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 Abstract: Studies were carried out at CABI Biosciences Pakistan centre, Rawalpindi to evaluate the 
effects of host plants and host insects by both the species separately as well as together in competitive 
situation. Cotton, brinjal and okra were tested for preference as host plants by the parasitoids. Higher 
number of parasitoids of both the species were observed on cotton when released alone (X=6.0 for E-
lutea and X=6.27 for E.mundus) as compared to rest of the host plants. In competitive situation the 
mean landing time between two parasitoids species was found to be non similar indicating that one 
species, did not influence the landing time of other species on different host plants. Parasitism rate was 
significantly affected by host plants. Highest parasitism rate was observed on cotton followed by brinjal 
and okra. Both species co-existed positively on all host plants.  
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Introduction 
When more than one parasitoid species 
seek to attack the same pray in a host 
population, the possibility of interspecific 
interaction between these species 
increases. Such interactions can lead to 
either displacement of one parasitoid by 
another or reduction in abundance of one 
species by the species other one. In some 
cases overall effectiveness of biological 
control of pests can remain unaffected, or 
even improved by the interaction while in 
others, control is diminished (Price, 1975). 
Interspecific competition is a very common 
phenomenon and can exert a major 
influence on the population size of 
different species in natural communities. 
Therefore, this study shows great 
importance. Food, mates and space are the 
possible source of competition for the 
parasitoids (Colinvaux, 1973). Parasitoids 
are ecological homologous and can not 
coexist in the same habitat unless they 
possess different alternative hosts or some 
other modifying factors. In the long run 
one species must loose out and disappear 
unless it involved some adoption to escape 
from competition. Competition for 
resources also restricts local distribution. 
Some species drive other out by aggressive 
interaction (DeBach, 1974). Coexistence of 
parasitoid populations of different niches 
(Gause 1934; Hardin 1960) or that 
competing species show an independent 
aggregated distribution (Atkinson and 
Shorrocks, 1984; Ives and May, 1985). 
Host specifying is one of the main factors 
resulting in niche segregation (Vet and 
Van Alphen, 1985). According to Mc 
Naughton and Wolf (1973) there are four 
possible outcomes of interspecific 
competition in two species systems. 
a). One species is the better competitor and 
always wins. 
b).The other one is better competitor and 
always wins. 
c).The species coexist independently in a 
stable equilibrium.  

d). There is an unstable equilibrium 
although the eventual outcome is that one 
species or the other always wins.  
Therefore, we should seek to reduce the 
number of the parasitoid species 
established against a given prey species by 
introducing a highly specific, more 
effective parasitoid which is capable of 
replacing others and as a result producing 
better biological control for sustainable 
agriculture production. Cotton is an 
important cash crop of Pakistan. 
Indiscriminate use of the pesticide on 
cotton has created a number of problems 
and has resulted in flare of Helicoverpa 
and Bemisia tabaci. Both of these have 
developed resistance against almost all the 
present day commonly used pesticides and 
have virtually become impossible to 
control with pesticides. Moreover, they do 
not give good control of Bemisia tabaci 
because of long incubation period and 
protective waxy covering on the nymph 
and pupae (Jhonson et al., 1982). The 
intensive use of insecticides adversely 
affects natural enemies resulting in white 
fly higher infestation. Pest complex 
attacking cotton can be divided into two 
groups, i.e. sucking and boring. Among 
sucking pest Bemisia tabaci is the most 
injurious pest damaging cotton crop by 
sucking cell sap and transmitting cotton 
leaf curl virus (CLCV). Whitefly (Bemisia 
tabaci is wide spread in Asia, Africa, 
America, Russia, Australia and the Pacific 
Islands (Mohyuddin et al., 1985). The use 
of pesticides can greatly be reduced by 
developing integrated pest management 
program (IPM). In the IPM, biological 
control is the main component of the pest 
control and other methods fit into this 
because biological control of a particular 
pest species already exists in the agro-
ecosystem and this should not be disturbed 
(Falcon and Smith, 1973).Eleven species 
of parasitoids belonging to aphelinid have 
been recorded from the nymph/pupae of 
whitefly by the PARC/ IIBC station and 
CAB international institute of biological 
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control .Of these Encarsia lutea and 
Eretomocerus near mundus are of 
significant importance. Studies were 
carried out to evaluate the interspecific 
interaction between these two parasitoid 
species to determine the efficacy of 
parasitoids as effective biocontrol 
agent.Keeping in view of the above stated 
factors the studies of interspecific 
interaction between Encarsia lutea and 
Eretomocerus near mundus, the parasitoids 
of cotton whitefly (Bemisia tabaci) were 
initiated.  
Materials and Methods 
To evaluate interspecific interaction 
between Encarsia lutea and Eretomocerus 
near mundus, three studies were carried 
out at CABI Biosciences Pakistan center, 
Rawalpindi. Methods for each study are 
described as under:  
1. A) Host Plants finding by Encarsia 
lutea and Eretomocerus near mundus 
when released alone and together on 
excise leaf discs of cotton , brinjal and 
okra 
 The study was carried to determine the 
impact of host plant on host selection by 
the parasitoids. Data on three variables 
were collected which were (i) if landing 
time i.e (time spent by the parasitoid 
female before landing on a host plant 
treatment containing (Bemisia tabaci, 
nymph and pupae). ii) Numbers of 
parasitoids landing on host plant treatment 
and settlement time i.e time spent by after 
landing on host plants during 20 minutes 
observation time. The experiment was laid 
out completely randomized design with 30 

replications. Free choice test was 
conducted in a glass cage having 1x1.5 ft 
dimensions. Lights were provided from all 
sides of the cage except the bottom. Leaf 
discs of three host plants i.e (cotton, 
brinjal, okra and empty petridish as 
control) with whitefly, nymphs and pupae 
in petridishes of 10 cm in diameter were 
used. For each replication, one mated 
female parasitoid of each species was 
released separately as well as 
simultaneously through an opening made 

on side of the cage to allow an equal 
chance of all treatments to be used by the 
parasitoids released. 
1. B) Parasitism rates by Encarsia lutea 
and Eretomocerus near mundus as 
affected by different host plants. 
To assess the parasitism rate on different 
host plants, potted plants hosts i.e. cotton, 
brinjal and okra with 20 nymphs and pupae 
of whitefly of each host plant were used in 
a glass cage 1x1.5 ft dimension. Three 
mated females of each parasitoid species 
were released for 24 hours in glass cages 
separately. For interaction study 6 mated 
female of both species were released 
together. The number of parasitized 
nymphs and pupae of whitefly were 
observed and counted after 7 - 10 days of 
release on each host plants of both species. 
This study was replicated three times. The 
data were subjected to ANOVA and 
treatment means were compared by the 
LSD test at alpha 0.05 with free test 
method and chi square analysis (Steel et 
al., 1997). 
Results and Discussions 
1A) Host Finding by Encarsi lutea and 
Eretomocerus near mundus as affected 
by host plants when released alone, and 
together on excised leaf discs of Cotton, 
Brinjal and okra. 
To assess if host plants affected host 
finding by the two parasitoid species, data 
were collected on (a) number of parasitoids 
landing on different host plants (b) time 
spent by the parasitoids after release in the 
cage before landing and (c) the time spent 
by each species on different host plants 
after landing. The results are given as 
1A.a) Number of parasitoids landing on 
different host plants  
Chi square analyses for the Encarsia lutea 
mated females landing on different host 
plants are given in (Table 1). Assuming no 
effect of treatments the variance of 
observed frequencies from the expected 
frequencies provided the analysis for 
preference. Numbers of mated E.lutea 
female landing did not differ significantly 
( 2  =7.96, = 0.05) on cotton, brinjal, 
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okra and control (empty petridish). 
However, in the absence of E lutea, host 
plants seemed to affect host finding by 
E.near mundus as significantly higher 
number of female adults (14 observed in 
comparison with 7.5 expected) landed on 
cotton as compared to brinjal, okra and 
control. Of the total ( 2  = 9.96) more 
than 56% was contributed by cotton alone 
indicating a very strong preference (Table 

2) Number of E. lutea and E.mundus which 
landed on host plants when both species 
were released in the same cage 
simultaneously, is presented in table 3. 
Highest number (20) of parasitoid landed 
on cotton followed by brinjal (12) and okra 
(8). Selection of host by two species seems 
to be independent of each other on cotton 
(X2 = 2.49, df = 3).  

 
Table 1. Host plant finding by Encarsia lutea for parasitism of Bemisia tabaci (nymphs and 
pupae) in glass cage in free choice test for 20 minutes observation time when released alone. 

Host plant conditions Observed 
Frequency 

Expected 
frequency 2  

% contribution to 
2  

Cotton 12 7.5 2.7 38.2 
Brinjal 9 7.5 0.3 4.24 
Okra 7 7.5 0.03 0.42 

Empty Petridish 2 7.5 4.03 57.08 
Total 30 30 N.S 7.06 99.9 

            NS= Not Significant at P=0.05   df = 3 2 = Chi square 
 

 
Table 2. Host plant finding for parasitism of Bemisia tabaci (nymphs and pupae) by 

Eretomocerus near mundus in glass cage with free choice test for 20 minutes observation 
time when exposed alone 

Host plant conditions Observed frequency Expected 
frequency 2  

% contribution to 
2  

Cotton 14 7.5 5.6 56.2 
Brinjal 8 7.5 0.03 0.3 
Okra 6 7.5 0.3 3.01 

Empty Petridish 2 7.5 4 40.1 
Total: 30 30 *9.96 99.6 

          *Significant at P=0.05   df = 3    2 = Chi square 
 
 

Table 3. Numbers of Encarsia lutea and Eretomoecrus near mundus, adult females landing on Bemisia tabaci 
colonies on three host plants and empty petri dish in glass cage in 20 minutes observations. 

Parasitoid 
exposed 

cotton Brinjal Okra Empty petridish 
O.F E.F 2  O.F E.F 2  O.F E.F 2  O.F E.F 2  

A 8 7.5 0.03 4 7.5 1.6 3 7.5 2.7 0 7.5 7.5 
B 8 7.5 0.03 2 7.5 4.0 3 7.5 2.7 4 7.5 1.6 

AB 4 7.5 1.6 6 7.5 0.3 2 7.5 4.0 1 7.5 5.6 
C 10 7.5 0.8 18 7.5 14.7 22 7.5 28.0 25 7.5 -40.8 

Total 30 30 N.S 
2.49 

30 30 *20.6 30 30 *37.4 30 30 *55.5 

*Significant at P=0.05                                   A = Number of E.lutea present alone 
NS = not significant    B= Number of E.near mundus present alone 
O.F = Observed frequency   AB = Number of both species present 
E.F = expected frequency   C = Number of both species absent 
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This was further confirmed by Cole’s 
index (CI = 0.25, 2  =1.33 N.S). On 
brinjal however both species preferred to 
land on the host plant than control (x2 = 
20.6). There was significant trend for both 
the species to coexist on same host as 50% 
of the female chose the same host where 

other species, was already present 
indicating no negative competitive 
interaction (Table 3). In experiment where 
okra was used as host plant 73% males 
landed on control (treatment without host 
plant leaf discs). 

 

Table 4. Number of E.lutea and Eretomocerus near mundus on cotton, brinjal, Okra and 
empty petri dish in glass cage with free choice test for 20 minutes observation time. 

Host plants 
conditions 

2  
Observed 

 

2  
Tabulated 

 
Cole’s Index Point Correlation 

coefficient 

   C1 C2 V Var(V) 
Cotton 1.33 7.82 0.25 - 0.218 0.0039 
Brinjal 3.75 7.82 0.2 - 0.55 0.0943 
Okra 5.00 7.82 1.0 - 0.447 0.0433 

Empty 
Petridish 0.10 7.82 - -

0.005 -0.072 0.333 

 
The correlation between two species as measured by point correlation co-efficient is presented in Table 4. Two 

species seem to be associated with each other positively on brinjal (V= 0.047, Var (V) = 0.433) 
 
1A.b) Time spent by parasitoid females 
before landing on different host plants 
after release (Landing Time). 
Mean landing time in minutes of E. lutea 
on cotton was X( =6.0) followed by brinjal 

X( = 5.50) okra X(  =5.29) and empty 
dish ( X(  4.5 ) fig (1-A) The mean landing 
time of E .mundus on cotton was 
( X( =6.27) brinjal X( = 5.9), okra X( = 
4.0) and empty dish X( = 3.0) Fig (1-B). 
The preference of both species on different 
host plants conditions in competitive 
situation was found to be non significant 
(Fig 1-C) with mean landing time on 
cotton (mean X( = 5.2, X(  = 3.75) brinjal, 

X( = 5.4, X(  = 6.0) okra X(  = 6.3, X(  = 
4.5) an empty dish (=3.0 , X( =4.6) for 

E.lutea and E.mundus respectively. The 
mean landing time on each host was not 
significant different from each other 
indicating that one species did not 
influence the landing time by the other 
species on different host plants.  
1A.c) Time Spent by parasitoids on 
different host plants (Settlement time). 
The time spent by the parasitoid female 
parasitoid of E.lutea spent maximum 
average time in minutes on cotton (mean 
X=1.29) or empty petridish (mean X=1.0) 
mentioned in (Fig 1-C). Maximum time 
was spent on cotton (mean X=2.87) 
followed y brinjal (mean X=2.66) which 
were significantly higher than time spent 
on okra (mean X=1.8) or empty dish (mean 
X =1.0). 
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Figure 1-A. Landing time of Encarsia lutea female released alone in glass cage with Bemisia tabaci on cotton, 

brinjal, okra leaf discs and empty petri dish 
 

 
 

Figure 1-B. Landing time of Eretomocerus near mundus female released alone in glass cage with Bemisia tabaci 
on cotton, brinjal, okra leaf discs and empty petri dish 

 

 
 

Figure 1-C. Landing and settlement time of Encarsia lutea and Eretomocerus near mundus female released 
alone in glass cage with Bemisia tabaci on cotton, brinjal, okra leaf discs and empty petri dish 

 
1B) Parasitism rates by Encarsi lutea 
and Eretomocerus near mundus as 
affected by different host plant 
treatments 
1B.a) The maximum parasitism was 
observed on cotton plant X( = 43.8%) 
followed by brinjal X( = 34.5%) and 
okra X(  =20.5%)  in Fig 2-A. The 
interaction between parasitoid species X 
host plant was not significant in 
competitive situation. However, each 

species showed a significantly different 
parasitism with pooled parasitism rate of 
21.36% and 17.71% for E.lutea and 
E.mundus respectively. Similarly 
parasitism was also significantly affected 
by host plant. Parasitism was the highest 
( X = 23.44%) on cotton followed by 
brinjal ( X  = 1.38%) and okra 
( X =15.78%) mean parasitism by 2 species 
on different host plants is presented in (Fig 
2-A). 
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Figure 2-A. Number of Bemisia tabaci parasitized by Encarsia lutea and Eretomocerus near mundus released on 

cotton, brinjal, okra plants while competing for hosts in single glass cage. 
 

 
Cconclusion 
Higher number of parasitoids of both the 
species were observed on cotton when 
released alone (X=6.0 for E-lutea and 
X=6.27 for E.mundus) as compared to rest 
of the host plants. In competitive situation 
the mean landing time between two 
parasitoids species was found to be non 
similar indicating that one species, did not 
influence the landing time of other species 
on different host plants. Parasitism rate 
was significantly affected by host plants. 
Highest parasitism rate was observed on 
cotton followed by brinjal and okra. Both 
species co-existed positively on all host 
plants.  
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