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insect control method (Painter, 1951. 1958; Panda, 1979; Maxwell and
Jennings 1980). The resistant cultivars are particularly
advantageous because: (a) they reduce the need for insecticide
inputs, thus preventing environmental pollution; (b) they reduce the
chances for the development of insecticide-resistant insect strains;
(c) they do not pose any threat to varasites and predators and, (d)
their use involves no extra cost to the farmer (Singh, 1978).
However, resistant cultivars also have their limitations: (a)
availability of resistant germplasm for development of resistant
cultivars may pose a problem; (b) the pests may develop biotypes
which can overcome varieties previously known to be resistant; and
(c) resistance to one insect pest in a cultivar may be accompanied
by its susceptibility to another insect pest of the same crop.
Despite all these limitations, resistant cultivars can still combine
very well with other control methods in an integrated pest

management programme.

With the emphasis on the use of resistant cultivars,
scientists at IITA started collecting and screening germplasm
resistant to insect pests of cowpea in 1970 (Singh, et al. 1983).
Some lines with a low to a moderate level of resistance to M.
testulalis have been identified (IITA, 1982; Jackai, 1982; Singh et
al., 1984). The cultivars Tvu 946, VITA 5 and Kamboinse local with
moderate level of resistance have been identified by the above
authors as promising donors for resistancs in breeding programme for

cowpea resistance to M. testulalis.



Although the above mentioned lines have been identified to be
good sources of resistance, it is important to develop cultivars
combining high resistance with other desirable agronomic
characters. In order to achieve this, it is important to obtain
information on the principles governing resistance or susceptibility
so that resistance - imparting characters may be incorporated and
the susceptibility - imparting characters may be eliminated in the

cultivars to be developed.

At present our knowledge of the principles imparting
resistance or susceptibility to cowpea against M. testulalis is
meagre and lacks sufficient experimental evidence. The study of
these principles has therefore been taken up in the present work ?s

spelt out in the objectives given below.
Objectives

15 To evaluate the levels of susceptibility or resistance in

some selected cowpea cultivars to M. testulalis.

24 To elucidate the factors determining differences in the
susceptibility or resistance in three selected cowpea

cultivars to M. testulalis.

These factors, under identical environmental conditions,
would involve an interaction between (1) the insects' colonizing

responses involved in the establishment of its population on a



plant, and (2) the plant characters determining these responses

(Saxena, 1969, 1985; Southwood, 1973).

The responses of an insect which favour or hamper its
colonization of a plant according to Saxena (1969, 1985), kelong to

the following main categories:

(1) Orientation responses, determining the insects arrival/arrest
on or avoidance of a plant;

(2) feeding responses determining quantity of the food ingested;

(3) metabolic utilization of food by the insect determining its
nutrition;

(4) growth and development of the larva, determined. by both the
food intake and nutritive value;

(5) survival and egqg pioduction in the adult stage determined by
both intake and nutritive value

(6) oviposition.

The plant factors influencing the above mentioned insect
responses may be broadly categorized as biophysical or biochemical
in nature. The biophysical plant characters would include those
perceivable at a distance e.g. visual (colour, pattern and shape) or
those perceivable by contact (hairiness, toughness). The
biochemical characters of the plants would include distance-
perceivable olfactory stimuli (non-aqueous volatiles), hygro-stimuli
(aqueous-vapour), contact-perceivable chemical stimuli (nutritional
chemicals and toxic chemicals interfering with metabolism or other

chemicals influencing phagostimulacion and palatadility of the food).









patterned wings. M. testulalis moths rest with their wings spread
horizontally and when in the cowpea field tends to rest under crop
canopy especially on the lower leaf surfaces thereby exhibiting a
kind of camouflage behaviour (Okeyo-Owucr and Ochieng, 1981).
According to the above authors, at the ICIPE - Mbita Point Field
Station the moth activity starts @t around 1800 h and ends at about
0630 h. The moths emerge between 2000 and 2300 h. Both natural and
artificially induced darkness initiate adult activity. The moths
also respond to light and can be caught by light traps at night

(Taylor, 1967, 1978).

Without mating M. testulalis lays few infertile eggs which
never hatch (Ochieng, unpublished). Being a nocturnal, insect
mating occurs at night with a peak at 0100-0200 h. The female
produces a pheromone which normally lures the male into mating
(Okeyo-Owuor and Agwaro, 1982). Mating takes place within 1-4 days

after adult emergence.

Studies at the ICIPE in East Aéfrica, shows that oviposition
takes place at night and occurs on all the aerial parts of the
cowpea plant, although the leaves are the most preferred
(Okeyo—-Owuor and Ochieng, 1981). In West Africq/(Nige:ia) Jackai
(198l1a) and Taylor, (1978) reported that majority of egg laying
takes place on the flowers and flower buds. ~Such differences in the

preferred oviposition sites in the two regions could be due to
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There is no information relating to the glands which produce the
threads. Like the moths, the larvae also like hiding and are
usually found feeding inside the food substratum during most of
their life time (Taylor, 1978; Okeyo-Owuor and Ochieng, 1981;
Okeyo-Owuor et al.,1983).! The young larvaz are usually found in the
young growing plant tips, flower buds and flowers. In the flowers
they concentrate their feeding on the reproductive parts and first
consume the anthers, filaments, style, stigma and ovaries before
feeding on the internal components of the corolla which is usually
limited (Taylor, 1967). Usually more than one larvae may be found
in each flower although M. testulalis larvae are not gregarious.

The hardy third, fourth‘and fifth instars are capable of boring into
and damaging the fresh pods and occasionally the peduncles and stem

(Taylor, 1967; Usua and Singh 1975).

Literature on the range of larval dispersal, orientation
responses as is influenced by plant and non planc stimuli is not

available. This was covered in the present study

M. testulalis eggs hatch in 2-3 days, the emerging larvae
uncergo 5 larval instars in 8-14 days (Taylor, 1967; Okeyo-Owuor and
Ochieng 1981; Jackai, 198lb; Singh and Jackai, 1935). Pre-pupal
period lasts for 1-2 days during which time the _arva dbes not
feed. Pupa is greenish or pale yellow initially out darkens to a
grevish-brown colour. Pupal period lasts for -9 days (Taylor,

1967). 1In Nigeria whole life cycle lasts for 1§-I5 days but may be
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(Taylor, 1978). M. testulalis has also been found in soyabeans

(smith, 1978). Vigna unguiculata (L. Walp) and Vigna mungo L. can
J1dna mingo

be considered as the principal hosts of M. testulalis because the
larvae can thrive on the stem, flowers and pods unlike in other host

species where the pest can only thrive on the flowers.

Jackai and Singh (1983) studied the suitability of flowers of

e

eight different plant species, Crotolaria retusa L., C. juncea L.,C.

saltiana L., C. misereniensis,.g. amazonas, Cajanus cajan L. Millsp

and Vigna unguiculata (L.Walp), and found that there was a

variability in the suitability of these plants as hosts of M.

testulalis. His studies confirmed that Vigna unguiculata (L. Walp)

was the most suitable host plant. Some of the plants (Crotalafia
juncea L.) attracted heavy oviposition but could not support

development of the larvae beyond 3rd instar.

1.5 Varietal Resistance of cowpea to M. testulalis

1.5.1 Screening for resistance, With the realization of the

importance of insect resistant cultivars, the current programme on
cowpea improvement at IITA has placed maximum emphasis on breeding
for insect resistance (Singh et al. 1984). However, there has been
a handicap in development of a suitable screeﬁing method and mass
rearing technique for M. testulalis which now seems to have been

solved (Singh et al., 1983).
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The first reported atteampt at developing a screening
technique for M. testulalis under field conditions was by Wolley and
Evans (1979) at IITA. This techniques had many flaws and has not
been adapted. The technique placed more emphasis on flower damage
than on pod damage and the parameter for assessing flower damage was
by the ratio of number of pods under unsprayed conditions to the,
number of pods under sprayed conditions. The resistance to overall
post flowering damage was assessed by ratio of seed yield under
unsprayed conditions to seed yield under sprayed conditions. One
major flaw in this method is that by spraying, all the insects pests
are controlled and under unsprayed conditions all the insects pests
are available. The differences in pod production and seed yield

cannot be attributed entirely to damage by M. testulalis.

A standardized method of field screening was developed and
reported by Jackai (1982) using natural insect populations.
According to Jackai (1982) most important parameters in the
assessment of cowpea resistance to M. testulalis are: (i) larval
infestation which is determined by larval population in flowers,
(ii) pod infestation which is determined by percent infestation
obtained from a éample of pods and (iii) seed damage measurement.,
Jackai (1982) suggests that mmeasurement of stem damage should also
be included in the assessment and recommends that any material
selected under field natural infestation should ultimately go
through artificial infestation to eliminate any risk of some

varieties escaping infestation due to low insect population .














































































CHAPTER 4

EGG PRODUCTION (FECUNDITY) AND OVIPOSITION

4.1 Introduction

The first step in the selection of a plant by a lepidopteran
insect like M. testulalis involves egg-laying. Differences in the
number of eggs laid on different cowpea cultivars would therefore
contribute to those in their colonization by this pest. The number
of eggs laid on different plants by the insect may differ due to;
(1) Egg-production, i.e., the actual number of oocytes developed in
the ovaries reflecting the insects fecundity, and, (2) oviposition

i.e., the number of eggs actually deposited on the plant.

As mentioned in chapter 1 on the review of literature, hardly
any information is available on the egg production (fecundity) in M.
testulalis in relation to different cowpea parts and cultivars.
Also, there are conflicting reports on the cowpea plant part(s) on
which the eggs are laid. According to some reports, flowers, flower
buds and abscission scars are the most preferred sites for
oviposition (Jackai, 198la)in Nigeria. Taylor (1978) reported that
eggs are normally deposited on flower buds and flowers although
oviposition also occurs on leaves, leaf axils, terminal shoots and
pods. According to Okeyo-Owuor and Ochieng (198l1) in Kenya, most of
the eggs (86%) are laid on leaves. Some of these reports were based

on field
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ovipositional preference for VITA 1 against Tvu 946 or VITA 5 under

free choice situations both at flowering and preflowering stage.

4.3.3 Ovipositional Responses to Different Parts of cowpea Plant.

When the females were allowed access to a flowering cowpea
plant on which all its parts were available, the percentage of eggs
laid on the leaves was the highest (Fig. 7 and Appendix 5). The
percentage of eggs laid on the remaining parts of the plant was low
and not statistically different. There was a tendency to
concentrate the eggs along the base of the veins of the lower
surface of the leaf, grooves and scars along the stem, peduncles and

other parts of the plant.

Even when different parts of each cultivar were excised and
offered together in almost equal proportions so that their surface
area was almost identical, the oviposition on the ileaves of the
susceptible VITA 1 was much greater than that on the remaining parts
(P = 0.05) (Fig. 8 and Appendix 6). For VITA 5; the egg-laying on
both leaves and peduncles was equally higher than on the other
parts, whereas on Tvu 946, the percentage of eggs laid on all the

parts was identical.
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Ochieng (1981). This was however contradicted by Jackai (198la) who
reported that flowers and flower buds were the most preferred sites
for oviposition. The data obtained in this study confirms the
observations of Okeyo-Owuor and Ochieng (198l1) that leaves are the
most preferred oviposition sites although M. testulalis oviposits on
all the aerial parts of the cowpea plant. M. testulalis is known,
to invade cowpea fields as early as 21 days after germination.
Jackai (198lb). It is therefore not surprising to find majority of
the eggs on the leaves since at this stage flowers and flower buds
are not available on the cowpea plant. This also provides a further
indication that oviposition stimulant(s) for M. testulalis seems to
exist in all the aerial parts of the cowpea plant

Studies by Okeyo-Owuor and Ochieng (1981) were conducted in
East Africa while studies by Jackai (198la) were conducted in West
Africa. Since these two regions are geographically different, there
is a possibility that the insects in the two regions could represent

different biotypes, of the same species.



CHAPTER 5

LARVAL ORIENTATION

5.1 Introduction

The larvae emerging from the eggs laid on a plant need to
orientate appropriately inorder to reach a suitable site for
feeding on the same or another plant. The continued stay of the
larvae on the plant on which they emerge reflects their ‘'arrest' by
the plant. On the other hand, the larvae that move out of that
plant may sooner or later reach other plants in the vicinity. The
arrival of these larvae on some plants may be accidental or due to
their attraction. On the other hand the failure of the larvae to
move to some other plants may be due to their repdlsion or lack of

attraction.

In view of the above, differences among cultivars in
influencing larval movements and in eliciting their arrest/stay,
attraction or repulsion can contribute to the susceptibility or
resistance of these cultivars. These responses of M. testulalis for

the target cultivars have, therefore, been studied in this work.
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5l Materials and methods

Be2ad Arrest/stay of larvae on plants

The suitability or otherwise of the test cultivars for
larval arrest was compared on the basis of two parameters: (i) The
rate of departure of the larvae from the plants; (ii) The percentage

of the larvae retained by the plants 24 hours after release.

For studying the rate of departure of the larvae from the
plants, a piece of polythene sheet was spread around the base of a
30-day-o0ld potted cowpea plant, covering the whole top surface of
the pot. Ten first instar larvae were gently picked singly with a
camel hair brush and placed randomly on the leaves of the plant.
The movements of the larvae were observed and the number of larvae
dropping or walking away from the plant was recorded every 10
minutes. The observations were continued for 75 minutes after which
no more larvae were seen to move away from the plant. The rate of
departure of the larvae was determined by the number of larvae
moving away from the plants at successive 10-min. intervals. The
faster the rate of the larval departure from the cultivar, the lower
would be the larval arrest on it. The experiment was replicated 5
times with different batches of larvae at the room temperature

(25-290C) .

The larval retention on a cultivar was studied with

reference to pre-flowering as well as flowering plants in the field
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watered 6 h before the release of the larvae. Fifty first instar
larvae were placed on the ground uniformly distributed around each
plant (15 cm from the stem). In the laboratory; potted plants were
randanly placed in rows on a table at room temperature 25-29°C.
Fifty first instar larvae were placed on the soil surface along the
edge of the wall of the pot. The wall of the pot was smeared with

tangle foot glue to trap the larvae which were moving out.

Free choice experiments were conducted by offering the
three cultivars simultaneously to the larvae. In the field, potted
plants were arranged in an equilateral triangle 15 cm on all sides
and buried in the ground. In the laboratory, the pots were kept
side by side in a triangular manner (15 cm apart). The surface was
covered with polythene sheet with plants emerging through the
sheet. Both in the field and in the laboratory, fifty first instar
larvae were released in the centre of the plants so that they could
choose where to move to. The experiments were replicated 5 times in

a completely randomized block design.

In both no choice and free choice experiments, the plants
were dissected after 24 h and the number of larvae arriving on each
cultivar was recorded. The data were expressed as percentage of

larvae which were released.

Inorder to determine the attraction of the larvae to the
plants in relation to there distance from the plant, an experiment

was conducted in a 2 x 3 factorial design with 5 replications.
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Factor 'A' consisted of two cowpea cultivars (VITA 1 and Tvu 946).
Factor 'B' was the distance of larval placement from the plant which

were 10, 20 and 30 cm.

Thirty-day-old potted plants were buried 2 m apart in
the ground in the screenhouse. There were 5 plants for each
cultivar and each plant formed a replicate. The ground was watered
4 h before the larvae were released. Twenty lst instar larvae were
released uniformly around each plant at 10, 20 or 30 cm from the
plant. Twenty four hours after larval release the plants were
dissected to count the larvae in them. Number of larvae found in
each plant was converted and expressed as a percentage of the total

number which was released.

5.2.4 Larval movement from one cultivar to another grown in

alternate rows in a plot.

The three test cultivars, VITA 1, VITA 5 and Tvu 946 were
planted in 2m x 2.4m plots in the field. There were a total of 9
combinations including pure stands of each cultivar. The

combinations were as follows:
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Se3s 3a Attraction of larvae by the plants

Both laboratory and field experiments showed that at
preflowering stage, when the three cultivars were offered
simultaneously to the first instar larvae in a free choice
situation, significantly (P=0.05) more larvae moved into VITA I than
to VITA 5 and Tvu 946. However, under no choice situation, percent
arrival of the larvae on the three cultivars was statistically
similar (Fig. 12 and Appendix 12, 13, 14 and 15). Although the
laboratory and field tests showed a similar trend, the number of
larvae recovered under field conditions were fewer than the number

of larvae recovered under laboratory conditions.

However as shown in Figure 13 and Appendix 16 and 17, at
flowering stage in the field, significantly more larvae moved into
VITA I than to VITA 5 and Tvu 946 in both no choice and free choice

tests (p = 0.05).

In both VITA I and Tvu 946 cultivars, the number of
larvae which arrived on the plants was higher when they were
released 10cm away from the plants compared to 20 and 30cm (Fig.l4
and Appendix 18). At 30 cm the larvae did not arrive on the
plants. At 20 cm the number which reached the plants was half the
number which reached the plants at 10 cm. However more larvae

arrived on VITA I compared to Tvu 946,
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When the leaf and flower surface chemicals were extracted
with chloroform and n-hexane and tested for their attractancy, both
extracts elicited positive orientational response by the larvae
(Fig.17, 18 and 19; and Appendix 23, 24 and 25). A drop of
chloroform extract on a filter paper placed on a table attracted and

arrested a 4th instar larva for over 5 minutes.

When offered chloroform extract, especially from the
leaves, larval attraction increased with the concentration of the
extract and reached a peak in between 0.2 and 0.5 mg/ml chloroform
(Fig. 17 and Appendix 23). However, the pattern differed with the
cultivars. Between 0.10 and 0.20 mg, VITA I and VITA 5 elicited a
sharp increase in larval attraction compared to Tvu 946. Between
0.20 and 0.50 mg, VITA I and VITA 5 elicited further increase in
larval attraction but to a very low extent. In Tvu 946 there was a
small drop in the attraction. Statistically, the rise in attraction
between 0.10 and 0.20 mg was significant. The rise or drop in

atttraction between 0.20 and 0.50 mg was not significant.

When chloroform extract from the leaves of the three
cultivars were compared at 0.10 mg extract/lml chloroform, level of
attraction of VITA I and Tvu 946 were similar and were higher when
compared to VITA 5, ’At 0.20 and 0.50 mg concentrations, level of
attraction was statistically lower in Tvu 946 compared to VITA I
(P=0.05) VITA 5 was similar to VITA 1 at 0.20 mg but significantly

lower than VITA 1 at 0.50 mg concentration in this regard.
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Table 7. Orientation of first instar Maruca testulalis larvae to humidity and visual

stimuli.
Source of Stimuli No. larvae $(¥s.e.) larvae moving to "t"value
tested

Side A Side B Side A Side B

I Wet cloth Dry cloth 80 35.00 + 4.23 13.75 + 3.75 3.23%

II Fresh leaf Blank 80 33.75 + 5.32 30.00 + 2.67 0.53ns
behind glass

III Fresh leaf Wet cloth 80 60.00 + 5.00 10.00 + 5.00 6.67%*
(VITA 1)

I = role of humidity
II = role of visual stimuli
III = role of odour against humidity

* "A" is significantly different from "B" at p=0.05
**  "A" js significantly different from "B" at p=0.01

ns "A" is not significantly different from "B"
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laboratory that after the larvae had been introduced into the plant
or the larvae emerged from eggs which were in the plants some of
them emigrated. Emigration took place from both the susceptible and
the resistant cultivars. However, those which emigrated from the
resistant cultivars were more than those from the susceptible
cultivar (P=0.05). The observed marginal arrest/stay of larvae on
Tvu 946 and VITA 5 is a very important factor of resistance in the
two cultivars because even if optimum oviposition takes place on all
the three cultivars, the eventual larval population on VITA 5 and
Tvu 946 will be lower than than on VITA 1. As a result the chances
of VITA 1 suffering a heavier damage than Tvu 946 and VITA 5 will be

higher especially under field conditions.

Arrest/stay of larvae on VITA 5 was lower than that of
VITA 1 under field conditions. But in the laboratory, the two
cultivars were statistically identical. This indicates that the
arrest/stay of larvae on the resistant VITA 5 was enhanced by the
environmental conditions. As was stated by Painter (1951),
greenhouse and cage tests may make conditions so severe that
valuable sources of resistance, particularly that resulting from
nonpreference may be discarded. It was therefore, important to have

the tests on arrest/stay repeated under field conditions.

Two forms of larval dispersal were observed, the first

being those larvae which actively walked on the plant. The second
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5:4.8 Role of plant architecture on the larval arrival and

arrest on flowers and pods

Differences in growth habits and architecture of Tvu 946
and VITA 1 are described in chapter 2. The very long erect
peduncles which carry the flowers and pods above the leaf canopy in
Tvu 946 have been suggested to be responsible for their low
infestation compared to other cultivars in which these parts remain
inside the canopy (Singh, 1978). The data obtained in this study
confirms that this suggestion is true in the case of pods only and
not for flowers. The flowers are mostly infested by first, second
and third instar larvae (Taylor, 1978). The observations in the
laboratory revealed that the 1lst instar larvae were very mobile and
were capable of reaching any part of the cowpea plant without any
hindrance . Therefore the flowers could not escape infestation by
lst instar larvae due to their position. It was also observed that
many flowers of Tvu 946 are produced when the peduncle is still
within the leaf canopy. As the peduncle grows, the flowers are
pushed out of the canopy. It is possible for the larvae to attack

the flowers at this stage.

Pods are usually attacked by older instars (Taylor,
1978). It was observed that the pods which were raised above the
canopy were less infested than those which were inside the canopy.
It was also observed that 4th instar larvae were not verv efficient
in climbing vertical objects since majority of them dropped down
when climbing up the peduncles of the cowpea plant, especially

those of Tvu 946 which are very long and erect . The pods of
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6.2.2 Larval feeding duration

The feeding duration of the larvae on the leaves, flowers
and pods of VITA 1 and Tvu 946 was compared by the following
methods: For measuring the larval feeding duration on leaves or
flowers, one young tender leaflet or a flower was sandwiched
between two glass slides where in one lst instar larva was
introduced. For measuring the larval feeding duration on the pods,
a single pod was placed within a glass tube (1.2 cm diameter, 7 cm

long), where in one 4th instar larva was introduced.

The larvae were continuously observed under a microscope.
The periods of larval feeding and pauses between feedings were
recorded on a strip chart recorder (Biosciences model PR100, Brrd
and Tatlock, U.K.). When the insect started feeding as indicated in
the movements of its mouth parts, the recorder pen was manually
switched on resulting in its full-scale deflection. When the larva
stopped feeding, the pen was switched off so that it returned to its
base line. The recording was continued over 60-min observation
period, the chart paper speed being 0.5mm per sec. The plateaus in
the chart represented feeding time while the valleys represented
resting time or time spent moving. Feeding duration was determined
by measuring the total length of the plateaus on the chart and

converted to minutes using the formula below:

Feeding duration (min) = x/60y

where x = total length of the plateaus in the chart

Speed of the chart (mm/sec).

b 4
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Flowers: Newly opened flowers were picked and kept in
small petridishes (8cm diameter). Twenty first instar larvae were
introduced into each flower and the petridish was closed tightly.
Ten flowers kept one each in a dish comprised a replicate and each
treatment was replicated four times. After feeding for 24 hours,
the larvae were removed. The degree of feeding was scored visually

using the scale below:

Proportion of Score

petals consumed

0 0
>0 < 1/4 1
>1/4 <€£1/2 2
>1/2 <3/4 4
Stamen feeding Score

No feeding (all anthers present) 0
Low feeding (1-2 anthers eaten) 1
Medium feeding (3-4 anthers eaten) 2

Extensive feeding (all anthers

eaten) 3
Pistil feeding Score
No feeding 0

feeding 1
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Final weights after drying were recorded as follows:

Fo = uneaten food

FC; = Control (food)

Wy Weight of insect
Quantity of food ingested was calculated on dry weight

basis as:

F1(FCy/FC1)-F

Weight gained by the insect on dry weight basis was

calculated as:

Wy - Wy (WCp/WCy)

Pods: Ten-day-old pods were used. Each pod was cut into
two equal halves and weighed. One half of each was offered to a 4th
instar larva and the second half was used as a control for
estimating the initial dry weight of the pod. The rest of the
procedure was similar to that for stem feeding. The experiment was

replicated four times, using ten larvae per replicate.

Since M. testulalis larvae feed on green seed as well as
the inner lining of the pericarp of the pod, it was decided to

further split the pod into its two components (green seed and the
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ingredients in fraction A (Table 8) were mixed in a blender for 3
min. Agar agar in fraction B was heated in 200 ml. distilled water
to boiling point. Boiling agar agar was then cooled down to about
60°C and added to fraction A in a blender and mixed thoroughly for 3
min. Formaldehyde was then added and blended for 1 1/2 min. The

diet was then dispensed in glass petridishes.

Measurement of feeding. Consumption was measured

following Waldbauers' (1968) method as described above. Uniform
discs of the diet were cut out from the petridishes using a cork
borer and weighed before offering to 4th instar larvae for feeding
in glass tubes as described above. The three cultivars were
considered as treatments and each treatment was replicated 4 times
using 10 larvae per replicate. The original diet by Ochieng and

Bungu (1983) containing flower powder was used as the control.

60205 Feeding responses to the plant extracts

Preparation of plant extracts. Raw juice of fresh leaves,

stems and flowers of VITA 1, VITA 5 and Tvu 946 was extracted by
crushing 500 gm of each separately with a mortar and pestle. The
juice was then squeezed out and collected in a beaker and
incorporated into agar-cellulose gel as required. Methanol extract

was obtained as described in Chapter 2.












-125~-

6.2.6 Feeding responses to sugars

The sugars towards which the larval feeding responses were
tested included sucrose, glucose and fructose. Each sugar was
tested at 0.1, 0.05, 0.01 and 0.05 M. concentrations. Preparation

of the gel and other experimental procedures were as described above.

6sda? Utilization of Ingested Food

Utilization of food ingested by the larvae from stems,
pods, pericarp and seeds of the cowpea test cultivars was studied by
methods basically similar to those adapted by Waldbauer (1968).
Flowers were not included in this study because they wilt very
quickly under dry conditions, and decay under moist conditions. The
larvae in the 4th instar were taken for the study because it is in

this stage that they bore into stems and pods.

The different parameters of food utilisation (Waldbauer,
1968) were calculated from the data cbtained from measurements of
quantitative food intake by the larva from the cowpea stems and

pods, as described in the preceeding sections:

Approximate digestibility (AD) 100 (F-E)/F;
Efficiency of conversion of
Digested food into body tissues

(ECD) 100 G/(F-E);
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Significantly, more larvae were found feeding on the flowers of VITA
1 than on those of Tvu 946 (Fig. 23 and Appendix 29). At 24 and 36
hours after the larval release, the petals started wilting and the

experiment was concluded.

With reference to the pods, when those of VITA 1 and Tvu
946 were given together in equal numbers to the 4th instar larvae
in a clean plastic sandwich box , significantly more pods of VITA 1
were fed upon than Tvu 946 pods (Fig. 24 and Appendix 30).
Similarly, VITA 1 pods were fed upon four times more than VITA 5
pods when the two were offered in a mixture (Fig. 24 and Appendix

31).

6:3.2 Larval feeding duration on different cowpea cultivars

When lst instar larvae were offered leaves of the two
cultivars (VITA 1 and Tvu 946), the time taken by the larvae to
commence feeding i.e., pre-feeding duration, was longer (7.3 + 3.3
min) on Tvu 946 leaves than on VITA 1 leaves on which the larvae
started feeding within 0.6 + 0.3 min. After the commencement of
feeding, the total duration for which the larvae fed in on hour
period on VITA 1 was almost twice that on Tvu 946 leaves (Fig. 25

and Appendix 32).

On flowers, prefeeding duration was also longer for Tvu
946 than for VITA 1. However, the feeding duration per 1l-hour
observation period was almost identical for the two cultivars

(Fig. 25 and Appendix 32).
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Table 9. Quantity of food ingested by 4th instar M. testulalis
larvae on artificial diet containing stem and pod powder
of certain cowpea cultivars

Consumption (+ s.e.) (Mg. dry wt.) in 24hl/

Diet

Stem powder Pod powder
VITA 1 33.75 + 1.9 a 34.60 + 3.6 a
VITA 5 27.24 + 2.3 ab 27.50 + 2.1 a
Tvu 946 26.70 + 1.9 b 27.25+ 1.9 a
Control 31.25 + 3.1 a

L/Mean of 40 larvae in 4 replicates of 10 larvae each

In a column, means followed by a common letter are not
significantly different at P=0.05 by DMRT
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Table 11. Feeding response of 4th instar M. testulalis
larvae to methanol extract from pods of certain cowpea
cultivars incorporated in agar-cellulose gel

Quantity of the gel i/

Cultivar ingested in 24h.
(mg/insect)
VITA 1 43.00 + 7.2 a
VITA 5 32.67 + 4.0 a
Tvu 946 40.67 + 6.0 a
Control 2/ 7.00 + 1.7 b

1/average of 30 larvae in 3 replicates of 10 larvae each.
In a column, means followed by a common letter are not significantly
different at p=0.05 by DMRT.

~2/plain agar-cellulose gel.
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acceptance. A measure of feeding duration is one of the ways of
determining the degree of consumption (Miller and Strickler,

1984). 1In this chapter the results show that the larvae took a
very long time to start feeding on leaves of Tvu 946. But after
initiation of feeding, the continued feeding duration was very short
compared to that on VITA 1 leaves. Thus, the larvae remained
unsettled for a very long time on Tvu 946 leaves while on VITA 1
they settled down to feed much quicker. This suggests that VITA 1
was more accepted than Tvu 946, Also if the insect had not been
confined it would have moved out of Tvu 946 faster than it would
have on VITA 1. The observed larval response while measuring its
feeding duration also suggests that (i) since prefeeding duration
was shorter on VITA 1 than on Tvu 946, the susceptible VITA 1 may be
having more feeding stimulant(s) (ii) longer prefeeding duration
coupled with a shorter feeding duration on Tvu 946 than that on VITA
1 may be an indication of the presence of feeding deterrent or less

feeding stimulants.

When feeding on flowers, prefeeding duration was
longer on Tvu 946 than on VITA 1 but the continued feeding duration
was similar. This may mean that the rate and amount of food intake
from flowers of the two cultivars are the same although VITA 1
flower may be having a stronger feeding stimulant than that of Tvu

946 flowers.,

When feeding on pods, prefeeding duration was similar

but feeding duration was shorter. Thus the insects spent more time
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6.4.5 Utilization of ingested food

Nutritional index data are extremely useful in
preliminary investigations on physiological processes influenced by
plant allelochemicals (Reese, 1977). Several workers have used such
data in their studies. The most notable examples are studies by Soo

Hoo and Fraenkel (1966) on Prodenia eridania and by Reese and Beck

(1976) on black cutworm.

According to Soo Hoo and Fraenkel (1966), several
conditions may render a food plant less nutritious: (i) plants can
be well digested but are eaten in such small quantities that low
utilization results. For example an insect may be digesting 60% or
more of the ingested material but it cannot efficiently utilize what
it consumes because the rate of ingestion is so low that most of the
material must be used for maintenance and not growth; (ii) the rate
of consumption can be high while digestibility is low resulting in

low utilization.

When M. testulalis larvae were reared on stems and
pods of the three cowpea cultivars, VITA 1 (susceptible) was
regarded as the standard optimal food. Feeding and utilization of
food from Tvu 946 and VITA 5 were therefore compared with those of

VITA 1 to see whether there were any metabolic deficiencies.









CHAPTER 7

LARVAL GROWTH AND DEVELOPMENT

7.1 Introduction

Studying growth and development of an insect on its
host plant is usually one of the means used to determine the
mechanisms of resistance. Also data on growth and development
provides further evidence for antibiosis (Painter, 1951). The
existing literature provides very limited comparative data on M.
testulalis larval development on the susceptible and resistant
cowpea cultivars. Singh (1978) simply reported differences in
resistance among some cowpea varieties to M. testulalis. Jackai
(1981b) only reported on the differences in larval populations on
some susceptible and resistant varieties. Macfoy et al. (1983) did
some comparative tests on larval growth and development on selected
susceptible and resistant cultivars but the tests were limited to

stems only. Leaves, flowers and pods were excluded.

A comprehensive study on larval growth and
development on stem, leaves, flowers and pods of VITA 1, VITA 5 and
Tvu 946 as representatives of susceptible, moderately resistant and
resistant cultivars was therefore considered necessary so as to
observe whether some differences exist among the cowpea cultivars in
this regard. The parameters which were measured included: (i)

percentage of larvae surviving and developing from lst instar to 3rd
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experimental design was used. The pericarp and seeds served as the
sub-plots while the three cultivars served as the main plots. There
were five replications for each treatment with ten larvae per
replicate. The parameters measured were the same as described

before.

7.2.4. Growth and development on artificial diet

containing stem and pod powder

The stem and pod powder of the three cultivars and
the diet were prepared as described in Chapter 6, (paragraphs
6.2.7.1 and 6.2.7.2). The standard artificial diet for M.
testulalis (Ochieng and Bungu, 1983) presented in Table 8 served as

the control.

The diet was cut into discs using a cork borer size
No.5 and placed in small corning glass test tubes (1 cm inner
diameter and 7 cm long). Newly hatched lst instar larvae were
singly introduced into the tubes containing the diet and immediately
closed tightly with a sterile dry cotton wool. A total of 100
larvae in four replicates of 25 larvae each for each cultivar
(treatment) were tested in a completely randomized block design.
The tubes were kept under darkness in shelves covered with black
cloth in the laboratory. Room temperature was 26-299C. The
parameters measured were the same as for growth and development on

leaves, stems, flowers and pods described above.


















~165—-

Table 14. Mean pupal weights (mg) of M. testulalis when larvae
are reared on different parts of certain cowpea cultivars
in the Laboratory

Cultivar Mean pupal wt. (mg. + s.e.) on different parts of
cowpea plant 1/

Stem Leaves Flowers Pods
VITA 1 36.60 + 2.4a 35.00 + 0.3 47.4 + 2.0a 51.73 + 2.7a
(n = 12) (n = 2) (n = 25) (n = 14)
VITA 5 24.00 + 2.1b 35.00 + 0.1 43.6 + 0.8a 42.55 + 2.2b
(n = 4) (n = 3) (n = 27) (n = 13)
Tvu 946 19.52 + 0.6b  34.00 43.8 + 1.6a 42/69 + 1.6b
(n = 3) (n =1) (n = 24) (n = 6)

(n=) is the number of pupae obtained from 50 larvae reared on
the specified plant part and tested.

1/ 1na column, means followed by a common letter are not

significantly different at p = 0.05 by Duncan's Multiple
Range Test (DMRT)
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Table 16. Growth and development of M. testulalis larvae on
artificial diet containing stem and pod powder of certain cowpea
cultivars
Cultivar % (+ s.e.) larvae surviving tol//
3rd instar Pupa Adult
Stem powder diet
VITA 1 82.0 + 2.6 a 57,0 + 5.3 a 33.0 + 3.4 b
VITA 5 25.0 + 3.4 b 23.0 + 3.0 b 13.0 + 3.4 ¢
Tvu 946 82.0 + 7.4 a 52.0 + 3.7 a 22,0 + 3.5bc
Control* 8l.5 + 5.6 a 67.0 + 4.8 a 54.0 + 5.0 a
Pod powder diet
VITA 1 83.0 + 5.6ab 70.0 + 9.6 a 43.5 + 3.9 a
VITA 5 74.0 + 3.5 b 61.0 + 3.9 b 43.0 + 3.8 a
Tvu 946 91.0 + 1.9 a 72.0 + 4.9 a 40.0 + 8.0 a
Control* 72.0 + 4.3 b 68.0 + 4.9 a 48.0 + 1.1 a

1/Mean of 100 larvae in 4 replications of 25 larvae each.
In a column, means followed by a common letter are not
significantly different at p=0.05 by DMRT.

* Original diet by Ochieng and Bungu (1983) containing cowpea

flower powder.
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On VITA 5 the differences in the developmental period

on stem and pod powder diets were even wider (Table 18). The period

upto pupation and adult emergence was shorter on pod powder diet

than on the stem powder diet by 3 and 6 days respectively.

7.4 Discussion

7 b1 Larval growth and development on different plant parts

Larval survival. The above results show that on all

the cultivars and in all the parts of the cowpea plant, highest
mortality was recorded within the first two larval instars.

However, during these stages, larval survival was highest when they
were fed on flowers and lowest when they were fed on leaves. This
suggests that the flowers besides being highly suitable for feeding
by the larvae, are also nutritionally suitable for the larvae at the
beginning of their establishment on the cowpea plant. If the larvae
cannot find flowers after their emergence, the population of M.
testulalis will be low on the cowpea plant due to a higher larval
mortality on the vegetative parts. According to literature (Taylor,
1967, 1978; Singh and Allen, 1979; Jackai, 1981b, 1982 and
Okeyo-Owuor and Ochieng, 1981) peak M. testulalis larval population
on the cowpea plant is recorded at peak flowering time. However, the
insect infests cowpea as early as 20 days after germination (Jackai,
1981b). Very high larval mortality on the leaves may partly be one
of the reasons for the very low larval population on the cowpea at

preflowering stage.
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The cowpea leaves can attract M. testulalis larvae
(chapter 5) but can only marginally support their growth and
development. The very young larvae (lst instar) were unable to
settle and feed on stems and pods unless these parts were cut and
opened or macerated. When the larvae were mechanically aided to
settle on these parts as stated above, they fed, grew and developed
better than when they were confined on the leaves. 1In the natural
state, the epidermis of the stem and pods are usually intact and the
lst instar larvae cannot bore into the softer tissues. Their
feeding is therefore usually restricted to the terminal shoots which

is composed mainly of very young tender leaves.

In the absence of flowers, the survival growth and
development of M. testulalis were affected by the cultivar on which
they were fed. VITA 1 was more suitable than VITA 5 and Tvu 946
when the larvae were confined on the stems. Also, when confined to
pods, survival of the larvae on Tvu 946 was lower than on VITA 1,
The larvae will not find flowers in the field at preflowering stage
so that their population will be lower on Tvu 946 at this stage.
Flowering duration of Tvu 946 is susually very short (about 12 days)
(Tayo, 1986, unpublished) compared to that of VITA 1 ( 19 days).
Thus, the larvae have a very limited duration within which they can
find flowers on Tvu 946. Hence, the population of M. testulalis on

Tvu 946 will remain lower than than on VITA 1.

Mean pupal weights. Apart from higher survival rate

of the larvae on flowers and pods of the cowpea plant, the weight of
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converted for energy use rather than for growth.
(Waldbauer (1968) and SooHoo and Fraenkel (1966)
stated that there is a minimum amount of nutrient
required by the insects to provide for energy. The
insect therefore has to eat food in excess of this
requirement before growth can take place. Although
consumption of VITA 5 stems was high, conversion of
the ingested food material into body tissue was less
efficient compared to VITA 1. Therefore the rate of

weight gain on VITA 5 was low.

(ii) When the larvae were confined to pods of Tvu 946,
consunption was similar to that on VITA 1, but
digestibility of Tvu 946 pods was lower than that of
VITA 1. Therefore the larvae may have been unable to
obtain the maximum nutritional requirements from Tvu
946 pods as they had from VITA 1. When the larvae
were confined on pods of VITA 5, they ate more than
they did on VITA 1 but the conversion of the ingested

food was very low,

Larval period. The larvae took longer to develop

into pupa and adult when they were fed on leaves and stems than when
they were fed on flowers and pods. This indicated that the rate of
development was faster on flowers and pods than on stems and

leaves. There are two main disadvantages when the larvae take too

long to become adults:
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(i) The number of generations in a given season or year

will be few.

(i1) The chances of encountering the natural enemies are
increased. Although M. testulalis larvae bore into
stem or pods normally they do not confine their
feeding to one hole., They do move out to feed on
other pods also. Although M. testulalis can grow and
complete their life cycle on stems and leaves of the
cowpea plant, high larval mortality coupled with
longer larval period and very low adult fecundity on
these parts are an indication of their unsuitability

for M. testulalis.

7.4.2 Larval growth and development on artificial diet

containing stem and pod powder

The data (paragraph 7.3.1) revealed.that all the
aerial parts of the cowpea plant can support growth and development
of M. testulalis larvae. However, suitability of these plant parts
for larval growth was not similar. Flowers were the best followed
by pods. Stems and leaves were the poorest., There were also
differences among the cultivars when the larvae were reared on
excised stems and pods of the resistant Tvu 946, and the susceptible

VITA 1.
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(2) A chemical feeding deterrent in Tvu 946 reported by
Otieno et al. (1985) may have become diluted in the

diet.

Results in Chapter 6 indicated that digestibility of
Tvu 946 pods was lower than that of VITA 1. This may have
contributed to the lower development of larvae on Tvu 946 pods than
on VITA 1 as shown above. However, data in this chapter show that
when the pods of VITA 1 and Tvu 946 were ground into powder and
incorporated in an artificial diet, the larvae fed and developed
equally on both the diets. This suggests that grinding Tvu 946 pods
improved its digestibility. It can also be argued that if grinding
of a food improves its digestibility then the poor digestibility of
that particular food is due to biophysical or mechanical rather than

chemical.

Generally when the larvae were reared on freshly
excised pods mortality was higher in the 1lst and 2nd larval
instars. This led to a lower larval development on pods compared to
flowers. However, when the pods were ground into powder and
incorporated in the diet larval development was as good as that in
the diet containing flower powder. MNormally it is the older instars
(3rd - 5th) larvae which bores into the cowpea pods (Taylor, 1967,
1978) because they have strong mandibles. When studying development
on freshly excised pods, the larvae were confined on the pods
immediately after egg hatch. At this stage they had not developed

stronger mandibles to enable them to feed effectively on the pods.
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and to Tvu 946 in the remaining parameters. These
cultivars were considered as moderately resistant and

included VITA 5, Kamboinse local, Chola local and Tvu 1.

iv) The fourth group would include those cultivars which
were similar to VITA 1 in most of the damage parameters
(3 out of 4). Those cultivars were considered as
moderately susceptible and included Ex-Luanda (ICV6),

Machakos 68 and TVX 3890-10F.

Chola local has been reported for the first time to be
resistant, though moderately so. It is a wild line which
closely resembles Tvu 946 in its growth habit. It has thin
hard stems and narrow leaves. The peduncles are very long
and carry the pods above the canopy. However, Chola local
is a landrace cultivar which still lacks uniformity in its

growth habits.

Stem tunnelling may not be a very important parameter for

evaluating cowpea for resistance to M. testulalis since in
a majority of cases the upper section of the stem above the
larval entry hole was found to wither off regardless of the

depth of the tunnel.

Colonizing responses of M. testulalis namely oviposition,
larval orientation, feeding, utilization of ingested food,

larval development and adult fecundity were studied in
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three cultivars. The cultivars were VITA 1 (susceptible),
VITA 5 (moderately resistant) and Tvu 946 (resistant).
Selection of these cultivars was based on the consistency

of their resistance/susceptibility.

M. testulalis females were found to show ovipositional

nonpreference for Tvu 946 and VITA 5 when these cultivars
were available as a choice against VITA 1. But when each
cultivar was available alone, both the resistant (Tvu 946
and VITA 5) and the susceptible (VITA 1) cultivars were

equally oviposited upon.

A majority of eggs were deposited on the leaves. Settling
site for first instar larvae on the plant was in the order:

flowers > terminal shoots = flower buds.

First instar larvae were very mobile and were capable of
reaching any part of the cowpea plant either by walking or
by means of threads which they produced and used for
swinging from one plant part to another. However, 4th
instar larvae were not very efficient in climbing vertical
objects since a majority of them lost grip and dropped down
when climbing up the peduncles of the cowpea plant,

especially those of Tvu 946, which were very long and erect.

Attraction, and arrest/stay of first instar M. testulalis

larvae leading to their settling on the resistant Tvu 946
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and VITA 5 was lower than on VITA 1 (P=0.05). As a result
their emigration from these resistant cultivars was higher

than that from the susceptible VITA 1.

The volatiles, serving as olfactory stimuli, from the
susceptible VITA 1 leaves and flowers were more attractive

to M. testulalis larvae than those from Tvu 946 and VITA 5.

Chloroform and n-hexane extracts from the cowpea leaves,
flowers and pods were attractive to M. testulalis larvae
when impregnated on a piece of muslin cloth. However, the
attractancy of the extracts from VITA 1 was higher than

that from the resistant Tvu 946 and VITA 5.

The tests on the role of green colour (cowpea leaf kept
behind a glass barrier) and humidity (muslin cloth soaked
in water) in larval orientation revealed that the larvae
were attracted to the humidity source, but showed no

response to the green colour.

The speed of the larvae during their locomotor movement and
the rate of their arrival on cowpea plants was higher on a

moist ground surface than on a dry surface.

Pods of the cowpea plant (Tvu 946 cultivar) which were
raised above the canopy were less infested by M. testulalis
larvae than those which were inside the canopy when the

plants were artificially infested with 4th instar larvae.
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On VITA 1 pods, larval feeding was found to be evenly
spread on both the inner lining of the pod as well as part
of the seed. On Tvu 946 and VITA 5, on the another hand

feeding was concentrated on the seeds.

When pods were split into pericarp and seeds consumption
and digestibility of Tvu 946 pericarp was lower (p=0.05)
than that of VITA 1. Digestibility of VITA 5 pericarp was
similar to that of VITA 1 but it was consumed in very low
quantities. Consumption of seeds was similar in VITA 1 and
Tvu 946 and was even higher in VITA 5. The data therefore
tend to suggest that pods of Tvu 946 and VITA 5 are
marginal foods for M. testulalis as compared to VITA 1
because: (i) in Tvu 946 and VITA 5, feeding is concentrated
on the seeds instead of being evenly spread on both the
inner lining of the pericarp and the seed as in the case of
the susceptible VITA 1. (ii) the digestibility of Tvu 946
pericarp is lower (p=0.05) than that of VITA 1. This may

largely influence the overall digestibility of Tvu 946 pod.

Larval growth and development was higher on flowers and
pods than on léaves and stems of the cowpea plant.
However, stems and pods of Tvu 946 and VITA 5 were less
suitable for larval growth and development because larval
mortality was higher and larval period was also longer in
them than in VITA 1 stems and pods. Weight of the pupae

were also lower (p=0.05) than those from VITA 1.
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Larval growth and development on flowers was similar for
all the three cultivars which is an indication of the lack

of antibiosis compound in flowers.

Incorporation of Tvu 946 stem powder in the artificial diet
slightly decreased the consumption of the diet and larval
survival in it (p=0.05) compared with that of the standard
artificial diet for M. testulalis. However, incorporation
of pod powder from Tvu 946 did not affect consumption,
larval survival and development on the diet. This
suggested that, by grinding the Tvu 946 pod into powder,
the factors which were reducing its digestibility when it

was fresh were eliminated.

Fecundity of M. testulalis moths emerging from larvae which
were reared on stems and leaves was lower than that of
moths emerging from larvae which were reared on flowers and
pods. There were no differences among the three cultivars

in this regard.

Since there was no evidence of resistance in the flowers of
both the resistant and susceptible cultivars, the lower
damage of Tvu 946 flowers by M. testulalis in the field
could be associated with larval orientational nonpreference
for Tvu 946 leading to lower population on it at the time

of colonization.
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APPENDICES

APPENDIX 1 Comparison of susceptibility/resistance levels
of same cowpea cultivars to M. testulalis

A % stem damage

ANOVA
Source of Degrees of Sum of [ean F
variation freedon squares squar value
Cultivars S 1674.866 186.096 3.98%*
Replicates 3 218,167 73,722 1.58
Error 217 1261.846 46,735
Total 39 3154,878

Coefficient of variation = 40,08%

B % stem tunneling

ALIOVA
Source of Degrees of Sun of [iean F
variation Ereedon squares squar value
Cultivars 9 1448,210 160,812 2. 96%
Replicates 3 24,365 8.288 0, 15
grror 27 1465,119 54.411
Total 39 2942 ,193

Coefficient cof variation = 19.72%
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APPRNDIX 2. Feoundity of M. Testulalis reared on different parts of cowpea aultivars

NO CF B3aS
NO. INSECTS
TESTED
VIIA 1 VITA 5 Tvu 946
1 St Fl j38) 1 St El j5¢) 1 St F1 Fo
1 43 12 128 276 12 5 173 80 57 4H 21 63
2 52 49 176 9 85 27 102 101 78 60 127 130
3 12 63 105 94 53 17 123 n7 14 30 141 157
B 67 51 257 122 42 95 157 1 0 204 183
5 78 53 23 184 278 184 12 101 176 94
6 52 302 133 329 102 24 2 1m 145
7 112 189 143 22 293 n 94 107
8 35 183 207 107 175 72 52
9 i 184 126 112 23 87 128
10 2 182 75 124 124 134 93
1 9% 12 114 109 155 307 123
12 224 301 89 153 183
13 123 129 78 %5 197
14 324 141 321 321
15 221 9 243 174
16 7 I 121 128
17 130 273 133 204
18 21 25 126 206
19 9% 127 178
20 174 183
TOTAL 22 5838 3703 2819 150 91 3195 1959 19 347 3265 1375

MEAN *tSE 50.4%11 s53t9  1sstis  157t17 sotal 23%9 160t17 150tle B so0ti2 17215 125 +17

1 =Ieaves; St = Stans; Fl = Flowers; Bo = Pads
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Appendix 4.

Ovipositional responses of Maruca testulalis to different
cowpea cultivars under two choice situation

A. Preflowering stage.

Rep. No. of eggs laid per 5 females
VITA 1 Tvu 946

1 32 -4

2 98 3

3 53 6

4 96 53

5 58 18

6 30 26

7 110 28
Total + SE 477 + 10.34 138 + 10.34

X2 = 185,76%*
Rep lHo. ecggs laid per 5 females
VITA 1 VITA 5

1 54 42

2 36 27

3 142 71

4 47 18

5 57 8

6 75 23

7 6 31
Total + S.E. 472 + 12.25 220 + 12.25

81.04**

>4
[\
|
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Appendix 4 cont.

B. Flowering stage

Rep No. eggs laid per 5 females
VITA 1 Tvu 946
1 35 9
2 eo 21
3 69 11
4 267 0
5 190 103
6 42 151
7 167 20
Total + S.E. 850 + 15.6 315 + 15.6

X2 = 244 g**

Rep MNo. eggs laid per 5 females
VITA 1 VITA 5

- 40 10

= 20 20

3 o0 0

: /0 110

- €0 30

6 100 60

7 G2 3¢
Total + S.E. 432 + 12.88 260 + 12,68

>
N
1]
w
~l
oo
(0%
oo
*
*
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Oviposition responses of Maruca testulalis female to excised different
parts of cowpea in the laboratory.

Eggs (%) on various plant parts

Cultivar Part of
plant RI RII RIII RIV RV RVI RVII  RVIII X + S.E.
VITA 1 Sten 10.53 33.33 0.00 0.00 0.00 3.57 0.00 8.10 6.94 + 4
Leaves 63.15 33.33 0.00 100.00 100.00 096.43 40.91 50.43 60.53 + 13
Peduncles  10.53 0.00 90.00 0.00 0.00 0.00 18.18 22.27 17.68 + 11
Fl. buds 0.00 11.11 2.50 0.00 0.00 0.00 27 .27 6.49 5.92 F 3
Flowers 0.00 d1. 1 2.50 0.00 0.00 0.00 9.09 4.86 3.44 ¥ 4
Pods 1579 11.11 5.00 0.00 0.00 0.00 4,54 5.40 523 E:G
VITA 5 Stem 0.00 0.00 4.88 0.00 0.00 1.60 1.00 0.00 0.%4 + 0.6
Leaves 45,45 16.13 68.29 100.00 0.00 42.40 45,97 0.00 39.78 + 12
Peduncles 21 .21 58.06 12.19 0.00 100.00 35.20 38,29 75.00 42.49 ¥ 12
Fl. buds 0.00 19.35 9.76 0.00 0.00 8.80 5.82 25.00 8.59 + 3.3
Flowers 21.21 6.45 0.00 0.00 0.00 7:20 5,53 0.00 5.05:5 3
Pods 12.12 0.00 4,88 0.00 0.00 4,80 3.40 0.00 3.15 + 1.5
Tva 946 Stan 70.59 12.12 23.40 0.00 14,29 50.00 24.24 42.31 29.62 + 8
Leaves 14.71 45,45 0.00 0.00 21.42 50.00 0.00 0.00 16.45 + 7
Peduncles 5.8¢ 6.06 0.00 7.69 14,29 0.00 45.45 42.31 15,21 + 6.5
F1 buds 0.00 3.03  72.34 0.00 0.00 0.00 0.00 0.00 9.42 + 9.0
Flowers 0.00 0.00 0.00 92.31 7.14 0.00 15.15 0.00 14.33 + 11
Pods .81 333 4,25 0.00 42,86 0.00 15,15 15.38 14.97 + 5.54










9=

2
Appendix 8 . Arrest/stay of lst instar M. testulalis larvae on certain cowpea
cultivars at preflowering stage in the field.
Cultivar % larvae recovered after 24 h
RI RII RIII RIV RV RVI X + s.e,
VITA 1 20 50 60 60 35 60 47.50 + 6.8
VITA 5 40 25 5 40 15 5 21.66 *+ 6.5
Tvu 946 20 35 30 20 25 30 26.67 + 2.5
ANOVA
Source of Degrees of Sum of Mean Computed Tabular F
variation freedom squares square F 5% 1%
Cultivars 2 942.73 471.365 4,30% 4.10 7.56
Error 10 1097.19 109.719
Total 17 2238.96 131.703
Coefficient of variation = 30.80%

Analysis conducted using arcsineV % transformed data.
NS = not significant, * = significant at 5% level
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Appendix Arrest/stay of 1lst instar M. testulalis

larvae on certain cowpea cultivars at

flowering stage in the field.

% larvae recovered after 24 h

Cultivar

RI RII RIII RIV X + s.e.
VITA 1 44 54 63 42 50.75 + 4.85
VITA 5 10 9 13 11 10.75 + 0.85
Tvu 946 13 6 3 24 11.50 + 4.66

ANOVA

Source of Degrees of Sum of Mean Computed Tabular F
variation freedam squares square F 5% 1%
Replicates 3 19.19 6.396 0.1308 5.99 10.92
Cultivars 2 1882.26 941.130 18,97%%*
Error 6 297,72 49,620
Total 11 2199.17
Coefficient of variation = 25.40%

Analysis conducted using arcsine ¥% transformed data
ns = not significant, ** Gignificant at 1% level
* Significant at 5% level
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Appendix 11. Sites for lst instar M. testulalis larval settling
after their release on different parts of the cowpea plant

ANOVA
Source of Degrees of Sum of Mean Computed Tabular F
variation freedaom squares  square F 5% 1%
Replicates 3 185.70 61.90 0.430S
A cultivars 2 23.35 11.67 0.087S
B starting site 3 327.45 109.15 0.760S
AXB 6 310.89 51.81 0.3608
C settling site 5 137194.07 27438.81 190.24*%* 2.26 3.11
AXC 10 1691.11 169.11 1.17n8
BXC 15 7548.10 503,21 3.49%* 1.74 2.17
Error 243 35047.66 144.23

Coefficient of variation = 26.21%
ns = not significant; ** = significant at 1% level
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Appendix 15 Attraction of lst instar M. testulalis larvae by

certain cowpea cultivars at preflowering stage in

the field under free-choice situation

% larvae found on the plants after 24 h
Cultivar

RI RII RIII RIV X + s.e.
VITA 1 12 6 4 4 6.5 + 2.0
VITA 5 0 2 0 0 0.5 + 0.5
Tvu 946 2 2 2 0 1:5 # 0.5

ANOVA

Source of Degrees of Sum of Mean computed Tabular F
variation freedom squares  squares F 5% 1%
Replicates 3 1.011 0.337 1.76Nns 4.76 9.78
Cultivars 2 5.603 2.802 14.66%* 5.14 10.92
Error 6 1.146 0.191
Total 11 7.760 0.705
Coefficient of variation = 28.56%
Analysis conducted using v~ transformed data
ns = not significant; ** = significantly different at 1% level.
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Appendix 17. Attraction of 1lst instar M. testulalis larvae by
certain cowpea cultivars at flowering stage in
the field under free choice situation

% larvae found on plant after 24 h

Cultivar
RI RII RIII RIV RV X + s.e.
VITA 1 12 20 35 8 28 20.6 + 5.0
VITA 5 6 5 17 5 15 9.2 + 2.5
Tvu 946 8 18 10 6 7 9.8 + 2.2
ANOVA
Source of Degrees of Sum of Mean Computed Tabular F
variation freedom squares  squares F 5% 1%
Replicates 4 6.780 1.695 2.910s 3.84 7.01
Cultivars 2 6.580 3.290 5.66%* 4,46 8.65
Error 8 4,652 0.582
Total 14 18.012 1.287

Coefficient of variation = 21.97%
Analysis conducted using v~ transformed data
ns = not significant; * = significant at 5% level.





















225~

Apendix 24:  Attraction of lst instar M. testulalis larvee by nhexane
extract fram leaves of certain cowpea cultivars at varying
concentrations

Qultivar e, of $ larvee attracted
extract
mg/ml RI RI RII RV R RI X+s.e

VITA 1 0.00 2 20 2 2 20 30 2.67+1.7

0.20 60 70 60 60 6 60 6l.67+1.7
0.50 40 8 80 60 70 50 63.33 +6.7

VIR 5 0.00 1 20 10 2 2 20 20.00+2.6
0.20 50 & 20 5 50 60 48.33+6.0
0.50 0 30 40 20 30 50 35.00+4.3

Tva 946 0.00 10 10 10 100 10 20 1.67+1.7
0.20 0 4 60 60 30 30 43.33+5.6
0.50 0 4 40 60 6 40 45.00+5.0

ANOVA

Saurce of Degrees of Sum of Maan Carputed Taoular F

variation freedan sa|Ere  sqare F value 5% 13

Replicates 5 108.92 21,784  0.49S 2.45 3.51

A aultivars 2 1026.10 513.052 11.63%* 3.23 5.18

B axeentration 2 5219.68  2609.840 59.15%* 3.23 5.18

AXB 4 401.76 100,441  2.28 2.61 3.83

Error 40 1764.91 44,123

Coefficient of variation = 17.43%

Analysis conducted using  arcsine  ¥% transformed data.
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Appendix 27. Effect of plant architecture on the arrival/arrest of 4th jnstar
M.testulalis larvae on pods of Tvu 946 cowpea cultivar

% infested pods

Treatment
RI RII RIII RIV RV RVI RVII RVIII X + S.E.
Pods above
canopy 0 8.33 0 0 0 9.46 0 0 2.20 + 1.46
Pods inside
canopy 19.64 13.18 11.09 18.24 16.64 16.63 19.73 13.44 16.05 + 1.13
ANOVA
Source of Degrees of Sum of Mean Computed Tabular F
variation freedom squares  square F value 5% 1%
Replicates 7 76.931 10.990 0.68
Position of
pods 1 763.693 763.693 47.10%* 5:59 12.25
Error 7 113.492 16.213
Total 15 954.116 63.608

Coefficient of variation = 44.13%
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Appendix 30. Feeding responses of 4th instar M. testulalis larvae to pods of
VITA 1 and Tvu 946 cowpea cultivars in a 2-choice situation.

% pods attacked

Replicate
VITA 1 Tvu 946 Difference
1 50 30 20
2 60 30 30
3 60 30 30
4 60 10 50
5 20 30 -10
6 40 50 -10
7 40 40 0
8 50 20 30
) 40 30 10
10 50 40 10
X + 8.8 47.00 + 4.0 31.00 + 3.5 16.00 + 6.18
Computed "t" value = 2.589%
Tabular "t" wvalue p = 0.05 = 2,228
p = 0.01 = 3.169
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Appendix 31. Feeding responses of 4th instar M. testulalis larvae to pods of
VITA 1 and VITA 5 cowpea cultivars in a 2-choice situation.

% pods attacked

Replicate
VITA 1 VITA 5 Difference
1 50 40 10
2 50 20 30
3 60 20 40
4 70 20 50
5 80 0 80
6 50 10 40
7 70 10 60
8 50 20 30
9 70 10 60
10 50 0 50
X + s.e, 60.00 + 3.65 15.00 + 3.73 45 + 6.19
Computed "t". value = 7,270%*
Tabular "t" value P = 0.05 = 2.228
P =0.01 = 3.169
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Appendix 36 Quantity of food ingested by 4th instar M. testulalis larvae on
pods of certain cowpea cultivars

Quantity (mg. dry wt.) ingested
Cultivar
RI RIT RIII RIV X + s.e.
VITA 1 70.00 89.00 81.00 73.00 78.25 + 4.27
VITA 5 119.60 124.10 89.30 82.00 103.75 + 10.6
Tvu 946 86.00 75.00 45,00 83.00 72.25 + 9.4
ANOVA
Source of Degrees of Sum of Mean Computed Tabular F
variation freedan squares square F 5% 1%
Cultivars 2 2634.667 1317.333 5.244%* 5.12 8.02
Error 9 2260.709 251.190
Total 11 4895.3776
Coefficient of variation = 18.52%
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Appendix 37. Quantity of food ingested by 4th instar M. testulalis larvae from
pericarp and seed of certain cultivars

Part of Cultivar

Quantity of food ingested (mg. dry wt.)

pod RI RII RITII RIV X t+ s.e.

Pericarp VITA 1 34.00 30.00 30.00 32.00 31.50 + 0.96
VITA 5 7.10 7.90 5.89 25.40 11.57 + 4.60
Tvu 946 15.00 15.00 23.00 23.00 19.00 + 2.3

Seed VITA 1 30.14 30.00 42.00 37.00 34.79 + 2.9
VITA 5 12.75 97.00 112.48 98.50 107.63 + 8,2
Tvu 946 54.00 37.00 45,00 45.00 45.25 + 3.5

ANOVA

Source of Degrees of sum of Mean Computed Tabular F

variation freedan squares square F 5% 1%

Replicate 3 263.99 87.998

A, plant part 1 10558.81  10558.815  77.44%*%* 4.75 9.33

Error 3 409.05 136.351

B. cultivar 2 3866.99 1933.493  33.00%** 3.88 6.93

AXB 2 9301.27 4650.635  79.38** 3.88 6.93

Error 12 703.09 58.59

Coefficient of variation = 18.37%
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Appendix 38. Quantity of food ingested by 4th instar M.testulalis larvae from
artificial diet containing stem powder of certain cowpea cultivars

Quantity ingested (mg. dry wt.)

Type of

diet RI RII RIII RIV X + s.e,

VITA 1 38.00 35.00 33.00 29.00 33.19 ¥ 1.9

VITA 5 28.42 24,20 33.33 23.00 27.24 + 2.3

Tvu 946 24.00 29.60 30.20 23,00 26.70 + 1.9
ANOVA

Source of Degrees of Sum of Mean Computed Tabular F

variance freedom squares square F 5% 1%

Treatment 2 123.205 61.603 5.48% 5.14 10.92

Replicate 3 82.622 27.541 2.45

Error 6 67.468 11.245

Total 11 273.295 24,845

Coefficient of variation = 11.47%
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Appendix 40 Feeding response of 4th instar M. testulalis larvae to raw juice
extract from stem.

Quantity of gel ingested (mg) in 24 h

Cultivar

Jjuice RI R2 R3 R4 X + s.e.

VITA 1 116.6 84.6 65.6 1.2 84.50 + 11.4

VITA 5 110.6 111.6 104.6 1.9 99.68 + 9.4

Tvu 946 106.1 83.5 105.2 48.4 85.80 + 13.5

Sucrose 0.1M 48.1 40.7 30.8 48.2 41.95 + 4.1

Control 15,1 10.3 13,3 10.0 12.17 + 1.2
ANOVA

Source of Degrees of Sum of Mean Computed Tabular F

variance freedom squares square F 5% 1%

Treatment 4 213.47 53,37 15.,90%* 3.06 4.89

Error 15 50.35 3.36

Total 19 263.82

Coefficient of variation = 10.95%



Appendix 41 Feeding response of 4th instar M. testulalis larvae to raw juice
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extract from leaves.

Quantity of gel ingested (mg) in 24 h

Cultivar
juice RI RII RIII RIV X + s.e.
VITA 1 125.7 95.9 92.4 127.4 110.35 + 9.4
VITA 5 160.0 178.9 180.9 105.7 156,38 + 17.5
Tvu 946 144.9 176.1 155.2 113.2 147.35 + 13.1
Sucrose 0.1M  79.1 66.6 31.0 31.0 52.03 + 12.3
Control 15:1 18.8 24.6 19.8 19.58 + 2.0

ANOVA
Source of Degrees of Sum of Mean Computed Tabular F
variation freedon squares square F 5% 1%
Treatment 4 570.24 142,56 24,67%% 3.06 4.89
Error 15 86.67 5.78
Total 19 656.91
Coefficient of variation = 9.58%
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Appendix 50 Approximate digestibility (AD) of pods of certain
cowpea cultivars by 4th instar M. testulalis larvae

AD
Cultivar
RI RII RITI RIV X + s.e.
VITA 1 85.71 86.52 90.12 80.82 85.79 + 1.9
VITA 5 94,30 94.20 91.04 89.15 92.17 + 1,3
TvVUu 78.56 73:33 61.11 7751 72.63 + 4.0
ANOVA
Source of Degrees of Sum of Mean Computed Tabular F
variation freedan squares square F 5% 1%
Cultivars 2 776.00 388 13.18%* 4,26 8.02
Error 9 265.00 29.44
Total 11 1041.00

Coefficient of variation = 6.49%
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Appendix 61

Electrophysiological responses from the lateral
styloconica sensilla of the fifth instar M. testulalis

larvae to aqueous extracts of cotton flowers.

Conc. Spike frequency/second C.V
ug/ul X £+ S.E

0.78 92.1 + B8.48 31
1.56 84.2 + 8.85 36
3.12 88.1 + 10.48 41
6.25 77.1 £+ 10.10 45
12.5 52.4 1 7.82 47
25 37.7 £ 8.73 73

Regression eguation (3rd Order)
Y = 90.60 + 0.321X - 25.58X%2 - 1.87X* R= 0.98
P= 0.0004

Spikes mean = 73.55



