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ABSTRACT

Four native lines of Trichogrammatoidea sp. nr. lutea Girault collected from Plutella xylostella Linnaus in coastal
Kenya were reared on Corcyra cephalonica Sainton (Lepidoptera: Pyralidae) in the laboratory. This experiment
was done to explore the possibility for enhancing the potential impact of these native egg parasitoids in terms of
favourable sex ratio in the progeny using different host egg densities and competing femal es during mass production
in the laboratory. In addition, other important reproductive parameters such as parasitization success and progeny
production were also evaluated. When adult femal es were placed in-groups of four to oviposit just enough eggs they
require to parasitize, the offspring sex ratio was female biased unlike when placed as single females. In group
females, host egg patch size (the number of host eggs exposed per adult parasitoid) did not seem to affect the
progeny sex ratio, but in test with single females, the offspring sex ratio significantly increased with increasing
patch size. Results from this study suggested that placing ovipositing females in groups could be used to maximise
per centage of femal e offspring during mass rearing in the laboratory for field release of T. sp. nr. lutea.
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INTRODUCTION

Egg parasitoids (trichogrammatids) have succegshéen utilized for biological control of severapldopteran
pests worldwide. In KenyaRlutella xylostella Linnaus is known as a major pest of crucifers al as African
bollworm Helicoverpa armigera Hubner, a serious pest on tomatoes [1, 2, 3, 4¢s@&lpests can successively be
suppressed by parasitoids in many countries [Sjufdfly occurring egg parasitoids are most prongjshiological
control agents for inundative releases against rtapb lepidopteran pests, including augmentativelogical
control ofH. armigera, [2,4]. They are more preferred than larval orgygarasitoids because they attack the host at
the egg stage before it emerges to larval stagerfitars), which is the destructive stage for ffest. In mass
production of trichogrammatid egg parasitoids tle atio in the progeny is considered an importeait affecting

the impact of the released adults. Indeed, tharfaibf numerous biological projects involving pétad wasps have
been tentatively attributed to male-biased sexsdt].
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Several factors are known to affect offspring satios through female manipulating fertilizationtb&ir eggs. One
important factor which can be used to manipulateraéio in parasitic hymenopterans is the host itgitkat the
female encounters for it to make decisions whidispsing sex it needs to allocate in the pafthichogramma
responds to the number of hosts it encountersaridd, single or eggs laid in patches. As hostsitg increases, it
becomes more probable that a wasp will find sudfitinumber of hosts to oviposit its entire egg climmgnt. Under
these conditions it is advantageous for the wasedace the number of eggs laid in each host ierai@ produce
larger progeny of greater fecundity and reprodectitness [7]. For mosTrichogramma species, as patch size
increases, sex ratios are increasingly female #ip&8]. During progeny allocation, cumulative sakios decrease
with patch size when closely spaced hosts are itiaezs[7]. Male progeny are allocated to the fiestd second
hosts parasitized and at intervals of several fereghs thereafter.

The density of conspecific females on a host pdtak also a particular effect on sex ratio [9, 10]. Bo
Trichogramma species are able to make adaptive responses ngehan both the size of the resource patches and
the number of wasps competing with them. This &lga® an implication for mass production of trichognaatids.

The overall objective of this study was to expltne possibility for enhancing the potential impa€ithe native
trichogrammatid egg parasitoids in terms of favteadex ratio in the progeny using different hosg elgnsities
together with using competing females during masslyction in the laboratory of. sp. nr lutea, a naturally
occurring egg parasitoid on lepidopteran pestseny4.

MATERIALSAND METHODS

Parasitoid culture and maintainance

Four native lines of. sp. nt lutea used in this experiment were collected from thastal part of Kenya, as they
emerged fronP. xylostella eggs in brassica crops. They were reared at teenational Centre of Insect Physiology
and Ecology (ICIPE) Nairobi, Kenya insectary on éRidMoth, Corcyra cephalonica Sainton host eggs at a
temperature of 22°C, relative humidity of 6510% and a photoperiod of 12L: 12D. The individuad®ed were
from isofemale lines established from a single ewtps parasitized by a single female. The four vgetected
following results of preliminary tests 16] whichdicated high lifetime fecundity, progeny productimd longevity.
The factitious host Gephalonica was used instead of the target gestylostella because of ease rearing.Egg cards
were made by sticking the eggs on Xerox paper udiliged adhesive gum (Gum arabica). The wasps Vegt@n
honey solution (200ml: 3g gelatin: 100ml distillagter) made as minute streaks on the Xerox pagkethé host
eggs provided were fresh and irradiated using Uxpao prevent them from hatching into host larvabjch
predates on unemerged and parasitized eggs.

Effects of host egg patch size on sex ratio, parasitism, and progeny production of T. sp. nr. lutea

To test the influence of the egg patch size orstheratio of the females, host egg densities ofainimg 8, 16 and
32 eggs were per adult female were used. Thesh pates were selected on the basis that the paichstlikely to

encounter small to very big host patches in thig fiEhey were counted under light microscope befbey were
offered to the test insects. One individual fenaée vial represented a replication and a totaleof teplications
were made for each of the patch treatment. In @nctét of experiment, we kept four females togetisea group
per vial as to represent a replicate with simitzg densities per adult female.

The egg patches were replaced and changed daibngsas the females lived for both sets. They waaeed in
separate vials to await emergence. They were Repi+2°C, 65:10% RH and 12L: 12D. The lifetime number of
parasitized (blackened) eggs, and adult progenyctwiimerged were counted and recorded, together tivith
number of females out of the total progeny (numifeadults). The number of parasitized eggs periced was
determined by counting black host eggs as deschigddanders (1965). Parasitism was confirmed bgh#ning of
the vitelline membrane of host egg. The numbereaidles out of the emerged adults was also recofdetsexes
were distinguished primarily on the basis of mélaging longer, more setose antennae than fema2gs [1
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Data analysis

The data on numbers were log transformed to nozen#lie distribution, while the percentage data weresformed
using the arcsine function. Analysis of VariancdN@VA) was performed and Student Newman Keul's (SKB&x
was adopted as a post- ANOVA test, to rank the madirthose that were significantly different at FB® The
analyses were performed using Generalized Lineateléoprocedure (GLM[13]. Sex ratio was expressed as % of
femaleg] (total progeny)*10p % emergence gg¢no. of emerged adults/blackened eggs)j18@d % parasitism as
[(no. of blackened eggs/blackened eggs+non-blackeggs) *100.

RESULTS

Parasitism efficiency

The meantSE) number of eggs parasitized per isolated feroaledifferent patch sizes differed significantly
(F=9.36; df=2,33; p=0.0003), with least number g§ parasitized on host patch size containing 8 €$&0.12
eggs) (Table 1). The number of eggs parasitized laasat low and high host egg densities; the samedt was
realized with percent parasitism per adult femalegeapective egg patches. The overall mean numbeggs
parasitized per female when the adult females wiareed in groups of four was generally higher (6248s) (Table
2) than when they were singly placed (3.75 eggapl@ 1) on different egg patch sizes.

Table 1. Means (+SE) of reproductive parameters of Trichogrammatoidea. sp.nr. luteain test with single females at different host egg

patch sizes.

Adult:  No. of No. of aduit No. of females  Percentage of Percent Percent of
Eg parastizedeggs  emerged emergedout of paradtizedeggs  ema genceof femalesout of
ratio per adult adults parasitizzdeggs  adult progeny
18 1.86:0.12 1.830.23 0.53:0.2 23.330.15b 98.7%1.01 27.6%1.20

c c c a b
116 5.32:1.85 4.80H1.64 2.0a:0.99 33.220.62 90.281.32 41.86:1.64

a a a a b a
132 4.08:0.96 3.580.86 1.28:0.23 12.760.31 87.641.25 36.211.72

b b b c b a
Gad 37 340 126 2309 R.36 34.96
mean
F 9.36 14.56 429 7.69 6.39 3.69
of 233 233 233 233 233 233
Pvalue 00003 0.0004 0.0012 0.0003 0.0001 0.0012

Means in the same column followed by the same alphabetical letter are not significantly different at (P>0.05) by SNK.

Adult emergence from parasitized eggs

The overall mean percentage of parasitized eggds adtilt emergence was generally high both in tétt single
females and those placed together in groups. Emeegef parasitized eggs by females placed singlyshmean of
92.36% (Table 1) whereas emergence of parasitiggd by group females of four was 85.41% (TableTRere
were significant differences in the number of eneergggs per adult in test with single females fflerint host egg
patch sizes (F=6.39; df=2,33; p=0.0001) and whep ttere in groups (F=3.96; df=2,33; p=0.0029).

Proportion of females (sex ratio) in the progeny
The overall percentage of females per adult in tegh single females on different host egg patdesiwas
generally low (34.96%) (Table 1). This was in castrwith individual females when placed in groupsfaur
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(72.11%) (Table 2), where dominance of females rgatized in all egg densities. There was signifiq&=3.69;
df=2,33; p=0.0012) differences in proportion of fdes produced per adult at different egg patchsdizéests with
single females (Table 1) and no significant (F=4.d2,33; p=0.8320) differences were found atefiht egg
patch sizes in tests with group of four femalesh(@2).

Table 2. Means (SE) of reproductive parameter s of Trichogrammatoidea. sp.nr. luteain test with group of four femalesat different host
egg patch sizes

Adult:  No.of No. of adult No. of females  Percentage of Percent Percent of
Eg perastizedeggs  emerged in emerged parastizzdeggs  eme genceof femalesout of
ratio per adult adults parasitizzdeggs  adult progeny
18 1.74:0.16 6.8%1.25 5.12t1.58 21.731.53 88.941.23 74.361.52
b b b a a a
116 4.98:0.13 4.450.98 3.210.69 29.3¢:1.32 89.281.56 72.131.36
c c c b a a
132 12.721.23 10.142.12 7.151.09 39.992.38 79.541.47 70.531.56
a a a a b a
Gad 649 7.16 5.06 0.36 841 721
mean
F 16.35 9.37 1006 5.36 3.9%6 412
of 233 233 233 233 233 233
Pvalue 00003 0.0004 0.0041 0.0003 0.0029 0.8320

Means in the same column followed by the same alphabetical letter are not significantly different at (P>0.05) by SNK.

DISCUSSION

It was strongly clear from the results obtained tha sex ratio was female biased when the fenstesked the
egg masses when in groups. When the same egg ivags fgmale biased sex ratio is attacked by singbtated
females, the sex ratio tends to male bias on ssim host egg masses and female biased as the nafrdggs per
egg mass increases. The same trend was realizhdpaiiasitization capacity of these wasps but orftgmwthey
attack the host eggs as isolated individuals. Thia consistent with observations madeTwichogramma sp. nr.
sibericum (Hymenoptera: Trichogrammatidae) by Eif,al., (1993) on parasitization capacity but not on sao.
The authors also found out that the sex ratio &ffented by increase in number of host eggs perhpiait group
females as it was the case with this study. Simnéaults on parasitism capacity were obtained tfberoparasitoids
with female biased progenyl,. evanescens Westwood [14, 15]. Several authors have recorded for most
Trichogramma species, as patch size increases, sex ratios areasiogly female biased [8,14,15]. These
parasitoids show a mechanism in which when the svasjposit on egg masses, they allocate their offgpn a
non-random distribution that ensures the presehsers to mate all daughters depending on the exgs size; the
sex ratio approaches to male bias from small eggsma well as from egg masses too large to beiteghloy one
single female; while in the middle size egg matisations the sex ratio becomes more female bias¢ldeanumber
of eggs per egg mass increase. On the other haoaokding to Waage and Lane (1984) and Grteh. (1982), the
most efficient and simple mechanism females couslel lies in their laying son and daughter eggs pasicular
order, and such sequence will enable female toym®dccurate sex ratios without counting the nurobbost eggs
in a patch and to calculate what fraction of thpgwgeny should be male and female. The parasitnittse present
study seem to have followed the former patterrdileato a female biased sex ratio as number of pggegg mass
increased when they attacked the eggs as isolatedlés. From this study, by placing parasitoidgrioups to
attack just enough eggs they require for parasitizaoffspring female percentage is maximizedtfos promising
trichogrammatid during mass production in the lalbany before field release. One can also prediet fthld
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performance any promising parasitoid where it entens different host egg masses to make a dec@iosex
allocation of its offspring in order to maximiss iteproductive fitness.

CONCLUSION

The overall results of this study suggested that kgg density could be used to manipulate sea datiing mass
rearing in the laboratory in order to optimise pettage of females for field releaseTofsp. nriutea. Furthermore,
placing ovipositing females in groups could be useshaximise percentage of female offspring durmegs rearing
in the laboratory before field releases.

Acknowledgement

The authors are grateful to Bathsheba Manono fertéichnical assistance. This project was suppdoyeDRIP-
ICIPE scholarship and hosted by the Federal Minisar Economic Cooperation and Development (BMZ)
Germany.

REFERENCES

[1] Abera TH,Ph.D thesis, Kenyatta University2001.

[2] Sithanantham S, Baumgartner J, Minja, Mania@isiy E, Lohr B, Seneshaw Ahe 14" African Assoc of Insect
Scientists and the 9" Crop Protection Society of Ethiopia Joint Conference, Addis Ababa, Ethiopia, 2001.

[3] Talekar NS, In G.Villanueva, J. Crven and A. Campos (ed.), Taller Reginal Centroamericanoy Consulta Sobre
Planificacion de Investigacion Horticola, 1992, 5: 223-243.

[4] Van den Berg HPh.D thesis, Wageningen Agricultural University, Wagening&893.

[5] Azidah AA, Fitton MG, Quicke DLJBull of Entomol Res, 2000, 90:375-389.

[6] Wajnberg E, Hassan SA, Oxon, UK: CAB Internati 1994, 286-296.

[7] Waage JK, Godfray HCJ, Blackwell Scientific fiohtions, London1984.

[8] Boldt PE,Ann Entomo soc Amer 1974, 67:706-708.

[9] Wajnberg E Entomol Experim et Appl 1993, 69:221-229.

[10] Waage JK]nsect paras, 1986, pp 63-95.

[11] Waage JK, Ng SM, Anim Ecol, 1984, 53: 401-415.

[12] Pinto JD, Platner GR, Oatman ERnn Entomol Soc Amer 1978, 71:169-180

[13] SAS Institute, Statistics, SAS Institute, GaC, USA,2000.

[14] Waage JK, Ecodntomol 1982a, 7: 103-112.

[15] Waage JKAnn Appl Biol, 1982b, 101: 159-164.

[16] Osiemo Z, Gitonga L, Muya S, Ng’endo R, BayaSithanantham \sian J Pharm Biol Res, 2012, 2(3)
[17] Li SY, Sirois G, Lee DL, Maurice C, Hendersbi, 1993, 90:61-66.

[18] Green RF, Gordh GC, Hawkins BAmerican Naturalist 1982, 120: 653-655

[19] Flanders SEAmMer Natur 1965, 99:489-494.,

679
Pelagia Research Library



