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TITLE:
STUDIES OF THE BIOLOGY OF THE LEGUME BUD THRIPS
MEQALUROTHRIPS SJOSTEDTI (TRYBOM) (THYSANOPTERA:THRIPIDAE)

and its resistance by COWPEA (VIGNA UNGUICULATA (L.) walp.

ABSTRACT

Studies on the bioloRy of MeRalurothrips s.jostedti
(Trybomi) revealed that mat inR commenced soon after adult
emerRence and is character ized by lack of courtship behaviour.
Mat inR lasted for an averaRe time of 1 min. 44 secs + 30 secs
(ranRe: 1 min 15 secs - 3 mins 10 secs). Oviposition beRan on
the same day of adul t emerRenee and eRRs were laid in the leaf
tissues especially in the terminal leaflets of the cowpea
seedlinRs provided. Incubation period lasted for an aver aRe
period of 2.74 + 0.44 days (ranRe: 2-3 days)

Nymphs on hatehinR were transluscent to white in colour
and turned yel low after 2-3 days. The yellow Torm Iaségd for
2-3 days and chanRed to oranRe form which lasted for 3-4 days
before pupat inR. The entire nymphal development period was
7.85 + 0.66 days (ranRe: 7-10 days). Pupation occurred in the
soil in cells 1lined with silken threads. The entire pupation
Period took an averare period of 5.48 + 0.85 days (ranRe: 4-7
days). Moisture was found to play an important role in
Pupation with pupae iIn dry sand dyinR from dessication while

those iIn moist sand emerRed normally. The entire life cycle



took 13-20 days. Parthenogenesis was observed to occur in M.
njostedti giving rise to a wholly male progeny.

Adult longevity in females took 5-22 days when food was
provided and 1-2.5 days when food was not provided. On the
other hand, males lived for 1-8 days when food was provided and
for 1-4 days when food was not provided.

S

In the studies of cowpea resistance to M. s_iostedti, it
was observed that the local cowpea cultivars namely Nya’milambo,
Katumani 4 and ICV 5 exhibited resistance iIn comparison to all
others when the test cultivars were all planted at the same
time. In a staggered planting regime which permitted
subsequent synchronised flowering of all the test cultivars,
Katumani 4, Ife brown and Nya’Mbita showed higher level of
resistance to thrips iIn comparison to all other test
cultivars. There was a significantly (P < 0.05) higher
population of thrips in malformed flowers than iIn healthy
flowers indicating that flower malformation is due to high

thrips population levels.

Data collected for yield loss due to thrips showed that
there were no significant (P = 0.05) differences among the test
cultivars regardless of whether or not the plants were sprayed
against thrips. It was therefore concluded from these
observations that thrips population levels of 2-7 thrips per

flower did not affect cowpea yields iIn Western Kenya.



CHAPTER 1

1. Introduction

1.1 The cowpea crop and its iImportance and uses

The cowpea Vigna unguiculata (L) Walp also known as
southern pea, blackeye pea, Qlubia, niebe, coupe or fri_jole is
an annual leguminous plant (Blackhurst, 1980). Some cultivars
may be spreading, others may be semi-upright or erect in growth
habit. Their flowers may be purple, pink, white, blue or
yellow in colour. The pods of most varieties hang downwards,
while others may point horizontally or vertically. The seeds
are varied in colour. The plant is self pollinating with about
2% cross pollination (Acland, 1971).

There has been controversy on the centre of
origin of the plant as evidenced by information available in
literature (Kornicke, 1885 in Piper 1913; Wight, 1907; Watt,
1908; Piper, 1913; Vavilov, 1935; Ames, 1939; Chevalier,
1944; Burkill, 1953; Sellschop, 1962; Zhukovskii,1962;

Rawal, 1975; Steele, 1976; Chandel gt g , 1978]. There is
however, substantial evidence which iIndicate that the most
likely centre of origin of this species in Africa is Nigeria
(Rachie and Roberts, 1974; Faris, 1965; Mwanze, 1971).

Cowpea attains 1its importance as a high protein
food crop for millions of people with poor nutritional
standards (Singh, 1980); This 1is particularly true of the

tropics where the problem of protein deficiency and



malnutrition are chronic and cowpea and other pulses provide
relatively cheap and locally available sources of energy,
minerals, vitamins and roughage for both man and livestock
(Khaemba, 1980). In addition, the crop has miscellaneous uses
in the maintenance of soil fTertility by their ability to
supplement soil nitrogen through atmospheric nitrogen fixation,
green manure and prevention of soil erosion (Okigbo, 1978;
Singh, 1980). It also thrives well 1in marginal soils, smothers
weeds and takes a short period to mature.

In Kenya, cowpea offers the best alternative as
the cheapest source of grain legume on the market. Apart from
common beans, it is the least expensive, most easily
transported, non processed proteinaceous food concentrate for
both rural and urban utilization (Khaemba, 1980). In semi-arid
areas of Eastern Kenya, early maturing determinate types are
grown mainly for grain production. In areas with moderate
rains (e.g. Coast province), medium maturing types yielding
both grains as well as leaves are grown. In Western and Nyanza
Provinces of Kenya (high rainfall areas), late maturing
indeterminate types are grown mainly for leaves rather than for

Rrains (Muruli et al, 1980).

1-2 Cowpea distribution, production and yield constraints

Cowpea 1is predominantly a hot weather crop well adapted

to semi-arid and tropical forest margins.. |Its ability to grow



vigorously under a wide range of environments and poor soils 1is
particularly advantageous in subsistence farming (Khaemba,
1980). The major regions of cowpea production extend from the
United States to Eastern Australia, an area about 25° north and
251 south of the equator (Singh, 1979). It is grown widely
throughout the tropical lowlands of Africa where it forms a
major component of the cropping systems (Rachie and Roberts,
1974; Ligon, 1958). The main cowpea production countries in
Africa are Niger, Mali, Chad, Nigeria, Burkina Fasso, Sierra
Leone and Senegal in West Africa, Uganda, Kenya, Tanzania and
Sudan in Eastern African and South Africa and Zimbabwe in
southern Africa (Sellschop, 1962; Rachie and Roberts, 1974;
Singh, 1979).

In Kenya cowpea is the second most important
pulse to the common bean (Phaseolus vulgaris L.) and occupies
about 271,200 hectares of crop land and is mostly grown in
mixtures with other crop such as pigeon pea, maize andmsorghum
(Muruli et al, 1980). About 8S* of the crop is produced in the
marginal rainfall areas of the Eastern province while 8% 1is
grown in the Coast province and the remaining proportion of 1%
in the Nyanza, Western and Central provinces (khaemba, 1980).

Accurate estimates of cowpea yields measured as

ry £rains are difficult to obtain and vary a great deal in
afferent parts of Kenya. Cowpea grain yields as low as 80
kg/ha have been recorded in Kenya (Khamala, 1978). On the

other hand, high yields of up to 1242 kg/ha have been recorded



in experimental plots in Kenya (Muruli et al, 1980). The low
figure recorded by Khamala (1978) was explained by Khaemba
(1980) that obtaining high yields has largely been hindered by
the low yielding capacity of some of the local cultivars which
tend to grow vegetatively, poor agronomic practices and
ecological constraints such as temperature and rainfall and
especially phytophagous insects.

In the cowpea growing areas of Africa, cowpea
production suffers most from insect pests. The legume bud
thrips Megalurothrips s.jostedti (Trybom) alone has been
recorded to cause yield losses from 50% (Whitney, 1972) up to
100% (Wien, 1979). As a result, of this, cowpea has been
considered by farmers as a high risk crop under monoculture
(Singh, 1979). This is well demonstrated by the spectacular
increase in yields, sometimes up to ten fold often obtained
following insecticide application (Booker, 1965b; Kayumbo,
1975; Koehler and Mehta, 1972; Taylor, 1968). Despite"this,
most African fTarmers have not been able to adopt spraying their
cowpea Tields with 1insecticides. This calls for the
cultivation of cultivars naturally resistant to insect attack.

Research on cowpea resistance to insects started
about a decade ago especially at the International Institute
f°r Tropical Agriculture (I1I1TA) based in Ibadan,Nigeria. In
enya, research on cowpea resistance to insects is of recent

ri«in and is still very limited. Apart from studies by Nganga



(1980), studies of cowpea resistance to M. sjostedti in Kenya

is almost non-existent. In addition, resistance of local

cowpea cultivars to various pests has not been quantified. The
present study was carried out to evaluate hos,t plant - pest
legume

relationship between selected cowpea cultivars and the

bud thrips M. sjostedti.



CHAPTER 2
2. LITERATURE REVIEW
2.1 General cowpea entomology

Evidence accumulated from cowpea growing regions of
the world strongly indicate that the cowpea crop is wlnerab](
to insect pest iInfestation from seedling to harvesting ad
thereafter ( Wilson and Genung, 1957; Le Pelley, 1959; Ayt
1964; Taylor, 1964; Booker, 1965b; Forsyth, 1966; Halteren,
1971; Kayumbo, 1975; Singh, 1977a; Khamala, 1978; Singh etgl
1978; Singh and Taylor, 1978; Nyiira, 1978). Moreover, alj.“
number of cultivated legumes and many species of leguminous
plants are alternative hosts of the same pests that attack
cowpea (Taylor, 1971; Singh gt a, 1978).

Cowpea pests have been classified iIn different vay,
different authors. Phelps and Oosthuizen (1958), Smartt
(1976), Singh (1977a, 1978) and Khamala (1978) classified 4
Pests according to their taxonomic order. Singh and Taylor
(1978) classified cowpea pests according to their order of
colonization of the cowpea crop. Singh and Van Emden (1979,
Used two of the characteristics mentioned above ( 1.e.taxon,

°fder and order of colonization of crop) to classify cowpe«



pests. Booker (1965b) and Singh (1974) divided cowpea pests
into two major groups; pre-flowering and post-flowering pests.
Taylor (1971) further sub-divided these groups into four major
categories, namely, root-feeding species, leaf feeding species,
flower-feeding species and pod and seed-infesting species.
This classification was later adopted by others (Singh, 1975;
Khamala 1978; Nyiira 1978; Ochieng 1978; Khaemba, 1980). The
method of classification used In this review iIs a combination
of all the systems mentioned above for it provides information
on the different colonization periods by various insect taxa 1in
relation to the cowpea crop phenology and at the same time
separates out different species of the same taxa colonizing at
different plant growth stages.

The earlier literature on cowpea entomology in Kenya
(Le Pelley, 1959; de Pury, 1968) provided fragmented and scanty
information. However, lately, various authors have documented
considerable information on cowpea entomology (Nganga, 1977,
1980; Khamala, 1978; Khaemba, 1980; Muruli ¢t g _, 1980; Karel
and Malinga, 1980; Khaemba and Khamala, 1978; Ocheing e al ,
1981; Okeyo-Owuor and Ochieng, 1981; Dabrowski egjt ad, 1983;
Macfoy gt al®, 1983; Mabonga, 1983; Suh and Simbi, 1983;

Macharia,1984).

Ne2 Pre-flowering insect pests

The pre-flowering insect pests of cowpea can

taxonomically be classified into four groups, namely;



lepidopterous root and leaf feeding species, coleopteran root
and leaf feeding species, homopteran species and thysanopteran
leaf feeding species.

Khamala (1978) reported that the larvae of the cutworm
Agrot is ypsilon (Schiff) was commonly associated with cowpea
roots iIn Kenya. A. ypsilon together with other species which
include Diachrys ia orichalcea (F), Agrotis segetum (Dennis &
Schiff) and Spodoptera spp. have also been recorded feeding on
stems and leaves of cowpea iIn Kenya (Le Pelley, 1959; Hill,
1975; Khamala, 1978). Spodoptera spp. and Amsacta moleneli
Hmphs have been recorded in Senegal (Delassus, 1970). Booker
(1965a) recorded Amsacta flavizonata Hmphs as a minor pest of
cowpea in northern Nigeria. Taylor (1968) observed several
undetermined species of pyralidae larvae damaging growing tips
of cowpea in southern Nigeria. He also recorded Diacrisia
maculosa Cram, D. lutescens and Kuproctis spp. on cowpea
shoots. Nyiira (1978) recorded Acrecercops spp- Dasychi fa
mendosa (Hb), Maenas arbori fera. Hedylepta indicata
(Fabricius), Chrysodeixis acuta (WIk) and Diacrisia orichalcea
(Fabricus) as minor foliage pests of cowpea in Uganda.

Among the foliage-feeding beetles of cowpea, Ootheca
mutabilis Sahib 1s considered the most important in East and
West Africa (Le Pelley, 1959; Booker, 1963, 1965a&b; Halteren
1971; Singh, 1977a, 1978, 1979; Singh and Taylor, 1978; Singh

and Van Emden, 1979). The importance of 0. mutabilis lies in



its sporadic and unpredictable outbreaks on the crops, the
extensive damage i1t causes to cowpea seedlings leading to plant
death at high beetle population (Taylor, 1971) and its ability
to transmit the cowpea yellow mosaic virus even at low
populations (Chant, 1959, 1960; Whitney and Gilmer, 1974;
Robertson, 1963; Shoyinka, 1974). Taylor (1971) also indicated
that the larvae of this pest probably fed on roots of cowpea
seedlings. The foregoing observation was confirmed by Ochieng
(1978) 1i1n his biological studies of the pest.

In Kenya, O. mutabilis has been reported to feed on
young cowpea leaves and may defoliate the crop (Khamala, 1978)
and is a known vector of cowpea mosaic virus (Bock, 1971). A
related species Ootheca bennigseni Weise has been reported on
cowpea iIn Kenya (Nganga, 1977) and is known to cause
defoliation of cowpea seedlings in Tanzania (Bohlen, 1973;
Enyi, 1974; Kayumbo, 1975, 1978). The fTollowing beetle
species; Nemat ocerus spp -, Phoromi tis largus Marshal ;] Baromb ia
humeralis Lab, Leperodes lineata Kars, Chrysolagria cuprina
Thoms, Lagria villosa F., Epilachna spp. and Alcidodes
leucogrammus Erichsow.have been reported to be of less
importance to cowpea growing in Kenya (Khamala,1978). The
larvae of the beetle Anomala spp. and Apogonia african Cast are
known to attack cowpea roots iIn Nigeria (Taylor 1971) while the

foliage beetle Medythia quaterna (Fairm) has been reported to
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feed on young leaves of cowpea seedlings and is an iImportant
vector of cowpea mosaic virus in West Africa (Whitney and
Gilmer, 1974).

Leafhoppers of the genus Empoasca are widely
distributed in tropical Africa (Singh, 1979). Studies by Parh
(1976) revealed that Empoasca christiani was the predominant
species followed by E. dolichi (Paoli) with a small population
of E. knudseni and E. pikna Dworakowska in southern Nigeria.
Singh (1975) reported E. dolichi as an important pest of cowpea
during the seedling stage in West Africa. E. dolichi has also
been reported as a minor pest of cowpea iIn Kenya and Uganda
(Le Pelley, 1959).

Reports exist which show that cultivation of certain
cult ivars susceptible to leafhoppers often result in yield
losses due to damage caused by Empoasca spp- in Africa (Karel,
1977; Raman et al, 1978; Parh, 1979). Reports by Malinga
(1978) and Karel and Malinga (1980) in Kenya revealed®"that TVu
59, TVu 123 and TVu 1190 cultivars were resistant to Empoasca
8§RE. Their work however, was mainly on the West African
cultivars and not the local cowpea cultivars.

The cowpea or groundnut aphid Aphis craccivora Koch
which is the main aphid pest of cowpea was originally
considered a minor pest in Africa. In his report, Singh (1979)

ndicated that heavy aphid population are becoming more

frequent and widespread in Africa. The pest infests cowpea
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crops in Nigeria (Booker,1965a; Singh,1977a) Egypt (El-Sebae
and Saleh,1970; Hammad,1978), Tanzania (Le Pelley, 1959;
Kayumbo,1975) and also in Kenya (Maiinga,1978; Anon,1982;
Reddy,1984). A .craccivora attack the crop at the seedling
stage and heavy infestations may result iIn stunted plants with
distorted leaves and small, poorly nodulated rooting systems.

Singh (1979) reported that an indirect and even more
serious damage by this pest even when populations are small, 1is
the transmission of cowpea aphid-borne mosaic virus. Several
cowpea cultivars resistant to A. craccivora such as TVu 410,
TVu 810, TVu 408-P-2 and Vita 1 have been developed
(Singh,1979). Khamala (1978) reported the cotton aphid Aphis
gossypi i1 Glov and the black bean aphid Aphis fabae Scop as
attacking various legumes including cowpeas in Kenya. A. Tabae
has also been reported as a pest of localised but considerable
economic importance to cowpea iIn Uganda (Nyiira, 1978)

Nyiira (1978) also reported that Thrips tabaci Lind
was a serious pest of cowpea during dry spells in Uganda. He
further reported that Frankliniella schultzei (Trybom) also
attacked cowpea with heavy populations of this thrips occurring
around the fourth week of cowpea crop development. The Jlegume
foliage thrips Sericothrips occipitalis Hood has been reported
as a minor foliage pest of cowpea seedlings iIn Nigeria (Singh
and Taylor, 1978; Singh and van Emden, 1979) and only becomes

serious under glasshouse conditions (Taylor, 1969) or under
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severe drought on seedlings of off-season crops grown under
irrigation (Singh, 1977a; Singh and Taylor, 1978). However,
infestation usually declines with the onset of rains and the

plants appear to recover Tully (Singh, 1977a).

2.3 Post-flowering 1insect pests

Post flowering insect pests of cowpea can
taxonomically be classified into four groups, namely,
Coleopteran fTlower feeding species, Lepidopterous flower, pod
and seed-infesting species, Hemipteran pod sucking bugs and
Thysanopteran flower feeding species. Since the emphasis was
on fTield pests, storage pests of cowpea are not covered in this
review.

The blister beetles Coryna spp. and Mylabris spp. have
been recorded iIn Kenya and attacks have been said to be serious
on their outbreaks (Khamala 1978). Nyiira (1978) recorded
—°ryna_apicornis (Guerin) and My labris amp lectens Gerstaecker
in Uganda, while M. farguharsoni Blair was recorded in Nigeria
(Singh and Taylor, 1978). The adult beetles feed on flowers
ond flower buds and their damage is often sporadic and serious
(Singh, 1979).

A number of lepidopterous pests infest cowpea at both

k P~ OWe,~ing and post flowering stage. These include the
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legume pod borer Maruca testulalis (Geyer), the African
bollworm Heliothis armigera Hubner and the cowpea seed moth
Cvdia ptychora Meyrick. M. testulalis i1s a major pest of grain
legumes (including cowpeas) throughout the tropics (Booker,
1963, 1965b; Taylor, 1963, 1967, 1978; Taylor and Ezedinma,
1964; Jerath,1968; Koehler and Mehta, 1972; Rohlen,1973;

Rahe_.ja ,1974 ; Summerfield et al, 1974; Khamala,1978 ; Singh and
van Emden,1979). The larvae of M. testulalis feed on the
floral parts and the green pods of cowpea though it establishes
itself on the crop during the pre-flowering stages when it
infests the peduncles and the tender parts of the stem (Singh
and van Emden, 1979). Cowpea yield losses due to this pest
have been estimated to range between 20% and 60% in West Africa
(Taylor,1964,1967,1968; Taylor and Ezedinma, 1964; Jerath,

1968; Ayoade, 1969; Morgan, 1973; Singh and Taylor, 1978).
Yield losses of between .10 and 80% have been recorded in
Western Kenya (Okeyo-Owuor and Ochieng, 1981)

H. armigera 1is an important pest of flower buds,
flowers and green pods of cowpea (Singh,1979) especially when
cowpea 1is intercropped with maize (Singh and van Emden,1979).
This pest was originally considered to be the most important
Pest of grain legumes in Kenya (Khama.l1la,1978) . However, recent
a udies conducted on small plots iIn Kenya have indicated that
—epMI il B]in was the predominant species present in cowpea Iin

the hot and humid areas of the Coast and Nyanza provinces and
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in the semi arid regions of Eastern and North-eastern provinces
of Kenya (Khaemba, 1980).

C. ptychora is a pest of ripe and dry unharvested pods
in which it bores and feeds on the seeds iIn East and West
Africa (Le Pelley, 1959; Taylor, 1965; Halteren, 1971; Nyiira,
1971, 1978; Roberts and Chipeta, 1972; Singh, 1977a; Singh and
Taylor, 1978). It lays its eggs commonly on the peduncles of
pods. On hatching, the Tfirst instar larvae enter the pods that
are near maturity and feed on the seeds, remaining inside the
pod until they are about to pupate (Singh and Taylor, 1978).

The most common pod-sucking bugs are in the genera
Anoplocnemis. Clavigralla. Mirperus (Coreidae), Riptortus
~ylididae) and Nezara (Pentatomidae). Foremost among the
bugs are the two nearly cosmopolitan bugs Riptortus dentipes
(Fabricius) and Anoplocnemis curvipes (Fabricius) identified to
be of economic importance wherever cowpea is grown in Africa
(Le Pelley, 1959; Phelps and Oosthuizen, 1958; Booker, .1965b;
Taylor, 1968; Bohlen, 1973; Agyen-Sampong, 1978; Kayumbo, 1978;
Khaemba and Khamala, 1981). They attack cowpea during the
Podding stage, the time when 1its compensatory mechanisms have
ceased functioning (Wien and Tayo,1978). Other four species,

— —v*fralla shadeb i stal, Clavigralla tomentosicollis Stal.
— viridula (L) and Mirperus jaculus (Thnb) are important
Pests of cowpea in Nigeria (Booker, 1965a & b; Singh and

T i
| ori 1978), while the first three of the four species have
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been recorded iIn Kenya (Nganfia, 1977; Khamala, 1978; Macharia.

1984; Reddy, 1984).

2.3.1 Thysanopteran fTlower feeding; species

The legume bud thrips Megalurothrips s.jostedti
(Trybom) a synonym of Taeniothrips s.jostedti . is a major pest
of cowpea in Africa. The original species name T. sjostedti
was used earlier by various authors. These authors included
Okwakpam (1965, 1967), Taylor (1969, 1974), Koehler and Mehta
(1972), Whitney and Sadik (1972), Singh (1973, 1977a); Whitney
et al (1974) and Ochieng (1977) among others. The synonym M.
sjostedt 1 has been applied by various authors which include
Nyiira (1978), Okwakpam (1978), Singh (1978, 1979), Singh and
Taylor (1978), Taylor (1978), Singh and van Emden (1979), Wien
(1979), Ghauri (1980), Roesingh (1980), Ezueh (1981), Di"na
(1982) and Salifu (1982, 1984), among others. The genus
synonym Megalurothrips had earlier been known and used by
Bhatti (1969).

According to Karny (1914), Faure (1960),
Jacot-Guillarmod (1974), Hill (1975) and Strassen (1981, 1982),
—* g-jostedti is only found in Africa: Gambia, Ivory Coast,

Nigeria, Cameroon, Guinea, Ghana, Gabon, Congo, Niger, Togo,
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East Africa, South Africa, South-west Africa, Mozambique,
Zimbabwe, Mauritius, Cape Verde Islands, Comoro islands and
Malta.

M. s.jostedti is mainly a pest of flower buds and
flowers. Flower buds that escape damage may be infested later
when they become fTlowers. These flowers are often distorted,
malformed and discoloured and fall off when infestation Iis
severe (Taylor,1978) . M. s.iostedti has also been reported to
transmit the yellow strain of cowpea mosaic virus ((Anon, 1978).

Whitney (1972) and Wien (1979) reported seed yield
reduction of up to 50% and 100% respectively on cowpea due to
damage by M. sjostedti in W. Africa. Whitney (1972) further
reported that plant height, flower initiation, number of pods
set, pod length, number of pods harvested, percentage of pods
with seeds, number of seeds per pod, weight of seeds per
plant, per pod and per 100 seeds and date of maturity were all
affected by thrips. However, Ezueh (1981) reported that
significant depression of dried grain yield of cowpea by M.
sjos tedt i only occurred if infestation extended beyond 35 days
after planting.

Ingram (1969) suggested that no real damage was done

y thrips in Uganda since killing them did not result in yield
Increases in beans. Nyiira (1978) also reported that attempts
° assess the effect of thrips on bean yields was carried 1iIn

Uga - A
%nda but no clear cut conclusion was reached although 1t was
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observed that there was some association between thrips
population and the number of seeds per pod and pod size.

There is some evidence to show that iInsecticides could
substantially control thrips population and thus raise cowpea
yields. Singh and Taylor (1978) reported that monocrotophos,
chlorpyrifos ethyl and cyanolate were the most effective
chemicals against thrips at 500 g.a.i./ha, followed by BHC,

DDT, and methorayl at 800 g.a.i./ha. Just one application at
flower bud formation was found to be sufficient for control of
flower thrips. Singh eat g (1981) also reported that with each
increase in monoctotophos insecticide dosage applied, there-was
an increase in yield and a reduction iIn the number of thrips.
Earlier, Ayoade (1975) reported that Monocrotophos afforded
better control for M. s_jostedti and thereby induced higher
yields than when DDT and a mixture of carbaryl and molasses
were applied on the early crop.

However, Tarmers in Africa have not been able to adopt
the use of chemical insecticides with the result that farm
yields of cowpea have remained low. Singh ((1978) attributed
this to the farmers disinterest and reluctance iIn the use of
the costly insecticides for cowpea which s a comparatively Ilow
value crop. He also attributed this to acute scarcity of
insecticides and sprayers and to the inadequate number of spray
applications due to difficulties of transporting water.

Noting that cowpea production was still limited by insect
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pests, Jackai and Singh (1983) attributed this to non adoption
of technology pertaining to chemical control mainly because of
lack of know-how by the farmers due to inefficient extension
services to guide them on which chemicals to apply and how and
when to apply them and due to the financial constraints. They
further noted that should these constraints be overcome, then
there is real danger of over-use of chemicals. This will
increase the risk of environmental pollution, the incidence of
pest resistance and human poisoning.

This situation makes it imperative that other control
options be investigated which although not a necessary
replacement for insecticides, but rather as a part of an
integrated strategy for combating cowpea pests. Singh (1978)
and Jackai and Singh (1983) were of the view that one realistic
approach to solving the problems posed by insecticides was the

development of iInsect resistant cowpea cultivars.

2*4 Host Plant Resistance

Srelling®™ (1941) defined plant resistance as "'including
those characteristics which enable a plant to avoid, tolerate
r recover from the attacks of insects under conditions that
Would cause great injury to other plants of the same species.
Painter (1951, 1958) gave a slightly different definition. He

efined host plant resistance as the relative amount of
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heritable qualities possessed by a plant which influence the
ultimate degree of damage done by the insect. In practical
agriculture, 1t represents the ability of a certain variety to
produce a large crop of good quality than do ordinary varieties
at the same level of insect population.

Painter (1951, 1958) went on to categorize insect
resistance as observed in the field into three types:
non-preference (which renders the plant unfit or unattractive
to insect pests as food, for oviposition or for shelter),
antibiosis (in which a plant is resistant by exerting an
adverse influence on the growth and survival or reproduction of
the pest) and, tolerance (that imparting the ability to
withstand or to recover from in_jury despite supporting a pest
population that would severely damage susceptible hosts).

Pathak (1972) and Singh (1978) were of the opinion that the
word relative was iImportant in Painter’s definition since host
plant varieties iImmune to insect attack have seldom been
recorded and even highly resistant varieties suffer a certain
amount of damage provided the insect infestation 1is high enough.

Beck (1965) 1in his review defined plant resistance” as
being the collective heritable characteristics by which a plant
species, race, clone or individual may reduce the probability
for successful utilization of that plant as a host by an insect

Pecies, race, biotype or individual. Beck thus dropped

tolerance from the traditional concept of host plant
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resistance. However, the three authors all agree that
resistance is genetically determined.

Resistance though genetically controlled is greatly
modified iIn expression by the environment through various
effects on the insect and on plant physiology (Van Emden, 1966;
Johnson, 1968; Singh, 1970). For example increased or reduced
temperature may lead to loss or reduction of resistance (Dahms
and Painter, 1940; Platt, 1941; Cartwright et al, 1946; Holmes
et al , 1960; Roberts and Tyrell, 1961; McMurty, 1962; Isaack et
al, 1965; Wood and Starks, 1972; Lowe, 1974). Additionally
Rogers and Mills (1974) showed that there was reduced
resistance iIn some resistant sorghum varieties to the maize
weevil Sitophilus zeamais Motschulsky with an increasing
relative humidity. Other factors which might affect the
expression of resistance are, insect factors (insect abundance,
activity, disease transmission and mutation and biotypes) and
plant factors (protective features, hybrid vigour, mechanical
structure, chemical composition, sensitivity to insect feeding
and secretions, disease susceptibility and maturity (Painter,
1951).

Plant resistance as a method of insect control offers
Many advantages. In some cases i1t may be the only method
available that is effective, practical and economical (Horber,
972; Pathak and Saxena, 1976). Resistance developed in plants

X
r one pest species may provide resistance to others (Way and
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Murdie, 1965; Gahukar and Chiang, 1976). For farmers in
developing countries, perhaps the most attractive fTeature of
growing pest resistant varieties is that virtually no skill or
cash outlay 1is required on the part of the farmers (Maxwell and
Jennings, 1980).

There are however some problems iIn relying exclusively
on plant resistance for pest control. High levels of
resistance due to monogenic control may lead to the development
of new insect biotypes as has happened with the brown
planthopper in rice iIn the Philippines and the Chesnut gall
wasp, Dryocosmus kuriphilus Yasumatsu iIn Japan (Shimura
1972). In addition, resistance may not be expressed 1In every
environment in which the variety is grown (Horber, 1972; Kogan,
1975; Coppel and Mertin, 1977).

Painter (1951) stressed that resistant varieties are
not a panacea for all pest problems. To be most effective,
they must be carefully fTitted into control systems designed for
specific pests and into the plant improvement programmes of
Particular crops. He categorized the use of resistant
varieties iIn pest management as TfTollows: the principal control
method, on adjunct to other measures; and, a safeguard against
the release of more susceptible varieties that exist at the
Present time. He fTurther noted that resistant varieties
usually have to be iIntegrated with other methods of pest

c°ntrol to achieve stable pest suppression. Pimentel (1969),
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Maxwell (1972), Horber (1972) and Dahms (1972) added further
that resistant varieties, even those with low and moderate
levels of resistance, offer a number of advantages to an
integrated control system. The reduction iIn pest numbers
achieved through resistance 1is constant and practically without
cost to the farmers. Such a reduction also makes control by
chemical and cultural methods easier and the level of natural
biological control required to hold pest numbers below crop
damaging levels need not be so great.

It 1s apparent from the available literature that the
biology of M. s.jostedti iIn East Africa is little understood.
The work done on this species has been generally confined to
the humid tropics of West Africa and virtually nothing is known
about this species iIn Kenya.

Additionally, since host plant resistance may form a
major component iIn a pest management strategy against this
insect, 1t is essential that the interaction of M. sjostedti
with different cowpea cultivars be screened to identify some of

the resistant cultivars within the Kenyan germplasm.

In view of this, it was decided to carry out a
detailed study on the biology of M. sjostedti and 1its

interaction with different local cowpea cultivars.
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OBJECTIVES

To study and describe various aspects of the basic

biology of M. s.jostedti.

To assess the resistance/susceptibility responses
of ~ selected local cowpea cultivars to M.

s.jostedti infestation through:

thrips population assessment

yield loss assessment.
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CHAPTER 3

STUDIES ON SOME ASPECTS OF THE BIOLOGY OF LEGUME BUD THRIPS M.
S.I0STEDTI WHEN REARED ON COWPEA

3.1 Introduction.

M. s.iostedti 1s a major pest of cowpea throughout
tropical Africa. Previously, very little was known of its
biology. However, Okwakpam( 1978) made extensive studies on
various aspects of the biology of M. s.iostedti . Okwakpam (1978)
recorded an entire life cycle of 16-20 days while Singh and
Allen (1979) reported a life cycle of 14-18 days.

In West Africa, the eggs are laid on leaves, Tlower-
buds and flowers (Okwakpam,1978; Singh and Taylor,1978; Singh
and Allen,1979; Singh and van Emden,1979). Okwakpam (1978)
recorded an incubation period of 3.04 days for M s.iostedti. He
also recognized three larval stages for thrips all of whi(;'h fed
within the flower. Pupation occurs in the soil (Hill, 1975) and
has been reported to take 5-6 days in W_Africa (Okwakpam,

*978). The adult thrips are shiny black and feed on flower buds
and flowers (Singh and Taylor,1978; Singh and van Emden,1979).

Despite these studies, certain aspects of the biology
of u g.-lostedti such as mating behaviour and adult longevity

°og others still remain unknown. Furthermore, no attempts
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have been made to study its biology In Kenya. Ortraan and Peters
(1980) stressed that before embarking on a plant resistance
programme or any pest management programme there must be a
significant pool of information on the pest biology.

This study was carried out to investigate various
aspects of the biology and behaviour of M. s_jostedti. These
included the mating behaviour, incubation period, nymphal period,
role of moisture in pupation, pupation period, adult longevity,

and sex ratio.

3.2 Materials and Methods

3.2.1 General procedure

Rearing of adult and nymphal stages of thrips was
carried out inside perspex cages measuring 28 x 18 x 18 cm
(height x width x breadth) with two open sides covered with white
nylon clothing material for ventillation (Plate 1). They were fed
on cowpea seedlings of approximately ten days old which had been
planted as seeds and raised in cylindrical plastic containers
measuring 5 x 5 cn ( height x diameter) (Plate 2). To ensure
adequate supply of seedlings, cowpea seeds were planted at
intervals of five days and were tended iIn an insect free room to

avoid infestation by thrips and other insect pests.
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Plate 1. Perspex cages used for rearing M. s_jostedti

Front view

>
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B - Back view
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Opening



27—

Plate 2. Ten day old cowpea seedlings on which M.s_jostedti

were reared

B - Bottle

S - Seedling
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For experiments involving pupation, Kilner jars
measuring 95 x 83 cmn (height x width) were used. These jars
were covered with lids having a white nylon clothing material
spread to the underside of their open tops (Plate 3). The
nylon material provided ventillation while at the same time
prevented the emerged adult thrips from escaping. Sand
sterilized in an oven at 60°C for 12 hours was used as the
pupation substrate. All the experiments were conducted in the
laboratory at a temperature range of 24-32.5°C and relative

humidity range of 39% - 60.5%.

3.2.2 Studies on the mating behaviour and Incubation period

of M. sjostedti

The objective of part of the studies reported here was
to establish whether M. sjostedti adults exhibit any form of
courtship behaviour prior to mating and the duration taken by
thrips during mating. Newly emerged male and female adult
thrips distinguished using their obvious differences in body
size, colour and shape of abdomen were obtained by the
Procedure described in 3.2.3. These were released in the
Perspex cages in equal sex ratios. The thrips were then
°bserved for a period of up to two hours for each group for any
cvirtship related behaviour. The experiment was repeated six

L In all, 28 pairs were observed. 64 mating pairs of
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thrips were also timed using a stop watch from the start of
mating upto the end to find out the length of time taken during
the mating process.

Determination of the incubation period of eggs was
carried out as follons: Cowpea seedlings were placed in the
perspex cages as previously described. Five pairs of newly
emerged adult thrips were released iIn the cages and removed
after 14 hours. Preliminary observations had shown that thrips
could oviposit within 12 hours after emergence. Seedling
leaves bearing eggs were then clipped off and placed in
petri-dishes lined with moistened filter paper to prevent the
leaves from drying. These leaves were observed at intervals of
12 hours for a period of 6 days under a dissecting microscope
for any nymphs that hatched. The hatched nymphs were counted
and removed to avoid being recounted. Incubation period was
estimated in days from the day of oviposition to the day of

hatching. The experiment was replicated 10 times.

3*2.3 Nymphal development, pupation period and moisture

requirement during pupation of M. s_jostedti

The objective of part of the studies was to determine
he different nymphal stages and to establish the length of

taken during nymphal development.
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Cowpea seedlings were placed iIn perspex cages to which
thrips were iIntroduced. The thrips were removed after 14 hours.
It was expected that they had by this time laid their eggs on
the leaves of the cowpea seedlings as preliminary observations
had shom. The leaves of the seedlings were then observed
everyday using a hand lens for any hatched nymphs which were
counted and recorded. Records of the developmental stages were
taken everyday until no more nymphs were visible on the cowpea
leaves. This was taken as being the time they had all gone
into pupation iIn the soil.

In order to establish whether soil moisture was
necessary during pupation and to determine the pupation period
of thrips, approximately 400 gns of sand was added to each of
the 12 kilner jars used in the studies. The jars were then
divided into two groups of six each. To one group of jars 50
ml of distilled water was added to each jar. This amount of
water had earlier been determined to render the sand just moist
but not wet or water logged. To the second group of jars, no
water was added. Cowpea Flowers infested with third instar
nymphs of thrips picked from the field were introduced into
each of the jars of the two groups. The jars were then covered
WIth lids and left for a period of approximately 14 hours after
which the flowers were removed . This was to allow pupating
thrips to move into the sand. The jars were then covered

®Bain. Observations were then made at 12 hour iIntervals for any



-32-

adults that emerged for the next eight days. Subsequently,
little water was added to the _jars with moistened sand at two
day intervals to keep the sand moist.

When adults emerged, the kilner _jars were placed
inside the perspex cages and the lids removed to let out the
emerged adults. Such adults always moved upwards from the
kilner _jars onto the walls of the perspex cages from where they
would be collected using vials. Those that did not come out of
the kilner _jars (usually a small number) were removed by the

use of a camel hair brush slightly moistened with water to make

it sticky. The dates of emergence of thrips and the numbers
emerged were recorded. The experiment was repeated six times.
3.2.4 Adult Ilongevity of M. s_jostedti

The objective of this study was to determine the ]
length of time the adult thrips could survive with and without
Provision of food.

Nymphs were left to go into pupation using the
Procedure described above (3.2.3). On emerging, a known number
(which varied at each instance) of male and female adult thrips
were released into the perspex cages. Ten day old cowpea
Seedlings were introduced into these perspex cages. The
u*bers and sexes of adults surviving were recorded each day.

The seedlings were replaced with fresh ones at intervals of 7
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days to prevent the experimental thrips from combining with
their progeny that may emerge. During the replacement, the
seedlings were disturbed by shaking, by which process, the
adult thrips .jumped from the seedling onto the wall of the
perspex cage while the non flying nymphs stuck firmly onto the
leaves of the seedling. Any crawling nymphs observed in the
perspex cages were removed. Recordings were taken until all
the adults had died.

Similarly, newly emerged adults of known number and
sexes were released into the perspex cages but without cowpea
seedlings provided. The number of adults surviving and their
sexes were recorded at intervals of 6 hours until all the

adults had died.

3-2.5 Sex ratio of M. s_jostedti

The objective of this study was to determine the sex
ratio of the progeny fr.oa mated and unmated female thrips and
whether parthenogenesis occurred in M. s.iostedti.

In one experiment about 6 gms of sand was introduced
mto plastic vials and moistened with a few drops of water.
Orange coloured nymphs (pre-pupal stage) of thrips from cowpea

lowers were introduced into each of the plastic vials. The

als were then closed with lids topped with nylon clothing
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Plate 4. Vials used for pupating M._sjostedti singly

S Sand
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33 RESULTS

3.3.1 Mating behaviour andNincubation period

of M. s.iostedti

From observations recorded iIn these studies, matinR 1iIn
M. sjostedti commenced soon after adult emergence. Apparently,
no form of courtship behaviour was observed prior to mating.
On meeting, which appeared to be fairly random, the male
grasped the female with the forelegs before mounting her. The
male then twisted its abdomen beneath that of the female. The
female appeared to struggle off and in the process raised its
abdomen high up. In some of the attempts the male failed to
mate the female. However, when the male succeeded in the
struggle, the female calmed down and they assumed a near right
angle position. In addition, male thrips were observed to be
Promiscous and could each mate with more than one female.-

The duration taken during mating by adult M. s.jostedti
e summarised in Fig.l while the actual data iIs presented in

1, Mating in thrips lasted for an average of 120.73 +

33 7i
' Sec» with a range of 68 - 207 secs. Fig.l had a skewness

*
1U6|Of N 77 meaning that the mating duration was spread to

Kht of the mean. On the other hand, it showed a kurtotic

value of -n 1B meaning that the mating periods were not peaked,

but \ere

father more widespread and flat. In other words.



Fig 1. Frequency distribution histogram for mating duration taken by

M. s.jostedti adults

Mating time (Secs)
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matin# duration was not concentrated within any time range or
sequence of time ranges.

The results for the incubation period of M. sjostedti
eggs are summarised in Table 1. The table shows that the
average incubation period was 2.74 + 0.44 days with a range of
2-3 days. Fourty one eggs which accounted for 26.3% of the
eggs, iIncubated for 2 days while 115 eggs which accounted for

73.7%, and therefore the majority,incubated for 3 days.

3.3.2. Nymphal development, pupation period and role of

moisture in pupation of M. sjostedti

The duration taken by the different developmental
stages of nymphs and the entire nymphal period are presented in
Tables 2 and 3 respectively. It was observed that the first
nymphal instars were transluscent to white in colour and lasted
an average nymphal developmental period of 2.46 + 0.50 days
**ith a range of 2-3 days (Table 2). The nymphal duration for
the second nymphal instar was an average of 2.55 + 0.49 days
with a range of 2-3 days before moulting iInto the orange
coloured third nymphal instar which lasted an average of 3.29 +

<46 days with a range of 3-4 days before pupation (Table 2).
e 3 summarises the entire nymphal developmental period

c lasted an average of 7.85 + 0.66 days with a range of
MO days .
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Table 1: Incubation period of M. sjostedti eggs

Number of days Number of Mean incubation

after oviposition. nymphs hatched period + SD

1 0
41 (23.3V) 2.74 + 0.44
115 (73.7V)

0

0

o 0~ W N



The number of adults emerging from the jars bearing
the two sand moisture regimes are presented in Table 4. The
results show that a total of 105 adult thrips, with a mean of
21 thrips per jar emerged from jars containing moistened sand
while no adults emerged from all the jars containing dry sand.
On removal of the dry sand, the pupating thrips were found
dead and dessicated.

The pupation period of M. sjostedti when moistened
sand was used as the medium 1is presented in Table 5. It was
observed that the mean pupation period in M. sjostedti was 5.45
+ 0.83 days with a range of 4-7 days. Most of the thrips
(42_7%) were observed to pupate fTor Tive days. Furthermore,
thrips were observed to build pupal cells lined with silk
during pupation in these studies. Thus, by considering the
time ranges taken during the incubation (2-3 days), nymphal
development (7-10 days) and pupation (4-7days), the entire life

cycle of M sjostedti in these studies took 13-20 days.

g Adult longevity of M. sjostedti

The number of adults surviving over a period of time
B ®nd without food are presented iIn Figs. 2 and 3 and
~MBtadix 1la and lib respectively. Adult females survived up

Period of 22 days when food was provided (Fig 2 and



—42-

Table 4. Role of moisture iIn pupation of

M . s.iostedti

Moist sand Dry sand
Jar No.of thrips Jar No.of thrips
emerged emerged
a 12 a 0
b 30 b 0
C 16 C 0
d 21 d 0
e 26 e 0
Total 105 0

Mean 21 0
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Table 5. Pupation period of M. s.iostedti
Pupation period Number of thrips % of thrips
in days observed observed
4 61 11.3
5 230 42.7
6 188 34.9
7 60 11.1
Total 539 100.0

Mean pupation period + SD (days) 5.45 + 0.83



Fig 2. Survival curve of adult M.s.jostedti with food provision



46

Appendix 1la). Mortality of the thrips began on the fifth day
when 2.04% deaths were recorded . But thereafter, mortality
gradually increased and by the 13th day after emergence, 50% of
the female thrips population had died. On the other hand, the
males survived for a period of upto 8 days when food was
provided. Unlike females, the initial mortality of males began
on the second day and was about five times as much, being
11.09%. By the fTifth day, slightly over half (50%) of the male
population had died.

Female thrips survived for a period of upto 60 hours
when food was not provided (Fig 3 and Appendix lib). Mortality
of the female thrips began between the 24th and 25th hours when
10.6% deaths were recorded. By the 36th to 42nd hours, half
(GBG0%) of the female thrips had died. On the other hand, males
survived upto a period of between 90 to 96 hours (3.75 - 4
days) without food. Initial mortality occurred between the
30th and 36th hours (1.25 and 1.5 days) when 8.33% of the males
died, while half (50%) of the male population had died by the

60th hour (2.5 days).

3*3.4 Sex ratio of M. s.iostedti

The results for the sex ratio of the progeny from
®ated females and unmated females are presented in Tables 6 and
=4

respectively. It is evident from Table 6 that the sex ratio

male to female was 1: 1.8. The difference between the males
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Table 6. Sex ratio of thrips progeny from mated females.

Replicat ions Progeny recorded over 10 day period
Males females
1 9 17
2 13 19
3 17 27
4 6 20
5 5 17
6 15 19
7 9 16
8 11 19
9 7 17
10 12 15
11 13 18
12 13 27
Total 130 231
Ratio 1 1.8
Mean 10.8 19.3
SD 3.68 3.88
t 5.64**

** significant at 1% level of significance
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Table 7: Sex ratio of thrips progeny from

unmated females

Replications Progeny recorded over 10 day period
Males females
1 15 0
2 12 0
3 26 0
4 19 0
5 9 0
6 14 0
Total 95 0
Mean 15.8 0

SD 5.98 0
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and the females was highly significant (P < 0.01) when data
collected was compared using the pailred Students t-test. Table
7 shows that the progeny from unmated females were all males in
all the observations from the experiment. It was therefore
concluded that female thrips predominated over males iIn numbers
and that they are able to reproduce pathenogenetically into

male progeny only. .

3.4 DISCUSSION

Riddiford (1976) noted that insects which do not feed
in the imaginal stage must give high priority to early
reproduction and therefore, reproductive attributes such as
mating must occur shortly after adult emergence. This prob;bly
explains the observations made iIn the present studies iIn which
mating In M. s_jostedti commenced soon after adult emergence.
This is also probably a reproductive strategy as preliminary
observations had shown that thrips could lay eggs on the same

of adult emergence and therefore the neccessity for mating
° take place soon after emergence to ensure laying of

fertiliZed egygs .-



Legume bud thrips tend to aggregate on their habitat,
the cowpea flowers. This is evident from thrips counts in
Tables 8 and 9 of Chapter 4 in which thrips counts ranged from
15.43 to 111.2 per flower. This may be a sexual strategy for
mate finding as the present studies revealed that sexual
interaction was fairly random and was not preceded by any form
of courtship behaviour. Manning (1966) reported that insects
must display a basic minimum of sexual behaviour which involves
the sexes approaching and identifying one another and then
copulating. This was not observed iIn the present
investigation. However, Lewis (1973) reported that different
sexes of thrips identify each other by means of tactile sensory
cones iIn the antennae, suggesting that a sex related pheromone
must be operating during sexual interactions. Furthermore,
Pelikan (1951) reported that the glandular areas of the abdomen
secreted a lipoid substance containing an aromatic component
that soothed the excited female and discouraged it from running
around while the male attempted to copulate. Although the role
°f sex pheromones were not investigated in the present study,
they may have played part during copulation especially during
the struggle between sexes reported in the present studies.

In the present study,mating was shown to last from 68

207 seconds. In other thrips species, mating is reported to
last from 20-60 mins in Aelothripids (Buffa, 1907), 3-10 mins

£&1_iothripids fasciatus (Russel, 1912) and 16-18 secs in
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gPplothrips verbasci (Shull, 1914). This indicates that mating
behaviour is quite varied and in some cases involve very great
time ranges.

The incubation period recorded for M. s.iostedti eggs
in the present study is fTairly close to and even falls within
the range to that recorded by Okwakpam (1978) of 3.04 + 0.32
days with a range of 2-4 days for M. s.jostedti in Nigeria.
Furthermore, Lewis (1973) reported that generally, eggs of
thrips usually hatched 2-20 days after oviposition and that the
higher the temperature, the quicker the hatching. The latter
factor may have caused the slight differences in the
incubation periods between that recorded iIn the present studies
and that obtained in Nigeria by Okwakpam (1978) who worked
under a cooler and much narrower temperature range of 21 - 25°C.

In studies involving nymphal development of M.
g}Ostedti . Okwakpam (1978) while referring to the nymphal
instars as larval stages, recognized 3 larval developmental
stages In M.s.jostedti. He referred to them as first stage
arvae which were silvery white in colour, second stage larvae
which were creamy white and third stage larvae which were pale
r*nge at first and later turned orange red. He also obtained
P® average larval period of 9.6 days with a range of 7-12 days
for M. Lostedti in Nigeria which encompasses the range of 7-10
days and syerage of 7.85 days reported in the present studies,

The diff
erences between the average nymphal developmental
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periods recorded in the present study and those reported from
Nigeria (Okwakpam, 1978) may be due to the influence of
differing working temperatures as suggested by Lewis (1973).

Soil moisture was found to be a very vital requirement
during pupation. The implication of this condition is unknown
under field situation. However, 1t is most likely that

\Af'mpating nymphs move down into the soil to depths they perceive

to have the right amount of moisture while concen£>ating their
pupation directly beneath the cowpea plants which are sheltered
from direct insolation and therefore less prone to
dessication. This may be absolutely necessary for their
survival which for their small size, 1is environmentally
disadvantaged with respect to body water retention. However,
evidence fTor their behaviour in response to soil moisture and
hence survival under TfTield situation, 1is lacking

The pupation period of M. sjostedti obtained in the
present studies is iIn conformity with or quite close to "that
reported by Okwakpam (1978) 1in Nigeria in which an average of
5.68 + 0.19 with a range of 5-6 days was recorded for the same
insect. He also recorded an entire life cycle of 16-20 days
while Singh and Allen (1979) reported a life cycle of 14-18
days for M sjostedti which are also fairly close to to the
range of 13 - 20 days recorded iIn the present studies.

LeRume bud thrips were found to build pupal cells.

Similar observations have been reported by other workers on
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other thrips species (Bailey, 1934; Obrtel, 1963; Preisner,
1964; Lewis, 1973). It would appear that such cells could be
protective against potential predators and parasites and
probably against compaction with soil. However, evidence for
the actual function of the pupal cell is lacking.

In the present study, female thrips were found to live
longer than males when food was provided. Similar observations
had earlier been reported by Seshadri (1953) and Lewis ((1973)
on other thrips species. It iIs a common biological phenomenon
that females often live longer than males. This 1is usually due
to hormonal or physiological differences between the sexes. On
the other hand, male thrips were found to live longer than
females when food was not provided. This appears contrary to
most biological systems where females survive longer than males
under conditions of starvation as the females often tend to
store more fTat which keep them alive much longer than males.
However, an explanation to the present observation may be trhat
the greater surface area of the feraales iIn comparison to the
males may result in the former losing heat energy much faster
and thus a shorter life span than the latter when there 1is no
replenishment.

The present observations have shown that females
Predominated over males in numbers. Okwakpam (1978) recorded a
*ex ratio of 1:2.2 (male:female) from the progeny of laboratory

reared M. sjostedti. Faure (1960) reported a ratio of 1 male
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to 1.5 females. It would appear that more females are observed
than males because females live longer as shown by the present
results and those of Lewis (1973). The imbalance in sex ratios
in M. s._jostedti may not be a reproductive disadvantage since
male thrips are promiscous and can each fertilize a number of
females, a phenomenon that had also been reported by Lewis
(1973) .

Observations 1in the present study have shown that
virgin females give forth to male progeny only. Other workers
had earlier reported that virgin females of Thrips linarius
(Zawirska, 1963), Caliothrips fTasciatua (Bailey, 1933),
gaplothrips verbasci (Shull, 1917) and Scirtothrips citri
(Munger, 1942) produced only male offspring , whereas
fertilized females produced mostly females with some males from
non-inseminated eggs. Whiting (1945) and Stannard (1968)
reported that female thrips were always diploid and males
haploid such that males can only be derived from unfertilized
eRgs. This pathenogenetic reproduction may help alleviate
mexual imbalances in populations where such iImbalances may be

Kreat, with some female thrips reproducing without being mated.
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Singh (1978) and Singh and Allen (1978) reported that
two early maturing cultivars, ER-1 and ER-7 which were found to
be susceptible to thrips in greenhouse tests, consistently
escaped thrips damage in the TfTield trials due to early
flowering or to profuse flowering, 1indicating that these
characters were 1iImportant for thrips resistance (Singh, 1979).
Other lines TVu 2870, TVu 6507 and TVu 7133 were reported as
being moderately resistant to thrips (Anon, 1978). More
recently, TVx 3236 was also reported as being resistant to

thrips (Anon, 1982).

Studies by Nganga (1980) in Kenya on Cowpea resistance
to M. s.iostedti indicated that the local cowpea cultivars,
Mtwapa 1 and Kakamega 1 were more resistant than another local
cultivar, Katumani 1 when compared in terms of thrips burden
and damage to flower buds. Apart from these studies,
information on the assessment of resistance /susceptibilitgn
relationships of local cowpea cultivars to M. s._iostedti in

Kenya i1s non-existent. This study was therefore carried out to

investigate the resistance of various cowpea cultivars to M.

ldostedti .



4.2 MATERIALS AND METHODS

Experiment 1. Assessment of M. s._jostedti population

density on cowpea cultivars planted on a

single planting date

In these studies, cowpea cultivars were tested iIn the
field to assess and compare their resistance to thrips using
known exotic West African resistant and susceptible checks

identified by Singh (1979) and Salifu (1984). It was considered

in these studies that resistant cultivars would have less

infestation by thrips as compared to susceptible ones.

Twelve local cowpea cultivars, namely; ICV 1, ICV 2,

ICV 3, ICV 4, ICV 5, ICV 6, ICV 10, Katumani 4, Nya’chula,

Nya’mbita, Nya’milambo and Yatta 2 and two West African

cultivars, namely TVu 1509 (resistant check) and Ife brown
(susceptible check) were planted during the short rains of 1984.

®ch plot consisted of 3 rows of a single cultivar measuring 5

*®@tres long. Spacing was 30cm within and 50cm between rows. The

D ots were replicated six times iIn a randomised complete block

e®ign. Since the study area was constantly under a cowpea crop
bn _. . i
—5iL_there was no need of planting an earlier booster cowpea

“Hp-vio ensure high thrips infestation of the experimental crop.
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Sampling of flowers for thrips was conducted at 45 days
alter planting (DAP) and at 60 DAP. On each sampling occassion,
10 flowers were randomly picked from the central rows of each
cultivar. Each flower was placed in a plastic vial containing
30% alcohol. Samples were taken between 0700 and 0900 hours
when thrips were less active with the least possible disturbance
to the foliage. Counting of thrips was done in the laboratory

/ under a stereo microscope.

The contents of each vial were emptied iInto a
petri dish and flowers were dissected and thoroughly washed in
alcohol to release the thrips. The number of thrips found were
counted and expressed as mean per Tlower. Data obtained was
subjected to square root transformation to homogenize the
variance in accordance with statistical requirement (Gomez and
Gomez, 1976). The transformed data were then analysed using the
two way Analysis of variance test and any differences in means

between the cowpea cultivars separated by the Duncan’s multiple

range test (DMRT).

m *Periment 2. Assessment of M. sjostedti population density
on cowpea cultivars planted on different

planting dates to synchronize their flowering

Based on observations recorded from experiment 1 above,
it WAK
wt TFound that the test cultivars had different flowering
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periods (Appendix 111). It therefore became necessary to
conduct an experiment whereby planting was staggered so as to
synchronize their flowering periods. In this way, the different
cultivars would be producing flowers at the same time so that
any differences 1iIn incidence of thrips population would be due
to their preference or non-preference for the cultivar other
than to differences in cultivar flowering periods.

The same fTourteen cultivars tested under experiment 1
were planted as before during the long rains of 1985. However,
this time, the late flowering ICV 3, ICV 10, Katumani 4,
Nya’chula and Nya’mbita cultivars were planted first, followed
by ICV e, Ife brown, Nya’milambo, TVu 1509 and Yatta 2 cultivars
six days later and ICV 1, ICV 2, ICV 4, and ICV 5 twelve days
after the first set of planting (DAFP). Sampling of flowers was
conducted at 45 and 60 DAFP and the thrips were extracted,
counted and data treated using the procedure described in

experiment 1.

Experiment 3. Population assessment of thrips in malformed and

normal flowers of ICV 4 and Yatta 2 cultivars.

Based on preliminary observations from experiment 1, it
Mrs further found that the cowpea plants attacked by M.

possessed normal and malformed flowers. Flower
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malformation is known to occur when infested by thrips (Taylor,
1969, 1978). It was not known whether the two forms of flowers
carried an equivalent number of thrips since, if any differences
existed, this would have an effect on resistance or
susceptibility expression depending on the nature of the flowers
forming the majority of the sample. To ascertain this, thrips
populations were assessed separately on malformed and normal
flowers of ICV 4 and Yatta 2. These two cultivars were selected
a priori from the field used In experiment 2. Population
assessment was conducted at 55 DAFP when the plants were
approximately at their peak flowering stage. The thrips were
extracted and counted using the procedure described in
experiment 1. Data obtained was subjected to Students t-test to
find out whether any differences occurred between the two forms

of flowers.

4.3 RESULTS

Experiment 1. Population density of thrips on cowpea planted on

a single planting date.

Results for this experiment are presented iIn Table 8.
~etistical analysis of the data (Appendix iVa) showed that

m~Cre were higly significant (P < 0.01) differences between the
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Table s. Population of Nbo s_jostedti on
cowpea cultivars planted on a
single planting date

Cultivar Mean number of thrips per flower
At 45 DAP At 60 DAP

Nyami lambo 19.72 a 93.9
Katumani 4 19.84 a 102.9
IV 5 21.34 ab 95.0
v 1 21.42 ab 107.9
Yatta 2 24.40 ab 129.2
TVvu 1509 24.68 ab 125.9
ICv 2 25.20 ab 120.3
Icv 3 27.50 ab 120.4
Nyambita 28.26 abc 109.3
Ife brown 28.28 abc 115.0
ICV 10 28.64 abc 106.5
Icv 4 29.78 abc 105.5
ICV 6 29.92 be 113.0
Nya’chula 37.06 c 111.2
v 26.5% 18.9%
S.E. 3.02 8.59

Mean values followed by similar letters within
columns are not significantly different at 5%
“evel (Duncans Multiple Range Test)
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cultivars sampled at 45 DAP, while there were no significant (P
< 0.05) differences between the cultivars sampled at 60 DAP
(Appendix IVb). Additionally, there were significant differences
(P<0.05) in the number of thrips between the cultivars that were
least preferred and those that were most preferred at 45 DAP and
not at 60 DAP.

It is evident from Table s that at 45 DAP, Nya’milambo
folloved by Katumani 4 had the lowest number of 19.72 and 19.84
thrips per flower respectively, and thus, were considered the
least preferred. On the other hand, Nya’chula had the highest
number of 37.06 thrips per flower, and was considered the most
preferred. At 60 DAP, Nya’milambo again followed by ICV 5 had
the least average number of thrips per flower being 93.9 and
95.0 respectively and were considered the least preferred, while
Yatta 2 had the highest, being 129.2, and was considered the

most preferred.

Three cultivars, namely Nya’milambo, Katumani 4 and ICV 5
consistently appeared among the top five least preferred lines
and apparently exhibited more resistance to thrips than the
resistant check TVu 1509 on both sampling dates. On the other
ax> ICV e, Nya’chula and Ife brown consistently appeared

®@°ng the top five most preferred .
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Experiment 2. Population density of thrips on cowpea planted
on different planting dates/synchronized flowering

periods.

Results of the experiment on the population density of
legume bud thrips with synchronized flowering periods iIs presented
in Table 9. Statistical analysis of these results (Appendix IVc &
IVd) showed that there were highly significant (P < 0.01)
differences between the cultivars at 45 DAFP and significant (P <
0.05) differences at 60 DAFP. Additionally, there were significant
(P<0.05) differences on the number of thrips per flower between
the cultivars that were least preferred and those that were most
preferred at both flowering dates.

It was observed that at 45 DAFP, Katumani 4 had the
lovest number of 15.43 thrips per flower and was considered the
least preferred, while ICV 1 had the highest number of 34.58
thrips per flower and was considered the most preferred. At 60
DAFP, Nya’mbita followed by Ife brown had the lowest number of
thrips per flower being 27.80 and 28.28 respectively, and were
considered the least preferred, while ICV 4 had the highest number
°f thrips per flower being 60.98, and was considered the most

Preferred.

Apart from Katumani 4 which appeared first and seventh on both
sampling dates respectively, four other cultivars namely,

~ysmbita, Nya’milambo, ICV 5 and the susceptible check Ife brown,
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Table 9. Population of M. s_jostedti on cowpea
cultivars planted on different
planting dates.

Cultivar Mean number of thrips per flower
At 45 DAFP At 60 DAFP
Katumani 4 15.43 a 43.30 abc 7
Ife brown 16.02 a 28.28 a 2
Nya’mb ita 17.90 ab 27.80 a i
Nya’milambo 18.43 abc 40.51abc H
ICV 5 20.93 abed 35.02 ab
ICV e 21.07 abed 55.45 be
ICV 10 22_.37 abed 44 50 abc
Yatta 2 22 .47 abed 40.87 abch
TVu 1509 22.90 abed 43.30 abc 7
Nya’chula 25.30 bed 58.57 be
ICV 3 25.33 bed 42.02 abc b
ICV 4 26.72 ede 60.93 c
ICVv 2 29.00 de 46.77 abc 10
Icv 1 34.58 e 54.63 be +
cv 26 .5% 28.9%
S.E. 2.45 7.06

Mean values fTollowed by similar letters within
columns are not significant at s% level
(Duncans Multiple Range Test).



-65-

consistently appeared among: the top five least preferred lines
and exhibited more resistance than TVu 1509 on both sampling
dates, while on the other hand, Nya’chula, ICV 1, ICV 2 and ICV
4 cultivars consistently appeared among the top five most
preferred and exhibited less susceptibility than the susceptible
check, I1fe brown.

Comparison between the results of the Tirst experiment
to that of the second, showed that Katumani 4 , Nya’milambo and
ICV 5 were the only cowpea cultivars that consistently appeared
among the top five least preferred on both planting patterns,
whereas, Nya’chula consistently appeared among the top five most
preferred on both planting patterns. On the other hand, Ife
brown was the only cultivar that appeared among the top fTive

least preferred on one planting pattern and the top five most

Preferred on another.

Experiment 3. Population of thrips on malformed and normal

flowers of ICV 4 and Yatta 2 cultivars.

Results for the experiment on thrips population
SSessment on malformed and normal looking flowers of ICV 4 and
v a 2 cultivars are summarised iIn Table 10. The average
of thrips per flower obtained from ICV 4 was 33.9 in

flowers and 60.6 i1n malformed flowers. For Yatta 2, the



-66-

Table 10. Population of thrips

flowers of ICY 4 and Yatta 2 cultivars.

(N=10 for each replicate)

ICV 4
Normal
Replications Tlowers
1 53.9
2 30.8
3 13.6
4 20 .7
5 46.2
6 38.5
Mean 33.95
S.E. 6.23
t 5.87
P <o.o1

Hal formed

flowers

79.4

39.6

44 _4

42 .4

73.9

83.9

60.6

8.38

Yatta =2

Normal

fiowers

24.1
17.6
23.9
19.1
31.3

43.9

26.65
3.97
5.93

< o0.01

in malformed and normal

Mal formed

flowers

44 .6
42.1
42.3
52.8
69.8

32.2

47.3

5.23
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average number of thrips per flower was 26.6 in healthy TfTlowers
and 47.3 in malformed flowers. Statistical analysis, showed
that there were significant differences (t=5.87, P<0.01 and
t=5.93, P<0.01) between the thrips population in malformed and
normal flowers of ICV 4 and Yatta 2 cultivars respectively. It
was therefore concluded that malformed flowers carried
significantly greater number of thrips than normal looking

flowers.

4.4 DISCUSSION

In any screening programme, consistency, repeatability
and precision of results is often the most desired attribute.
Results obtained from the Tfirst two experiments showed that
Katumani 4, Nya’milambo and ICV 5 consistently had lower thrips
counts than others under the different situations and could
therefore be considered as being more resistant than others. On
the other hand, Nya’chula consistently had a higher thrips count
than others under the different situations and can be considered
*e peing least resistant. Other studies iIn Kenya have shown

1 and ICV 5 to be fTairly tolerant while ICV s susceptible to
c°mmon cowpea pests including thrips (Pathak and Olela,1986).
OWever, further studies show that ICV 1 employs the mechanism

Pest evasion to attack by cowpea pests (Pathak,pers.comm.).
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The methodology used in the assessment of resistance in
these experiments only allowed for the identification of
non-preference mechanism of resistance. However, antibiotic
activity by the cowpea plants on the dynamic thrips population
may not be ruled out as a factor responsible for the Ilower
populations of thrips on the apparently resistant cultivars.
Thus, studies based on the identification of tolerance and
antibiosis mechanisms of resistance to thrips need to be
undertaken to back-up information obtained from the current
studies.

Lack of repeatability of results iIn the supposedly
resistant check TVu 1509 and the susceptible check Ife brown
reported by Singh (1977b) and Salifu (1984) , may be explained
by the fact that resistance mechanism often break down under
different environmental conditions (Horber,1972; Kogan, 1975;
Coppel and Mertins,1977) and may have iInfluenced the expression
of resistance and susceptibility in these West African cultivars.

The highly significant diferrences obtained between
thrips numbers in malformed flowers as compared to those 1iIn
normal flowers (Table 10) clearly suggest that a field
evaluation technique for resistance to thrips involving random
sampling of cowpea flowers and subsequent thrips counts is

r likely to give misleading results. Thus, samples that may

include more malformed flowers will definitely have a greater
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than a sample involving more normal Tflowers. Furthermore, the
ratio of malformed to normal flowers at any given time may be
dependent upon the relative fTlowering periods of the different
cowpea cultivars which may ultimately influence thrips numbers
depending on the dates of sampling, and thus, the proper
expression of resistance or susceptibility. AlIl these factors
may have influenced the results in Ife brown, Nya’mbita and ICV
1 which exhibited appreciable levels of resistance iIn one case
and the converse in the other. Furthermore, ICV 1, ICV 2, and
ICV 4 which are early flowering/maturing types, appeared among
the top Tive most preferred only when flowering was synchronized
suggesting that time of sampling in relation to the flowering
periods, had an effect on the expression of resistance or
susceptibility.

This therefore requires that, a field sampling
technique for the determination of resistance to thrips
involving insect counts, be standardized , with the influence“of
sampling date relative to the different flowering periods and
, he nature of flowers to be sampled, forming the major
Considerations. This will help improve the valididity and
Jj= i1ablility of the results on thrips populations and thus the

Tr°Per expression of resistance or susceptibility.
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CHAPTER 5

YIELD LOSS ASSESSMENT OF COWPEA CULTIVARS

CAUSED BY M. SJOSTEDTI

5.1 Introduction.

Resistance may be quantified through yield loss
assessment iIn relation to pest population. Alternatively,
resistance can be assessed by exposing crops to selective

insecticidal treatments that would eliminate all pests except the

the pest under study. The effect of the target pest on yield 1is

then compared with that obtained from a completely protected

crop. Both these methods have been variously used to assess

cowpea yield losses due to M. s._iostedti (Singh, 1977b; Anon, 1981,

1983; Redden and Singh, 1982).

In studies involving yield loss assessment due to thrips,
Singh et_ g (1982) found a negative relationship between seed

yield and total thrips population. Singh (1979) also reported
-

that in yield loss studies of cowpea caused by thrips at IITA,

losses of 25 - 30% were recorded in the moderately resistant line

TVu 1509, whereas 90-100% yield loss occurred in "susceptible

cultivars. However in other studies (Anon, 1982b) it was observed

that there were no significant differences in yields between a

Cr°P that received incecticide and one that did not, despite

®rrying significantly different thrips populations.
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The purpose of this study was to:
(i) establish whether thrips cause any considerable
yield reductions to cowpea.
(ii1) elucidate the extent of this damage in relation
to various damage parameters on various local cowpea
cultivars.
(ii1) determine i1f any significant differences occur
among a range of local cultivars for the various damage

parameters.

5.2 Materials and Methods

The experimental design used was split-plot design with
three main plot treatments (insecticidal treatments) and fourteen
sub-plot (cultivars) treatments. The experiment was replicated
five times. The three main plot treatments were as follows:

(i) protected plot, which was completely protected by

the application of monocrotophos at the rate of 400

g-a.i./ha during the raceme initiation stage (30 DAP) to

control thrips and endosulfan at the rate of 200 g.a.i.

45 and 58 DAP to control Maruca testulalis and pod

sucking hemipterans.

(i1) unprotected plot, which received endosulfan at

the rate of 200 g.a.i/ha at 45 and 58 DAP to control M.

testulalis and pod sucking hemipterans and thus leaving
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the effect of thrips alone.

(iii) control plot, which received no insecticide

applications.

The difference between the protected plot and the unprotected plot
would RiIve the effect of thrips alone (measurement of interest).

The fTourteen tests cultivars (sub-plot treatments) used
in the previous experiments (experiments 1 and 2 of section 4.2)
were planted in sinRle rows each measurinR 5 metres lonR 1In each
block. SpacinR was 70 x 70 cm. with entries randomised. Thrips
population, seed yield and damage parameters including numbers of
dropped flowers and flower buds, percentage of malformed flowers,
number of pods set, percentage of malformed pods and percentage of
pods with seeds were assessed.

To verify whether the different treatments had an effect
on thrips population,five flowers were randomly sampled from each,
row at 55DAP. Flowers and thrips were then handled following the
Procedure described in experiment 1 of section 4.2. Thrips
numbers were expressed as average numbers per Tflower.

Aborted flowers and flower buds were collected and
counted for each of the plants in the whole plot. Six counts were
Htaducted from the time of flower bud formation (35 DAP) at five

intervals until the pod setting stage (65 DAP). Data obtained

s |

e*pressed as the average number of dropped flowers and flower
budg
1 per plant. Likewise, malformed flowers and total number of

flowers (both malformed and normal) were counted from six
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randomly selected plants In a row at a time. This was continued
during the entire flowering stage at five day intervals, making a
total of five counts. Malformed flowers were expressed as a
percentage over the total number of flowers counted.

When the plants had completely dried up, all pods were
harvested from five plants per row. The pods were counted and
expressed as average number of pods set per plant. From these
pods, the number of malformed pods were counted and expressed as a
percentage over the total number of pods set per plant. In
addition, the number of pods with seeds were counted and expressed
as percentage of pods with seeds per plant. Finally, the pods were
shelled and the seeds weighed. The weights were expressed as
average weight of seeds per plant. The average weight was then
divided by the average number of pods set by that particular plant
and expressed as the average weight of seeds per pod.

Data obtained were subjected to square root
transformation. The transformed data were then analysed using”
-Plit-plot analysis of variance and any differences in means
separated by the Duncan’s multiple range Test (DMRT) for both
eub-plOt and main plot treatments.

The effect of thrips per cultivar was obtained by getting
] difference between the entries iIn the protected block and

in the unprotected plot. The effect of the latter on the
meegge parameters was expected to be greater than that of the

10..
However, the foregoing comparison was not made since it
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could only have been valid If significant differences between
treatments and significant iInteractions between cultivars and
treatments occurred concurrently.

In the following results, with exception of Table 11, the
Analysis of Variance tables were given iIn the main text since they
carried the most important and referred to results. The actual
data were given as appendices and were treated differently as
follons.

(@) where significant interactions between treatments and

cultivars occurred, the cultivars were compared for all

levels of treatments.

(i) where there were no significant interactions between

cultivars and treatments, pooled means of cultivars were

compared.

(i1) where there were significant differences between

treatments but no significant interaction between

cultivars and treatments, pooled means of treatments were

compared.



5.3 RESULTS

5 3.1 Population studies of M. s_jostedti on cowpea of

protected,unprotected and control plots

The results for the population of M. s.jostedti on cowpea
of protected, unprotected and control plots are presented in Table
11, Thrips averaged 2.04 per flower iIn the protected plot, 4.33
per floner In the unprotected plot and 6.36 per flower In the
control plot. There were significant (P < 0.05) differences
between the thrips counts iIn the different treatment plots
(Appendix Va). It was therefore concluded that thrips population
were highest in the control plot followed by the unprotected plot

and lastly the protected plot, confirming that treatments were
effective.

5.3.2 Number of dropped flowers and flower buds per plant, pods

set per plant and weight of seeds per plant.

The results for the above four damage parameters are
W»arised in Tables 12, 13, 14 and 15.,Figures 4,5,6 and 7 and
~b, ¢, d and e respectively. The results show that
Were no significant (P > 0.05) differences between the
(Tables 12,13,14 & 15), indicating that the different

Suicidal treatments and hence the thrips , did not have any
significant+ .
L eTiect on the four damage parameters. On the other
hand, "u
re were highly significant (P < 0.01) differences
betwef
F* be cultivars and significant(P < 0.05) interactions

bdne,
I the cultivars and the treatments, indicating that
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Table 11. Population of M. sjostedti on cowpea of

protected, unprotected and control blocks.

Mean number of thrips per flower

Replicates

Protected Unprotected Control

1 2.77 4.33 6.10

2 1.80 5.17 8.77

3 1.23 3.67 7.23

4 2.13 4.20 5.80

5 2.26 4.30 3.93
Mean 2.04a 4_.33b 6.36¢C
S.D. 0.57 0.54 1.79
C. V. 26.73%
S.E. 0.71

|Ip@D values fTolowed by different letters are significantly

different at s% level.
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Table 12 Analysis of variance for average number of

dropped flowers per plant

Sources of

variation df SS MS F
Replications 4 0.34 0.084 0.07 NS
Treatments 2 6.39 3.19 2.85 NS
Main plot error 8 8.96 1.12

Cultivars 13 21.00 1.61 7.49 **
CXT 26 9.45 0.36 1.68 *
Sub-plot error 156 30.76 0.21

Total 209 76.9

NS Not significant
Significant at 1% level

* Significant at 5% level

cv = 12.44%



Fig 4.

Mean number of dropped flowers per plant
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number of dropped flowers per plant
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Table 13 Analysis of variance for average number of

dropped buds per plant

Sources of

var iat ion df SS MS F
Replications 4 207.2 51.8 0.35 NS
Treatments 2 89.8 44 .9 0.03 NS
Main plot error 8 1185.4 147 .8

Cultivars 13 479.9 36.91 s o
CXT 26 518.8 19.9 1.64 *
Sub-plot error 156 1887.6 12.1

Total 209 4368.7

NS Not significant
* Significant at 5% level
** Significant at aix level

cv 14 _.42%



Fig 5. Cultivar X Treatment interaction plot for average number

of dropped buds per plant

Mean number of dropped buds per plant

1. Nyamilambo 2. Katumani 4 3. ICV 5 4. Nyambita 5 1Ife
brown e. ICV 10 7. Yatta 2 s. TVu 1509 9. ICV 1
10. 1CV 3 . IV e 12 ,ICV 2 13. ICV 4 14. Nyachula

P: Protected U: Unprotected C: Control
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Table 14: Analysis of variance for average number of pods

set per plant.

Sources of

variation

Replications
Treatments

Main plot error
Cultivars
CxT

Sub-plot error

Total

NS Not significant

df

26
156

209

4.9

10.5

18.5

198.5

26.2

91.5

350.1

*x Significant at 1% level

*

CV = 11.28%

Significant at 5x level

MS

1.24

5.25

2.3

15.3

0.58

0.54 NS

2.27 NS

26.04**

1.72 *
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Fig 6. Cultivar X Treatment interaction plot for average

number of pods set per plant

le Nyamilambo 2. Katumani 4 3. ICV 5 4. Nyambita 5 1Ife
brown 6. ICV 10 7. Yatta 2 s. TVu 1509 9. ICV 1
10. ICV 3 . IVe 12. ICV 2 13. ICV 4 14. Nyachula

P: Protected U: Unprotected C: Control
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Table 15: Analysis of variance for average weight

of seeds per plant

Sources of

variat ion df SS MS F
Replications 4 15.72 3.92 1.30 NS
Treatments 2 5.77 2.98 0.95 NS
Main plot errpr 8 24 .22 3.02

Cultivars 13 99. 10 7.62 8.61**
CxT 26 40.07 1.54 1.74*
Sub-plot error 156 138.10 o.88

Total 209 322.98

NS Not significant
* significant at 5% level

" significant at 1% level



Average“weight of seeds per plant

Fig 7. Cultivar X Treatment interaction plot for

average weight of seeds per plant

1. Nysunilambo 2. Katumani 4 3. ICV 5 4. Nyambita 5. Ife
brown e. ICV 10 7. Yatta 2 s . TVu 1509 9. ICV 1
10. ICV 3 . ICVe 12, ICV 2 13. ICV 4 14. Nyachula

Ps Protected U: Unprotected C: Control



differences between cultivars were not the same at different treatments.
This interaction is shown in Figures 4,5,6 & 7 with the graphs devided
into two portions based on the relative resistance or susceptibility of
the test cultivars. The line graphs at the top represent the less
preferred lines while those at the bottom represent the more preffered.
It is evident from these figures that the different cultivars responded
differently at each treatment level to thrips effect iIn relation to the
four damage parameters. Furthermore, there appeared to be a general and
consistent trend of response within and between the groups except for a
few cultivars which responded differently. Such cultivars included TVu
1509 and ICV 2 in Figure 4, Yatta 2 in Figures 4 and 5 and finally Ife
brown in Figures 5 and & .

Despite lack of significant treatment effect, which previously
(Table 11 and Appendix Va) had been shown to have significant effect on
thrips populations, it was concluded that since there was significant
interaction between the cultivars and the treatments, thrips did indeed
have an effect on the numbers of dropped flowers and flower buds, number
of pods set and weight of seeds per plant. However, this effect was
dependent upon the cultivar at each level of treatment. It was"also
concluded that the highly significant differences between cultivars were
only due to varietal differences, but that these differences fluctuated

with different treatments.

5.3.3. Percentage of malformed flowers per plant and average weight of

seeds per pod

Results for the two damage parameters are presented in Tables 16

aod 17 and Appendix V T and g respectively. Tables 16 and 17 show that
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Table 16: Analysis of variance fTor percentage of

malformed flowers per plant

Sources of

variat ion df SS MS
Replications 4 2250.5 562.6
Treatments 2 3325.3 1662.6
Main plot error 8 2864 .7 358.1
Cultivars 13 7354 .6 565.7
CXT 26 785.1 30.2
Sub-plot error 156 7066.4 45.3
Total 209 23646.6

NS Not significant
* Significant at s5% level
** Significant at 1% level

cv 17.58%

1.57

4.64

12.49

0.67

NS

NS



Table 17: Analysis of variance for average weight of
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seeds per pod

Sources of

variation

Applications
Treatments

Main plot error
Cultivars

CxT

Sub-plot error

Total

df

13

26

156

209

NS Not significant

* significant at 5%

** significant at 1x

= 4.45%

SS

0.09

0.07

2.90

0.56

3.85

level

level

MS

0.30

0.04

0.009

0.004

0.004

3.24 NS

4._84*

62.44%**

1.18 NS
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there were significant (P < 0.05) differences between treatments,
indicating that the insecticidal treatments and hence the thrips
had significant effect on the two damage parameters. The
percentage of malformed flowers averaged 30.39 in the protected
plot, 40.45 in the unprotected plot and 45.44 in the control plot
(Appendix VF), while weight of seeds per pod averaged 1.23 in the
protected plot, 1.34 in the unprotected plot and 1.42 in the
control plot (Appendix VQ)- Of the two damage parameters, only
the percentage of flowers malformed conformed to the trend of
thrips populations in the three treatment plots, while the
converse was true for the average weight of seeds per pod (cf
Appendix Va to VF & g).-

There were highly significant (P < 0.01) differences
between cultivars. It was further noted that the early flowering
cultivars like ICV 1 and ICV 2 possessed the lowest percentages of
25.32 and 25.35 malformed flowers per plant respectively, while
the late flowering cultivars like ICY 3 and Nya’chula possessed
the highest percentages of 48.38 and 56.74 malformed flowers
respectively (cf Appendix Ill1 and VF). There were no significant
(P > 0.05) interactions between cultivars and treatments (Tables
16 &17), indicating that the cultivars were not significantly
affected by the different treatments. In other words, the
cultivars responded proportionately to the different treatments
with respect to the two damage parameters. It was therefore
concluded that thrips caused significant increase in the
Percentage of malformed flowers, while 1t could be superfulous to
conclude that the converse was true for the average weight of

per pod. However, this increase in percentage of malformed
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flowers, was constant or fixed for all the fourteen cultivars in
relation to the treatments, with differences between cultivars

only being; due to varietal differences and not to thrips effect.

5,3.4 Percentage of malformed pods and pods with seeds per plant

Results for the percentage of pods malformed and
percentage of pods with seeds are presented in Tables 18 and 19
and Appendix V h and 1 respectively. The results show that there
were no significant (P > 0.05) differences between treatments
(Tables 18 &19). It was therefore inferred that the insecticidal
treatments, and hence thrips, did not have significant effect on
both damage parameters. On the other hand, there were highly
significant (P < 0.01) differences between cultivars with respect
to percentage of malformed pods per plant, while there were no
significant(P > 0.05) differences between cultivars for the
Percentage of pods with seeds. In addition, both parameters
showed no significant (P < 0.05) interactions between the
treatments and the cultivars, 1indicating that differences and
Similarities respectively, between the cultivars, were not
Significantly affected by the treatments. On this basis, it was
c®°Pcluded that thrips did not significantly increase the
Percentage of pods malformed , nor did they cause significant
decrfase in percentage of pods with seeds. The differences

N
tWeen cultivars for the percentage of malformed pods were only



Table 18: Analysis of variance for percentage of
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malformed pods per plant.

Sources of

variation

Replicat ions
Treatments

Main plot error
Cultivars

CxT

Sub-plot error

Total

df SS MS
4 330.7 82.7
2 2.3 1. 15
8 271.8 33.9
13 5776.2 444 .3
26 600.1 23.1
156 2630.7 16.86
209 9611.8

NS Not significant

** gignificant at 1% level

cv= 9.97%

2.43 NS

0.03 NS

26.35**

1.37 NS



Table 195 apalysis of variance

with seeds.

Sources of

variation

Replications
Treatments

Main Plot error
Cultivars

CxT

Sub Plot error

Total

df

13
26
156
209

Ps Not significant

CvV =5.12%

-91-

SS

154.9
77.8
242 .2
416.2
569.8
3798.8

5259.3

for percentage of pods

MS

38.7
38.9
30.3
32.0
21.9

24.3

1.28 NS
1.29 NS

1.31 NS

0.9 NS
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due to varietal differences while the cultivars responded iIn a
similar way or were unaffected to thrips infestation with respect

to percentage of pods with seeds.

In all, the findings of this study showed that thrips
were effectively controlled by insecticides as there were
significant differences (P < 0.05) in thrips populations among the
entries in the different treatment regimes. However, apart from
the percentage of malformed flowers per plant, the same was not

reflected on all the damage parameters assessed.

5.4 DISCUSSION

These results show that thrips did affect some of the
damage parameters and that there was generally a common and
consistent trend on their effect in relation to the three
different treatments. This effect however, was dependent upon the
cultivar. Whitney (1972) reported that thrips affected the number
°fF pods set, percentage of pods with seeds, and weight seeds per
Plant and per pod. On the other hand, Anon (1982b) reported that
In experiments to determine cowpea yield losses due to M.
Njostedti. though there was a significant difference in thrips
Population between a crop that received insecticides from one that

I Id not, the same was not reflected in the final seed yield. The
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that probably the low numbers of thrips observed in the fie!
not able to cause considerable damage. The thrips populatiq e
obtained iIn this study were relatively low (as compared to t

N
populations obtained earlier iIn the experiment described 1in .

chapter 4) and could have led to the lack of any yield loss.

However, this alone may not be an adequate explanation sinc”

the
economic injury level of thrips is unknown and may vary dep”

~dinhi
on other environmental variables.

Singh (1979) reported that generally yield losses

cowpea are usually incurred only if there is insufficient m"
) ) ) ) ) *stufe
in the soil or when temperature regimes become increasingly
unfavourable as the season progresses. In this study, soil

moisture was not limiting as the experimental plot was pla”®
~ed
during the long rainy season. The dry spells in between wer”

complemented by irrigation. It could therefore be postulate
F

t/\
under such a condition of abundant soil moisture and relativ

lov thrips population, yield losses due to thrips were most

unlikely.

The percentage of malformed flowers per plant was *

He
°nly damage parameter that conformed to the population tren”

of
I IPs In the different treatment blocks. One notable obse”

vntio

that the early maturing cultivars, namely, ICV 1, ICV 2(

ICV a
m Icv 5 had consistently lower proportion of malformed *\

~et*



per plant than the other test cultivars. Since flower
malformation is symptomatic of the intensity of attack as shown in
Table 10 of the previous chapter, these four cultivars thus
appeared to exhibit some form of apparent resistance. This form
of resistance called pseudoresistance through host evasion, 1is
actually known in cowpeas. Singh (1979) reported that some cowpea
cultivars escaped thrips damage in field trials due to early
flowering or profuse flowering and that these characters were
important for thrips resistance. However, some of these early
maturing, pest evading and therefore apparently resistant
cultivars may be potentially susceptible espescially when grown
under synchronised Tflowering. Therefore the assessment of
resistance based on flower malformation may not represent true
resistance probably only unless flowering is uniform or

synchronised.
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CHAPTER e

6.1 GENERAL DISCUSSION AND CONCLUSION

The findings of the study on various aspects of the
biology of M. sjostedti, adds to the pool of information generally
required prior to embarking on planning a pest management
programme.

The observation that M. sjostedti. essentially a pest of
flower buds and flowers, oviposited and survived entirely on
cowpea seedlings confirmed Taylor’s (1969) report that thrips
infestation began just before flowering. This implies that
chemical control of thrips should start at pre-flowering stage to
hinder the establishment of populations that would later infest
the flowers iIn big numbers.

Pupation was observed to take place in the soil. Under
Tield situation, this is apparently ensured by dropping of flowers
by which process the thrips gain access to the soil. A possible
cultural control of thrips would be to continuously pick up and
dispose of the dropped flowers before the thrips have dislodged
from the flowers to migrate into the soil to pupate. In this way,
Populations of subsequent generations could be minimized.

However, picking of dropped flowers may not be feasible and
therefore this control operation cannot be recommended for

adoption by farmers. Alternatively, chemical soil treatment just
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before peak flowering would be too expensive due to the large
amounts required, and therefore may be unfavourable to the farmers.

Moisture was found to be highly required by thrips in the
sand (soil) during pupation. This often result to their numbers
rising to damaging levels just when the cowpea plant also require
the the moisture for flowering and fruiting. Owing to this
coincidental situation, chemical control of thrips (through foliar
sprays) is recommended at this time.

The short adult longevity period observed in M. sjostedti
could imply that with proper management and manipulation of
alternative hosts and volunteer crops, thrips would generally
require a very short closed season to bring their populations low.

Parthenogenesis observed in M. sjostedti nullifies the
possible use of sterile insect technique control strategy since
females will only produce males that will iIn turn mate with them to
give offspring of both sexes.

This leaves us probably with the option of chemical
control. However, chemical control poses great danger to both
animals and the physical environment. Lewis (1973) also pointed
cut that chemical control of thrips is usually difficult because of
great numbers that infest individual plants and the rapid increase
°f field population caused by breeding and airborne migrations.

One logical option left is cowpea cultivars naturally resistant to
thrips. The development of thrips resistant cultivars naturally

c"Pable of keeping thrips population low and thus less insecticide
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applications, together with natural biological control and proper

cultural practices would be an effective package for controlling
thrips

Studies 1involving the evaluation of various cowpea
cultivars for resistance to thrips revealed that there was some
resistance in Katumani 4, ICV 5, and Nya’milambo cultivars.
Adkisson and Dyck (1980) reported that varieties with low or
moderate levels of resistance or those that may be able to evade
pest attack can be used as a good advantage for pest suppression.
They further reported that the key to success lies in their
incorporation into management systems and other control measures
that would suppress pest numbers while conserving natural enemies
and that should this be achieved, the insecticides might be used
more selectively and less frequently. However, recommending these
three local cultivars for commercial production would be
haphazard. Fine screenhouse tests are still required to determine
their stability and establish their mechanisms of resistance which
already appears to be either antibiosis or non preference or both.
Secondly they have to be tested on their resistance to other field
Pests of cowpea and their yield potentials be determined before

they could be recommended for the purpose of commercial production

or breeding.

The existence of no cowpea seed yield losses due to thrips
K*<)uires that studies should be conducted to establish the economic

In)Ury level of thrips on cowpea while considering the interacting
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environmental variables like soil moisture, relative atmospheric

humidity and temperature.

Cultivars or crops showing pseudoresistance through early
maturity (host evasion) are iImportant and have been used as a good
advantage in economic entomology (Horber, 1980). Thus the
cultivars ICY 1, ICV 2, ICV 4 and ICV 5 through their early
maturity could be advantageous in economic entomology. Early
maturity alone may not be a sufficient attribute as they may not
exhibit their apparent resistance under a wider range of
environments. However, their early maturity attribute could be
incorporated into resistant and high yeilding cultivars to give an
early maturing (therefore pest evading), high yielding thrips

resistant cultivar.
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6.3 APPENDIX

Appendix 1: Length of time taken during copulation

by M. s.jostedti adults

Time (Secs)

97 94 148 169 133 95 87 175 es 103 141 92 178
107 78 198 117 122 99 98 1iz2 115 125 75 112 177
es 184 91 146 117 ss 137 126 100 168 107 207 190
140 90 132 98 97 132 103 160 90 84 83 153 99

168 163 109 106 102 107 109 105 109 117 116 101

N>, of cases 64.0 Total (secs) 7727.0
Minimum 68.0 Maximum 207.0
Mean 120.73 Variance 1136.7
S.D 33.71 S.E 4.21

Skewness 0.79 Kurtosis -0.81
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Appendix 1la: Adult longevity of M. s.jostedti with

food provision.

Days of Numbers___ observed
survival Females x mortality Males x mortality

1 49 ) 42 o

2 49 o 37 11.90
3 49 o 32 23.80
4 49 o 24 42 .85
5 48 2.04 19 54_.76
6 47 4.08 11 73.81
7 44 10.20 5 88.09
8 40 18.37 2 95.23
9 36 26.53 o 100.00
10 32 34.64 o

11 30 38.77 )

12 29 40.82 o

13 24 51.02 o -
14 16 67.34 )

15 11 77.55 o

16 7 85.70 o

17 5 89.79 o

18 3 93.88 o

19 3 93.88 o

20 2 95.92 o

21 1 97.96 o

22 1 97.96 o

23 o 100.00 )

Data

summarised from six replications
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Appendix lib: Adult longevity of M. sjostedti without

food provision.

No. of hours Numbers Observed
of survival Females % mortality Males % mortality

6 47 o 48 o

12 47 o 48 o

18 47 o 48 o

24 47 o 48 o

30 42 10.60 48 o

36 33 29.79 44 8.33

42 22 53.19 39 18.75

48 10 78.72 36 25.00

54 5 89.36 33 31.25
60 1 97.87 24 50.00
66 o 100.00 24 50.00
72 o 14 70.83
78 o 9 81.25
84 ) 7 85.42
90 o 3 93.75
96 o o 100.00

Daty summarised from six replications
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Flowering period of the test cultivars.

Cult ivars

ICV
ICV
ICV
ICv

ICV

Yatta 2

Ife brown
Nya’milambo
TVu 1509
Katumani
ICV 10

Nya’Mbita

6

ICV 3

Nya’chula

Flowering period

(days after emergence)

28
28
28
30
34
34
35
35
35
40
40
40
41

41



Appendix 1Va. Analysis of variance fTor population of
M. s.iostedti

regime, sampled

Sources of dar
variation

Cult ivars 13
Replications 5
Error 65
Total 83

**Significant at 1%
CV = 12.91%

level

SS

16.52
12.11
27.04
55.67

MS

1.27
2.42
0.42
4.11

planted under uniform planting
at 45 DAP

3.05**
5.81**



Appendix [IVb.

Sources of

variation

Cultivars
Replications
Error

Total

NS
Cv

9.62*

Analysis of variance for population of

5* sjostedti

regime,

df

13

65
83

Not significant

135

sampled at 60 DAP

SS

18.2

7.7
65.8
91.8

MS

1.40
1,54
1.01
3.95

planted under uniform planting

1.38 NS
1.52 NS



136

Appendix 1IVc. Analysis of variance for population of
M. sjostedti planted under staggered planting

regime, sampled at 45 DAFP

Sources of

variation df ss MS F
Cultivars 13 22 .53 1.73 4 _30**
Replications 5 3.95 0.79 1-96NS
Error 65 26.18 0.43

Total 83 52 .66 2.92

** significant at 1% level
NS Not significant

C.V. 13.51%



Appendix IV d.

Sources of

variat ion

Cultivars
Replicat ions
Error

Total

* Significant at 5x
NS Not significant

CVv = 19.52%

Analysis of variance for population of
M. s.jostedti
regime,

df

13

65
83

137

SS

44 .63
17.60
103.68
165.91

level

MS

3.43
3.52
1.59

planted under staggered planting
sampled at 60 DAFP.

2.11 *
2_21NS



Appendix Va

Sources of

variations

Replications
Treatments
Error

Total

138

Analysis of variance for population of

thrips in protected, unprotected and control

plots
df Ss MS F
4 5.01 1.25 0.97
2 46.89 23.44 18.20**
8 10.31 1.28
14 62.20

** Significant at IX level

CV 26.73%



Appendix  \b:

Cultivar

Nya i lambo

Katumani 4
ICV 5

Nya" mbita
Ife brown
ICV 10
Yatta 2
TVu 1509
iIcv 1

ICV 3

ICV 6

ICV 2

ICV 4

Nya"*chulla

Pooled means

139 -

Average number of dropped

flowers per plant

Protected Unprotected

14.46
18.57
13.89
19.44

8.34
21.95
18.12
13.15
14.41
22.22
15.86
12.13
16.98

21.43

16.49
12_44%

0.28

bed
bed

abc

abc

a

a

11.48 bed
15.03 b
14.46 be
16.34 ab
7.15 d
14.71 be
22.56 a
8.47 cd
11.78 bed
17.95 ab
13.85 be
17.04 ab
15.35 b
17.46 ab

14.54 ab

Control

11.25

13.07

11.37

15.17

8.71

10.95

14.90

16.07

8.45

13.13

9.61

9.22

13.06

18.77

12.40

be

be

a

b

~alues followed by similar letters within colums

ar® not significantly different at 5% level (Duncans

maltipie range test).



Appendix \c:

Cultivar

Nya *mi lambo
Katumani 4
ICV 5
Nyarfmbita
Ife brown
ICV 10
Yatta 2
TVu 1509
ICV 1

ICvV 3

ICV 6

ICV 2

ICV 4

Nya “chula

Pooled means

140 -

Average number of dropped

buds per plant

Protected Unprotected Control

6.67

7.80

6.53

10.5

7.73

6.67

4.33

11.00

5.33

8.00

10.93

8.20

&8 &8 88 8 8 ° &8 &8 &8 &8 8 8

6.90

11.8 a

8.02 a

14._42%

5.73

6.73

7.86

6.46

5.27

6.60

10.46

8.46

6.07

7.00

3.73

5.47

8.00

8.20

6.86

10. 70 bed
7.87 bede
12. 73 abc
9. 60 bed
10. 80 bed
5.07 de
5.93 de
18.47 a
5.60 de
9.20 bed
6.53 ede
2.47 e
5.87 de

14.20 ab

8.93 a

followed by similar letters within columns

ar« not

Significantly different at 5% level (Duncans

SultiPie

range test).



Appendix \Vd:

Cultivar

Nya i lambo
Katumani 4
ICV 5
Nya’mbita
Ife brown
ICV 10
Yatta 2
TVu 1509
iIcv 1

ICV 3

ICV 6

ICV 2

ICV 4

Nya’chula

Pooled means
C.V.

S.E.

141 -

Average number of pods set

per pl

ant

Protected

51.28

56.20

32.32

42 .92

83.83

48.64

36.96

82.12

44.36

41.92

51.00

41.00

38.04

53.92

50.25

be

bed

bed

be

bed
bed
be
bed
cd
b

a

11.28%

0.340

Unprotected

51.48 c
47.16 c
37.80 c
39.04 c
64.72 b
38.32 c
47.52 C
92.60 a
40.16 c
44.56 c
45.48 c
4244 c
44.80 c
53.28 be

49.24 a

Control

4468

37.36

32.08

37.52

83.84

33.87

39.52

89.84

41.92

29.00

40.00

35.04

43.04

33.00

44.33

be
be

be

be

be

be
be

be

values followed by similar letters within columns

are n°t significantly different at s% level of

8lgnificance (Duncans multiple range test).



Appendix \e:

Cultivar

Nya Ini lambo
Katumani 4
ICV 5
Nyainbita
Ife brown
ICv 10
Yatta 2
TVu 1509
Icv 1

ICV 3

ICV 6

Icv 2

ICV 4

Nyaichula

Pooled means
C.V.

S.E.

142 -

Average weight of seeds per plant

Protected

61.74 b-e

72.63

43.61 ef

70.38

78.92 ab

68.17

50.69

53.75

48.65

75.90 ab

58.53

45.61 ef

39.40

87.79 a

61.12 a
12.25%

0.42

Unprotected

66.61 bed
69.37 be
62.51 bed
64.99 bed
64.67 bed
52.54 cd
68.18 be
66.17 be
44.31 d
82.09 ab
55.25 cd
48.81 cd
52.98 cd

94.50 a

63.78 a

Control

50.98 bed
59.34 be
55.32 bed
70.40 ab
87.53 a

54.55 bed
58.32 be
61.60 be
48.19 cd
59.54 be

45.16 d

o

48.32
52.11 bed

60.88 be

58.01 a

values followed by similar letters within columns

are not significantly different at 5% level

multiple range test).

(Duncans



Appendix VF: Percentage of flowers malformed per plant

Cultivar

Nya Mi lambo

Katumani 4
ICV 5
Nya™Mbita
Ife brown
ICV 10
Yatta 2
TVu 1509
Icv 1

IcvV 3

ICV 6

ICV 2

ICV 4

Nya’chula

Pooled means

C.V.

S.E.

Protected Unprotected

32.43

37.35

22.11

39.45

37.31

38.28

34.68

22.64

13.64

37.60

31.83

19.94

19.13

46.08

30.89 b

17.58%

3.00

41.36

39.09

25.87

47.91

44.63

53.89

43.09

33.69

29.22

47.62

45.49

27.29

32.93

63.25

40.45 a

Control

57.68
52.10
36.77
51.24
44 .27
52.99
4449
29.31
33.09
53.03
50.99
29.71
39.62

60.88

45.44 a

Pooled

means

43.82
42 .85
28.88
46.20
42.07
48.38
40.75
28.55
25.32
46.08
4277
25.35
30.53

56.74a

mUues followed by similar letters within columns are not

MpBfleantly different at 5x level

test).

a-d
a-d

bed

a-d

a—d

bed

a-d
cd
bed

(Duncans multiple range



Appendix \Vg:

Cultivar

Nyami lambo
Katumani 4
ICV 5
Nya’mbita
Ife brown
ICV 10
Yatta 2
TVvu 1509
Icv 1

ICV 3

ICV 6

ICV 2

ICV 4

Nya’chula

Pooled means

C.V.

S.E.

- 144 -

Average weight of seeds per pod

Protected Unprotected

1.20

1.29

1.35

1.64

0.95

1.04

1.37

0.65

1.09

1.81

1.14

1.11

1.03

1.63

1.23

4_.450

0.103

1.29

1.47

1.65

1.66

0.99

1.37

1.43

0.71

1.10

1.84

1.21

1.17

1.18

1.77

1.34 ab

Control

1.41

1.58

1.72

1.87

1.04

l1.61

1.47

0.68

1.15

2.05

1.13

1.09

1.21

1.84

1.42 a

Pooled

means

1.30 d-g
1.44 bed
1.52 abc
1.72 ab
0.99 g
1.34 b-e
1.42 c-f
0.68 h
1.11 fy
1.90 a
1.16 efg
1.12 efg
1.14 efg

1.74 ab

Values followed by similar letters within columns are not

significantly different at s% level

(Duncans multiple range test).



Appendix Vh:

Cultivar

Nyami lambo
Katumani 4
ICV 5
Nya’mbita
Ife brown
Yatta 2
ICv 10

TVu 1509
iIcv 1

ICVv 3

ICV 6

ICV 2

ICV 4

Nya’chula

Pooled means

C.V.

S.E.

- 145 -

Percentage of pods malformed per plant

Protected Unprotected

4409
45.43
48.12
31.41
67.12
37.25
37.10
48.61
50.73
28.05
41.84
51.84
54.14

25.35

43.65 a
9.97%

1.83

45.10

37.04

38.78

32.99

63.76

39.56

41.93

50.12

54.16

32.32

49.14

44 .37

48.96

31.64

43.56 a

Control

45.53
38.96
40.58
33.72
59.05
37.27
38.91
47.52
47.705
32.41
53.14
52.33
52.79

35.89

43.97 a

Pooled

means

44 _91 be
40.47 be
42 .49 bed
32.71 d
63.31 a
38.03 cd
39.31 bed
48.75 be
50.86 be
30.92 d
48.04 bg
49.51 be
51.96 b
30.96 d

values followed by similar letters within columns are not

significantly different at 5% level

test).

(Duncans multiple range



Appendix Vi:

Cultivar

Nyami lambo
Katumani 4
ICV 5
Nyambita
ITe-brown
ICV 10
Yatta 2
TVu 1509
Icv 1

ICvV 3

ICV 6

ICV 2

ICvV 4

Nya’chula

Pooled means
cv

S.E.

Percentage of pods with

146 -

seeds per plant.

Protected Unprotected

96.4

90.9

93.7

93.9

94.9

93.9

98.3

95.1

94.4

97.5

97.4

97.7

96.2

98.8

95.6
5.12%

3.12

98.4

92.9

94.9

94.4

92.7

93.4

98.4

95.9

97.4

97.8

97.5

96.9

96.3

98.4

Control

97.6

92.2

95.3

95.1

95.6

96.5

98.8

96.8

96.3

97.7

95.6

96.1

96.3

98.4

96.3

N° significant difference at 5% level.



