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ABSTRACT

Studies on abundance, impact and natural enemies of insect pests of okra and
chilies and efficacy of neem products in their control were conducted at Kibwezi
(2°21-5’S, 38°2-5’E) a semi arid region of the Eastern province of Kenya. Okra seeds
were planted directly, while one-month old chili seedlings were transplanted in 4 x 3m.
plots in the field during the months of September 1998 and January 1999 in two
cropping seasons. The plots were left for natural infestations but various species of
insect pests were noted. Sampling was carried out and insect pests that infested okra
and chilies at certain stages of the crops’ growth were identified. Aphids and whiteflies
were found to transmit leaf curl disease to the chilies whereas, flower beetles, flower
thrips and fruit borers, which, infested the fruits from reproductive stage to maturity,
damage the fruits of both crops.

In some instances and at certain growth stages, insect pest population, percentage
damaged leaves and associated yield loss differed significantly between the pesticide
treated and unprotected (control) plots. Foliar damage on okra resulted from the
feeding habits of caterpillars, leaf miners and leaf beetles while that of chilies resulted
from the leaf curl virus disease infection. A 19.3% and 23.5% yield loss for okra and
chilies resulted from insect infestation respectively. Controlling insect pests at certain
growth stages resulted in gains of the avoidable yield loss from insect pest infestation.

The most common natural enemies of aphids comprised of various species of
coccinellid beetles, parasitic wasps and the predatory larvae of syrphid flies. A carabid
beetle and both larval and adult forms of coccinellid beetles preyed on red spider

mites. They significantly reduced the insect pest population mostly on okra and chilies.
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A formulation of 20ml/l of neem oil was more effective against most pest
populations on okra and chilies than the 15ml/l-neem oil, 25 and 50g/l-neem powder
(obtained from the kernels) and 50g/I-neem seed kernel extract [(NSKE) obtained by
grinding the seeds]. However, the neem products conserved populations of natural
enemies and other beneficial insects. All the neem formulations were effective in
reducing the amount of foliar damage on okra. Although similar formulations of neem
products had varied effects on the yield loss from insect infestations on both the crops,
the marketable yield was improved by all the formulations.

Results from these studies can be enhanced by conducting other research to
establish the distribution and infestation of insect pests, their physiological impact and
dose optimization of neem products and associated yield loss within and between

localities on both the crops.
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CHAPTER ONE

1.1 GENERAL INTRODUCTION AND LITERATURE REVIEW
1.1.1 Introduction
1.1.2 Food and Agriculture

The world’s population is estimated to be at 6 billion people and the world’s arable
land resources are about 1.5 billion ha (FAO, 1972). With such a population at the
moment, the per capita land available is only 0.25 ha. Hence inr the world today, there is
insufficient arable land (even assuming that energy resources and other technology are
available) to meet the food requirements (Pimentel, 1986). To feed this population will
require significant increases in food production. For example, legumes must be increased
by 173 %, vegetable by 233 % and cereals 330 % by the year 2100, when the population

is predicted to reach 16 billion people (Pimentel et al., 1975).

1.1.3 Vegetable production

Vegetables are of mixed origin and can be traced to various parts of Europe as well as
Asia, Africa and South America. The range of latitudes within which such crops are
grown varies from 20° north to 20° south of the equator (Simmonds, 1976; Grubben,
1977; Tindall, 1983). Since these vegetables have become wide spread, they bear
different common names or vernacular names according to the region. A useful reference
citing areas of production and yields of common vegetables is given by the 1976 and
1981 FAO production yearbooks (tablel).

Vegetable production is one of man’ s basic components in farming. Wherever he



settled for long enough to produce a crop, he always cultivated vegetables for human and
animal food. The level of success and productivity mainly depended on the climate and
seasons and the range of species cultivated (Raymond, 1985). Significant technological
advances have been made in the recent years which can lead to increased efficiency of
vegetable production in many parts of the world (Tindall, 1983).

The production areas of vegetables range from large scale farm enterprises and market
gardens growing for profit to private gardens or homesteads, where vegetables are an
essential element of the families own efforts to supplement their diets or income.
Vegetables are also cultivated in some societies as physical recreation or even for a past
time or hobby as stated by Raymond (1985). He also mentioned that, further extension
and development of urban community has led the commercial production to play an
increasingly important role in meeting the vegetable requirements of the population.
Commercial production has extended considerably during the last few decades in many
parts of the world as a large-scale enterprise to provide continuity of supply for the fresh
market, processors and export (HCDA, 1996).

Most vegetable growers have a relatively limited choice in the selection of their
production, but vegetable crops in comparison to field crops are high output crops. Their
cultivation is intensive and in a year, two or three crops with varying yields can be raised
(Veeraragavathatham et al., 1998), due to the ease of cultivation and their versatility for
growing in plains and hills of different altitudes (Simmonds, 1976; Grubben, 1977;
Tindall, 1983). They are crops, which can be fitted easily into many remunerative crop
rotations, and cropping patterns like inter cropping, multiple cropping and companion

cropping. By virtue of the foregoing characteristics, vegetable production provides



employment for labour round the year unlike other seasonal crops (Veeraragavathatham
et al., 1998).

The climatic conditions in any given area will normally determine the planting
system. In humid lowland areas, raised or cambered beds or ridges are normally prepared
for most vegetable crops. In semi-arid areas or for dry season cultivation, sunken beds are
most widely used and where rainfail is moderate and well distributed, cultivation on flat

beds is used (Herklots, 1972).

1.1.3.1 Vegetable Production in Kenya

Cultivation of export vegetables is evolving as an important income-generating
activity for multitudes of small-scale farmers in Africa. In Kenya, it's estimated that ovér
300,000 farm-families earn their income from cultivation and marketing of export
vegetables (Sithanantham et al., 1998). The annual production by the year 2000 is
expected to exceed 100,000 Metric tonnes (HCDA, 1996). Large and small-scale farmers
engage in vegetable growing either under irrigation, or rain-fed for local and urban
consumption or for export markets. Vegetable crops also support many industries such as
the cooking oil and fat processing industry, seed industry, fertilizer and plgnt protection
chemical industries, farm machinery and implements and packing and marketing
industries (Veeraragavathatham et al., 1998).

Though native vegetables are cultivated in Kenya for local consumption, other
vegetables from mixed origins have been grown mainly for commercial purposes. The
FAO (1973) annual world production report of vegetables exceeded 54.24 million metric

tonnes. The production of chilies and okra in Kenya between 1995/1996, for example,



exceeded twelve tonnes (table 2) while the production of assorted export vegetables from
Kibwezi irrigation project, exceeded five thousand cartons in the months of January and

February of 1995 (fig. 1).

The major producing areas in Kenya include some parts of Central, Rift Valley,
Eastern and Coast Provinces. The type of vegetables grown depend on the ecological
factors of the area and some of the major vegetables include, peas, onions, tomatoes,
cabbages, capsicum, eggplant, lettuce, cucurbits, okra, karella, French beans among

others (E. A seed Co, 1996).

1.1.3.2 Asian vegetables

The Asian vegetables have their origin in Asia and currently in Kenya they take a big
percentage of the total out put of vegetables (HCDA, 1996). The main vegetables grown
in Kenya include okra, capsicums, karella, cucurbits, lettuce and brinjals among others.
Between 1994 and 1996, for instance, thousands of cartons of Asian vegetables were
exported from Kibwezi irrigation project (fig. 1). These vegetables supply important
vitamins and minerals that the human body needs for a healthy and active life, while
several are of roughage nature and aid in digestion (Veeraragavathatham et al., 1998).
Furthermore, spicy vegetables add flavour and mint to food as well as being protective
against diseases like cancer and other bacterial and fungal infections. Moréover,
nutritionists have reported that spicy vegetables not only prevent infection but also play a

role in reducing blood sugar and cholesterol levels (Veeraragavathatham et al., 1998).



1.1.4 OkKkra Hibiscus esculentus L. Malvaceae

There are many cultivars of okra that vary in colour, time for maturity, stem length
and shape of the fruits. Pusa sawani, the variety which was used in the trials has a height
of up to 2m, has hairy and woody stem when mature, leaves are alternate with upper
leaves more deeply lobed than the lower ones. Flowers are axillary and solitary with
yellow corolla, the fruits are dark green, ridged, pointed and pyramidal and 10-25 cm.
long with a diameter of 2-3 cm. (Tindall, 1983). Okra probably originated from tropical
Africa (Hill and Waller, 1994) or possibly tropical Asia (Tindall, 1983) and is widespread
throughout the tropics. It is tolerant to a wide range of rainfall with supplementary
irrigation required up to the fruiting period (Tindall, 1983). The pods may be harvested
50-70 days from sowing and succession harvesting of young pods is done, as mature pods
become fibrous. Harvesting may be done up to 30 days giving an average of 2-3 tonnes
/ha. of green pods (Tindall, 1983). An average of 500 cartons/ ha of okra has been

obtained in Kibwezi irrigation project in two years (table 3) equivalent to 5 tonnes/ha.

Immature fruits are boiled or fried and used as vegetable, they can be added to soups
and stews or may be dried and powdered for use as flavoring. The young shoots and

leaves are also edible with high minerals and vitamins levels (Tindall, 1983).

1.1.5 Chilies Capsicum annuum L. Solanaceae
Chili has probably an origin from Peru (Hill and Waller, 1994) or probably Mexico
(Tindall, 1983) and is now widely distributed throughout tropical and subtropical areas.

Many cultivated forms exist based on the morphological forms of fruits and colour



(Tindall, 1983). The long pepper (orrhy/anaheim variety) has been selected for trials, and
is an annual or short-lived perennial herb of up to 1.5m in height. The stems are often
branched and growth is normally indeterminate, the leaves are alternate, simple and the
tip is pointed, the flowers are single with white petals. The fruit is a many seeded berry,
hollow, long with two or more locules, green to red when ripened with pungent smell, 20-

30cm in length and 4cm in diameter (Tindall, 1983).

An average rainfall of 600-1200mm is adequate but excessive rainfall affects
flowering and fruit setting and may also encourage fruit rot and decay (Tindall, 1983). A
water deficit may result to flower and/ or bud abscission. The first fruits are hand picked
after 70 after transplanting and picking continues for about 60 days. Yield varies between
12-20 tonnes/ha. (Tindall, 1983) and an average of 759 cartons/ ha (equivalent to 7.59

tonnes/ha) was obtained from Kibwezi irrigation project over a two year period (table 4).

Chilies are used in soup and stews, are also eaten raw in salads and the pungent
substance of chilies is capsaicin (Tindall, 1983). They are also used in curries or dried to
make cayenne pepper and paprika (Hill and Waller, 1994) with high content of minerals

and vitamins.

1.1.6 Constraints in vegetable production

Despite the continued increase of production and acreage under vegetable crops,
farmers are experiencing production problems ranging from high cost of production to
poor market value of their produce. One major problem encountered by the vegetable
growers is the effective prevention and control of pests and diseases (Tindall, 1983).

Pests attack vegetables and the resulting yield losses are high. World crop losses to pests



are currently estimated to be about 37% (Pimentel, 1986). Losses to pests may have been
intensified by the use of new intensive crop production technology introduced with the
new scientific revolution (Cramer, 1975).

The overuse of land under vegetable production for long without crop rotation
especially by small-scale holders has resulted in poor soil fertility. Ignorance among the
marginalised people and lack of knowledge on the soil management has resulted to far
reaching effects on yields. Leaéhing of soil minerals due to irrigation, mining of fertility
constituents of the soil without the continuous enrichment of soil with cheap organic
manure or the expensive inorganic fertilizers render the soil infertile and therefore
unsuitable for proper crop growth (Hill and Waller, 1994). Vegetable crops in the tropical
countries are oftenly attacked seriously by arthropod pests because they are grown mostly
as intensive crops with considerable inputs such as fertilizers and irrigation water. Due to
this, cultivation is within a limited area with narrow crop rotations and hence insects find

optimum conditions to develop high populations (ILACO, 1981).



1.2 LITERATURE REVIEW
1.2.1 Insect pests of okra

The crop has a broad spectrum of pests as is common with other Malvaceae plants. A
very large number of insect pests from many taxonomic groups can be found feeding on
the plant. Defoliation and stem boring by a wide range of caterpillars and beetles tends to

be both sporadic and localized and so serious is the damage caused (Waller, 1994).

The major group of pests of okra include the green leathoppers, Empoasca sp.
(Cicadellidae) which are sapsuckers (Hill, 1983). They have been commonly observed in
this crop and feed principally on leaves, thus inhibiting food translocation and may also
transmit diseases and cause curling of leaves. Some caterpillar pests have been found to
bore into the fruits of okra and/or feed on the leaves. The spiny bollworms Earias sp., E.
biplaga WIk. and E. insulana (Boisid.) (Noctuidae) bore into terminal shoots of »young
plants causing death of the tip and cause subsequent development of side shoot (Tindall,
1983). Flower buds and young capsules are shed after being bored into (Hill and Waller,
1994). Heliothis armigera (Noctuidae) bores clean circular holes on flower buds and
pods. Among common bugs attacking okra is the cottonseed bug, Oxycarenus
hyalinipennis (Lygaeidae) which is a sapsucker. Other pests include cotton stainers
Dysdercus sp. (F.) (Pyrrhocoridae), the most common one reported on ékra being D.
superstitious whose adults feed in large numbers on the fruits and seeds by sucking the
sap. The blister beetles (Meloidae) destroy flowers and reduce fruit set, the cotton leaf
roller, Sylepta derogata (Pyralidae) larvae roll leaves and feed inside the leaf-roll. The
pink bollworm, Pectinophora gossypiella, (Gelechiidae) larvae feed on developing

capsules (Hill and Waller, 1994).



The adults and nymphs of melon aphid, Aphis gossypii Glover (Aphidae) suck cell
sap causing leaf distortion and cupping, and in severe infestation they may debilitate the
plant. They are serious vectors of viral diseases (Tindall, 1983). Among the leaf-eating
beetles infesting okra is the Lagria villosa T. which, feeds on a wide range of other plants
including pumpkin and winter squash (Tindall, 1983). The adult flea beetle, Nisotra sp.
(Chrysomelidae) feeds on the outer layers of leaf tissue and is particularly damaging
when it attacks the cotyledons while the larva feeds on the roots without significant

damage (Tindall, 1983).

Root-knot nematodes, Meloidogyne species (Heteroderidae) stimulate the formation
of root galls interfering with plant water supply and result in stunted and chlorotic

growth. Affected plants can be pre disposed to diseases (Tindall, 1983).

1.2.2 Insect pests of chilies

Insect pests are not as important on chilies (peppers) as diseases or weeds (Critchley,
1997). The major pests include, aphids, mainly Aphis gossypii and Myzus persicae
(Aphididae) which are polyphagous. The damage is both direct by feeding and indirect
through disease transmission. They typically distort young leaves and shoots. The main
viral diseases they transmit are mosaic and leaf-curl. Thrips (Thripidae) infest foliage
(Hill, 1983), flowers, leaves, fruit twigs or buds while other species act as vectérs of
diseases. They are thought to be transmitting the mosaic and leaf-curl diseases in India
and south East Asia, and are the probable vectors of mosaic and leaf-curl virus. The

adults and nymphs suck cell sap resulting in distorted shoots and leaves and
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underdeveloped fruits (Tindall, 1983). Among the species of thrips infesting chilies are
Thrips tabaci (onion thrips) and Scirtothrips dorsalis H., (chili thrips) which infest
flowers and leaves causing scarification of foliage (Hill and Waller, 1994).

Some caterpillar pests tunnel into the developing fruits causing deformation of the
fruit. Two common caterpillar pests, Helicoverpa amigera and Spodoptera litura
(Noctuidae) bore into the fruits. The striped blister beetle, Epicauta albovittata
(Meloidae) is a heavy defoliator (Hill, 1983). The adults occur in large counts and cause
damage by mining irregular-shaped holes in the lamina and eventually defoliating the
plant (Hill and Waller, 1994).

The fruit fly, Ceratitis capitata (Wied.), (Tephritidae) larvae tunnel into the fruits and
introduce pathogens, which facilitate fruit rotting. The eggs are laid in groups below the
fruit skin, the fruit then falls prematurely and the larvae pupate in the soil (Tindall, 1983).
Whiteflies, especially Bemisia tabaci (Aleyrodidae) have been found to infest the foliage
of chilies, and they damage the plant by sucking the sap and transmitting viral diseases
(Vacante, 1989).

Other pests infesting chilies include the green leafhoppers or jassids, Empoasca sp.
(Cicadelllidae) which are sapsuckers with toxic saliva that feeding causes tissue necrosis.
The capsicum gall midge, Asphondylia capsici (Cecidomyiidae) larvae cause flower drop
and make galls inside developing fruits causing fruits to deform and to remain small (Hill
and Waller, 1994). The yellow tea mite Polyphagotarsonemus latus (Tarsonemidae)
causes the leaves to be scarified and causes severe damage to chilies at flowering and
fruiting stages (Hill, 1983).

In Ghana, for instance, few insect pests were reported by Critchley (1997) infesting
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chilies. The leaf beetles and flea beetles, Lema sp. (Chrysomelidae) are minor pests of
localized importance. Both larvae and adults feed on young leaves and shoot tips and
cause minor defoliation. The Coreid and leaf-footed bugs (Coreidae) are piercing and
sucking insects on new growth and developing fruit, causing distortion, poor
development and shoot die-back. Termites (Termitidae) are pests on isolated or damaged
plants during cultivation especially in the dry season. Grasshoppers and locusts
(Acrididae) are probably bivoltine but do little economic damage as they are

predominantly graminivorous and probably only alight on chilies to rest between flights.

1.2.3 Control strategies of insect pests

Science and technology in pest control can help man to overcome future food crises
that face humanity as pest numbers rapidly increase. The problems associated with pest
control are inextricably bound to complex biological and environmental aspects of crop
management as well as to the other aspects of the ecosystem to man.

One of the major problems has been that of starvation on one hand and the threat of
worldwide environmental pollution on the other (Debach and Rosen, 1991). Neither of
the problems can be solved without aggravating the other. Thus, in orde; to feed the
world population, we must devise effective means to control the many pests that take a

heavy toll on agricultural crops without increasing environmental pollution.
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1.2.3.1 Chemical control

Modern era of chemical pest control began with the invention of synthetic organic
insecticides in the early 1940’s (Debach and Rosen, 1991). First came DDT and then
other chlorinated hydrocarbons that have broad-spectrum pesticidal effect. The
organophosphates and carbamates followed, and these have shorter residual activity. Both
the organophosphates and carbamates have high toxicity to all living things. The
pyrethroids replaced the old synthetic chemicals (Kumar, 1984). Mostly, modern
pesticides have provided potent means of suppressing arthropod pests. Agriculture
accounts for more than half of the total pesticides used worldwide (Luck et al., 1977), and
it has been evident that chemical control has been instrumental and it is far from reaching
global arthropod control.

Although man has tended towards use of chemical pesticides, most of them are
biocides, toxic to humans as well as to many other non-target organisms. Between
400,000 and 2 million pesticide poisoning cases occur every year and most of them
among farmers in developing countries, while 10,000 to 40,000 result in death (Postel,
1987). The need for safer, less costly alternatives to chemical control is evident from the
side effects of pesticide use. Some promising control methods include use of cultural
control, resistant varieties, pheromones, biological control and plant bio-pesticides within

an integrated pest management system.

1.2.3.2. Biological control
Biological control is the utilization of natural enemies to reduce the damage caused

by noxious organisms to tolerable levels. In applied forms or in the scientific standpoint,
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okra, the leaf-eating caterpillar Sylepta derogata could be controlled effectively with
aqueous neem kernel extract (ANKE) even at a low concentration of 25g/liter of water
(Dreyer, 1987).

The incidence of B. tabaci adults on okra was reduced by aqueous extracts from seeds
and leaves of neem especially with seed extracts being more effective (Siddig 1981). The
cotton aphid 4. gossypii was controlled effectively on okra by four weekly sprays of 50g/1
aqueous neem seed extract (ANSE) and 2% neem oil, the effects being similar to those of

the synthetic carbamate butocarboxim (Dreyer and Hellpap, 1991).
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1.3 Justification of the study

In Kenya, the horticultural crops are rapidly becoming part of income generation
activities among many farmers. Okra and chilies are newly introduced in Kenya (in the
late 1980’s), although their cultivation else where dates back to the eighteenth century.
They comprise a big proportion of the vegetables meant for export. However, the
decreasing levels of attainable yields due to increasing soil infertility, pests and diseases
infestation threaten the farming of these vegetables. Of these, disease and pest
infestations are of great economic value to the farmers.

This study provides the lacking baseline information regarding the important insect
pests that affect the crop production, possible environment-friendly control measures and
the appropriate time for the control. Similarly, information on the damage and associated
yield loss from insect infestation in these two crops is inadequate. Not much work has
been done in Kenya relating to insect pests of okra and chilies among the low socio-
economic farmers of the tropical semi-arid regions in Kenya and hence the need to

conduct the study.
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1.4 Objectives of the study

The dynamics and infestations of insect pests and associated yields loss form an
important component of crop production. The pontrol of insect pests by use of chemicals,
plant products and the natural enemies are irﬁportant components of integrated pest
management strategy. The studies were carried out over two crop seasons in a semi- arid
tropical region of Kenya on two Asian export vegetables (okra and chilies) in order to;
1) Characterize the insect pest spectrum of chilies and okra in relation to plant

phenology (plant growth stage) under the prevailing weather conditions, |

i1) Identifying the common natural enemies regulating the insect pest populations,
iii) Determine the damage and yield loss caused by insect pest infestations
iv) Assess the impact of neem formulations on insect pests, associated yield loss and

natural enemies on both crops.
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EXPORT TRENDS FOR THE PAST THREE YEARS
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Fig. 1. Export trend of Asian export vegetables from Kibwezi irrigation
project over-a period of three years.
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Table 1. The world’s vegetable production (‘000 Metric tonnes) in 1975 and 1980.

Vegetable Rest of the world Africa Asia Europe

1975 1980 1975 1980 1975 1980 1975 1980
Artichokes 1413 1296 91 99 17 15 116 69
Cabbages 16411 35139 494 640 6466 15401 1299 571
Cantaloupes 4450 6676 4450 6676 1456 3183 290 305
Carrots 5356 10087 256 384 669 2611 227 419
Cucumber 5257 10524 216 305 1998 5312 33 46
Eggplants 2592 4508 342 442 1630 3418 3 7
Garlic 1495 2380 195 210 663 1368 128 181
Green beans 2029 2428 205 298 312 646 71 117
Green chilies
and peppers 4347 6888 808 1062 724 2813 136 169
Green peas 4781 4239 906 113 381 604 145 145
Onions 16031 19410 1243 1528 7406 8705 1041 1722
Pumpkins 5292 5219 823 997 1155 2146 751 682
Roots & tubers 562238 487113 77847 83903 213780 179275 42865 42189
Tomatoes 39476 50153 3589 5121 6238 11855 1862 2947
Watermelons 17781 25071 1761 2050 7745 14065 1063 1020

Source: Food Agricultural Organization (FAO) of the United Nations. FAO
production yearbook (1976) Vol. 29 and (1981) Vol. 34. Rome.
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Table 2. The production of okra and chilies in Kenya between 1995-1996

Vegetable Weight (metric tones) Value (K£)
Chilies 5,925 5,408,172
Okra 6, 183 5,841,732
Total 12, 108 11, 249, 904

Source: Provincial reports, MOALD & M 1995/1996.

Table 3. Average yield/ha of okra for the year 1996 and 1997

Year Number of cartons/ha. Value (K. Sh.)
1996 509 63, 241

1997 498 56, 042

Total 1,007 119,283

Source: Kibwezi farm reports (1998).
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Table 4. Average yield /ha of chilies for the 1996 and 1997

Variety Year Number of cartons/ha | Value (K.Sh)
Long chilies 1996 0 0

1997 941 72,220
Bullets 1996 1,006 80,395

1997 708 3,860
Thin chilies 1996 580 29,765

1997 308 3,280
Sweet pepper | 1996 0 0

1997 217 3,070
Total 1996 1,586 110,160

1997 2,174 117,430

Source: Kibwezi farm reports (1998).
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CHAPTER TWO

2.0  INSECT PEST INFESTATIONS AT DIFFERENT PHENOLOGICAL
STAGES OF OKRA

2.1 Introduction

A very large number of insect pests from several taxonomic groups feed on okra
as is common with other plants in the family Malvaceae (Hill and Waller, 1994).
Several pests are often found attacking the same plant simultaneously. In many
occasions insect pests are found near the damaged part. However in other instances,
the damaged part may be found without the insect, though the damage may be
characteristic of certain insect or a group of insects. According to Hill and Waller
(1994), insect pest damage has been categorized into three groups;
i). Generalists; insects feeding by biting pieces of plant material and chewing. These
insects cause damage to plant by loss of photosynthesizing tissues that may result in
defoliation, destruction of buds and shoots, boring or tunneling of stems, roots and
tubers and formation of galls among others
i1). Sap suckers with piercing mouth-parts; damage resulting from these group of
insects include wilting, leaf curl, stunting or death especially from insects with toxic
saliva
iii). Vectors of diseases; these are serious pests to crops as they can lead to severe
outbreaks of diseases even with low insect counts. Insects may create Womds on
parts of the plant, which eventually becomes septic due to bacterial or fungal
infection. Other groups of insects are intermediate hosts for disease causing

organisms.
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The present studies were aimed at establishing the pest spectra of okra at different
plant growth stages under the hot climatic conditions. An important aspect that was
considered was establishing the most critical stage for pest attack and that would

require intervention.
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2.2  MATERIALS AND METHODS

2.2.1 Study site

The studies were carried out during two seasons at the University of Nairobi
(U.o.N) Kibwezi irrigation project (K.I.P) field station at Kibwezi in Eastern
province of Kenya (2°21-5’S, 38°2-5’E and 700m above the sea level) (Fig. 2.1). The
site has bimodal rainfall with a mean annual rainfall of 600mm. The rainfall is
reliable during the short cropping season (October to December) but is unreliable
during the long cropping season (March to May) (Anonymous, 1996). This
information was also supported by the meteorological data collected during the study
(fig. 2.2). The average annual temperature is between 25%-30°c with the hottest
months being September to October and January to February with mean temperatures
of 35°% (Anonymous, 1996). The main soil type is eutric luvisols with a pH averaging

at 7- 7.8 (Ekipara and Muya, 1991).

2.2.2 Experimental design and plot lay out
The experimental plots were laid out in a completely randomized block design
(Simmonds, 1976) witﬁ six treatments (table 2.1) replicated four times. '
Okra seeds (Pusa sawani variety) were sown on October 1998 and February 1999
in 4 x 3 sq. m. plots with a row to row and plant to plant spacing of 60 and 15 cm
respectively with an average plant population of 100 plant/plot. A Im-wide buffer
strip of bare ground separated the plots. The common fungal and bacterial diseases

were controlled by foliar applications of copper-based fungicides and the normal

agrotechniques were adopted on all the plots. Foliar applications of either knock
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down [Karate (Lamda Cyhalothrin), Sumithion (Fenitrothion) and Lannate
(Methomyl)] and/ or systemic insecticides, Rogor (Dimethoate) and Evisect, were
sprayed alternately on weekly basis to the specified growth stages at rates
recommended and directed by the manufacturers and the Horticultural Crops

Development Authority (HCDA), (1996).

2.2.3 Abundance of insect pests

During the short and long rains cropping season of October to January 1998 and
February to May 1999 respectively, one week after crop emergence and three days
after chemical insecticide application, five okra plants were randomly sampled from

each plot.

Estimation of the numbers of aphids, white flies and red spider mites was done
using a modification of Saika and Muniyappa (1989) and Mote (1977) empirical
scales of 1-5 (table 2.2). The under surface of each leaf was closely examined for
these pests. The numbers of white flies were counted during the early morning hours

(6-8 hrs.) when they were inactive.

The numbers of leaf hopper nymphs and adults, leaf beetles, cotton stainers and
other sucking bugs, flower beetles, flower thrips, leaf miners, leaf eating caterpillars
and pod borers were estimated from the five randomly selected plants of each plot.
Their populations were determined by actual counts. Some leaf-eating'caterpillars
from the border rows were handpicked and reared in petri dishes in the laboratory on
their natural diet until adult emerged to recover any parasitoid. Flower thrips were

estimated by picking five flowers per replicate and preserving them in 70% alcohol
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for 2-3 hours as proposed by Bournier et al., (1982). The leaf miners were estimated
by counting freshly mined tunnels by the larvae from the four upper most leaves.
Data obtained were expressed as the number of insect pest per five plants. Adult and
nymphal stages of insect sample specimens were collected and preserved in 70%
alcohol or dry mounted and sent to the Biosystematics department (I.C.I.P.E) and

Kenya Plant Health Inspectorate Services (KEPHIS) for identification.

2.2.4 Data analysis

To standardize the data, square root transformation was performed on scores and
numbers of insect data collected over the two seasons. To test for treatment effects,
data collected were averaged for each individual treatment and plant growth stage
during the two cropping seasons and analyzed using repeated-measures two way
analysis of variance ANOVA (PROC GLM, SAS, 1995). The means were separated
using the Student-Newman-Keuls (SNK) test. Overall population patterns of insect
pests in the control plots over time were illustrated by plotting the data collected

against each plant growth stage.
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23  RESULTS
2.3.1 Abundance of insect pests on okra

A complex of insect pest species infested okra during the two season trials. A
total of eleven different insect pest orders were observed infesting okra at different
plant growth stages (table 2.3).

There was a variation in the crop growth duration in the two seasons as
demonstrated by the number of sampling occasions. The first season had a sampling
period of eight weeks while the second season had a sampling period of seven weeks.

Both seasons showed similarities regarding occurrence of most pests, although
the second season had an addition of an extra pest (red spider mite) and
disappearance of leaf hoppers and leaf beetles, which were observed in the first
season. Aphids, white flies and red spider mites infested the crop in large numbers
(fig. 2.3 a.). Aphid (plates 2.1) infestation started in low numbers in the early
vegetative growth stage of both seasons and increased at an increasing rate with plant
growth. The highest population of aphids was observed in the maturity stage of the
two cropping seasons. The first crop season, however, had high mean scores of
aphids than the second crop season. Whitefly infestation was low and occurred after
the short rains in the early vegetative stage of both crops seasons. Their population
increased to a stable state in the late vegetative stage. However, they disappeared
from the second season crop at the late vegetative stage, while in the first ¢rop season,
their population decreased with crop maturity. Red spider mite occurred on the
second season crop only during the maturity stage. Infestation by sucking pests that

included cotton stainers, sucking bugs and leathoppers (fig. 2.3.b) was noted in
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both season crops. Cotton stainers infestation was high in the second season crop and
occurred from the early vegetative stage, while in the first season crop, it started
during the flowering period. Cotton stainers disappeared from the crops before the
end of the season. Several species of sucking bugs were common during the maturity
stages of crop growth. The leathoppers infested the crop during the first crop season
from early vegetative stage when plants had developed dense foliage to the maturity
stage. The most leaf damaging pests included the caterpillars (plate 2.3) and leaf
miners (fig. 2.3.c). Infestation by caterpillars and leaf miners occurred during the
early vegetative stages of crop growth. The population of caterpillars decreased with
crop growth while the leaf miners had the highest infestations during the early and
late vegetative growth stages, which decreased with crop growth. Leaf miners were
more during the second crop than the first crop. Leaf beetles (plate 2.2) fed on the
young shoots and were only observed in the reproductive stages of the crop of the
first crop season.

The fruit borers (plate 2.4) and flower beetles infested the crop from the
reproductive and maturity stages (fig.2.3.d). The second crop had high infestations of
the flower beetles and fruit borers than the first crop, which caused substantial

damage to the flowers and fruits.

2.3.2 Effect of the treatments on insect pests of okra
There were differences observed in the relative severity of infestation by pests

among the treatments in both the trials (tables 2.4.a and b.). Among the treatments,
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which received pesticide applications at different times of plant growth, differences
between certain pests at certain stages of plant growth were noted.

Aphid scores in the first crop season were significantly different (p< 0.05)
between treatments. Treatment one had the highest (1.89) population and at par with
treatments two, three and six while the lowest population was observed in treatments
five and four during the first season crop. In the second crop, aphid population was
high (2.52) in treatment six as compared with treatment three (2.50). The least aphid
population was observed in treatment five.

Whiteflies population was significantly different (p< 0.05) between treatments.
Treatments one, two and three had the highest population and at par with the control
while, the lowest populations were in treatments four and five during the first crop. In
the second cropping season treatments six and four had the highest comparable
populations while treatment five had the lowest population.

Leafhoppers, which were only observed during the first crop season were
statistically different (p< 0.05) between the treatments with the highest population in
treatment six. Treatments two and five recorded the least population. Cotton stainers
numbers in the treatments were at par with the control during the two cropping
seasons. However, treatment three and six of first and second season recorded the
highest (1.02 and 1.23) numbers. Treatment six of the first crop recorded the highest
(0.86) number of leaf eating caterpillars while the least (0.71) population was
observed in treatments four and five. In the sgcond crop trial, none of the treatments
showed significant differences for caterpillar populations though treatment four

recorded the highest (0.95) population.
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All treatments did not show significant differences with the control in leaf miner
populations in the first crop season although treatment two recorded the highest
(1.99) and treatment five the least (1.51). In the second crop season, the population of
leaf miner was far much higher than in the first crop season. Treatments one, two,
three and six were not significantly different within each other but significantly
different (p< 0.05) from other treatments and with the highest (6.92-7.10) populations

of leaf miner. The least (3.01) mean counts were recorded in treatment five.

Population of the sucking bugs in the first crop was not significantly different
between the treatments, although treatment six had the highest (0.91) number of
observation and five the least (0.71). Treatment two of the second crop recorded the
highest (1.52) population and differed significantly (p< 0.05) from other treatments.
Treatments five and four recorded the least (0.71) population.

Population of fruit borers was not significantly different between the treatments
in both trials. The same observations were made with the flower beetles.

Flower thrips in the first crop season were significantly different (p< 0.05)
between the treatments. The highest number (2.35) was observed in treatment six and
the least (1.35 and 1.18) in treatments four and five. Treatments one, two and three
were at par with the control. Treatments six, two and three of the second crop season
recorded the highest significantly different (p< 0.05) population of ﬂower' thrips from
treatments four and five which, recorded the least populations of thrips.

The red spider mites were only observed during the second cropping season

where treatment six recorded the highest (1.41) incidence of the red spider mites as
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opposed to treatment five with the least (0.97) observations. However there were no

significant differences between (p> 0.05) the treatments on red spider mites numbers.
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2.4 Discussion

Sutherland et al., (1996) and Southwood and Norton (1973) have cited that the
development of solutions for the constraints to crop production caused by insects
requires, as a precursor, the collection and collation of a wealth of varied and variable
data information. Traditionally this has been done by discipline focussed scientists
using a range of techniques and formats. It is evident from these studies that okra has

a complex pest problem which, infests the crop at different stages of growth.

Observations of pests on okra under different treatment regimes over a period of
two cropping seasons provided baseline information on pest dynamics, the critical
stage of pest iﬁfestation and the appropriate time for crop protection on okra in semi-
arid regions. Pests occurred at different times of crop growth and there was a trend of
most pests to increase from low infestation levels to high infestation levels before any
limiting factor regulated their counts. The hot climatic conditions of the study site
favoured the increase of pest populations (Anonymous, 1996) as is common in most
hot tropical zones. Weather conditions affect populations build up of insects and most
density-independent mortality factors are effective regulatory mechanisms of insect
counts (Hill and Waller, 1994).

Aphid counts were highest in the dry and hot conditions of the first crop season
before onset of the short rains though they were predominant in both seasons in
almost all the growth stages. Melon aphid, Aphis gossypii Glover, has beén reported
as the common aphid on okra and in severe infestation they may debilitate the plant
especially in the early growth stages of the crop (Tindall, 1983). Although this was

not observed, honeydew secreted by the aphids prompted the growth of fungi on the
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leaves, which became sooty during the first cropping season.

Whiteflies (Bemisia tabaci) were major pests during the first cropping season
after the short rains, (Muriungi, personal communication). Although whiteflies are
vectors of viral diseases (Vacante, 1989) on chilies for instance, there were no
incidences of viral diseases on okra and no indication of any particular growth stage
favoured, as they infested the entire plant life in the first cropping season trial. Their
disappearance shortly after the rains in the second season was prompted by the
indiscriminate application of pesticides on the adjacent commercial plots and the dry
weather accompanied by high temperatures. A recent survey of white fly problem in
tomato cropping systems in Kenya noted the unusual occurrence of the pest in
Kibwezi during the months of November to March 1998 after the short rains (Bob,
personal communication).

The green Leathoppers (Empoasca sp) have been observed on this crop and feed
principally on leaves, thus inhibiting food translocation. They may also transmit
diseases and cause curling of leaves (Hill, 1983). There was no feasible explanation
for the appearance of this pest in one season and not in the other. It was evident
during the sampling periods that leathoppers infestation occurred when the plants
attained a good percentage of ground cover. Cotton stainer (Dysdercus sp) was a
common pest of okra. Infestation started during flowering as is common in cotton.
They suck sap from cotton bolls (Hill and Waller. 1994) and were obseﬁed sucking
sap from flower buds and young fruits of okra. However the damage they inflicted on

the flower buds and fruits was not noticeable.

Three species of leaf caterpillars (Ancylolomai sp, Helicoverpa armigera and
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Plusia sp) bored into terminal shoots of young plants causing death of the tip and
subsequent development of side shoot, this has also been reported by Tindall (1983)
on cotton. They may defoliate the leaves and thus inhibit photosynthesis. It was
during the early and late vegetative growth stage that the caterpillars preferred
feeding on leaves but in rare occasions, they infested the crop at the maturity stage.
Their natural enemies as has been reported in Egypt by Zaki (1996) may have
brought about their low numbers. Such enemies may include the dipteran parasitoid
(Baya, personal communication) and Campoletis chlorideae (Hymenoptera,

Ichneumonidae) (Sathe and Santhakumar, 1992).

Leaf miner (Liriomyza sp.) was a major pest of okra during the early and late
vegetative stages. Larvae mined tunnels between the upper epidermis of the first
young leaves. This interfered with the process of photosynthesis, and the most
affected leaves dried and fell off. The population of leaf miners was high during the
second cropping season when favourable hot climate facilitated rapid reproduction
(Mueke, 1992 unpublished). Sucking bugs (Oxycarenus hyalipennis) were noted
during fruit formation and occurred as seed bugs. A number of leaf beetles, the
Leptaulaca fissiocollis, Copa delata, Lagria villosa, Lixus sp. and Apion sp. were
identified as pests on okra. They were particularly damaging to the cotyledons as

reported by Tindall (1983) and caused defoliation during the late vegetative stages.

Flower beetles (Coryna apicicornis), flower thrips (Frankliniella occidentalis and
Haplothrips gowdeyi) and fruit borers (Helicoverpa armigera), were serious pests of
okra during both cropping seasons at flowering and fruiting stages. The stage at

which they infested the crop was critical as any slight infestation resulted in
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significant damage to the quality and quantity of fruits. Flower beetles were common
at the onset of flowering period. They possibly originated from alternative host crops
in the commercial plots and their feeding habits interfered with the process of
fertilization and fruit setting. Flower thrips feeding in the flowers resulted in
deformed fruits and so reduced the quality. The fruit borer, Earias sp, has been
reported as the most serious pest of okra causing 8.4 to 73.2 percent fruit infestation
(Kumar and Urs, 1988). The fruit borer infestation at fruiting stage (about 40 days
after sowing) in both trials coincided with that observed by other workers in Asia

(Srinivasan and Krishma Kumar, 1988).

The red spider mite infestation at the end of second cropping season suggested
their resurgence as a potential pest when weather became favourable for their
multiplication. Although they have been identified as pests of okra in the study site
(Ogembo, personal communication), it was observed that okra appeared to tolerate
their presence due to its vigorous growth and presence of predatory beetles especially

coccinellids and carabids which kept their population low.

Treatments, which received insecticide, spray at particular time of the plant
growth, had the pests controlled only at that stage. This did not reflect a total pest
control in the rest of the other growth stages and pests reappeared on these treatments
due to the disappearance of insecticide toxicity. The FAO (1981) yearbook pointed
out that experiments comparing sprays applied at different times may be affected by
interplot interference (Bainbridge and Jenkyn, 1976). The fully protected plots
against insect pests (treatment five), recorded the least pest numbers at any one time

that were significantly different (p< 0.05) from other treatments. The unprotected
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plots (treatment six), recorded the highest pest populations in both seasons. The
population of pests in the control plots compared in most cases to plots that received
chemical insecticides sprays at certain plant growth stages. However, this did not
imply absence of pests in the protected plots because insect pests appeared to have
developed resistance to pesticides due to continuous use of pesticides (Yu, 1993) as
was the case with the farm on which trials were conducted. Some plants escaped pest
attack in the unprotected plots and this prevented the expected observations to be

made during sampling for pests in the treatment.

The most critical growth stages requiring spray intervention with pesticides
against leaf hoppers and aphids have been identified as 21 and 35 days after sowing
(Srinivasan and Krishna Kumar, 1988), and 40 days after sowing for fruit borers
(Krishna and Srinivasan, 1984). Okra should be protected against leaf miner
immediately after emergence, with systemic pesticides and immediately after
flowering for flower beetles and flower thrips. Occurrence of one adult of white fly in
a leaf is the best time for their intervention (Guharay and Monterrey, 1993

unpublished).

Controlling insect pests at certain intervals of the crop growth may have little
impact on pests populations build up. The observations of pests obtained from
treatments 1-4 had no significant difference (p>0.05) with those obtained from the
control treatment. Protection of the crop against pests at reproductive and during the
entire growth period significantly reduced the pest populations and more importantly

reduced the damage inflicted on the yields.
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Fig. 242 Weather information collected from the farm meteorology station during
September 1998 to May 1999.
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Figs.2.3 a and b. Relative abundance of pests (aphids, whiteflies, red spider mite (red/mite),
sucking bugs (s/bugs), cotton stainers (c/stainers) and leathoppers (I/hopper) under different
plant growth stages of okra (early vegetative growth stage (e.v.g), late vegetative growth stage
(l.v.g), reproductive stage. (r.s) and maturity stage (m.s). Means represent averages for pooled
data (scores) across sampling occasion of the control plots in okra during seasons 1 and 2 (s1,
s2). Aphids, whiteflies and red spider mite data are based on 1-5 visual score rating.
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Figs.2.3 ¢ and d. Relative abundance of caterpillars, leaf miner (I/miner), flower beetles
(f/beetles) and fruit borers (f/borers) under different plant growth stages of okra (early
vegetative growth stage (e.v.g), late vegetative growth stage (l.v.g), reproductive stage (r.s)
and maturity stage (m.s). Means represent averages for pooled data (counts) across sampling
occasion of the control plots in okra during seasons 1 and 2 (s1, s2).
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Table 2.1 Treatment regimes and period of chemical insecticide application on okra.

Treatment Plant phenology Period of chemical pesticide application.
module

1. Early vegetative growth stage (E.V.G.S) 1-2 weeks after crop emergence

2. Late vegetative growth stage (L.V.G.S) 3-5 weeks after crop emergence

3. Reproductive/flowering stage 5-6 weeks after crop emergence

4, Maturing/ maturity stage 6-8 weeks after planting

3 Sprayed all through Once every week

6. Control No chemical pesticide application

Table 2.2 Aphids, white flies and red spider mite rating scale

)
A

Rating Estimated population
per plant

1-10
11-50
51-100
101-500
> 500

v AW N =
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Table 2.3 Insect pests observed on okra during two crop seasons

Reference Order Family Species
Name
Aphids Homoptera Aphididae Aphis gossypii Glover
White flies Homoptera Aleyrodidae Bemisia tabaci Gennadius
Leafthoppers Homoptera Cicadellidae Empoasca sp.
Cotton stainers Heteroptera  Pyrocorrhidae  Dysdercus sp.
Leaf caterpillars Lepidoptera  Pyralidae 1. Ancylolomai sp.
Noctuidae 2. Helicoverpa armigera
(Hubner)
3. Plusia sp.
Leaf miner Diptera Agromyzidae Liriomyza sp.
Leaf beetles Coleoptera Chrysomelidae Leptaulaca fissiocollis
Blanchard
Chrysomelidae  Copa delata Er
Lagridae Lagria villosa
Curculionidae  Lixus sp.
Apionidae Apion sp.
Sucking bugs Hemiptera Lygaeidae Oxycarenus  hyalipennis
Costa
Pentatomidae ~ u¥
Flower beetles Coleoptera Meloidae Coryna apicicornis (Guer)
Flower thrips Thysanoptera Thripidae 1. Frankliniella occidentalis
(Pergande)
2. Haplothrips gowdeyi
(Franklin)
Fruit borers Lepidoptera ~ Noctuidae Helicoverpa armigera
(Hubner) '
Red spider mite Acarina Tetranychidae ux

Bugs have been classified into three orders, Hemiptera, Homoptera and Heteroptera and
the latter two orders have been considered as independent orders and not suborder of

Hemiptera

u* - unidentified species
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Table 2.4.a Pest scores/ counts on treatments of the first crop season of okra (counts/scores/ five plants). Kibwezi 1998

Pest group Sampling factor protection during protection during protection during protection during protection during No protection
(score/counts  Early veg. late veg. growth  flowering stage Maturity stage all the growth
/ 5 plant) growth stage stage stages
Aphids scores 1.89+0.33a 1.73+ 0.29a 1.80+ 0.27a 1.11£0.15b 1.06+ 0.15b 1.66+0.29a
Whiteflies scores 1.55+0.18 a 1.64+0.17a 1.48+0.18a 1.18+0.16b 1.20+0.15b 1.61£0.17a
Leaf hoppers counts 0.96+ 0.08ab 1.09+0.11b 0.98+ 0.10ab 0.97+0.11ab 0.88+ 0.08b 1.18+0.11a
Cotton stainers counts 0.89+£0.10 0.94+0.10 1.02+0.14 0.75+ 0.04 0.87+0.09 0.82+0.08
Leaf caterpillar counts 0.77+ 0.04ab 0.79+ 0.05ab 0.81£ 0.05ab 0.71£ 0b 0.71£ 0b 0.86+0.05a
Leaf miner counts 1.92+0.21 1.99+0.27 1.94+ 0.27 1.77£0.22 1.51£0.21 1.77+£0.24
Other unidentified
sucking bugs counts 0.85+0.08 0.89+0.09 0.73£0.03 0.73+£0.03 0.71£ 0 0.91+0.08
Fruit borers counts 0.71£0 0.84+0.08 0.71£0 0.71£0 0.71+£0 0.71£0
Flower beetles counts 0.77+ 0.65 0.82+0.113 0.8@: 0.08 0.77+0.06 0.71+£ 0 0.82+0.11
Flower thrips counts 2.09+ 0.61ab 2.01+ 0.49ab 2.03+0.61ab 1.34+ (0.25b 1.18+0.18b 2.33+0.60a

Means with the same letter within the same row are not significantly different (SNK) p<0.05. Absence of subscripts indicates indicate
lack of significant differences.
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Table 2.4.b Pest score/ counts on the treatments of second crop season of okra (counts/scores/ five plants). Kibwezi 1999

Pest group

Sampling factor protection during protection during protection during protection during  protection during No protection

(score/counts  Early veg. late veg. growth  flowering stage Maturity stage in all the growth

/5 plant) growth stage stage stages
Aphids scores 1.65+ 0.20b 1.91+£0.27b 2.49+ 0.26a 1.67+ 0.24b 0.84+ 0.08¢c 2.52+ 0.26a
White flies scores 1.71% 0.33ab 1.46+ 0.38ab 1.86+ 0.27ab 2.19+£ 0.33a 1.07+0.19b 2.25+0.29a
Cotton stainers counts 0.90+0.14 0.86+ 0.08 0.91+0.08 0.93+0.13 0.76+ 0.05 1.23£0.23
Caterpillars counts 0.77+ 0.06 0.71£0 0.82+0.11 0.95+0.12 0.71£0 0.90+ 0.09
Leaf miner counts 6.61+ 3.87a 6.77+ 3.22a 7.06+ 3.78a 5.26+ 1.76ab 3.01£ 1.15b 6.91+ 3.23a
Other unidentified
sucking bugs counts 1.29+ 0.81b 1.52+ 0.82a 0.97+ 0.26¢ 0.71+ Oc 0.71+ Oc 1.29+ 0.58b
Fruit borers counts 0.84+0.12 0.84+0.13 0.97+£0.15 0.71£0 0.71£0 0.84+0.13
Flower beetles counts 0.88+0.10 0.71+0 0.97+0.12 0.79+£0.09 0.71£0 0.79+ 0.09
Flower thrips counts 4.38+ 0.45a 4.53+0.51a 4.51%0.45a 1.67+ 0.56b 1.62+ 0.64b 4.68+ 0.56a
Red spider mites  scores 1.38+ 0.67 1.13+:0:27 1.17£ 0.46 1.06+ 0.35 0.97+ 0.26 1.41+0.45

Means with the same letter within the same row are not significantly different (SNK) p<0.05. Absence of subscripts indicates indicate lack
of significant differences.



Plate 2.1 Aphids under the leaf surface of okra. Some of the aphids are mummified
by the parasitic wasps/parasitoids

Plate 2.2 Two species of leaf eating beetles feeding on okra leaves.



Plate 2.4 A fruit borer (Helicoverpa armigera) feeding on an already deformed okra
fruit.
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CHAPTER THREE

3.0 INSECT PEST INFESTATION AT DIFFERENT PHENOLOGICAL
STAGES OF CHILIES

3.1 Introduction

Critchley (1997) reported that, in Ghana insect pests of p