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Abstract

The pteromalids (Hymenoptera: Pteromalidae): Anisopteromalus calandrae (Howard),
Dinarmus basalis (Rondani), Lariophagus distinguendus Forster, Pteromalus cerealellae
(Ashmead) and Theocolax elegans (Westwood) are solitary larval ectoparasitoids used to
suppress several species of stored-product insects that infest storage grains. The more
knowledge about pteromalid parasitoids in storage could be practical to improve mass rearing
and pests management control. Consequently, we studied on two pteromalid parasitoids, were
A. calandrae and T. elegans to use as biological control agents in storage. The experiment was
conducted at Postharvest and Processing Research and Development Division, Department of
Agriculture. Experiments were carried out under laboratory conditions and environmental
conditions for 5 experimental study. In the first experiment, we investigated host-age preference
of T. elegans under laboratory experiments. Lesser grain borer, Rhyzopertha dominica
(Fabricius) (Coleoptera: Bostrichidae) larvae (9, 11, 13, 15, 17, 19, 21 and 23 days-old) in wheat
grain  kernel and Cowpea weevil, Callosobruchus maculatus (Fabricius) (Coleoptera:
Chrysomelidae) larvae (5-19 days-old) in cowpea bean were exposed to neonate T. elegans
mated females to lay their eggs for two days. Our results showed that the highest numbers of
parasitoids emerged from 23 days-old R. dominica larvae. The numbers of parasitoids emerged
from 19, 21 and 23 days-old R. dominica larvae were statistically significantly different in
experiments (F-test, 0.05). Progeny of T. elegans reared from R. dominica and C. maculatus
larvae were fully-winged (macropterous), short-winged (brachypterous) and wingless (apterous).
Female T. elegans were rarely parasitic on C. maculatus larvae. Theocolax elegans progeny
were emerging from only 14 days-old C. maculatus larvae. Second experiment, we investigated
the competition between two pteromalids A. calandrae and T. elegans on three host species
of Coleoptera: R. dominica, Maize Weevil, Sitophilus zeamais Motschulsky (Curculionidae) and
C. maculatus under laboratory condition. In experimental tested, A. calandrae and T. elegans
was released 2, 6, 12, 20 and 30 pairs to parasitize host larvae of 23 days-old R. dominica, 21
days-old S. zeamais and 14 days-old C. maculatus. Rhyzopertha dominica, S. zeamais and C.
maculatus were developed on wheat grain kernel, brown rice and cowpea bean, respectively.
Single species and combined species were used for experiments. Neonate parasitoids were
mated for 24 hours. Female parasitoids were released to parasitize for two days and taken out.
Number of A. calandrae progeny emerged from S. zeamais larvae higher than T. elegans
progeny. Both pteromalid parasitoids progeny produced on S. zeamais |arvae were highest. We
found A. calandrae and T. elegans were low parasitism on C. maculatus larvae. Third

experiment, we investigated the ability of competition between A. calandrae and T. elegans to



parasitize and develop on larvae of three host species; 23 days-old R. dominica \arvae, 21 days-
old S. zeamais larvae and 14 days-old C. maculatus larvae in a silo model. Single species and
combined species of parasitoids were releasing 100, 300, 600 and no-releasing parasitoids for
experiments. Twenty unsexed each host species were R. dominica develop on wheat, S.
zeamais develop on brown rice and C. maculatus develop on mung bean as host substrates
and were contained 300 grams in jute sack. Ten jute sacks of host substrates were conducted in
a silo model, by stacks of five jute sacks were placed vertically. The results showed the density
of parasitoids releasing was not significantly statistical difference (F-test, 0.05) to suppress and
reduce population of R. dominica and S. zeamais only. Both of pteromalid parasitoids could
not parasitize C. maculatus larvae. In the fourth and fifth experiment, the ability of density
parasitoids to control S. zeamais was determined by released parasitoids for one time and
continuously released parasitoids for five times, respectively. Combined species of two
pteromalid parasitoids were releasing 1000, 2000 and non-released parasitoids in a silo. Silo area
was 2.43 m? for each treatments. The results demonstrated there were no significant difference
between treatments of parasitoids releasing at 1000 and 2000 (F-test, 0.05) in both experimental
tested. A treatment of 2000 parasitoids releasing was the most suitable density of parasitoids to
suppress S. zeamais in 2.43 m® area. For the fourth experiment, 7. elegans progeny established
for 180 days after releasing parasitoids. According to the fifth experiment, releasing of combined
two pteromalid parasitoids can control and reduce S. zeamais population in five weeks by
continuously released parasitoids experiment. We discussed on insectary production and

releasing of A. calandrae and T. elegans as biological control agents.
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AT IR T I TUAE NANTUTA LTI TUYA
2) dnnanseeasulagliiSesdounu 4 nsvaeunenssuis wagiansyaeuluanimlsaiu
3) founnaey 2 Yu Amdenunuidou A. calandrae uag T. elegans ameduazidy S1uauves
wrudeununssuds vssgaslurawivuiaén waztheiiaiteduomsuiunudou
0) ilovuaudsnstninney 21 u insveaoulneUdesunudouia 2 wiia Sndam 10 1
ﬁgﬂLWﬂﬁgLLagLWﬂLﬁﬁj MUNTINIBVAaDY [ensinisUassunuideu wazaanain1suassves wsing uag
ARLE (2550) MIUNUNNININEBILUY CRD il 3 N35233 S1uau 5 91
N335 1 muAu Ao livaseumuden
353357 2 Yapsunuideu S1u3m 1,000 &
550757 3 Uaeeuawdeou 1wy 2,000 67
5) wasanUaseuaudeu 2 a1 vimsduiudiegnatnaistagldnan 9uau 500 niusie
nsyasu WIAIRg1IEsIlEUIALAT LasUnnunIznIEnTes aTIatudnuuaulsuuaaz e wag
FruruuaedefiAndy n 9 2 d@avi Wuszezian 180 Tu w3e 6 Wiou

6) Uszliunmunmeesdn1a1s laggduiiudieged1ians 91w 50 n5u A1endannduganis
- o o 2 2 v
NARRY LN TIIUIUIUNAARLALIIGALHE VBT 1IENT

5) nagauUsEansnInN1TuYItusEnINuauleu T. elegans uae A. calandrae Tun3AIUANAIN
v <3 o 1 = 3’,
9219917 TUaN NS HNUTIa8Y LAgUaRELAUYULUURAIEAT]
Uanuuauilau A. calandrae saunuuauileu T. elegans InvUaesunuliyunaiilosiu 5 A9
nn 9 2 dUa Tuanmlsaiu tngldnsadsainifivsuinswindu 2.43 gnuiadunsaanssuds 148ns
1 = 1 1 = 1 = %3 v aaa =
N15Ua08WA LU IULALYIIANNISUAREWAULUEY WUMEINUNISNAABIILYD 4 JI5N15NAaDY A
1) Yaoesindnaisnstning 100 &1 (uenme) Tdluriauiifiussgaediindesveuusa
1y 50 n3u Tissnstnlnanauiugiazgludunan 24 alus widiansdnlneeenlivun 1

Tasauivlauasiamundudmueudmsuldlunmasey
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2) Wanuauaaatnlng 018 20 U diIndemeuNsanIvusunestnlng nldadugs
N3LABUUTTYVUINIMYNUTIIUIET 9109w 30 Alansusonsvasy

3) udsaniy 1 1y Yassusuilou A. calandrae swuiulauilou T. elecans 905187 1: 1 919

y - . Y
wieElazinaily a9lunsEaou 1IUNUNTNARBILUY CRD 91U3U 3 91 Al
adal a Vo a

353357 1 mvaw e Livdesunudeu

A55U357 2 Yapenuslau 371131 1,000 67

AS5UISN 3 Uapeauslau 3113u 2,000 #7

4) Yaesunuideulval yn o 2 dawi 9uiu 5 At augnsnisudesunudeulunssuis

5) noutassuaudoulnivnase duiudegisdnas uazguiegidnasaloduganisnaass
AS9aY 500 NSU LINBATINUUIIUIULAUTIULARZINA LATTIUIUAINGNUINANNATUAADANITNAADS

6) Usziiiunaunmdnaans laeduiiusiegned1ians §1uau 50 N3N n1endsaindugnnisnaass
WensatuiuuLanfuazdndsvestnaes

- AUATANIU - SUAUFRUAATIAN 2558 DaAUgA WaufiueNeu 2563
- gnuivhmsmeass - fesufiRnis Anddeuazimuimaluladndinisiiuifeafials

a a

wazlsadnlaTey 9.3MIWAY 2.858Y3

o 3

8. WanN1sNAaReLazIvNsal

1) nadoulszansamveswnulsu Theocolax elegans Tun1snidnuaniilon wazA19021887
nsnaassUassunulou T. elecans Waslsussenuauvesuaniiven Lagnedlde wui
= a = 1 a v = IS
waudeu T. elegans aunsandaunuidsusugninaiisuaginay 3 sUkuy fe 1) Ung1d m1ue13%09
UnAgudIuvies (fully-winged 38 macropterous) 2) Undu A111811309UNlUARUAIUTIBY (short-
winged #3® brachypterous) wag 3) lfitn (wingless %30 apterous) %ﬂﬂ'ﬁﬂgﬂﬁﬁﬂumﬂLﬁ&JLLazL‘Wﬂ
i 9399117 Gordon (1979) la@nwld

waphtey nmsilsunusuveseninleniienysing 4 wud wauleu T. elegans Jugniiin

o
Y =

nnsilsunusuneaiideneny 23 Tu Juwsudeunuuditn (Fw) anadewasinadidudnuiuage
WINTIgA (8.3+6.7 Uar 1.9+1.4 67) win1sileuvueuleaiteunilony 19 Ju Wdnsdrumeillesoine

Aeafign wiriu 3.7:1.0 (Table 1) Fedruuaudeuiugniiaduainmsidviaevisedeunususen

' '
a = % S

wdeuiogeng q danuuand1siunadanseauaugeiu 95% (P value<0.05) Tnaunuidauly
¥ o ] o - Y = ] a

ansawhaevseilsunueunenideuiieny 9, 11, 13, 15 uay 17 Tu nuuaulousuaninainnis

WeunueuneamUeueny 19, 21 uag 23 Tu Wity Swtunsudeuiugniinduunniian e 1Hinn

madeunueuseaiieniieny 23 Tu (Figure 1) Feduiusiudwuneniidoniihignidounasiinduy

Y

i fdwauiduieinaduiiosiign wansit waudeu T. elegans @wnsadviateviueunaniiiloud

o

91y 23 T launiign
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sheiudisn dlevdesunuidou T. elegans Wdvianedeiidsssynuouiiiieny 5-19 fu
w1 wdsudivhanenueudhadaudeaiiony 14 Yushidu sheduremudouiugnnadesemed
79 5.7:1.0 (Table 1) linun1siBeuvueudisdudefiony 5-13 uaz 15-19 Yu dafy vuoudeinden
01y 14 Fu \uszerimnzauigadonailouves T elegans aenslsiniy madounuousediaden

i

918 14 Ju nuduugugniiinduuinfigade 2,856 Aeae (Figure 2) lun1s@nwives Cuny et al.

o X

(2019) wu wuasedazinsiauiaududndudalisvuluriwaiumudeulsingduazifeou
4 v & oA A a A & o = a =~ N o A vy & v o

witle ety WelluSunawewndeidudiuiuiin Jufansideunsoraawteldunndumeduiu uang

11918U0UaI1AY (host) Hnasiansandeuveswnuidey vieiinasansnanunulouiugn donndos

luN13NA@83ee King (1998) N151841U71 MsuandutuwaullsusugnIzanaulounuideuinisas

Weuuwiasanfienionguindu

Table 1 Theocolax elegans (mean+SD) progeny emerging from different host-ages on

Callobruchus maculatus and Rhyzopertha dominica larvae.

Host-ages in different host T. elegans female T. elegans male Sex
species Fw Sw WL Fw Sw WL ratio
14 d C. maculatus 0.5+0.9 0.0+0.0 0.1+0.3 0.1+0.4 0.0+£0.0 0.0+£0.0 5.7:1.0
19 d R. domonica 1.7+25 0.0+0.0 3.1+4.2 0.3x1.3 0.0£0.0 1.0£2.1 3.7:1.0
21 d R. domonica 39+7.8 0.1+x0.3 1.6+1.9 1.0+1.7 0.0+0.0 0.4+0.8 3.5:1.0
23 d R. domonica 8.3+6.7 0.1+0.4 1.1+15 19«14 0.1+04 13+1.2 29:1.0

Fw = Fully-winged T. elegans, Sw = Short-winged T. elegans, Wl = Wingless T. elegans
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Figure 1 Progeny of Theocolax elegans emerging from Rhyzopertha dominica \arvae at

different host-ages.
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NiiREEE
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Number of C. maculatus progeny
=
o
o
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5 6 7

Age of C. maculatus larvae (d old)

Figure 2 Progeny of Callosobruchus maculatus emerging from different host-ages.
2) nadauaMUaINITalunIsLdITuvaILauLleY T. elegans waz A. calandrae Tun15n13nR29929
v o v U o v a wa
P1qlwa waaialon uazaended Tuesufjinnig
2.1) msustunelu species wauLleu 7. elegans
Wevassunudoumwendy 2, 6,12, 20 wag 30 i Taudyussuyriuournininisdilng uen
Y Y & oA ! ! Y 1% 1% v =~ !
il uarai e wul1 msudey T. elegans 30 flunuaunisasadndlne Wiusudeugugnuin
Man uansegnilduddgynisaiafunisUdeswaudeuiuiuntesnidn edewiiu 62.00+31.10
1 wanARLYNY 34.30+15.12 67 (Table 2) luvaeivaegliidsunueunenvinlen Iuiuwaudeu
] A a M o ! o =~ i v a ] ° = ] A a R%
sugniliinlnildunnsneiu Wevaseliilounuauniniliss uwaudeusugniialvnddesuin
wanslindiuladn unudeu T. elegans anunsanfounaziiindiuiugugnlauiniiaadievdeslideu
NUDUAINNT 1IN
2.2) msuistunelu species vasuauidou A. calandrae
Wevapswauidewnedle 2, 6, 12, 20 kg 30 #1 MaudeuseaenupuunInIaisnIlng uon
ten uagmenales wud unwdeu A. calandrae 12 dlunueumisnistnilng Iiunudeusugn
N 1 | A v o w aa A =~ v ~ Y]
WNian uanasegsltudAyneaia (P value<0.05) luraeiilaesunuidsulviaclounuauutoniia
Uou A. calandrae 30 ¢ Tiwnuideusugnuiniian wansinsegrefidediAynieada (P value<0.05)
1 < 1 = 1 1 a 2/ & A Y g.; = (=]
p89lsAnIL WU wauldeu A. calandrae Tdanunsaslaunazidounueunimndenls Ay 39kl
= ] A a X Yy U
wnlegusugniinduannviueunsnudeiiay (Table 3)
Fe919na171a91 waullsuaziinnuyaunazidonvinlunisidivinansuuatods donnasdiu
Shin et al. (1994) $789Mu31 wawdeu L. distinguendus @1aglungy pteromalid ¥ouaulounieis

U911 S. oryzae 1NN C. chinensis
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2.3) NIUBITUTZIIN species voInAULTBU A. calandrae wazimuilou T. elesans

dlouassunuilew A. calandrae $auffu T, elegans wieidly 2, 6, 12, 20 wag 30 61 Ifaadeu
NUDUVDININNTNING TAULmNANeETTuE A 19aan (P value<0.05) wui nsuassuautiou
20 ¢ Tunudeusugnanniian Tnsuwnudeu A. calandrae wanuaudousugnlsunnnin uaudeu T.
elegans (Table 4)

Tunsudaduunudeounielu species Weafuuagsng species fu Wevassunudeulmdoy
Ui ng unulou A calandrae nanunuideugugnlsunnnit unudeu T. elegans 1ilo
Jdetlidsunueuneaiation wagvueudisinden wuouisaesiinazanunsondniugnliusina
Tn&iApaifu (Table 2-3) faifu nsmuguuuasinsluusiazaia madenldsinumudouameaizastu
¥iinmdeiideantsvhnmsiastuiinesramunzas
Table 2 Number (mean+SD) of Theocolax elegans progeny was emerging from different three

host species.

Number of Parasitoids emerged from host species

T. elegans 21 d S. zeamais larvae 23 d R. dominica \arvae 14 d C. maculatus larvae

releasing Female Male Female Male Female Male
2 22.30+17.09b  5.07+5.09c  15.23+13.26a 13.60+13.29a 0.00+0.00b 0.00+0.00b
6 20.17+15.66b  9.40+10.04c  17.47+10.62a  8.73x6.94a  0.00+0.00b 0.00+0.00b
12 21.93+9.07b  10.47+7.36c . 1547+12.26a  9.57+7.09a  0.20+0.61b 0.17+0.46b
20 47.33+27.49a 19.77+11.50b  20.20+2.6.02a 10.00+11.29a 0.27+0.69b 0.33+0.61b
30 62.00+31.10a 34.30+15.12a 12.63+24.24a 6.93+12.81a 1.07+1.57a 0.97+1.56a

Means followed by the same lowercase letter in a column are not significantly different at the
95% level of confidence (Tukey’s test).
Table 3 Number (mean+SD) of Anisopteromalus calandrae progeny was emerging from

different three host species.

Number of Parasitoids emerged from host species

A. calandrae 21d S. zeamais \arvae 23 d R. dominica \arvae 14 d C. maculatus larvae

releasing Female Male Female Male Female Male
2 32.97+11.60c  22.60+10.02c  15.00+17.63b  6.00+7.59ab 0.0+£0.0 0.0+£0.0
6 59.60+21.82b  23.40+9.57c 19.20+12.09ab  9.70+6.29ab 0.0+£0.0 0.0+£0.0
12 86.48+41.01a  63.88+22.33a  10.48+16.98b  19.75+17.4dab  0.0+0.0 0.0+£0.0
20 53.70+31.76bc  44.60+33.70b  4.96+7.50b 3.96+6.19b 0.0+£0.0 0.0+£0.0

30 53.77+51.81bc 56.85+40.5dab 42.62+76.70a  26.62+70.61a 0.0+0.0 0.0+0.0

Means followed by the same lowercase letter in a column are not significantly different at the

95% level of confidence (Tukey’s test).
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Table 4 Progeny (mean+SD) of interspecific competition between Anisopteromalus calandrae

and Theocolax elegans was emerging from Sitophilus zeamais 21 days-old larvae.

Number of parasitoids A. calandrae progeny T. elegans progeny
releasing Female Male Female Male
2 11.33+13.81b 21.97+23.38ab 1.60+3.23d 4.07+9.02b
6 11.30+ 7.90b  9.13+4.61c 577+9.97cd  2.63+4.30b
12 23.47+20.36a 12.27+13.51b 10.27+7.16bc  6.27+7.15b
20 24.40+18.7a  23.92+17.68a 20.88+9.44a  18.36+8.75a
30 11.60+9.18b  13.20+7.99ab 15.72+8.84ab 13.96+5.80a

Means followed by the same lowercase letter in a column are not significantly different at the

95% level of confidence (Tukey’s test).

3) nagauAUANTalUNSHIsTuYRIwaULlEY T. elegans wag A. calandrae Tun15i13nR19929
F19lne wanden wasdduden Tudanszane

3.1) Yaoeunuileou T. elegans viiaLfen

Tunsudsiuldesunudeu T, elegans wlnife Wevdesunudeulndeuvuausiaadnilng
wagrusuNenvon wuin snsinsuassuautdou 100 300 wag 600 ¢ luTAuLANAIAUNISERR
nsudesunudou 600 1 anunsanuaukazandumieldinfigaloilounueuiisasiialug
warueniten egnalsfny wudeulianunsadeuvueudneiudesld (Table 5)

3.2) Yassunullsu A. calandrae siinLne)

Tun1sudsdulassunuiteu A. calandrae ¥HaRe7 1 dsunuaun1se1891I1INe Laznuou
vondon WUl ensin1stassuauilou 100 300 waz 600 A1 LilAuuana1siunIgEdsa n1sudes
ey 600 f anunsnmuauvusuisstInefazadgdududuieldun laawuiu unudeu
A. calandrae wivagliaadeuvuaudneiudes (Table 6)

3.3) Uaesunullsu A. calandrae sauduuauleu T. elegans

fhensdnlng Weldeewnudeu 2 wingauiu Wideunueusiadnlng wuin snsnisuaes
100 300 uag 600 67 Lifiauunnadesiunieadia n1sudesuwnuideu 600 61 Tiunwideusugn A.
calandrae lounnnuaudeu T. elecans wagilaarsdnlnaiauiaududufuisanas (Table 7)
d0AARBINUNITAN®IUDY Williams and Floyd (1971) 15189171 wnudeu A. calandrae @11150
AIUANUITEYINIMITNINAlutnalaunndwawdeu C. elegans

uaavhtleu Wovdesunudeu 2 viindantu Widsumueuneaden wuil nndasnsudes
winideu ldinnuunneeiunieada uinud wnudeu T. elegans Tiuaudeusugnuinniunudeu

A. calandrae (Table 8) @2AAABINUNITNAABIVDI Brower et al. (1996) $1891U71 wAULD8U T,
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] A al = ° ) L. v P
elegans AzdusudanialunisauaurseanituiInyssynsueniaten R. dominica ladniunuleu
A. calandrae

Y U A ! = a Y] Y o v U o ! a

A998 elaosunuilou 2 viasiudu Tsunuoun19821 089 WUl wnuleu A
calandrae wag T. elegans \Jaunuounisnileilatsenseunuazliifouay (Table 9) daanmansniu
NuATeMneTesiuwnulsulungy pteromalid ¥lindu 9 Niedermayer et al. (2013) Wu31 RIdura

& O a P~ a .. =~ a =~ Y]
vouudninanon siisuvesunulou L. distinguendus wauilsufoniUounuouvosiiasondelu
WandIENYENTIRIUIAZ YT

I < v} 1 =l & 1 d" a [ Y] &
2819151911 9R51N15Ua8WALLTEUNIDAIUNUILUUYBIUTEY NS T el AU duRUS AU
UsznInuLUauLiune Mahal et al. (2007) 51897971 9ASIAMUAUILUUYDINISUFDEWAUIEUY A.

calandrae 1niigalun1snaaed aunsamuauUszinsuenideulauinian

Table 5 Progeny of Theocolax elegans and its hosts after parasitism.

Number of Parasitoids and its host progeny
T. elegans T. elegans S. zeamais T. elegans R. dominica | T.elegans  C. maculatus
releasing
0 0.00b 74.90a 0.35b 76.23a 0.00a 101.80a
100 25.30a 82.90a 10.10a 79.55a 0.00a 106.60a
300 29.60a 63.98a 9.10a 65.75a 0.20a 87.60a
600 42.30a 53.05a 8.65a 61.45a 0.90a 88.10a
CV (%) 25.40 53.70 67.10 48.50 329.30 11.80

Means followed by the same lowercase letter in a column are not significantly different at the

95% level of confidence by DMRT.

Table 6 Progeny of Anisopteromalus calandrae and its hosts after parasitism.

Number of Parasitoids and its host progeny
A calandrae A calandrae  S. zeamais A. calandrae  R. dominica | A. calandrae  C. maculatus
releasing

0 0.00b 170.10b 0.00b 56.55b 0.00b 104.50a
100 38.40a 105.20a 17.93a 42.65ab 0.50ab 114.55a
300 32.20a 91.63a 21.18a 19.433 1.60a 90.30a
600 50.80a 61.90a 18.42a 24.28a 0.50ab 96.10a
CV (%) 34.50 45.00 35.20 24.80 126.50 43.20

Means followed by the same lowercase letter in a column are not significantly different at the

95% level of confidence by DMRT.
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parasitism.
Number of A. calandrae combined Parasitoids and its host progeny
T. elegans releasing (1: 1) A. calandrae T. elegans S. zeamais
0(A=0,T=0) 0.00c 0.00b 106.63b
100 (A = 50, T = 50) 44.25b 23.00a 83.20ab
300 (A = 150, T = 150) 65.25a 23.30a 66.93a
600 (A = 300, T = 300) 67.05a 43.40a 56.75a
C.V (%) 38.30 49.20 46.20

Means followed by the same lowercase letter in a column are not significantly different at the

95% level of confidence by DMRT.
A = Anisopteromalus calandrae adults.

T = Theocolax elegans adults.

Table 8 Progeny of Anisopteromalus calandrae, Theocolax elegans and its hosts after

parasitism.
Number of A. calandrae combined Parasitoids and its host progeny

T. elegans releasing (1: 1) A. calandrae T. elegans R. dominica

0A=0,T=0) 0.60a 4.25a 22.10c

100 (A = 50, T = 50) 1.30a 6.68a 9.53b

300 (A =150, T = 150) 0.60a 8.35a 6.70ab

600 (A = 300, T = 300) 0.60a 4.55a 5.28a

C.V (%) 96.90 94.70 20.20

Means followed by the same lowercase letter in a column are not significantly different at the

95% level of confidence by DMRT.
A = Anisopteromalus calandrae adults.

T = Theocolax elegans adults.
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Table 9 Progeny of Anisopteromalus calandrae, Theocolax elegans and its hosts after

parasitism.
Number of A. calandrae combined Parasitoids and its host progeny
T. elegans releasing (1: 1) A. calandrae T. elegans C. maculatus
0(A=0,T=0) 0.00a 0.00a 147.20b
100 (A = 50, T = 50) 2.35a 0.00a 105.95ab
300 (A = 150, T = 150) 1.10a 0.10a 98.05a
600 (A = 300, T = 300) 1.70a 0.10a 122.60ab
C.V (%) 119.70 22.80 22.90

Means followed by the same lowercase letter in a column are not significantly different at the
95% level of confidence by DMRT.
A = Anisopteromalus calandrae adults.

T = Theocolax elegans adults.

4) nagauyszansainnisudesduszndnaunudeu T. elegans uag A. calandrae Tun15AUANAN
wednalugnnlsafivsiass TneUsssunubeuwuundaion

nsnmassddosunudou A calandrae s3uiu T, elegans wuuasadsaliidounueugiema
d17lna Wuan 2 ek 9annsduiuiiededians aznud dnsinisuassunwdeu 1,000 uag
2,000 frevUIANIILeaInUTUINg 2.43 aNUIANIAS Fnsnisvdesunuidounaassnsldfinang
wanansiueg1edivediyn1eadd (P value<0.05) aapaszezaintaiusnudnaisidunal 180 Tu
w30 6 oy (Figure 3-5) n3suashivaesunudou nui funuieou T elegans Wnduludiaans
osnunudeu T elegans furaidn Ssaunsayavioidnaennssuinusesrevesnsaiainly
senIeinsneaey viliuauideuaiunsadnluideunueunienstnlnaiazliunudeugugnle
(Figure 3) §n35n15Uaeuauleu 1,000 A7 @11150AIUANTINIUATINa lanaslalussegiian
45 $u wdwntusrsndnlnaesfissuuinnniusudeu (Fisure 4) uagdnsinisUaesuauou
2,000 §2 annsnArUANAzansiuIudnsdnlnaldnigly 75 Yu ndandufsnsdinlnnogia
PnunnIuaudeu (Figure 5)

uanni ndsanmsUaesumudeuliifounuougiansdninaugds denawllinnniy 75
fu wdou 7. elegans anunsasssnannuaznuwnudouiugnanonszernaimafivinudnngs 180
Ju vauzieaiu unuleu A calandrae fidnuuanasuazlifisugnifnlninaensseziaainisfiusn
Fransiaus 60 Sutuluauds 180 Ju nsvdesunudeuuvundufiond asdiuléin snsnisudesuny
Doy 1,000 uag 2,000 1 waudsuiiaessiaannsoauauuwazansuauiandrineldlutina
15-75 $u wazuauidou T elegans ansnsnlijugnuazdssnanlduiundunubeu A calandrae

(Figure 4-5)
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dmsumsusediunnindd ndnduganiseassUdesunudeu A. calandrae iU T.
elegans Yassuuunsafen wuin nssuisldvaesunudeou Swdad 2,017.5 wan uwagwdeidy 302.25
WaR N35UASUaRswATeY 1,000 67 AAR 2,176.25 WaA wazildnldy 172.63 WAA wagnssuds

Uanswmudey 2,000 1 18af 2,119.50 wan waziudnidy 220.38 WA

300
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0 & & 4 & & & & -

7d 15d 30d 45d 60d 75d 90d 105d 120d 135d 150d 165d 180d

Number of stored product insect progeny

Days of treatment control after non parasitoids releasing

—#=S. zeamais == A calandrae —#=T. elegans

Figure 3 Number of Sitophilus zeamais, Anisopteromalus calandrae and Theocolax elegans
progeny after non parasitoids releasing by control, which was an experimental on

parasitoid density of a releasing for one time.
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progeny after 1,000 parasitoids releasing by 2™ treatment, which was an

experimental on parasitoid density of a releasing for one time.
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Figure 5 Number of Sitophilus zeamais, Anisopteromalus calandrae and Theocolax elegans
progeny after 2,000 parasitoids releasing by 3" treatment, which was an experimental

on parasitoid density of a releasing for one time.
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Figure 6 Number of Sitophilus zeamais, Anisopteromalus calandrae and Theocolax elegans
progeny by non-parasitoids releasing by treatment control, which was an

experimental on parasitoid density of continuously parasitoids releasing.
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an experimental on parasitoid density of continuously parasitoids releasing.
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Figure 9 Number of Sitophilus zeamais, Anisopteromalus calandrae and Theocolax elegans
progeny after non parasitoids releasing by treatment control, which was

an experimental on parasitoid density of continuously parasitoids releasing.
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