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Abstract: Aenasius bambawalei Hayat (Hymenoptera: Encyrtidae) is a solitary endoparasitoid of cotton
mealybug, Phenacoccus solenopsisTinsley (Hemiptera: Pseudococcidae) has been recorded as an effective
natural enemy of mealybugs in cotton fields of Pakistan. The current study was conducted to determine the
developmental time, sex ratio and progeny fitness of this wasp on different developmental stages of its host.
Our results show that maximum developmental time was recorded for 2  instar host nymph as compared tond

3 instar and adult stage of the host while females of the wasp take longer time for their development (16.2 d)rd

as compared to males (15.6 d) on 2  instar host stage. Females developed rapidly with increasing number ofnd

the host stages while males developed faster than females in all host stages. The overall sex ratio of the
resulting parasitoid male and female was 1:2 in all host stages. Maximum number of males were recorded at 2nd

instar host stage (43%) followed by 29.4% and 32.2% in 3  instar and adult host stages respectively. Maximumrd

number of female wasps were developed at 3  instars nymph (59.6%) followed by adult host stages (50.8%).rd

The 3 instar host nymph appeared to be the most suitable host stage for mass rearing and high progeny fitnessrd

of the wasp A.bambawalei for sustainable biological control programmes of mealybugs.
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INTRODUCTION detrimental to non-target organisms [7]. Whereas insect

Cotton crop is not only a backbone of Pakistan’s diverse group of biological control agents [8]. The
economy but it is also a main source of  foreign  exchange mealybug parasitoid Aenasius bambawalei Hayat
earnings [1]. The cotton improvement programme (Hymenoptera: Encyrtidae) was recorded first time in
responded to the needs of the growers and industry and Pakistan  in  2008.  It  is  an  endophagous  nymphal
strived to combine high yield, early maturity fiber quality parasitoid of cotton mealybug which parasitizes
[2]. Mealybug, Phenacoccus solenopsis (Hemiptera: mealybugs up to more than 80 percent on cotton [9]. This
Pseudococcidae) emerged as a highly invasive pest is one of the most successful examples of biological
species on cotton crop and many other crop plants of control  of  mealybug  [10].  Many  studies  reported that
economic importance and it has been reported to cause the reproductive success of parasitoids mainly depends
heavy loss to this crop in Pakistan [3]. It has become a on the host stage parasitized, i.e., variation in their
devastating polyphagous pest spreading rapidly development time [11], body size [12, 13], progeny sex
throughout cotton growing areas of the country  and  has ratio [14, 15] and egg load [12, 16, 17]. Mostly the
become a serious pest of cotton [4, 5] with broad host preference of any host stage occurs when it is found in
range of plant species including, vegetables, weeds and excess as compared to the other stages. Egg laying by the
ornamentals [5, 6]. Like other insect pests, mealybugs are wasps also depends on the host size which is considered
also being controlled by the extensive use of synthetic as host quality index, i.e., large size hosts contain more
insecticides which however, not only have negative resources as compared to the small ones [18, 12]. Adult
impact on the environment/ecosystem but also parasitoids  emerging  out singly from the large size hosts

natural enemies e.g predators and parasitoids are a
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take more advantage of the resources available which are Insect parasitoids to be used in the experiments were
directly related to their fitness, such as fecundity and obtained directly from the mummies of mealybugs and
survival of the progeny is enhanced [11]. were isolated singly in glass vials plugged with cotton
Endoparasitoids, however show acceptance of different swab and provided with honey and water as a food
host stages or sizes because they allow the younger host source upon emergence.
to develop after parasitization. So during the assessment
of quality of host, they can use different signals i.e., Progeny Fitness: The preliminary experiments were
future growth potential, nutritional status [19]. Although conducted to determine the progeny fitness of mealybug
the range of the host stages for koinobiont parasitoids is parasitoid, A. bambawalei on four different host stages
wider but there are high costs invest in case of smaller including three nymphal instars and one adult host
hosts because development time is lengthened and their stage.The parasitoid adults emerged from mealybug
survival is also in at risk [14]. mummies that were parasitized at the host stage of 3

Discussion  of  the  host  stage  selection  resulted instar nymph. One mated female was released into each
that  the  gregariously  feeding   parasitoids   should plastic jar containing a piece of pumpkin infested with 40
adopt   such    oviposition    behavior    which   can mealybugs (10 of each stage), the female parasitoid was
provide maximum  profit  in  the  form  of  their  fitness allowed to parasitize mealybugs for 24 hours. The above
return relative to the hosts of different sizes or ages [20]. experiment was repeated five times. After 24 hours of
Most  of  the  parasitoids  are  able  to  select  the proper parasitization, the female parasitoid released again in the
host on the basis of its quality or size and preferably parasitoid rearing jars and data was recorded regarding
parasitize  the  host  with  specific  size  [21].  The  egg developmental time, sex ratio and progeny fitness.
loading capacity,  searching  ability  and  longevity
depend on the size of female.Similarly the ability to find Statistical Analysis: Regression analysis was used to
females, number of matings and longevity depend upon obtain the relationship between developmental time, sex
the male size [14]. ratio and progeny fitness on different host stages (Fig. 1,

The objective of the present research work is to 2 and 3) (PROC REG, SAS, Institute, 1996). The
determine the developmental time, sex ratio and parasitization percentage of newly emerged females
reproductive fitness of mealybug parasitoid, on different increased with both host stage and sex ratio, so the
life stages of its host. estimated value of the response variable is given by the

MATERIALS AND METHODS statistically by software Statistix version 8.1 [22]

Preliminary  studies  on   the   developmental   time, of variance under complete randomized design. Means
sex  ratio  and  reproductive  fitness of mealybug were separated by Least significant difference test (LSD-
parasitoid,  Aenasius bambawalei  were   conducted in Test) and a significant level of (P<0.05) was used to
the “Insect Molecular Biology Lab.” Department of analyze the data.
Entomology, University of Agriculture Faisalabad,
Pakistan. RESULTS

Rearing and Handling of Host-parasitoid Culture: Parasitoid Developmental Time: The results show that
Parasitized   mealybugs/mummies   were   collected in males developed within a shorter period of time as
plastic jars directly from the fields of cotton, vegetables, compared to females in all host stages. The developmental
weeds and ornamental plant (Hibiscus rosa-sinensis L) time for male wasp on 2  instar host stage was (15.6d)
located in the campus of University of Agriculture, followed by female wasp on the same host stage (16.2d).
Faisalabad. The  parasitic  wasps  were  reared  on  the For both the sexes, developmental time decreased with the
colonies  of their  natural  host,  Phenacoccus solenopsis increase in host age.The maximum developmental time
at  28 °C±1, 70 ± 5% relative humidity (RH) and 18:6 (L:D) was recorded for 2  instar host stage (15.6d) while
hour, photoperiod in the laboratory. The culture of minimum time was recorded in adult host stage (12.8d) in
unparasitized mealybugs  was  maintained  in separate males (Table 1 and Fig. 1). Female parasitoid took longer
glass jars under the same environmental conditions. time for its development than males.

rd

polynomial equation. The other data was analyzed

(Analytical software, 2003) and subjected to the analysis

nd

nd
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Table 1: Mean (± SE) developmental time (days) of A. bambawalei from egg to adult in different host stages and proportion of resulting female progeny

Host stage at Parasitization (DT) Male (DT) Female Female progeny (%)

1  Instar 0±0.0 d 0±0.0 d 0±0.0 dst

2  Instar 15.6±2.0 a 16.2±3.16 a 10±3.16 cnd

3  Instar 14.8±1.87 b 15.4±3.53 b 59.6±2.48 ard

Adult 12.8±1.73 c 13.2±2.54 c 50.8±1.90 b

Means with different letters at the same column are significantly different at P<0.05.

DT= Developmental Time in days

Table 2: Mean (± SE) percentage of sex ratio and reproductive fitness of mealybug parasitoid, Aenasius bambawaleiin different host stages

Host stage at Parasitization Male Sex ratio (%) Female Sex ratio (%) Total progeny (%)

1  Instar 0±0.0 c 0±0.0 d 0±0.0 cst

2  Instar 43 ±2.0 a 10 ±3.16 c 53±2.0 bnd

3  Instar 29.4±1.07 b 59.6±2.48 a 89±2.46 ard

Adult 32.2 ±2.13 b 50.8±1.90 b 83±2.50 a

Means followed by same letter (s) within each column (denoted by lower-case letters) are not significantly different by at P < 0.05.

Fig. 1: Relationship between developmental time of A. bambawalei and the host stage at parasitization

Fig. 2: Relationship between the sex Ratio (%) of A. bambawalei (Male and Female)and host stages at parasitization



World Appl. Sci. J., 26 (9): 1198-1203, 2013

1201

Fig. 3: Relationship between the total progeny fitness (%) of A. bambawalei (Female) and host stages at parasitizations

Sex Ratio and Progeny Fitness: More female parasitoids parasitoid handling time [26]. Besides these, parasitoids
were emerged from the 3  instars and adult host stages of were unable to get resources that are consumed by adultrd

the mealybugs whereas the 2  instar host stage produced mealybug for its own egg production, thus affectingnd

a significantly higher proportion of males (Table 2 and fitness of the parasitoid progeny [30]. The parasitoids that
Fig. 2). Maximum number of female parasitoids were developed in these preferred host stages had a shorter
developed from 3  instar host stage (59.6%) followed by developmental time, a lower mortality rate, a higherrd

2 instar and adult host stages (10% and 50.8%) proportion of females and larger brood and body sizes.nd

respectively. The overall maximum parasitization (89%) Second instars nymph were considered the least preferred
occurred in 3  instar host stages followed by the adult and of the least suitable for parasitoid growth andrd

(83%) and 2  instar host stages (53%) as shown in figure development.While, there was no parasitization at all onnd

(Table 2 and Fig. 3). 1 instar host nymph. Mealybug parasitoid, A.

DISCUSSION host nymph, but female parasitoid preferred later instar

The preliminary study was conducted to determine preference may also be attributed to highest fitness return
the sex ratio, development time and progeny fitness of [31].
mealybug parasitoid, A. bambawalei under control It has been observed from various studies that the
conditions. Our data shows that male parasitoids female’s progeny fitness increased with the increase in
developed within shorter period of time than females in all host size and stage [29, 32]. Many parasitoids, such as
host stages. In both sexes developmental time decreased Anagyrus sp. nov.nr. sinope, aggressively select hosts of
with the increase in host stage (Table 1). This might be a specific age or size that have sufficient resources to
due to inadequate resources available at younger stages produce progeny of a higher fitness [14, 27,33- 35]. Host
of the host [23-25]. A similar relationship between stage is positively correlated to fitness of the parasitoids,
parasitoid developmental time and host age at oviposition which is determined by the number of progeny that can be
has been reported [24, 26, 27]. A. bambawalei preferred 3 developed by each female offspring and the number ofrd

instar host nymphs and adult host stages for females that can be desired by each male offspring [36,
parasitization. Similar findings were reported by Chong 37]. But there is no direct relation of body size to fitness;
and Oetting [27], that Anagyrus sp. nov.nr. sinope it may be used as a primary proxy when its relationship
preferred third instar immature and pre- reproductive adult with another primary proxy (for example fecundity,
female P. madeirensis for oviposition and progeny longevity or mating ability) is known [38]. The egg
development. It has been investigated that in parasitoids, loading capacity, searching ability and longevity depend
female fitness depends on the host size than for males [28, on the size of female similarly the ability to find females,
29]. Highest parasitism was observed in third instar host number of matings and longevity depend upon the male
nymphs than adult stages of mealybug (Table 2). It is due size [14]. In general, the size of Trichogramma spp. seems
to their defensive behavior, which may result in increased to be positively related to performance [39].

st

bambawalei laid eggs in all host stages except 1  instarst

host nymphs and adult host stage for oviposition. Similar
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It is also observed that 2  instar host stage 7. Meyerdirk, D.E., J.V. French and W.G. Hart, 1982.nd

produced more number of male parasitoid while 3  instars Effect of pesticide residues on the natural enemies ofrd

and adult host stages produced large number of female citrus mealybug. Environ. Entomol., 11: 134-136. 
parasitoids and the same findings have also been reported 8. Quicke, D.L.J., 1997. Parasitic wasps. Chapman and
by Karamaouna and Copland [40] that oviposition at 2 Hall, London.nd

instar nymph yielded primarily males. 9. Ram,    P.,    R.K.   Saini   and   Vijaya,   2009.

CONCLUSION and biology of solenopsis mealybug parasitoid,

The 3  instar host stage of the mealybug found to be Hymenoptera). J. Cotton Res. Dev., 23(2): 313-315. rd

more suitable for mass rearing and high progeny fitness 10. Tanwar, R.K., P. Jeyakumar, A. Singh, A.A. Jafri and
of the wasp A.bambawalei for sustainable biological O.M. Bambawale, 2011. Survey for cotton mealybug,
control programmes of mealybugs. Phenacoccus solenopsis (Tinsley) and its natural

ACKNOWLEDGEMENT 11. Sequeira,      R.      and      M.       Mackauer,       1993.

Thanks to Higher Education Commission (HEC) Ephedrus californicus Baker (Hymenoptera:
Government of Pakistan for providing financial support Aphidiidae). Canadian Entomol., 125: 423-430.
for this research work. 12. Liu, S.S., 1985. Development, adult size and

REFERENCES its aphid host,   Hyperomyzus lactucae.   Entomol.

1. Abdul,   G.,   M.S.  Khan,  A.  Mehmood,  F.  Ahmad, 13. Lampson,  L.J.,  J.G.  Morse  and  R.F.  Luck,  1996.
M. Hassan and A.R. Anees, 2011. Resistance status Host selection, sex allocation and host feeding by
of Helicoverpa armigera (Hub.) against mixture of Metaphycus  helvolus  (Hymenoptera: Encyrtidae)
Profenofos and Indoxacarb (1:1) insecticides at on Saissetia oleae (Homoptera: Coccidae) and its
fasialabad,  Pakistan.    World    Applied   Sci.   J., effect on parasitoid size, sex and quality. Environ.
13(1): 90-94. Entomol., 25: 283-294.

2. Shazia, S., S. Abro, M.M. Kandhro, L. Salahuddin 14. Godfray, H.C.J., 1994. Parasitoids: Behavioral and
and S. Laghari, 2010. Correlation and path coefficient Evolutionary Ecology. Princeton, New Jersey:
analysis of yield components of upland cotton Princeton University Press.
(Gossypium hirsutum L.) Sympodial. World Applied 15. Napoleon, M.E. and B.H. King, 1999. Offspring sex
Sci. J., 8: 71-75. ratio response to host size in the parasitoid wasp

3. Muhammad, A., 2007. Mealybug cotton crop’s worst Spalangia endius.     Behavioral     Ecol.    Sociobiol.,
castrophe     published     by     the     centre    for 46: 325-332.
Agro-informatics     research    (CAIR)    Pakistan. 16. Visser, M.E.,  1994.  The  importance  ofbeing  large:
http:// agroict.org/adss/ Mealybug_ Report. Aspx. the   relationship   between   size  and   fitness in

4. Dhawan, A.K.,  K.  Singh,  S.   Saini,   B.   Mohindru, females of the parasitoid Aphaereta minuta
A.    Kaur,    G.    Singh   and   S.   Singh,   2007. (Hymenoptera:     Braconidae).   J.     Animal    Ecol.,
Incidence and damage potential of mealybug, 63: 963-978.
Phenacoccus solenopsis Tinsley on cotton in 17.  Mills, N.J. and U. Kuhlmanm, 2000. The relationship
Punjab. Indian J. Ecol., 34: 110-116. between egg load and fecundity among

5. Arif, M.I., M. Rafiq and A. Ghaffar, 2009. Host plants Trichogramma      parasitoids.       Ecol.       Entomol.,
of cotton mealybug (Phenacoccus solenopsis): a 25: 315-324.
new menace to cotton agroecosystem of Punjab. Int. 18. Charnov, E.L., R.L. Los-den Hartogh, W.T. Jones
J. Agric. Biol., 11: 163-167. and J. Van den Assem, 1981. Sex ratio evolution in a

6. Abbas,    G.,    M.J.   Arif,   M.   Ashfaq,   M.   Aslam variable environment. Nature, 289: 27-33.
and     S.      Saeed,      2010.      Host    plants, 19. Li, B.P. and N. Mills, 2004. The influence of
distribution    and    overwintering    of   cotton temperature on size as an indicator of host quality
mealybug (Phenacoccus solenopsis); Hemiptera: for the development of a solitary koinobiont
Pseudococcidae. Int. J. Agric. Biol., 12: 421-425. parasitoid. Entomol. Exp. Applc., 110: 249-256.

Preliminary      studies      on   field     parasitization

Aenasius bambawalei Hayat (Encyrtidae:

enemies. J. Environ. Biol., 32: 381-384.

The nutritional ecology of a parasitoid wasp,

fecundity of Aphidius sonchi reared in two instars of

Exp.  Appl., 37: 41-48.



World Appl. Sci. J., 26 (9): 1198-1203, 2013

1203

20. Charnov, E.L. and S.W. Skinner, 1985. 32. Boivin,  G.   and   M.   Lagace,   1999.   Effet   de la
Complementary  approaches  to  the  understanding taillesur la fitness de Trichogramma evanescens
of parasitoid oviposition decisions. Environ. (Hymenoptera: Trichogrammatidae). Annales de la
Entomol., 14: 383-391. Société Entomologique de France, 35: 371-378.

21. Strand,     A.E.      and      S.B.      Vinson,     1983. 33. Zaviezo, T. and N. Mills, 2000. Factors influencing
Factors  affecting  host  recognition  and  acceptance the evolution of clutch size in a gregarious insect
in  the  egg  parasitoid  Telenomus heliothidis parasitoid. J. Animal Ecol., 69: 1047-1057.
(Hymenoptera: Scelionidae).     Environ.   Entomol., 34.  Harvey,     J.A.,   L.E.M.    Vet,      N.      Jiang     and
12: 1114-1115. R.   Gols,   1998.   Nutritional   ecology   of   the

22. Statistix, 8.1., 2003. User’s Manual. Analytical interaction      between      larvae      of      the
Software: Tallahassee, Florida. gregarious ectoparasitoid, Muscidifurax raptorellus

23. Hu, J.S., D.B. Gelman and M.B. Blackburn, 2002. (Hymenoptera: Pteromalidae) and their pupal host,
Growth and Development of Encarsia formosa Musca domestica (Diptera: Muscidae). Physiol.
(Hymenoptera: Aphelinidae) in green house whitefly Entomol., 23: 113-120.
Trialeurodes vaporarium (Homoptera:Aleyrodidae): 35. Milonas, P.G., 2005. Influence of initial egg density
Effect of host age.  Arch.  Insect  Biochem.  Physiol., and host size on the development of the gregarious
49: 125-136. parasitoid Bracon hebetor on three different host

24. Hu, J.S.,  D.B.  Gelman  and  M.B.  Blackburn,  2003. species. Biocontrol., 50: 415-428.
Age Specific Interaction between the Parasitoid, 36. Ode,   P.J.,   M.F.  Antolin  and  M.R.  Strand,  1996.
Encarsia formosa and its host the silver leaf whitefly Sex allocation and sexual asymmetries in intra-brood
Bemisia tabaci (strain B). J. Insect Sci., 3: 110. competition  in  the  parasitic  wasp  Bracon hebetor.

25. Colinet, H., C. Salin, G. Boivin and T.H. Hance, 2005. J. Animal Ecol., 65: 690-700. 
Host age and fitness related traits in koinobiont 37. Sagarra, L.A.,  C.  Vicent  and  R.K.  Stewart,  2001.
aphid parasitoid. Environ. Entomol., 30: 473-479. Body  size   as   an   indicator   of   parasitoid   quality

26. Bertschy, C., T.C.J. Turlings, A. Bellotti and S. Dorn, in    male    and    female    Anagyrus kamali
2000. Host stage preference and sex Allocation in (Hymenoptera:   Encyrtidae).   Bull.   Entomol.   Res.,
Aenasius vexans, an encyrtid parasitoid of the 91: 363-367.
cassava     mealybug.    Entomol.   Experim.   Applic., 38. Roitberg,   B.D.,   G.   Boivin  and  L.  Vet,  2001.
95: 283-291. Fitness,     parasitoids    and      biological    control:

27. Chong, J.H. and R.D. Oetting, 2006a. Host stage An opinion. Canadian Entomol., 133: 429-438.
selection of the mealybug parasitoid Anagyrus spec. 39. McDougall,         S.J.          and          N.J.        Mills,
nov.nearsinope. Entomol. Exp. Appl., 121: 39-50. 1997.  Dispersal  of  Trichogramma platneri

28. Charnov, E.L., 1982. The theory of sex allocation’, in (Hymenoptera:         Trichogrammatidae)        from
monographs    in   population biology,  Princeton, point-source releases in an apple orchard in
pp: 18. N J:Princeton University Press. California. J. Appl. Entomol., 121: 205-209.

29.  King, B.H., 1987. Offspring sex ratios in parasitoid 40. Karamaouna,    F.  and    M.J.W.   Copland,   2000.
wasps. Quarterly Rev. Biol., 62: 367-396. Host suitability, quality and host size preference of

30. Cadee,     N.     and  J.J.M.    Van   Alphen,   1997. Leptomastix epona    and   Pseudaphycus avidulus,
Host selection and sex allocation in Leptomastidea two endoparasitoids of the mealybug, Pseudococcus
abnormis a parasitoid of the citrus mealybug, viburni and host size effect on parasitoids sex ratio
Planococcus    citri.    Entomol.    Experim.   Applic., and clutch. Entomol. Exp. Applc., 96: 149-158.
83: 277-284.

31. Charnov, E.L. and D.W. Stephens, 1988. On the
evolution of host selection in solitary parasitoids.
Amer. Naturalist, 132: 707-722.


