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7. 3p. nr. mwanzai shoved a Type 11 fuﬁctional response
in the caged experiments.

Field data confirmed the cage observations in several
cases.

Data generated in the study were fitted into modified
general host-parasitoid models for the prediction of
parasitism rates if the pest and parasite population
densities are known. A reéression model was developed to
express the proportion of egg batches parasitised as
function of the climatic factors, number of parasitoids
reieased and the number of vest egg batcher exposed.

Variabie types of fit were obtained +hen either the
nunver of eggs parasitised or the number of egg batches
parasitised were used as dependant variables. A model
developed from the data ¢enerated in the caged experiments
was validated using field data. Results indicated

similarity in fits for the two cases.
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1 CENERAL INTRODUCTION

In the tropics, sorghum is one of the principal
food crops. - It is also used as a building material, fuel
source, etc. Over 150 species of insect pests have been
listed on sorghum (Young and Teetes, 1977; Seshu Reddy and
Davies, 1979). Chilo partellus Swinhoe is one of the most
serious lepidopteran stemborers of sorghum in East Africa
and India (Young and Teetes, 1977; Hill, 1983; Pathak and
Olela, 1983; Seshu Reddy, 1983; Teetes et al., 1983).
Damage is caused by early larval instars feeding in the leaf
vhorl and by later instars boring into the stem to cause
"dead hearts" and "chaffy heads", (Dabrowski and Kidiavai,
1983; Seshu Reddy, 1983) contributing in this way, among
other factors, to significant reductions in grain yield
(Seshu Reddy, 1981; Alghali, 1986, 1987).

Several natural enemies of C. partellus have been
observed. These include insects of the family
Trichogrammatidae (Hymenoptera), a large group of minute
parasitic wvasps ~hich attack eggs of various insects. The
two well known genera of this family are Trichogramma and
Trichogrammatoidea. The use of Trichogrssma spp. as
binlogical contcol agents for augmentative releases against
graminaceous stalk borers began early this century
particularly in the USA, USSR, Talwan, South America and
China (Stinner, 1977; Ables and Ridgeway, 198l1). The
earliest known attempt to utilise Trichogramma as a
biological control agent occurred when a shipment of this
parasite was sent from the USA to Canada in an attempt to
control the savfly, Nematus ribesii Scop. (Baird, 1956).
Mass rearing and subsequent release of this entomophage has
been described by Enock (1895) as “Trichogramma farming"

because it was a practicable method for suqgarcane borer



-2~

control in Louisana and Barbados in the early part of this
century (Metcalfeand Breniere, 1969). Trichogramma have
been successfully released many times to control the sugar
cane borer, Diatraea saccharalis (Fab.) and other economic
pests in the USA (DeBach and Hagen, 1970). Similarly,
successful inundative releases of Trichogramma spp. against
sugarcane borers (Chilo spp) have been reported from India
(Sithanantham, 1980). So far, the major use of Trichogramma
has been through inundative releases. This refers to the
release of a large number of insects to cause an immediate
and direct mortality in the pest population (Stinner, 1977).
These parasitoids are used in this way, largely because of
their inability to perpetuate their progeny in adequate
numbers in subsequent generations after releases.
Parasitoids exert an important requlatory influence
on borer populations (Appert and Ranaivosoa, 1970; Mohyuddin
and Greathead, 1970; Rensburg and Hamburg, 1975; FAO, 1980).
These include different species of Tricﬂdqramma vhich exert
an intluence in controlling various Lepidopteran pest
species (Howard and Fiske, 1911; Somchoudhury and Dutt,
1980). In the USA, several species of this blocontrol agent
wvere found effective against the European corn borer (ECB),
Ostrinia nubilalis Hubner (Knipling and Mc Guire, 1968).
Trichogramma spp. have also been successfully used for the i
biological control of the ECB in European countries
including West Germany fHassan and Heil,.1980, Hassan, 1981;
Neuffer, 1982) and Bulgaria (Karadjov, 1982). In India
Trichogramma spp. are used as effective control agents
against sugarcane borers (Nagarkatti, 1980; Rao, 1580;
Varadharajan, 1980; Sithananthan et al., 1982). However,
levels of successes a;tributed to the different parasitoids
have been variable (Gupta, 1951; Brenlere, 1965; Metcalfe



and Vand Whervin, 1967; Cueva, 1978; Hassan, 1981; Neuffer,
1982)

Theoretical models used to predict the effect of
parasitoid releases for the biological control of pests have
been developed (Thompson,1924; Nicholson, 1933; Nicholson
and Bailey, 1935; Holling, 1959, 1966) and several aspects
of host-parasitoid interactions have been studied. These
include functional responses (Holling, 1959a, 1959b; Hassell
et al., 1976; Van Lenteren and Bakker, 1976, 1978), random
searching abilities (Rogers, 1972; Hassell, 1978) and mutual
interference (Hassell and Varley, 1969; Royama, 1971;
Beddington, 1975). The winter moth, Operophtera brumata
(L.) in Nova Scotia is one example of pest species where an
empirical model has been developed for predicting a stable
equilibrium obtained by introducing a parasitoid (Hassell,
1380). Several other models with implications for field
applications have been developed and tes'tea (Barclay et al.,
1985). Knipling (1972) developed a model for the control of
Diatraea saccharalis F. by release of the parasite,
Lixophaga diatraeae (Townsernxi). S8imilarly, successes in
suppressing sugarcane borers have been reported by Summers
et al. (1976} and King et al. (1981).

In Africa little work has been done on the
biological control of graminaceous stalk borers. There is a
need for such studies to be carried out, and so far only a
number of species of exotic parasites have been released for
control purposes (Mohyuddin and Greathead, 1970; Girling,
1972). Kumar (1984} reviewed the biocontrol attempts
undertaken in Africa, and the movement of natural enemies
from one country to another in the Ethiopian region.

Records of the use of Trichogramima spp. in.Africa are rather

scanty, except for reports on their incidences. Available









2 LITERATURE REVIEW ON MODELS FOR PEST CONTROL

2.1 Types Qf Models

Models are a convenlent means of summarising large data
base into a concise and practical format, commonly an
equation. The equation simplifies calculations and
facilitates some rationalization of the underlying
biological process. Models mathematicaliy describe our
concept of nature (Streifer, 1974). Mathematical models
which are useful in analyzing models of fluctuating

populations are of three broad types:

a)-tactical models, or simulations, which are used for
short term forecasts of population chunges (Nisbet and
Gurnet, 1982);

b)-strategic models which are simple mathematical
models constructed with the aim of identifyinqg possible
ecological principles (Nisbet and Gurnet, 1982).

c)- and the testable models of laboratory data (Nisbet
and Gurnet, 1982).

Models may also be classified according to their being
deterministic or stochastic (Nisbet and Curnet, 1982). A
stochastic model describes both the trend and the
fluctuation of the population, usually with a probabilistic
component. 7The deterministic model only describes the trend
of population fluctuation, and its most important property
is that, if the history of population is known up to date,
one can predict its exact value at any future time. The
primary requirement of models in ecology, as in other -
fields,is to be realistic, the mathematical predictions of
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total populations, or birth, for example should agree with

field or laboratory observations (Streifer, 1974).

2.2. Host-parasitold and predictive models.

Models presented here are based on host-parasitoid
models (Barclay, 1987c). The original progenitor in this
line was the Nicholson-Bailey model (Nicholson and Bailey,
1935), a density dependent model of host-parasitoid
relationship.

There is an abundance of population submodels for
insect parasitism (or predation) in ecological literature
(Hassell and May,1973). Many of these have the general
form:

Ng .= Nyf[Py,Ni]

Ptyr = Ng-Ng;
where Ng represents the survivor after Py have searched for
Ny hosts resulting in Pyyy parasite progeny. All
assumptions about parasite searching behaviour are here
contained in the function f£(P¢,N¢). I1f we consider the
simplest case where the parasite population is specific and
synchronized temporally with its host population, we can
write the following generalized model for host-parasite
interaction (Hassell and May, 1873):

]

FNy£[Py, Ny

Nty
P41

vhere N and P are nov host and parasite densities in
generations t and t+1, and F is the rate of increase of the
host after allowing for all‘mortalities within the
generation except parasitism (Hassell and May, 1973).
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of host attacked. Watt (1959) developed a model
which included a maximum a*tack rate by the para-
site and also the parasite interference, but the
properties of this model were not fully explored.
Both of these models are difficult to test under
field conditions. Hassell and Varley (1969)
based their model on measurements of the outcome
of search by known parasite populations, and
showed interference to be an important component.
This model is easily tested from field data pro-
vided that the adult parasite density and the
percentage of hosts parasitized are known. Un-
like the models of Holling (1959), it does not
include any factors reducing the searching effi-
ciency as host density increases.

The basis of these population models, as
stated earlier, is a component which describtes
the number of host attacked (Nha) and the search-
ing parasite (P). Table 2 shows some of these
equations which vary from the very simple to
the complex.

A general host - parasitoid model was
described by Perry (1987):

Log (—Log(Qo)) = Log a + b Log M
Where Qg is proportion parasitised;

M = mean parésite density; a and b are
consiants.

This model agreed with models termed
as "host - parasitoids models of inter mediate
Complexity" (Hassel and May, 1973; Perry (1987)
although the assumption in these models is that
parasitoid search at random.



Table 1.

PARASITISM FUNCTION: (Ng = Nyf(Py,

BUTHORS

Nicholson(1933) Ng =
Nicholson & Bailey(1935)

Holling (1959b) Ng =
Royama (1971)

Rogers (1972)

Hassell & Varley (1969) Ng =
Hassell & Rogers (1972) Ng =
Hassell & May (1973) Ng =
Hassell & May (1973) Ng =

- Nt

N¢) )
MODEL.S
Neexp( -aPy)

Neexp(- _a'TePe )
( 1+a'TpN¢)
Neexp(-QPy1 M)
Neexp(-a'TecPel M)
( 1+a'TpNg )
[ajexp(-abiP¢)]

Ne [ajexp(-Q(by,Py)im)

Some models of host-parasite interaction (Hassell and May, 1973)

BRIEF DESCRIPTION
Random search,
constant search
efficiency.
Random search, searching
efficiency dependent on
host density.
Random search, searching
efficiency dependent on
parasite density.
Random search, searching
efficiency dependent on
host and parasite density.
Non-random search, constant
searching efficiency.
Non-random search, searching
efficiency dependent on
parasite density.

Symbols: Ng=hosts surviving parasitism; Ny=host population at generation t; Py=parasite population
at generation t; a=area of discovery; Th=handling time; T,=total time initially available for search;
aj=the distribution of hosts; bj=the distribution of parasites; m=mutual interference constant;

c = constant; Q=area of discovery when P¢=1.



Table 2: Some models predicting the number of host encounter or attacked by insect
parasites (after Hassell and Rogers, 1972)

MODEL
Thompson (1924)

Nicholson (1933)

watt (1959)

Holling (1959)

Hassell & Varley (1969)

ATTACK COMPONENT
Nha = N(1-eX)
vhere Ny = CP
X = -Na

' N

Nha = N(1-e~3P)

N, = CaTtN
P 1+CaThN

Npy = N(1-e~9Z)
z=pl-m

e

Symbols: N = number of hosts, P = number of parasites,

hosts by P parasites, C = eggs lald per parasite (a cons
coefficients (constants), b, m = interference constants.

COMMENTS
Random attack, parasite

efficiency determined by

the available egg
performance.

Random attack, %
parasitism proportional
to parasite density.
Random attack, includes
maximum attack rate per
parasite and parasite
interference.

Describes the number of
hosts encountered per
parasite (not the number
of hosts parasitised),
includes handling time.
Random attack, includes
parasite interference.

= number of attacks on N
%ant), a, a', Ca = attack

-I'[_
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validation procedures involve graphical or tabular
presentation of predicted versus observed results.
Confidence limits may be shown, but often are not.
Experimental expenses often limit the number of observations
because, as model complexity grows, so does the amount of
data required to characterize real system behaviour.

The general problem of validating population models
involves the objective application of statistical tests.
Some of the subjective aspects have been reviewed (Shannon,
1975). The standard statistical tests developed for
simulation models (Shannon, 1975) are generally oriented
towards validating the end result of the simulation.
Feldman et al. (1984) have reported on the statistical
procedure for validating a simple population model. He
noted that the statistical validation of a time-dependent
population processes model is a difficult task and that
there is currently no adequate statistical methodology
developed for complex population models that describe
agricultural pest populations.' Feldman et al.( 1984 )
proposed a statistical procedure for such models and pointed
out some present shortcomings in its application.

The validation process is essential to ascertain if the
experimental data is sufficiently "close" to the predicted
population means to have confidence in the model.

Statistics are used to quantify the meaning of closeness in
terms of true population means and variances. However,
since the theoretical variances are not available,
practitioners might fall into the trap of using the sample
variance of the field data as their measure of closeness
(Feldman et al., 1984).

Some workers intensively document each model component,
and then the present a small amount of data regarding
overall model performance. Others present little data but
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claim that model behaviour is "reasonable", or they appeal
to the reader's judgement or conventional wisdom ( Welch et
al., 1981 ). If the model does not provide predictions with
a reasonable degree of accuracy the model may not be valid
because one or more fundamental aspects of the ecosystem
dynamics have been omitted ( Shoemaker, 1980).

The result of improper validation may not be
necessarily obvious, but the consequences of using invalid
models in pest management may be catastiophic ( Welch et
al., 1981 ). Welch et al. ( 1981 ) noted that validation is
an essential stage in model development with at least two
parameters which have to be considered in the validation
process: (1). Risk-to-users or ctost-benefit criteria for
evaluating management models: and (2) rigorous statistical
procedure to list research models. The authors further
noted that the selection of inappropriate criteria could
lead to unnecessary delays in the implementation or use of
poorly validated models.

A common conception among modellers is that the
development of practical field programs entails (1) creating
detailed research models and then (2) simplifying them to
form management models ( Welch et al., 1981 ).



T

3 MATERIALS AND METHODS

3.1 Rearing of the Pest.

Chilo partellus (Swvin.) moths were reared in the Insect
Mass Rearing Unit (IMRT) at ICIPE's Mbita Point Field
Station (MPFS) following the methods developed by Ochieng et
al. (1985). Eggs were deposited, in batches, on sheets of
pleated wax paper. During the course of this study, sheets
vith egg batches were supplied by the IMRT unit for both
laboratory and field experiments.

3.2 Collection and Identification of Trichogramma sp.
minutum group nr. mwanzal Schulten and Feljen.

In December 1988, wax paper sheets carrying C.
partellus egg mssses, were exposed in farmers fields planted
vith maize or sorghum at Mtwapa in the coastal province:of
Kenya. The sheets, cut into strips of four pieces, were
hung on the plants with masking tape. ‘Three days later, all
the sheets were collected and brought to the laboratory at
MPFS. Parasitised egg batches wére carefully cut and put
into test tubes which were later corked with cotton wool and
kept under ambient laboratory conditions.

This species of Trichogramma wvas te yn tatively
identified as Trichogramma sp. minutum group nr. mvanzai
Schulten and Feljen by Dr. A. E. Polaszek of the
Conmonwealth International Institute of Entomology (CIE),
Departement of Entomology British Museum (Natural History),
London, UK, in 3ugust 1988. According to his observations,
this species belongs to the minutum group. He further
stated that species belonging to the minutum group are
extremely difficult to differentiate. The speclialist added
vhat the rather short flagellum of the male antennae appears
to be charasteristic of both this species and mvanzai, but
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Five Trichogramma populations were also used, viz: T0,
T1, T2, T3, and T4, representing releases of 0, 6, 12, 24,
and 48 adult Trichogramma respectively.

Schemes of Parasitoid Release
Three schedules of adult Trichogramma releases were
followed:
i-2ll adults were released simultaneously;
ii-Half the number of adults was released at 12
o'oclock and the other half released at 3 pm; and
iii-One third the number of adults was released at 9
am, another third releasd at twelve noon; and the
remaining third released at 3 pm.

Two other perspex cages measuring 17 cm x 17 cm x 28 cm
wvere constructed for the collection of parasitoids to be
used in the release experiments. As in the rearing cages,
tvo holes, 12 cm in diameter, were made on the 2 opposite
faces (the larger ones) of the cages, one cuvered by a
circular black cotton cloth (front face), vhile a sleeve vas
glued on the other face. On the upper portion of the cage,
in the extreme left corner of the front face, the cage
opened into a tube, 6 cm in length and 1 cm in width, onto
which a test tube of 7 cm length and 2.5 cm diameter could
easily be fitted. The front face ot the cage was then
exposed to light, which stimulated the insects to move to
the back of the cage away from the light. From there, they
entered fhe collection tube where they would be counted
(Plate 6). Only females were used and excess were removed
using an aspirator. The insects vere restricted to 8 per
tube. For releases of 48 Trichogramma females
simultaneously, 6 test tubes were placed in the bucket. The
same principle was followed for releases involving the other

Trichoyramma densities.
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Eqg batches were removed from thz cages after 3 days
and placed in marked test tubes corresponding to the
experimental cage. These were observed on the fifth day,
using a binocular microscope at a magnifiéation of 250x and
the folloving parameters recorded:

i-the number of eggs parasitised;
ii-the number of black heads formed;

iii-the number of eggs which did not change into black

heads and which were not parasitised;
iv-the total number of eggs; and
v-the number of egg masses parasitised per cage.

The experimental design wvas a 5 x 5 x 3 factorial
arrangement. This gave a total of 75 units per replicate,
replicated three times, and thus the total number of
experimental units was 225.

Fifteen units were taken at a time and these included
all the Chilo egg populations, the release seqguences and

the Trichogramma populations.

Temperature and Relative Humidity.

The daily maximum and minimum temperatures and relafive
humudity were recorded on day one, day two, and day three,
from the day insects vere released. The first part of the
data was obtained using a thermohvgrograph with no
protection from a Stevenson's screen (Plate 7), while the
second part of data cane from a thermohydrograph placed in a
Stevenson screer. adjacent to the experimental cages. Two
types of adjustment were made to these climatic data. One
was done by calculating the mean daily maximum and minimum
temperatures and relative humidities for the protected
apparatus and for 'the research station thermohydrograph; the
mean difference in the values of the two sources of data vas

thus established. From these mean differences and from the
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7. The number of egg batches parasitised (BPAr)
8. The average height of the plants (AVPL).

9. The daily mazimum and minimum temperatures
(MIMP and XTMP)

10. The daily maximum and minimum relative
humidities (MRH and XRH).

Only variable 8 was not available for the field data.

Correlation analyses were performed on all 10
variables.

An ANOVA test was run to evaluate the effects
of three main factors, including: five Trichogramma
population levels, the number of egg batches exposed
in the field plot or in the experimental cage, and
the sequences of parasitoids release; on the number
of Chilo eggs parasitised, the number of egg batches
parasitised, and the number of black heads formed.

Functional response
' Functional response curves were plotted using
data collected from caged experirents for each para-

sitoid population density, i. e. for 6, 12, 24, and 48

parasitoids. The mean number of eggs or egg batches
exposed in the cage (host density). The curves
obtained were compared to Holling's (1959a,b) type
I,1I, IIT functional response.






3.7 Model Validation

To validate models obtained from tne laboratory
experiment, a Chi Square analysis was performed using the
values of the Log of the proportion of egg batches
parasitised, (LNPBPAR), that were obtained from :

1. a model developed using field data,

2. a model developed using laboratory data,

In both models the values of the independent variables
were those obtained from the field experiment for the second

method of insect of release (sequence 2)
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4 RESULTS

4.1 Factors Affecting the Survival of C. partellus and its
Parasitism by Trichogramma sp. nr. mvanzal
4.1.1 Factors Affecting Egg Parasitism in C. partellus

4.1.1.1 Caged Experiments

Parasitoid Density

Correlation analyses showed a positive relationship
betwee; the number of eggs parasitised and the number of
adult Trichogramma sp. released in the cages (p < 0.01, r =
0.49) (Appendix 1).

The analyses of variance (ANOVA) showed a lack of
sianificance in the interaction of the size of Trichogramma
population released and the sequence of release but
suagested that there wvere signiticant differenccs in
Trichogramma and batch levéls for the number of eqqs
parasitised (P < 0.01, RZ = 0.516, Table 1l). There were
differences in parasitisation rate when 0, 6, 12, 24, or 48
parasitoids were released (0, 8.97, 19.8?, 76.57, 63.46
eggs parasitised respectively).

The Duncan's multiple range test comparison for host
and parasitoid levels are given in Table 2, while changes in
linear patterns are illustrated in Fig 1.

Pest density

Considerinca C. partellus egq populations, correlation
analyses showed a strong positive linear relationship
between C. parteilus eaq populations and the number of eggs
parasitised (p < 0.01, ¥ = 0.301, Appendix 1), some
differences in C. partellus eqg population levels were
observed (p < 0.01, Table 1). The number of eggs
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parasitised increased with the density of C. partellus eggs
in the cage. The mean number of eggs parasitised in batch 2
was not significantly different from that of batch 4, but
vas significantly different from that of batch 6, 8 and 10.
Similarly, the mean number of eaggs parasitised in batch 4
vas significantly different from that of batch 6, 8 and 10,
the mean numbers of eggs parasitised for batches 6, 8, and
10 were not significantly different (Table 2, Fig 2).

When the effect of pest density on the number of eggs
parasitised was studied for different batch level the same
trend was noticed with p < 0.01 (Appendix 2 ,3 ). '

Single degree of freedom component analyses suggest
that the relationship between the level of egg parasitism
and Trichogramma populations had sianificant linear, cubic

and quartic components (P<0.0l1, Appendix 4).

Sequences of Parasitoid Release

The seguence of parasitoid release did not show any
correlation with the number of eggs parasitised (Appendix
1;. The analyses of variance (ANOVA) and the DMRT showed
that there was no difference between the mean numbers of

eaqs parasitised for the three sequences of release (Table 1

and 2).

Climatic conditions
The relationships between field and cage climatic

var iables were obtained by making two adjustements on the
caqed experimerts weather data. For the first adjustement,
these relationships are given in Table 3 and for the second
adjustement they are aslfollows:
Adjusted maximum temperature (Yl)’= 10.737086

+ (0.0579479) x maximum field temperature (X1)
Adjusted minimum temperasture (Y2) = 5.9227495
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TABLE 1:ANOVA for Trichogramma sp. nr. mvanzai populations, number
of egg batches and cequences of parasitoid release
nn the number of eygs parasitised in the cages.

SOURCE ‘ OF MS P>F
MODEL 42 6861.5749 0.0001
TRICHO 4 51530.4796 0.0001
SEQ ) 2 2130.8492 0.2499
BATCH 4 7280.4165 0.0011
TRICHO*SEQ 8 764.6443 0.854
SEQXBATCH 8 983.6389 0.7389
TRICHOXBATCH 16 2119.914 0.1508
ERROR 177 1524.646
R? 0.516418
cv 115.1203

TABLE 2: Duncan's multiple range comparison for
the number of eqggs parasitised in cages
according to a number of parameters.

SEQUENCE GROUPS n Means

SEQ 1 72 30.417 A

SEQ 2 74 30.851 A

SEQ 3 74 40.392 A

TRICHO LEVELS ™

0 43 0.000 C

6 44 ' 8.977 CB

12 45 19.822 B

24 45 76.578 A

A8 43 63.465 A
BATCH NUMBERS

2 45 14.467 C

4 45 29.956 CB
6 44 36.682 AB
8 44 39.500 AB
10 44 50.262 A

NOTE: means with the same letter, within a particular group,
are not signficantly different
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+ (0.813442) x minimum field temperature (X2)

Adjusted maximum RH (Y3) = 47.298639

+ (0.596110)vx maximum field RH (X3)
Adjusted minimum RH (Y4) = 30.508688

+ (0.695765) x minimum field RH (X4) (appendix 5).

Further analyses showed that the maximum temperature

had an effect on the rate of eqg parasitism. There was a
negative correlation between miaximum temperature and
parasitism wvhen the maximum was on either the first or
second day. There was a positive correlation when the
maximum temperature occured on the third day (r = -0.305,
= -0.338, r = 0.435, respectively). When the minimum
temperature was recorded on day 1, there was a negative
correlation with the number of eggs parasitised. When the
the minimum temperature was obtained on either day 2 or day
3, there was no correlation. When the maximum relative
humidity was recorded on day 1, it appeared to positively
influence the rate of parasitism. Similarly there wvas a
positive correlation between the rate of ega parasitism and
the minimum Rh for all 3 days of eggs exposure. There was
no such correlation when the maximum Rh was recorded on day

2 or day 3 of the experiments (Appendix 1).
4.1.1.2 Field Experiments

Parasitoid Density

There was no correlation between the number of eggs
parasitised and the size of the Trichogramms sp. population
(Appendix 6). The ANOVA did not show any significant effect
of Trichogramma sp. populaticn size on the rate of
paracitism, while the other factors (BATCH, SEQ) were highly
significant (Table 4). However, excluding the seguences of

release, the ANOVA model for Trichogramma sp. populations
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and number of egg batches exposed, the Trichogramma
population did not significantly influence the number of
eqgs parasitised {Table 5). The DMRT showved no significant
difference in the number 0f egygs parasitised for different
parasitoid densities, but that there was a‘difference
between the number of eggs parasitised in the control plot

and the plots where parasitoids were released (Table 6).

Pest Density

There was no correiation between the number of eggs
parasitised and the C. partellus egg populations (Appendix
6). As the in caged experiments parasitism increased with
the increasing pest density at a decreased rate, but there
was no significant difference in the number of eggs
parasitised for the different hatch levels, except between
BATCH 25 and the rest (Table 6). The ANOVA for Trichogramma
sp. populations, number of egg batches, and sequences of
release, however, showed that the effect of batch numbers
vas highly significant (P < 0.01, RZ = 0.859, Table 4).

The number of eggs parasitised was very low compared to
the pest population exposed to parasitism. The maximum
number of eggs parasitised was 142.50 (for a pest population
of 25 egg batches) while the lowest number of eggs
parasitised was obtained for a pest density of 5 egg batches
found in the field (the lowest) (4.67 eggs parasitised)
(Tsble 6).

Seguences of Parasitoid Release

No correlation between the number of eggs parasitised
and sermences of parasitoid release was observed (Appendix
6). However, the two sequence of releases differed
significantly (P < 0.01, R? = 0.859, Table 4). But,

according to the DMRT, there was no significant difference
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between the mean number of eggs parasitised of the two
sequences of release (Table 6).
Climatic Conditions.

Unlike the cage experiments, there was no correlation
between the climatic conditions and the number of eggs
parasitised (Appendix 6).

4.1.2 Factors Affecting Egg Batches Parasitism in C.
partellus
4.1.2.1 Caged Experiments

Parasitoid Density

The total number of egg batches parasitised showved a
strong positive relationship with the size of the
Trichogramma sp. population {(P < 0.01, r = 0.523) (Appendix
1). Levels of this factor differed significantly, P < 0.01
(Table 7 and 8).

The mean number of egg batches parasitised was directly
proportional to the number of parasitoids released, peaking
at a parasitoid population of 24 (3.444 egg batches
parasitised). At a parasitoid density of 48, there was a
slight decrease in the number of batches parasitised (2.75
eqq batches parasitised) (Fig. 3). The DMRT showed that
there was no significant difference in the number of batches
parasitised between the control treatment gnd the release
of 6 parasitoids. There were differences in the rate of
batch parasitisation attained when 6, 12, 24 and 48
parasitoids were released (Table 8).

when individual cases were considered, the DMRT for
each batch level showed that for BATCH 2. the means could be
separated into two significantly different groups. The
maximum number of egg batches parasitised was 1.111 when 24
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parasitoids were released. For BATCH 4, the maximum number
of egg batches parasitised was 2.889 when 24 parasitoids
wvere released. These means were also classified into two
groups. In BAT&H 6, at a parasitoid pcpnlation density of
24, the maximum number of egg hbatches parasitised was 4.111.
Three significantly different groups of means were therefore
identified. The maximum numbexr of 4.222 batches parasitised
for a release population of 24 parasitoids was found for a
pest population of 8 egg batches per cage (BATCH 8).
Finally, for BATCH 10, the maximum number of batches
parasitised was 5. The means were also separated intoc three
main significantly different groups depending on the
parasitoid population released (Appendix 8).

Single degree of freedom contrasts confirmed the
presence of linear, cubic and guartic components (Zppendix
4)

Pest Density

There was a positive correlation between the number of
eqg batches exposed and the number of batches parasitised (P
< 0.01, r = 0.382) (Appendix 1). 2as the number of eqg
batches exposed increased, there was an increase in the rate
of parasitisation. The DMRT showed no differences in the
number of eqgq batches parasitised for RATCH 6 &nd 8, but
there were differences for BATCH 2, 4, 6, {or 8) and 10
(Table 8). A linear relationship was evident (Fig. 4)
(Appendix 4).

Sequences of Parasitoid Release ‘

The seguence of release of adult Trichogramma sp. nr.
mvanza! showed no correlation with the number of ega batches
parasitised (Appendix 1). From the DMRT, it appeared that

all the mean numbers of eqq batches parasiiised for all the
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the number of parasitoids was 48, irrespective of the number
of egg batches expnsed in the cages. The highest number of
BH was formed in the control, (no parasitoids rcleased).

The general DMRT showed that there was a significant
difference in.the formation of blackheads between the
control plot and plots where parasitoids were released, it
did not show differences hetween releases of 6 and 12
parasitcids, while there was a significant difference in the
number of black heads formed for all other release
populations (Table 13). The groupings through DMRT showed 2
significantly different groups of means for batch sizes of
2, 4, and 8 egg batches, three groups when 6 batches were
exposed, and 4 when 10 eqg batches were exposed (Appendix
10) according to the size of the Trichoqramma population
released.

The relationship between the Trichogramma sp.ponulation
levels and the number of black heads formed was only lincear

(Appendix 4).

Pest Density

Correlation analyses showed that there was a strong
positive relationship between the levels of C. partellus eqg
batch exposed and the number of black heads formed (r =
0.88, P < 0.01) (Appendix 1). The C. partellus population
levels, represented by the batch number in Table 18
contfibuted significantly, P < 0.01, in the ANOVA model to
the formation of black heads. The general DMRT showed five
significanly different groups of means in the number of
blark heads which were formed for the five pest populations
used (Table 13).

Single degree of freedom contrast showed a significant

linear relationship (Appendix 4).
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Table 15: DMRT for Trichogramma population level, number
of egg batches exposed and sequence of
rasitoid release on the number of eggs
urning into black heads in the field.

SEQUENCE GROUPS n Means
SEQ 1 27 337.70 A
SEQ 2 27 294.22 A
TRICHO LEVELS

0 18 289.94 A
48 18 338.67 A
96 18 319.28 A
BATCH NUMBER ' o

5 3 131.00 B
6 15 125.00 B
8 1 155.00 B
10 5 244.80 B
11 4 209.50 B
12 8 299.87 B
18 1 114.00 B
22 3 644.00 A
23 5  582.60 A
23 l 545.86 A
25 2 699.00 A

Nole:means with the same letter, within a particular group
are not significantly different at P > 0.05
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LNPEPAR a + bLog({TRICHO) + d(XRH1) + e(XTMP1) (V)
LNPEPAR a + bLog(TRICHO) + c(batch) + d(XRH1) + e(XTMP1l)
(VI) (Table 18)

When replacing the parameter BATCH by SEQ, the data did
not fit any of these models (Table 19).

Using the Genstat program the log--log link
transformation of the proportion ot unparasitised eqgg was
chosen to conform to the model of Perry (1987). In this
case, the transformed proportion was regressed on the log.
density of parasitoids, these models were fitted,

a + b logg (TRICHO) (model VII)
a + b 1oge (TRICHO) + € logg(TRICHO)Z  (Model VIII)
apsten + b 103a(TRICHO) + ¢ logg (TRICHO)2  (Model IX)
The linear relationship showed a positive slope (i.e. as the
parasitoid density increased, the proportion parasitised
increased, the proportion unparasitised decreased, and
transformed proportion unparasitised increased). There was
an indication of curvilinear relationship in the fitted
values (for each batch), and so a guadratic term was added,
giving model VIII. When the linear (loge(TRICHO)) and the
quadratic (loge(TRICHO)z) terms were allowed to vary with
BATCH, no improvement of the fit was observed. The
quadratic term allow us to estimate the density for which
parasitism is maximal. This occured when
loge, (TRICHO) = - *b / 2 *c = - 5.65 / 2(-0.783) = 3.61 (*b
and *c beina estimates of parameter b and c)
loge (TRICHO) = 3.61. For the highest density tested, this
value is roughl!y midway between the two largest densities.
Postulating a model in which parasitism is maximal at the
nighest density tested, which was log, (TRICHO) = 3.871, the
folloving model was obtained:

a 41 b log, (TRICHO} (1-(log. TRICHO/7.742)) (X).
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components contributed significantly to the model (Table
21).

Testing the main effects TRICHO, SEQ, and climatic
parameters, the model fitted the data for all the batch
levels used (2, 4, 6, 8, and 10) (Table 22). Splitting the
models, TRICHO and LTRICHO were again the main contributing
factors, with XTMP1 contributing, in some cases, to the
models.

When the effect of TRICHO and the weather parameters
were tested for a particular batch number and seguence of
release, the model

LNPBPAR = a + b LTRICHO + c XRH1 + @ XTMP1
showed significant fits for:BATCHZ SEQ3, BATCH4 SEQ3, BATCH6
SEQ2, BATCHS8 SBQl and SFQ2, BAICI10 SEQ1, SEQ2, and SEQ3
(Table 23). For other BATCH-SEQ combinations, there were no
significant fits. Splitting the model in the latter case
showed that the variables TRICHO and LTRICHO contributed
sianificantly to the model. Simlarly, temperature
contributed significantly for BATCH1 SEQ3, BATCH4 SEQI,
BATCH4 SEQ3, BATCH6 SEQ3, BATCH8 SEQ1, and BATCH10 SEQI.
The significant effects of the relative humidity were only
manifested for BATCH8 SEQ3.

The RZ values of the models in Table 23 were the
hiaghest calculated for all models tested.

All the models, from sequence of release 1 to sequence
3, fitted Perry's (1987) general model at the 1% level of
significance, when fitted for each sequerce. The main
factors to be considered were the parasitoid population
levels and the maximum temperatures (Table 24).

These results were later compared with those for field

data.
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Field Data

The field model (NFBPAK - a + b(BAITCH) + cLog(TRICHO)
significantly titted the field data with P < 0.01 and a
100RZ value of 25.38 (Table 25)

Three dimensional curves were obtained firstly by
rlotting a range of maximum temperatures (22 to 300 C), the
parasite density and the proportion of egg batches
parasitised for a fixed average maximum relative humidity
and for fixed number of egg batches and sequence nf release
(batenz seqd and batchlU seql) (fig 11 and 12) (equations
were tazken from Table 23). Secondlyv for no specific batch
nunbers or sequences of parasitoid release were considered
(Teble 21). The results shcwed the same trend for the three
rlottings (fig 13)

4.4 Model Validation
The sclected model for validation (from the models
developed with laboratory data (Table 24)), was model

mumberd:

1- LNPBPAR = 3.082504 + 0.060892(BATCH)
-0.060228(TRICHO) -0.079245(XRH1)
+ 0.193824 (XTMPL)

where the LHPBFAR (=LNPBPAXKE .expected value) was calculated
v reclacins BATCH. TRICHO. ARHi, anc XTMP1, by field values
ar sequises @ G theae ;ariqbles. The observed LNPBPAR

- LNPbFARC: were directly calculated, using the field data

ane nodel of sequence 2 ( aee SAS progrem in Appendix 15)
























TABLE 19: Models relating the proportion of eggs parusitised to Trichogramma

population levels, day 1 max Temp. and Rh, nd +he sequences of

parasitoid release for different number cf «qg batches exposed in

caqed experiments.
Bg*ggmm' © DARAMETER ESTIMATES FOR INDFJJR{JB}—B;J;‘_‘;;RIABIES o
VARIABLE
LNPEPAR INTERCEPT TRICHO LIRICHO  ¥RHL - o 1002 gsg
BATCH 2 0.846536 -0.015479 - -0.019542 0.055444 -0.204451 15.80 0.64
BATCH 2 0.731337 - -0.072822 -0.020572 0.057295 -0.204451 10.30 0.87
BATCH 4 0.506555 -0.008621 - -0.016138 0.035137 0.068886 16.89 0.45
BATCH 4 0.413236 e -0.035641 -0.016224 0.035227 0.06/893 9.68 0.47
BATCH 6 1.761610 -0.004381 s ~-0.031373 0.046653 0.041944 16.47 0.55
BATCH 6 1.959660 —— 0.007218 -0.0313€7 0.035253 0.045427 14.79 0.56
BATCH 8 1.163901 0.000313 e -0.019418 0.034104 0.01878 8.62 0.51
BATCH 8 1.710578 —— 0.054447 -0.019920 0.012213 0.006179 14.51 0.49
BATCH 10 0.588226 0.000836 s -0.012219 0.035075 -0.029268 5.36 0.52
BATCH 10 1.080230 e 0.062581 -0.011596 0.0100801 -0.023011 13.22 0.50

NOTE : None of the above

models was significant




TABLE 20: Models

relating the proportion of egg batches parasitised to the Trichogramma
population level in caged experiments.

DEPENDANT PARAMETER ESTIMATES FOR INDEPENDANT VARIABLES
VARTABLE

INTERCEPT TRICHO LTRICHO 100R2 SSE
LNPBPAR 1.444322 -0.066925 - 19.78** 2.28
LNPEPAR 1.027986 - -0.464436 19.32** 2.29

Note: *, ** = Levels of significance.

* = 0.05>P > 0.

01 and ** = P < 0.01

-..vL..






TABLE 22: Models relating the proportion of egg batches parasitised to Trichogramma

population levels, dav 1 Max Temp. and Rh, and the sequence of parasitoid release,

for different number of eaqg batches in caged experiments.
LEPENDENT PARAMETER ESTIMATES FOR TNDEPENDENT VARTABLES S
VARIABLE
LNPBPAR INTERCEPT TRICHO LTRICHO XRH1 XTMP1 SED 10Cg2 SSE
EATCH 2 5.592247 -0.092750%* - -0.162037* 0.427493 ~0.431351 58.78** 3.01
BATCH 2 1.291538 - -0.773418%* -0.165202% 0.587576* -0.431351 39.61%x  2.88
BATCH 4 -4.808450 -0.108170%* - -0.054214 0.503413* -0.838568 41.52*x 2,67
BATCH 4 -8.702226 - -0.797258%*% -0.n53838 0.643811 ~-0.838563**% 41.59*%*  2.66
BATCH 6 0.354271 -0.075567%* e -0.075593 0.293931 0.134477 33.08%% 2,17
BATCH 6 -2.124758 i -0.638774*% -0.086312 0.419358 0.074279 39.23*x  2.07
BATCH 8 2.177995 -0.038484** s -0.048927 0.124158 0.194025 39.19** 1.01
BATCH 8 -0.117201 — -0.368591%% -0.049815% 0.211656** 0.194025 59.46**  0.8?
BATCH 10 1.977065 -0.054732*%* —— -0.027063 0.089233 -0.129881 61.76**  0.79
BATCH 10 0.136186 e -0.419817** -0.033063 0.176430%* -0.204594 65.72%*  0.75
Elg—zt_ei_

* = 0.05>P > 0.01

nn

P < 0.01
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Models relating the proportion of eaq batches and eggs parasitised to the Trichogramma

population level and number of egg batches exposed in the field.

FABLE 25:
JEPENDANT PARAMETER ESTIMATES FOR INDEPENDANT VARIABLES
VARIABLE : ——
INTERCEPT BATCH LTRICHO 100g2 SSE
LNPBPAR 1.474457 -0.009075 ~-0.114651 %% 23.38%% 0.74
LNPEPAR 0.064€54 0.035580% 0.042553 23.73%% 0.56
*% = Levels of significance. * = 0.05 > P > 0.01 and ** =P < 0.01

Note: *,

_GL-
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Mcdel validation
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5 DISCUSSION
5.1 Factors Affecting Parasitisation in C. partellus
In Cacges

Parasitoid Density

In the caged experiments a good relationship was
obtained between the number of eqgs (or batches) parasitised
and the number of parasitoids released in different cages.
Trichogramma sp. nr. mwanzai appears to respond numerically
to its own population density and the results showed
differences in the levels 0f egqg parasitisation for
diiferent parasitoid population levels. HoVever, due to the
small differences in the number of parasitoids released, the
difference in parasitisation rates between the control and
the release of 6 parasitoids was not significant.

Similarly, there was no significant diff« rence in
parasitisation rate when 6 and 12 parasitcids were released,
or between the parasitisation rates when 24 and 48
parasitoids were released.

Eqgg parasitism increased with the parasitoid density in
similar fashion for batch 2 and batch 10, with the peak
number of eggs parasitised at a parasitoid density of 24.
For double that density, i.e. 48 parasitoids, the number of
eggs parasitised did not change significantly, suggesting a
decrease in the searching efficiency of the parasiteid
possibly due to mutual interference in overcrowded patches.
Parasitoids have been observed to react markedly to the
presence ot other searching irdividuals nearby, leading to a
reduction in the time spent searching the hosts and/or an
increase tendency for dispersal (Hassell, 1978) and the same

tendency may also be observed after a female detects a host



that has airesdy been parasitised (Rogers, 1972; Hassell and
Vaage, 1984). Observations made tor batch sizes of 4, 6 and
6 seemed to contirm this effect of mutual interference, as
demonstrated by a decrease 1n the number eggs parasitised
tor the parasitoid density ot 4§,

Price (1972), studying the behavior of the parasitoid
Pleolophus basizonus (Gravenhorst) in response to changes in
host and parasitoid density, tound that the parasitoid
chowed mutual interference in egg-laying at high
parasitoid:host ratios, and a density-dependent escape
reaction to adult parasitoid density. Similarly, Hassan
(1981) has observed that the degree of parasitism by T.
evanescens on the European corn borer Ostrinia nubilalis,
wvas attected positively by the number ot parasitoids
released in the tield. An increase in parasitoids density
from Z to 8 reduced the mean number of parasitised .
partellus eggs from 53.8 tou 48.5, as host density increased
trom LGU to 260 (Ochiel, 1983). 'The efiect of parasite
deirsity in the host-parasitoid relationship was also studied

by Cook and Hubbard (1977).

Pest Density

The number ot C. partelius eggs (or egg batches)
parasitised was proportional to the density of egg (or eqg
batches) exposed in cages, and the parasitoid responded
functionally by tinding more hosts. Cave and Gaylor (1988)
obtained the same type ot response with Telenomus reynoldsi
Gorh and Coker. They found that the density of eggs
parasitised by V. reynoldsi was linearly correlated with the
host. density (CGeororis punctipes (Say) and G. uliginosus
(say), pests of cotton). Gross et a1. (1984) tound that

higher He!:othis zes Boddie densities intercept and retain
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proportionaily more T. pretiosum, which in turn led to
higher rates ot parasitisation.

The eifect of host density upon the number of hosts
parasitised have been studied experimentally by a number of
workers (DeBach and Smith,1941b; Ullyett, 1949 a and b;
Burnett, 1951 and 1954). In each case, the number of hosts
altacked per parasite increased with an initial increase in
host density but teinded to level out with a further increase
(Holling 19%%a). Ochiel (1589) observed that increasing C.
partellus egg batches and egg density led to an increase in
mean number ot egg batches and eggs parasitised by
parasitoid temales.

As noted above, the non-significant differences in the
number ot eqgs (or eqq hatches) parasitised may have been
the result of small ditferences in the number ol egg batches

exposed, including 2 and 4, then 6, 8, and 1U batches.

Sequence of Parasitoid Release

Tnere was no eitect on the rate of egas and egg batches
parasitism accoraing to the sequences of parasitoid release
used in this study. The timing oi parasitoid release, and
methods ot release rather than the sequence of parasitoid
release seemed to have had some effect on the rate ot
parasitism. Varadharajan (1980) estimated the best time for
the release of the parasitoid in India, on the basis of
larval activity which he observed to be higher in the hotter
months, so twc releases of T. australicum Girault per month
from third month after planting and specially in May and
June, reckoned to be the hottest months in the year, gave a
better control of sugar cane burer, Sacchariphagus indicus
(Kapur). Somchoudhury and Dutt (1980) have shown that for
ef tective control of €. partellus using 7. perkinsi and T,

australicum in India the best time for the release of the
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parasitold was from July onwards. Gross et al. (1981), have
suggested other times of release based on the ecolcgical
adaptability of the biological control agents.

Most relqases ot Trichoyramma sp. are made using
parasitised eqggs from which adults parasitoids will emerge
the following day (Kanour and Burbutis, 1984; Ochiel, 1989;
Lu, 0.G., pers. comm.). 1In this study the actual adult
parasitoids were counted and release the day following their
emergence 1in the rearing cages, this might have affected
their longevity «nd therefore had a negative effect on the

nunber of eggs or egg batches parasitised.

Climatic Conditions

From this study, it appeared that climatic conditions
attect parasitisation. ‘The maximum temperature of the first
2 days had an invzrse eftfect on the rate uf parasitism,
while that of the third day had a direct effect on
parasitism. The average maximum temperature for each of the
three days ot exposiure was almost egual (26.10 ¢) suggesting
an inconsistvency in the effect of temperature on parasitism.
GUn the other hand, observations nade during the experiments
indicated that most parasitisation occurred on the day of
parasitoid releases, especially within the tirst few hours
atter releases with most ot the insects dying soon
afterwards. The maximum temperature of that same day
(26.19C) showed an inverse relationship with the number of
eggs and batches parasitised, while the maximum and the
minimum Rh showed a positive one, therefore the effect of
climatic conditions should not be overlooked.

(ave and Gaylor (1988) had observed that high
temperature and low humidity reduce the survival time of
developing immature parasitoids, while Smith (1988) (citing

Biever (1972)) reported that the rate of search by 7.
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minutus was nhighly dependent on air temperature. However,
Octirel {(198%) found no consistent relacionship between
tenperature and rates ot pavasitisacion by Trichogramma sp.
nr.oexigquua on . partellus.

Ubservations made during the experiments showed that.,
undier brighl sun light, the parasites movee a 1ot resulting
in a decrease 1n the rate ot parasirisation, as compared to
parasitisation rates on cloudy days. Cheng (1966) working
on ', chilonisfggd its utilisation for t..e control of sugar
cane borers in 'l'alwan, also found that the parasites moved
more actively under bright sun light. Neuffer (1982) stated
that the number ol 1. evanescens Weswood required to be
released in sweel corn ftields to control the corn borer
Ostrinia nubilalis depended, among other factors, on the

prevailing weather corditions.
In the Field

Parasitoid Density

In the tield, variations in parasitoid density did not
seem to affect the rate parasitism. The effects of
releasing ditferent parasitoid populations were not

conspicugusdue to the general low egg parasitism obtained.

Pest Density

As observed in the caged experiments the parasites
responded tunctionally to host density. The higher the
density ot the pest in the tfield, the higher the rate of
parasitisation obtained, confirming that parasitism, in this
case, was density dependent.

Much experimental work has in the past been aimed at
investigating whether or not paranites act as density

dependent factors. This has been done by allcwing a known
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not been e¢nough Lo protect parasitoids from the sun and from
the wind. ®urthermore the wind could have enhenced
parasitord dispersal out ot the experimental plot, although
it is known that in the field, T. sp. nr. mwvanzai can
parasitise eggs up to five meters away from the point of

release (Lu, Q.G., Rrs. Comm.)

5.2 Factors Affecting the Formation of Black Heads

This situdy, which was restricted only Lo observing the
e{fect ci host density, parasifoid density and the sequences
ol perasitoid of release on the rate of black heads
tormat ion, showed a clear iinear but inverse relationship
velween arasite density and the number of black heads
tormed,  This svuggests that parasitism is a density
dereqcient Faccor. Whe patural eqgg mortality, other than
| As L, was anparently low in cages, i.e. 11.68%, but in
the field is was tomd to be around 36.56 %. ‘The average
naximun femperature of about 26 degree appeared to be
favorabie tur ega development.

as shown 1n the caged expe:iments, the sequence ot
parasitosd release did not have any eftect on the survival
ot the pest. '

In the field, whilst there was no apparent relationship
between the number of parasitoids released and the number of
black heads formed, as a result of a low rate ot parasitism
obtained, such relationship would not be clear. It is
possible that it high numbers ot parasitoids had been
released, such a relationship would have been observed.

The number of host eggs surviving parasitism (in this
case the number of black heads formed) depends upon the
nignber ot parasitoids searching and thelr individual
eltectiveness, determined by the dearee of heterogeneity

that. renders some hosts more suceptible to the parasitism
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