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CHAPTER II
REVIEW OF LITERATURE

2.1 POPULATION ECOLOGY

The term "population"” has been defined by several authors
who, in geperal, refer to the term in relation to the environment
{Andrewartha and Birch 1954; Nicholson, 1957; Milne 1857, 1962;
Solomon, 1964, 1970). Milne’s (1962) definition, which refers to the
population as "the number of individuals ofa particular species
existing in a particular place”, is considered the most appropriate
for purposes of the present study. Milne (1961) further stated that
"Population changes with time"”, while Solomon (1349) stressed that
population is an integral part of the ecosystem; hence the
enviromment. According to Solomon (1870), the term "population
dynamics or population ecology" is applied to the study of changes of
the pumber of organisms in populations and of the factors influencing
these changes. It also includes the.study of the rates of loss and
replacement of individuals and of any regulatory processes tending to
keep the numbers stable or at least to prevent excessive change.

This definition is similar to that of Begon and Mortimer (1881).

Although studies on population ecology of insect pests of
crops provide the necessary basic information for formulating
appropriate pest control strategies (Cock 1986), there is scanty

literature on population dynamics of a pumber of these important






terrenella (Pyralidae) on sugar cane (Li, 1985) and Sesamia

nonagrioides Lefebuvre (Noctuidae) (Al Salti and Gallichet, 1986).

Studies are lacking on population ecology of lepidopteran pests of
arable crops in the tropical world, especially in Africa. The only
data available are scanty and represent only one life stage of the
pests studied and therefore cannot be analysed to give a precise
understanding of the pests’ population ecology.

Literature on population ecology of M. testulalis is scanty
and the reported studies have mainly concentrated on the
colonization process and larval population build-up. Taylor (1867,
1978) studied the infestations and the larval dispersal of M.
testulalis on cowpea in Nigeria. He reported that initial
infestation of M. testulalis on cowpea arises from adults which
emerge from alternative host plants at a time when the crop is in
the most suitable state for oviposition; i.e flower—bud and
flowering stage. He further, noted that in Nigeria, this first
generation attacks the early crop during May and gives rise to a
second generation that attacks a late cowpea crop planted between
August and September. 1In his earlier studies, Taylor (19867)
revealed that the incidence of M. testulalis was usually higher in
the late than in the early crop and that a complete or partial
second generation of pest may overlap with the first one dq;ing the
months of July and August due to the extended flowering period of
most cowpea varieties and short life ecycle on the pest. He observed
that during the off-season (January-May) low populations and

breeding of M. testulalis occurred on volunteer cowpea plants and

alternative hosts, particularly Phaseclus and Crotolaria species

grown in gardens and farms. In subsequent studies Taylor (1978)


















The importance of studying parasitoids of crop pests not
withstanding their significance in population regulation lies in
formulating appropriate biological control strategies and hence
integrated pest management (IPM). Hill et al., 1378) and Andreadis
(1982) reported that, of the five introduced parasitoids of 0.
nubilalis only three established, but at too low , population density
densities to control the pest effectively. It appears from the
reports that there was inadequate basic knowledge of these exotic
parasitoids, neither was there a thorough survey to determine
presence and activity of indigenous parasitoids. Before any
biological control methods are applied it is important to assess the
presence and role of local natural enemies. Recently, Hokkanen and
Pimentel (1984) compared the role of "new” and "old” associations in
biological control, where old associations were considered as a
species interaction between a pest and its natural enemies from
indigenous range when the latter is re—established by introduction
to areas where the pest has been introduced. New associations refer
to the introduction of a natural enemy of a species closely related
to the target species. The argument by these authors show that for
biological control purposes, the new associations are more
effective. However, the available evidence suggest that both
associations are appropriate and that native pest association are
more effective. However, the available evidence suggest that both

associations are appropriate and that native pests are also suitable












borer, Ancylostoma stecorea (Zell) were introduced to control M.

testulalis in Fiji but their success was not recorded (Rao et al.,
Unpublished. regPrt). In India, Vishakantaiah and Babu (1980),

reported two Braconid parasitoids, Agathis sp. and Phanerotoma sp.
on M. testulalis larvae obn pigeon pea crop. Fellows and Amarasena

(1977) reported 6-7% larval parasitism by Phanerotoma

hundecasissella Cam and 12-30% pupal parasitism by Antrocephalus nr

asubelongalus in Sri Lanka.

The role of pathogenic microorganisms in population
regulation and control of various insects, especially those of
lepidoptera species have received considerable attention by authors
such as Jacques (1983). De Bach (1874) also reviewed in sufficient
detail major pathogens related to crop pests, namely, bacteria,
(Bacillus spp.), viruses (nuclear polyhedrosis), and microsporidia
such as Nosema sp. Other reports in this field include those by
Steinhous (1954), Hughes (1957) and David (1978). On lepidopteran

pests Bacillus thuringiensis is well documented as an important

pathogen of the larvae of Heliothis virescens, Cydia nigricana, C.

pomonella (Burges, 1982). The relative susceptibility of six
lepidopteran species attacking soybean to B. thuringiensis var
kurstaki was studied by Ignoffo et al. (1977) and the results showed
that susceptibility to this pathogen varied with insect species.
Andreadis (19739) reported that the boring activity of H. zea and O.
nubilalis reduced effectiveness of this bacteria in bioclogical

control, while Young et al. (1980) demonstrated a

































CEAPTER III

MATERIALS AND METHODS

3.1 STUDIES ON NATURAL POPULATION OF MARUCA TESTULALIS

3.1 Locality

The studies were conducted at ICIPE’s Mbita Point Field
Station (MPFS) situated in a subsistence farming are in western
Kenya. The Station is about 1240m above sea level and lies between
508 and 5.59S latitude and 3°E and 4°E longitude. At this Station,
there is usually one rainy reason which occurs during the months of
March to June, but sometimes short rains may occur between October
and December but these are sporadic and unreliable. In some cases a
long dry spell occurs which starts from July to September or even
upto March the following year. .Hence, there is only one cropping
season a year in the area. The mean annual rainfall is about 900m,
most of which falls in the long rainy season. The temperature and
relative humidity are normally 24-30°C and 50-B0X, respectively.
The field Station has black cotton soil with poor drminage. Field
studies were also conducted in a subsistence farm in Lambwe Valley
(about 20 lm east of the Field Station) where rainfall is more

reliable and usually supports two cropping seasons in a year.










































ecosystem, (except for occasional fires) this site 1is a potential
source of crop pests such as M. testulalis and their natural enemies.
Weakly search of wild host plants were conducted during the
short rains from November 1984 through the 1984/85 off season to the
end of long rains, July, 1985. Several leguminous plants were
collected and searched for eggs and larvae of M. testulalis. Any
larvae found were brought back to the laboratory and reared on
cowpea flowers and green pods until pupation. The dead larvae and
pupae found on the plants and those dying during rearing were
examined for parasitoids and pathogens. Those suspected of
containing parasitoids were kept until the parasitoids emerged. The

parasitoids were then preserved and identified as described later.
3:3 EFFECT OF SOME CLIMATIC FACTORS ON M. TESTULALIS
3.3.1 Field Recording of Climatic data

During the field studies, changes in temperature, reiative
humidity (R.H.) and rainfall were recorded using thermohygrograph
(model Wilh. Lambrecht, type 253) placed in .a Stevenson's screen
(Plate 9). Rainfall was recorded ;ith the standard rain gauge
distributed in the study area. Facilities were not available for
recorded other climatic factors. The data on population estimates
from field samples were analysed in relation to changes in

temperature, rainfall, and R.H.






3.4 STUDIES ON NATURAL ENEMIES OF M. TESTULALIS

During the field population studies described above,
observationswere conducted on the occurrence of natural enemies of
M. testulalis with special emphasis on parasitoids and pathogens and
their effect on the pest population. Incidence of and mortality due
to predators were difficult to quantify; hence, their contribution
to generation mortality was pooled under disappearance in life
tables. The nocturnal habit and hiding behaviour of M. testulalis
made it difficult to directly observe predation in the field.
Predators as a group are also general feeders, although some such as

Rhodoliacardinalis are specific to Iceria purchasi.

3.4.1. Parasitoids: Field Studies and Identification

Field collected larvae and pupae were placed singly in
sterilised plastic vials and their tips covered with a fine nylon
mesh to provide ventilation but not to allow escape of any larva or
parasitoid. Larvae were fed on fresh ICV6 cowpea flowers by the
rearing methods developed by Ochieng’ et al. (198l1). Any
parasitoid emerging from the vials was collected for rearing and
identification. The parasitoids were sent to the International
Insitute of Entomology, Britain, for identification and confirmation.

During the sampling period the proportion of larvae and
pupae of M. testulalis parasitized by the various parasitoids and

the number of parasitoids recovered per sample were recorded.















with a coverslip, and examined under a compound microscope (lLeitz
Dialux 20EB).

With the assistance of insect pathologists at the ICIPE’
Insect Pathology Unit at MPFS, and various reference books on insect
pathology including that by Poiner and Thomas (1984), the

microorganisms were tentatively identified.
Culturing and Purification of the Microorganisms

The various microorganism isolated and identified namely
bacteria, protozoa and fungi (except viruses which occurred in
negligible proportions) were cultured using the following techniques.

To culture the bacteria (Bacillus sp. and Coccus sp.)
recovered from cadavers of M. testulalis, a standard nutrient agar
(NA) medium was u#ed. The medium is a powder with a composition of
’Lab m’ peptone 5.0 g, ’Lab m’ beef extract 3.0 g, sodium chloride
8.0g and ’Lab m’ agar 21.0g at pH 7.3. Tobformulate the medium, 28g
of the powder was added to 1 litre of distilled water and boiled
while frequently being stirred. The mixture was then sterilized in
an auvtoclave for 15 minutes at 121°9C; it was then dispensed into
clean sterilized glass petri-dishes and allowed to cool to room
temperature under sterile conditions. This medium was also used to
purify, isolate and culture the various types of bacteria obtained

from dead M. testulalis. Dead larvae containing bacteria were






Live M. testulalis larvae were used to culture Nosema as
there is no known artificial medium for the protozoan. Cadavers
observed under thé microscope to contain a high concentration of
Nosema spores were macerated and used as source of innoculum. Three
methods were tried for innoculating the protozoa into live 3rd
instar M. testulalis larvae. In the first technique, the larvae
were introduced into a watch glass containing a suspension of the
innoculum in distilled water and left for about 1-2 minutes to get
contaminated by the suspension. This method was found to be time
consuming and unsuitable as it resulted in larval mertality through
drowning. The 2nd method involved dipping cowpea flowers into the
the prepared innoculum solution and feeding larvae on them.

However, since the flowers collected from the field also contained
contaminations of other microdrganisms this method was also not
preferred for culturing. The last method using a nutrient agar gel
(NAG) as a carrier for the innoculum was developed. Earlier studies
at MPFS by Okech (unpublished data) showed that M. testulalis larvae
fed well on the nutrient agar gel. The NAG was prepared by mixing
the following ingradients; 4.0 g agar, 1.0 g cellulose, 3.4 g
sucrose and 91.6 ml distilled water. The mixture was boiled with
frequent strirring and then dispensed into sterilized petridishes.
The NAG was left to set at room temperature. Using a cork borer
(diameter 0.5 mm) equal quantities of the NAG were dipped into a

suspension of Nosema in distilled water and then transferred into a







































however, followed by a rapid build up of the early instar larval
population reaching a high peak at the same time as the egg stage
(Figure 8). The population density of the various life stages
overlapped, but only one peak was observed in all stages throughout
the cropping season suggesting that only one generation occurred at
this site (Figure 8). The plants continued to produce flowers and
pods after the pormal maturity time (70 - 75 days) resulting into
persistence of M. testulalis infestation (Figure 8). Pupae were
recovered from the crop 63 DAPE and the population rose steadily to
peak Bl DAPE, then started declining to zero at 105 DAPE (Figure
B). The adults started to emerge after 69 DAPE. Adults emerged
daily, with a peak catch being recorded $9 DAFE but after 105 DAPE
no more adults emerged from the field (Figure 8). Figure 8 shows
the temporal distribution of M. testulalis life stages at this site
during the season.

1985: During the long rainy season two crops were
planted. Population build up on the earlier crop started 15 DAPE
when the first moths were caught in the pheromone trap and eggs were
recorded on the plant (Figure 2B). The pheromone trap catches were
low but rose steadily to a low peak B4 DAPE. A low peak in male
population was also observed 108 DAPE. Temporal distribution of the
different life stages on the crop is presented in Figure 9.
Although, the first eggs appeared on the crop as early as 15 DAPE,

the first early instar larvae were observed much later, 39 DAPE and
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Table 5. Partial ecological life table of Maruca testulalis for the

generation on cowpea crop during 1985 long rainy season at MPFS

X 1x dxF dx 100gx 100rx
Age No.alivesha. Factor No.dying dxi as ¥ dxi as ¥%
interval responsible for dx during x of Ixi of 1xq
ggs (19906) Disappearance® 2404 12.1 12.1
Larvae I-II 17502 Parasitism 0 0 0
Disease 1033 5.9 5.1
Disappearance 884 5.1 4.4
TOTAL 1917 11.0 =
Larvae III 15585 Parasitism 0 0.0 6.0
Disease 2123 13.6 10.7
Disappearance 405 2.6 2.0
TOTAL 2528 16:28 o
Larvae 1V 13057 Parasitism 0 0.0 0
Disease 1110 8.5 5.8
Disappearance 4446 34.1 22.3
TOTAL 5556 42.6 =
Larvae V ' 7501 Parasitism 0 0 0
Disease 1665 B2.2 31.0
Disappearance 606 8.1 3.0
TOTAL 6771 90.3 -
Pupae 730 Parasitism 70 09.6 0.003
Disease 245 33.6 0.01
Disappearance 143 19.5 0.01
TOTAL 458 62.7 -
Adults 272 - - = —
TOTAL 51.6

Figures in parentheses are estimated. *Disappearance include losses due to

predation, emigation and any other unknown causes.
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Table 9. Partial mortality budget for Maruca testulalis at MPFS during sho:
rainy season's crop, 1S383.

No. /ha Log.No. /ha K.value
Eggs laid 2588393 5.4131
ko, (egg loss) 0.502
Larvae I-1I 81563 4.9115
kj (disease) 0.00
(Larvae I-II1 surviving disease) 81563 4.8115
ko (disappearance) 0.017
Larvae III 78461 4.8947
ks (disease) 0.253
{(Larvae III surviving disease) 43781 4.6413
kg (disappearance) 0.283
Larvae IV 22277 4.3478
ks (disease) 0.00
{Larvae IV surviving disease) 22277 4.3478
kg (disappearance) 0.0
Larvae V 23417 4.3685
k7 (disease) 0.050
(Larvae V surviving disease) 7314 3.8642
kg (Parasitism) 0
(Larvae V surviving parasitism) 7314 3.8642
kg (disappearance) 0.733
Pupae 1354 3.1316
kjg (disease) 0.08S
{(Pupae surviving disease) 1078 3.0326
ki1 {Parasitism) 0.060
(Pupae surviving parasitism) 839 2.9797
k12 (disappearance) 0.091
Adults emerging 762 2.8820

K = 2.553
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Table 10. Partial mortality budget for Maruca testulalis at MPFS during lo
rainy season 1884 {early crop).

No. /ha Log.No./ha K.value
Eggs laid i | 132639 5.1227
ko, (egg loss) 0.081
Larvae I-T11 110157 5.0421
k; (disease) 0.031
(Larvae I-1I surviving disease) 102556 5.0110
ko {disappearance) 0.027
Larvae III 396387 4.9840
k3 (disease) 0.237
{Larvae III surviving disease) 55808 4.7467
kg (disappearance) 0.104
Larvae IV 43953 4.68430
ks (disease) 0.145
(Larvae IV surviving disease) 31470 4.4978
kg (disappearance) 0.119
Larvae V 23854 4.3794
k7 (disease) 0.123
{Larvae V surviving disease) 139390 4.1458
kg (Parasitism) 0
(Larvae V surviving parasitism) 139390 4.1458
kg (disappearance) 0.655
Pupae 3099 3.4912
kig (disease) 0.093
{Pupae surviving disease) 2500 3.3979
kj; (Parasitism) 0.058
(Pupae surviving parasitism) 2187 3.33¢g8
kj2 (disappearance) 0.018
Adults emerging 2100 3.3222

K = 1.691










Table 13. Partial wortality budget for Maruca testulalis at MPFS during

short rainy season, 1S58S5.

Age interval No. /ha Log.No. /ha .value
Eggs laid 19806 4.,2990
ko (egg loss)- .056
Larvae I-IT1 17502 4.2431
k] (disease) .026
(Larvae I-II surviving disease) 16469 4.2167
ko (disappearance) .024
Larvae II1 15585 4.1927
k3 (disease) .064
{Larvae III surviving disease) 13462 4.1291
kg (disappearance) .013
Larvae IV 13057 4.1158
ks (disease) .033
(Larvae IV surviving disease) 11647 4.0773
kg (disappearance) 202
Larvae V 7501 3.851
k7 (disease) .749
(Larvae V surviving disease) 1336 3.1258
kg (Parasitism) .0
(Larvae V surviving parasitism) 1336 3.1258
kg (disappearance) .263
Pupae 730 2.8633
kjg (disease) .178
(Pupee surviving disease) 485 2.6857
kj1 (Parasitism) : .068
(Pupae surviving parasitism) 415 2.6180
kj2 {disappearance) .183
Adults emerging 272 2.4346
K = .B65
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the level of observed parasitism on pupae was low. Their contribution to
real generation mortality ranged from only 0-0.02% at both sites (Table

1-8}. Antroceprhalus sp. was the most common parasitoid at both sites,

although attempts to raise a laboratory colony failed. A gregarious
pupal endo—parasitoid, T. sesamiae was recorded only at MPFS ard its
colony was easily raised under laboratory conditions. Bracon sp. was
observed to parasitize both late instar larvae and pupae of M.
testulalis, under laboratory conditicns, but due to lack of mating,
attempts to rear this parasitoid only yielded male aduits and the coleny
was terminated.

The incidence of parasitoids and pathogens on dead M. testulalis
collected from field samples at MPFS and Lambwe is presented in Table 17
for all the generations studied. The term "unknown” indicates that the
cadaver was examined through microscopic and direct techniques and showed
no symptom of any pathogen or parasitoid, although mortality occurred.
Considering all the generations together at each site Nosema sp.

contributed to the highest mortality in M. testulalis, being 34.3 * 12.6%

[+%

at MPFS and 41.8% ip Lambwe, while parasitism contributed 5.3 - 2.3% anc
7.3 =+ 3.6% of the total mortality at MPFS and Lambwe, respectively ‘Table

17).
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Table 17. Percent incidence of parasitoida and pathogens on dead Maruca testulalis from field samplea at MPFS and
Lambwe farmer's field during 1983 1985 cropping sensons

X [INCIDENCE PER GENERATION (YEAR)

MBITA POINT . A MB W E
ORGANTSM 1(83) 2(K4) 3(BA) A4(B1) H(BA) G(RG) T7(RG) MEAN + SD 1(R1) 2(84) I(BRA) A(BA) 5H(RBRA) MEANLSD
Parnsi - 6.4 3.5 1.0 77T R49 6.8 5.4 2.8 3.4 6.6 12.0 7.3+ 3.6
toids
Bacillus 16.2  42.6  27.3 - - 21.0  15.3  24.5 +10.0 15.0 i = 42.9 B.0 21.7:14.7
Bp
Nosema ap 45.3 15.6 24.4 — s 47.1  49.1 34.3112.6 46.7 = = 34.6 44.0 41.8+ 5.2
Nematodes 0.0 n.0 0.0 = 1.3 0.0 0.9+ 1.7 2.8 = = 0.0 14.0 5.6+46.10
Fungi 3.4 9,1 6.7 -~ 1.8 6.8 .6t 2.6 12.1 - - 1.6 8.0 7.2+ 4.3
Viruses B.5 3.2 6.1 = = 0.0 3.4 1.2¢ 2.9 0.4 = o 0.0 0.0 0.1.40.2
Ot her
boeterin 0.0 1.6 0.3 = = 0.0 0.0 0.4+ 0.6 0.0 = = 0.0 0.0 0.0
IInknown 20,2 24.5 14.2 = e 26,9 18.6 24.9+ 5.5 19.6 = - 14.3 14.0 16.0+ 2.6




















































































































































































































































Table 26. Effect of age of M. testulalis pupae on performance of

Tetrastichus sesamiea

Pupal age Pupae X E 4 Development Mean
(days) tested Mortality Parasitism period of progeny, female
0 i5 100 100 18.5+1.0a 142.5+11.3a
1 15 75 75 19.6+0.7a 83.3-17.8ab
2 15 50 64 18.0+1.3a 84.7-16 ab
3 15 75 42 17.8-0.9a 60.0-10.1 b
4 15 100 40 18.6+1.1a 77.8+14.4 b
B 15 100 25 19.7+1.3a 67.4+15.5 b
6 16 25 0 0 (41)
7 15 0 0 (57)
8 15 0 0 0 0

The same letters indicate no significant difference at
P = 0.05 (DMRT). Figures in Parenthesis () indicate the
number of dead parasitoids recovered in pupae after dissection

of the pupal cadavers.
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CHAPTER V

DISCUSSION

Population studies on M. testulalis at MPFS and Lambwe
previded a more detailed biological knowledge on the pest,
especially on the seasonal population changes, and the factors
responsible for such changes on host cowpea plant. é&is
information is significant for a better understanding of
population ecology and for future control strategies of this
important legume pest. During the study period, 5 and 3
generations of M. testulalis were studied in detail at MPFS and
Lambwe Valley, respectively, in the 1983-1885 cropping seasons.

It was found that adult colonisation on the crop in
most cases started as early as 15 DAPE at both sites. These
observations were obtainmed from pheromone trap catches of male
moths during each season. Since the cowpea crop was newly
planted during each cropping season, the initial attack on the
crop by the moths was from other sources. However, the initial
population of moths caught remained low for every germeration
studied until the flower initiation stage (30 DAPE) after which
the population started rising to a peak 36~48 DAPE (Figures 1
and 2). There was very little variation in the time of
occurrence of these peaks in the generations studied. The

peaks appeared to coincide with crop flowering resulting
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