However, plots sprayed weekly had a higher
insignificant yield than those sgprayed bi-weekly and the
control. In both years all the treatments interactions were not
significant except in 1995 when there were significant
ingsecticides Vs frequency of application interaction (Appendix

6) .

4.4.8 Seed yield per hectare

The effect of insecticides, varieties and frequencies of
application on seed yield per hectare in 1994 and 1995 are
presented on Table 9. The highest seed yield was 1620 and 1040
kg/h in 1994 and 1995 respectively. The treatments had no
significant effect on seed yield. Plots sprayed weekly had a
higher seed yield than plots sprayed forthnightly and the
control but their differences were insignificant. All the

treatment interactions were also not significant.
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Table 9. Effect of Soybean varieties, insectic:
of application on pod and seed yield
1995 wet season at Samaru.

Seed yield kg/plot Pod vield kg/ha

Treatments 1994 1895 1994 = 199t
Insecticides

Karate 2.4 1. 2390 14¢
Perfekthion . i A 2138 151
SE+ 0.2 D. 203 11
Varieties

Samsoy-2 2.3 1.7 2283 14cC
TGX536~02D 4 2260 152
SE+ 0.2 0.1 203 11
Frequencies

of application

Control 2.2 1.8 2235 131
Weekly 2.4 1.9 2509 157(
Bi-weekly 2.4 1.9 2060 149:-
SE+ 0.2 02 248 13
Interaction®

I.V. Ns Ns Ns Ns
T+% Ns Na N8 Ns
V.T. Ns Ns Ns *

L V:T N8 Ns Ns NS
@ I = Insecticide, V = Variety, T = Frequency of a

N&

*

Not significant
Significant

I
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4.4.9 Correlation Studies

1994 1995
1. 100 seed weight Vs Seed damage index 0.03™ 0.11™
2. Seed damage index Vs Percentage pod damage 0.08™ 0.09™
3. Seed vyield per hectare Vs % pod damage 027" 0.32™

4. Number of pod sucking bugs/plot Vs % pod damage0.0%™ 0.05™

In both years the correlation of yield parameters with

damage parameters were low and not significant.

4.5 Experiment 2.
4.5.1 Effects of planting dates and spacings on insect pests
of soybean.
4.5.2 Identification of the major field insect pests.
The field insect pests identified were the same as in
experiment 1.
4.5.3 Nature of insect pest damage
The type and nature of damage were the same as 1n
experiment 1,
4.5.4 Time of appearance and insect population dynamics.
0. mutabilis were first observed in both years at 2WAP. The
effect of planting dates, soybean varieties and spacing on the
mean number of 0. mutabilis per plant in 1994 and 1995
respectively are presented in Table 10. In both years planting
dates and plant gpacings had no significant effect on the mean

number of the O. mutabilis per plant.
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The highest wmean number of the beetles per plant was 1.4
recorded at firsgt sowing date 6 WAP in 1995 (Table 10). The
difference between it and subsequent plantings were significant.
The number of beetleg per plant decreased as the season
progressed. All the interactions of varieties, planting dates
and spacings were not significant in both years.

P. vignaudi population persisted and fluctuated throughout
the growing season, 1t was first recorded at 2 WAP., The mean
number of P. vignaudi per plant was low at the beginning of the
season but increased as the season progressed (Figs 12 and 13).
In both years the population peaked at 10 WAP with 1.2 and 1.6
per plant in 1994 and 1995 respectively. Soybean varieties,
planting dates and spacings had no significant effect on the

number of P. vignaudi per plant.
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4.5.5 Number of Pod sucking bug
The mean population of the pod sucking bugs per plot were
low throughout the two seasons {(Table 11). In both years the
effect of soybean varieties, planting dates and spacings were
not significant on the number of bugs per plot. The highest mean
number of bug per plot was recorded at 12 WAP in 1994 (Table
11) . In both years all the treatments interaction were not

significant.

4.5.6 Defoliation

The effect of soybean varieties, planting dates and
spacings on percentage defoliation per plant are presented in
Table 12. The highest percentage defoliation recorded were 13.80
and 15.10% at 6WAP in 1994 and 1995 respectively. Defoliation
decreagsed as the plant aged. In 1994, planting dates had
significant effect on percentage defoliation only at 6 and 8
WAP., At 6 WAP the second and third planting dates had
significantly higher percentage defoliation than the first
sowing date. At 8 WAP the first and second sowing dates had a
significantly higher defoliation than the third sowing date

(Table, 12).

4.5.7 Percentage pod damage
The effect of soybean varieties, plant spacings and
planting dates on percentage damaged pods per plant in 1994 and

1995 are presented in Table 13. In both seasons soybean






