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Abstract

Trichogramma evanescens Westwood and Trichogrammatoidea
bactrae Nagaraja were stored at low temperature (8°C) as immature
stages in parasitized P. gossypiella eggs or as adults. Development of im-
mature stages and emergence of adults were differed significantly ac-
cording to species, age of stored parasitoids and storage period. Moreo-
ver, the adverse effect of low temperature extended to the next
generation, as females activity of the following generation was found,
significantly, lower compared to the control generation. The higher per-
centage of emergence, the higher percentage of females with successful
parasitization and the higher numbers of eggs/parasitoid female were
produced in case of storing the prepupal stage. On the contrary, old pu-
pae (7-days after parasitism) of the two species were the most suscep-
tible stage to the adverse effect of low temperature as the overall per-
centages of emergence averaged 47.7 and 47.8 %, respectively.
Moreover, storage of the parasitized eggs 7 days old after stinging for
30 days, the produced females were completey unable to parasitize any
of P. gossypiella eggs. The sex-ratio in progeny was always in favour of
female whatever the species or the stored age. Lower percentages of fe-
males in progeny of the two species were generally recorded by increas-
ing the storage period to 25 days.

Storage of adult females of the two parasitoids showed a degree
of tolerance to the adverse effect of low temperature up to 3 days,
however, all females that stored for 6 days failed to parasitize any egg.
Furthermore, high percentages of progeny emerged form P. gossypiella
eggs parasitized by 7. evanescens and T. bactrae females that were
stored at low temperature (8°C) up to 4 days, but all progeny failed to
develop in P. gossypiella eggs as the storage period was prolonged to 5
days.

Key words: Trichogramma evanescens, Trichogrammatoidea, Pectino-
phora gossypiella and storage
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INTRODUCTION

The most common method of storing insects or prolonging their longevities is to
keep them at low temperatures to reduce the rate of metabolism and activity (Rich-
mond et al., 1972; Lating and Eden 1990). In biological control programmes, large
numbers of Trichogramma are needed for inundative releases and in most cases the
target pest is too difficult and costly to be reared in sufficient numbers to satisfy the
requirements of the release programme. Storage of parasitoids could add great num-
bers of parasitoids to be released whenever needed. Alba (1989) found that, when
T. chilonis Ishii mass-produced in eggs of Corcyra cephalonica Station were stored at
10°C for a long time (26 days), the quality of female parasitoid was reduced with ad-
verse effect on adult sex ratio.

The present study was conducted to determine the possiblility of storing Tricho-
gramma evanescens Westwood and Trichogrammatoidea bacirae Nagaraja reared on
eggs of P. gossypiella aims to develop a system to produce sufficient numbers of para-

sitoids for releasing programmes.

MATERIALS AND METHODS

Host Rearing: The pink bollworm, Pectinophora gossypiella (Saund.) eggs were used
as hosts for the studied parasitoids. The eggs were obtained from a laboratory culture
reared on artificial diet as described by Abd El-Hafez, Alia et al., (1982) in the Integrat-
ed Pest Management Laboratory, Bolliworms Research Department, Plant Protection Re-
search Institute.

Parasitoid Rearing: Trichogramma evanescens (native parasitoid) and Trichogram-
matoidea bactrae (imported from USA in 1992) were reared on the pink bollworm eggs
at the formerly mentioned laboratory. For efficient mass rearing of each parasitoid spe-
cies, host egg sheets (2000 — 2500 eggs) were exposed to adults (100 — 150 individ-
uals) into 0.4-liter glass jars provided with 10% sucrose solution for nutrition and cov-
ered with cloth-wrapped cotion kept in position by rubber band. Host eggs were
replaced every 24 hrs to avoid superparasitism and the parasitized eggs were kept in
clean glass vials (4 x 8.5 cm).

Experimental Technigques: This study was carried out in two sets for each Tri-
chogramma species which were reared continuously on the pink boliworm eggs. In the
first set, cards of the pink bollworm parasitized eggs were stored at 8 (7-9°C) and 80
(75-85 % RH) after different periods of parasitism i.e.; 3hrs and 1, 3, 5 and 7 days for
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different storage periods (0, 5, 10, 15, 20, 25 and 30 days). The stored cards were
transferred after storage periods to the rearing conditions {27 (26-28°C) and 80 (75-
85) % RH} and maintained until parasitoid’s emergence. The emerged parasitoids were
conuted, the percentage of survival was calculated and emerged females were confined
in glass vials each with a new card (unparasitized) of the pink bollworm eggs and sup-
plied by 10% sucrose solution as nutritive source. Female’s longevity was calculated in
addition to the proportion of females that successfully parasitized the host eggs, num-
ber of parasitized eggs per emerged female and sex-ratio of the produced progeny.

In the second set, the effect of storing Trichogramma adults at low temperature
on their effectiveness was studied. A group of 20 freshly emerged females were stored
at the same mentioned conditions for periods of 2, 3, 4, 5 and 6 days. After storage
periods, each female was provided with a card of the pink bollworm eggs and 10% su-
crose solution, then transferred to the breading conditions. Five days later, the number
of parasitized eggs/female was determined, however, the percentage of survival and
sex-ratio were calculated after adult progeny emergence.

Analyses of variance were done on all data (ANOVA) and Duncan’s multiple range
test was used to separate the means (Snedecor & Cochran 1980).

RESULTS AND DISCUSSION

From previous studies, the total development period (from egg to adult) of T.
evanescens and T. bactrae (in P. gossypiella eggs) required about 8 days at 28°C
(Hutchison et al., 1990; Abd El-Hafez, Alia, 1995). The developmental periods of differ-
ent immature stages of these two species were determined by Flanders (1937) and
Hutchison et al. (1990). From their studies, it could be stated that the incubation peri-
od was about one day and T. bactrae developed only through 2 instars, while that of T.
evanescens had 3 instars. The periods of 2, 1.5 and 3.5 days were estimated for the
larva, prepupa and pupa, respectively.

Storage of developmental stages

Development of immature stages and emergence after storage at low
temperature: Regarding the present results, it could be concluded that T.evanescens
stored at the prepupal stage (3 days after parasitism) was the most tolerant to the ad-
verse effect of low temperature (79.5+1.5% emergence), however, T. bactrae showed
most tolerant when stored at the first larval instar (one day after parasitism) as the
percentage of adults’ emergence averaged 74.3+1.9 %, Table 1. On the other hand,
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old pupae (7-days after parasitism) of the two species were the most susceptible to
the adverse effect of low temperature as the overall percentage of emergence aver-
aged 47.7+2.9 and 47.8 £2.7, respectively.

Potentiality of Trichogramma females produced after storage as im-
mature stages: Two indices were used to evaluate the effect of low temperature on
the efficiency of emerged Trichogramma females: (1) percentage of females showing
successful parasitization i.e.; females parasitized one egg or more, (2) number of para-
sitized eggs per emerged female. It appears that the higher percentages of females
with successful parasitization were produced in case of storing the prepupal stage
since the overall percentages of 92.39 and 89.3% of T. evanescens and T. bactrae fe-
males, respectively, showd successful parasitism, Table 2. Regarding data in this table,
it could be noted that T. evanescens was generally more tolerant to the adverse effect
of low temperature than T. bactrae when stored after 5 or 7 days from parasitism, as
the percentages of females that showing successful parasitism reached 83.11 &
64.43% for the former species compared with 77.16 & 56.93 % for the latter one.

Data in Table 3 confirmed that storage of P.gossypiella eggs including prepupae
of T.evanescens and T. bactrae are the most suitable since the total number of parasi-
tized eggs/resuitant female averaged 36.9 and 30.9 eggs, respectively, being the high-
est than all the remaining treatments. The reduction in the average number of parasi-
tized eggs/female was more severe when P. gossypiella eggs containing pupae of
either of the two parasitoid species were stored; i.e., after 5 or 7 days of parasitism
(averages of 26.2 days & 20.5 and 19.3 & 16.8 parasitized eggs/female, respectively,
Table 3. It is also worthmentioning that by storage of the parasitized eggs after 7 days
of stinging for 30 days, the produced females were, completely, unable to parasitize F.
gossypiella eggs.

Emergence and sex-ratio of Trichogramma progeny produced after
storing their parents as developmental immature stages: Data presented in
Table 4 clearly indicated high percentages of emergence from P. gossypiella eggs para-
sitized by T. evanescens and T. bactrae females that produced after low temperature
(82C.) storage at different developmentaIA immature stages of the parasitoid and for
different periods up to 25 days. Generally, the overall percentages of emergence aver-
aged 93.5 and 92.5% after development from eggs of treated females against 94.6
and 94.5 from control eggs, respectively. The sex ratio in progeny was always in favour
of female. Generally, the overall percentage of females in progeny from stored eggs av-
eraged 64.8 & 62.6 % against 65.8 & 69.8 % in control, respectively. Moreover, the
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long exposure of T. bactrae parental females to low temperature (25 days), reduced
significantly, the percentage of females is progeny (54.6 %). In addition, storage of
prepupal stage (3 days after parasitism) didn’t influence the female’s percentage in the
progeny of either of the two parasitoid species, 65.3 %, Table 5.

Storage of adult females

Potentiality of Trichogramma females after storage: Table 6 shows the
potentiality of stored females for parasitizing P. gossypiella eggs to be lower compared
to the control females. The adverse of cold storage effect differed significantly accord-
ing to the parasitoid species and storage period, however all females that were stored
for 6 days failed to parasitize any eggs. The average number of parasitized eggs/
control female of 7. evanescens and T. bactrae averaged 45.6 and 35.8 eggs/female,
respectively. The ability of T. evanescens female to parasitize eggs decreased insignifi-
cantly to 44.8 and 35.1 individual/female after storing for 2 and 3 days, respectively
at 82C. Increasing the storage period to 4 or 5 days caused significant decrease in the
efficiency of the emerged females, so the number of eggs averaged 33.0 and 28.8
eggs/female, respectively. As for T. bactrae females, the number of parasitized P. gos-
sypiella eggs by stored female increased, insignificantly, until 3 days of storage (39.9
and 38.4 eggs/female, respectively). However, increasing the storage period to 4 or 5
days, caused significant reduction in number of eggs/female that reached 14.32 and
9.1 eggs/female, respectively.

Emergence and sex ratio of Trichogramma female’s progeny after
storage: Data presented in Table 6, clearly indicated high percentages of emergence
from P. gossypiella eggs parasitized by T. evanescens and T. bactrae females that was
stored at 8°C up to 4 days. However, all progeny failed to develop in P. gossypiella
eggs as the storage period was prolonged to 5 days. Generally, the overall percentages
of emergence averaged 92.65 and 90.22 %, while those from control eggs averaged
94.7 and 94.8 %, respectively. The sex ratio in progeny was always in favour of female,
generally, the overall percentages of females in progeny of the two stored parasitoids
(67.36 and 67.88 %) vary insignificantly than control (69.35 and 71.4 %).

The previously explained data indicated that when storage of Trichogramma is
needed, the parasitized eggs are better to be stored when the parasitoid is at the
prepupal stage (3 days after parasitism at 282C), as in this case, the produced parasi-
toid adults are of higher potentiality than storage at either of the remaining stages.
Also, it is generally advised not to expose the parasitoid to low temperature when it is
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in the pupal stage. In addition, storage of Trichogramma adults to low temperature
should be not more than three days.

The present results are in close agreement with those obtained by Alba (1989)
for Trichogramma chilonis Ishii mass-produced in eggs of C. cephalonica, when stored
at 102C for a long period (23 for 26 days). Conversely, Kilincer et al. (1990) stored T.
turkeiensis and T. embryophagum in parasitized eggs of S. cerealella at 0, 4 and 8°C
and found that the 2 higher temperatures for one month did not affect parasitoid
emergence. Also, Jalali and Singh (1992) in their studies on T.achaeae, Trichogramma-
toidea eldanae, T.chilonis and T. japonicum found that the pupa was the most appropri-
ate stage for storage, but they found that fecundity and longevity declined rapidly af-
ter storage for 14 days at 2 and 5°C and 21 days at 10°C. These dissimilarity of results
may be interpreted on the basis of differences either in Trichogramma species or the
rearing host (Marston and Ertle, 1973).
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Table 1. Percentages of emergence + SE (range) of T. evanesces and 7. bactrae
parasitoids from P. gosypiella eggs after storage as immature stages at 8°C
for different periods.

Age of stored Storage periods (days) Mean LSD
Parasitoids |control| 5 | 10 [ 15 | 20 | 25 | ao 5%
T. evanescens
3 hr. 96.0%% | 90.6%° | 90.9%2 [ 70.3%® | 33.1C9 |29.7°00[ 23.7°% | 62.0° [7.219
+0.83 +1.5 £1.2 | 3.6 | 3.5 | 285 | z2.6 | 2.7
88-100| 74-97 |82-100|32-91 | 14-74 | 11-96 | 0-44 | 0-100
1 day 96.4"% | 96.3%* | 90.4%2 | §3.5%% | 46.2P° | 24.85%¢| 2. 9% [ g3.0¢ |5.225
+0.76 [ £0.73 | +4.0 | £1.3 | «3.9 | x2.4 | +1.08| +3.1
88-100| 90-100 | 81-95 | 71-91 | 17-73 | 12-48 | 0-14 |0-100
3 days 96.0A2 | 94.0A2b | 83,680 | 86.78 | 76.4Ca | 66.5P2 | 53.28a | 79.52 |g.286
+1.1 +1.1 +1.5 +0.7 +3.3 +2.6 +3.5 +1.5
84-100| 83-100 |73-100|71-100|43-100| 43-88 | 27-81 [27-100
5 days 95.8%2 | 93.9820 | 90,382 | 84.0°? | 67.47° | 61.258 | 5.3 | 71.1° |4.888
+0.99 +1.4 +1.5 +2.3 +2.5 +2.1 +5.64 +2.6
84-100| 73-100 |78-100| 65-97 | 50-98 | 47-77 | 0-15 | 0-100
7 days 96.2%% [ 84.08¢ | 73.9%¢ | 29.8%¢ | 22.0%¢ | 20.3%¢ | 7.57 | 47.79 |5.457
+0.99 +1.6 2.3 +3.0 +2.1 +1.6 +1.7 +2.9
84-100| 73-100 | 61-94 | 16-56 | 10-47 | 13-42 | 0-26 [ 0-100
Mean 96.1% | 91.7% | 85.8° | 70.8° | 49.0% | 4057 | 185 | 64.6 |2.608
+SE 0.4 | %07 | 209 | 224 | 224 | 222 |"22.1 | =1.2
84-100| 73-100 |61-100|16-100[10-100f 11-88 | 0-81 | 0-100
LSD 5 % ns 3.565 | 4.194]7.021|8.530|6.866(6.107|2.204
T. bactrae
3 hr. 90.4%2 | 87.180 | £3.2°¢ | 50.7% | 38.95¢ | 19.779 | 14.09F | 52.5¢ [6.050
+1.1 +1.3 +3.2 =1.5 +3.2 +2.16 +2.2 *2.6
84-100f 75-100 | 35-93 | 41-62 | 20-63 | 7-38 | 0-33 | 0-100
1 day 93.9”a | 92,72 | 85682 | g5.78 | 70.3Ca | g1.202 | 31080 | 74.32 |4 266
+=1.1 +0.5 +1.5 +1.5 +1.9 *1.6 +2.2 +1.9
84-100| 89-100 | 70-94 | 72-92 | 50-83 | 43-75 | 17-81 |17-100
3 days 93.5% | 88.4A% | 75.9%° | 68.0%° | 51.19¢ | 46.8P° [ 47.702 | 67.4° |6.295
+0.83 *=1.5 +2.6 +*2.6 +3.6 +1.5 +=2.4 *1.7
86-100| 74-97 | 50-93 | 50-86 | 30-89 | 40-69 | 30-68 |30-100
5 days 94.1%2 | 820%¢ | 77.9%° 1 76.7® | 50.3°% | 25 70¢ [ 53 10c | 60.7¢ [6.628
+0.92 *1.9 +2.6 +3.1 +2.5 +3.2 1.9 +2.4
86-100| 63-97 | 57-91 | 50-93 | 41-82 | 11-52 | 12-49 [11-100
7 days 94.042 | 81.88¢ | 69.1C¢ | 25.50¢ | 25 1De | 29 2Dcd |19 0Pcd| 47.8° |6.052
+1.1 +1.9 =1.6 +3.4 +2.9 +1.4 +2.3 2.7
86-100| 68-94 | 53-78 | 9-56 | 5-57 | 12-38 | 5.39 |s5-100
Mean 93.9"% | 86.4% | 74.4° | 61.3° | 49.0F | 34.7° | 27.0¢ | 60.9 |2.626
* SE +0.4 +0.78 +1.3 +2.4 +2.0 +1.9 *1.5 *1.1
84-100) 63-100 | 35-94 | 9-93 | 5-89 | 7-75 | 0-68 |0-100
LSD 5 % ns 4.432 [ 6.857|6.466|7.466(6.346|5.911|2.220

Means followed by the same upper letter at the same row or the same lower letter at
the same column are not significantly different. ;
ANOVA vyielded a significant difference between the two parasitoid species (LSD =

0.9883).
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Table 2. Percentages of T. evanesces and T. bactrae females that showed successful
parasitism to P. gosypiella eggs after storage as immature stages at 8°C for
different periods.

Age of stored Storage periods (days) Mean
parasitoids |Control ()] 5 ] 10| 15 | 20 | 25 | 30
T. evanescens
3 hr. 100 100|100| 100 | 81.8 | 45.5 | 40.0 | 81.04
1 day 100 100/ 100] 100 100 | 382.0 4.5 | 76.64
3 day 100 100/100| 100 100 80.0 | 66.7 | 92.39
5 day 100 100{100| 100 100 | 81.8 0 83.11
7 day 100 100|100} 75.0 | 60.0 | 16.0 0 64.43
Mean 100 100|100| 95 88.4 | 51.06 | 22.24 | 79.53
T. bactrae
3 hr. 100 100|100| 100 | 82.6 | 41.7 | 34.8 | 79.87
1 day 100 100]100] 100 100 | 73.9 | 13.64 [ 83.93
3 day 100 100[100]| 100 100 | 77.3 | 47.8 | 89.30
5 day 100 100|100| 70.8 | 65.2 | 56.5 | 47.6 | 77.16
7 day 100 100|100| 56.0 | 34.8 7.7 0 56.93
Mean 100 100]|100| 85.36 | 76.52 | 51.42 | 28.77 | 77.44
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Table 3. Mean + SE (range) of parasitized P. gosypiella eggs / T. evanesces and
T.bactrae females stored as developmental immature stages at 8°C for
different periods.

Age of stored Storage periods (days) Mean LSD
Parasitoids fcontrol ©)| s | 10 | 15 | 20 | 25 [ a0 5 %
T. evanescens

3 hr. 46.1%% | 47.9"% 40.8"% | 36.7%° [26.9%%°| 9.9%%° | 7.0 | 30.0° [7.750
+3.3 +2.9 +*2.2 +1.9 +3.3 +3.2 +2.3 1.7
29-76 | 25.72 | 20-59 | 23-51 | 0-46 | 0-44 | 0-37 | 0-76

1 day 46.1%% | 43.6" | 45.6"° | 46.9" | 40.3"* | 5.9%¢ |0.058°| 32.6° |7.217
+3.3 +2.8 2.7 +2.7 +2.9 +2.2 | £0.05 +1.9
29-76 | 23-76 | 20-63 | 13-69 | 11-59| 0-32 | 0-1 0-76

3 days 46.1782 [4g8.8%%a | 52 8Aa [ 41,88 | 2g 1Cb | 19 402 |21 3%0a| 36 02 |7.686
+3.3 +2.3 +2.9 +2.4 +2.1 *2.9 +3.1 +1.5
29-76 | 31-66| 24-68 | 18-59 | 10-40| 0-44 | 0-44 | 0-76

5 days 46.1%% | 44.7%% | 29.8% | 27.9%° |20.4%%[14.8%3%] oP¢ | 26.2° [5.850
+3.3 +1.8 +2.4 +1.8 +2.1 +1.8 =1.5
29-76 | 27-56 | 16-53 | 13-49 | 3-33 | 0-26 0-76

7 days 46172 | 31.2% | 32.5% | 17.9°¥ | 1519 | 2.8°% | oP | 20.5° [6.370
+3.3 +2.2 +2.1 +3.4 2.2 +1.5 +1.6
29-76 | 18-55| 19-49 | 0-45 | 0-32 | 0-21 0-76

Mean 46.1%% | 432" | 40.3% | 34.2° | 26.2° | 10.65 | 5.8° | 29.5 [3.127
+ SE +1.4 +*1.3 +1.4 *1.5 +1.4 +1.2 *=1.1 +0.75
29-76 | 18-72| 15-68 | 0-69 | 0-59 | 0-44 | 0-44 | 0-76
LSD 5 % ns 6.912|6.937 | 7.002 |7.222|6.802)4.836|2.632

T. bactrae

3 hr. 38.0" | 46.1%% | 43.2"% | 29.5%2 | 24.9% | 7.7% | 8.4% | 2g.0% [8.753
+2.4 +3.1 +3.9 +2.8 +4.0 +2.6 +2.8 *1.7
19-63 | 15-63 | 11-68 | 10-54 | 0-52 | 0-36 | 0-36 | 0-68

1 day 38.0%% | 43.2%4 |36.848ab| pg 2Ca [30 48%[ g 95™ [ 2.35¢ | 27 1% {g.078
+2.4 +4.5 +3.4 +3.0 +2.4 2.0 =1.4 +1.6
19-63 | 12-68 | 13-61 | 16-61 | 11-51| 0-26 | O- 0-68

3 days 38.0%8 | 37Bab |35 gABab| 35 oABR 135 gABa] 5g 1B | g 7% [ 30.0% [8.009
+2.4 +2.4 +1.9 +2.5 +3.1 +=3.7 +3.0 +1.3
19-63 | 12-58 | 18-52 | 10-63 | 10-60| 0-50 | 0-44 | 0-63

5 days 38.0% | 31.5% | 290.2% | 13.7% | 97000 [ 7 gO00 | 5 4Dab | 49 3¢ [6. 534
+2.4 *2.2 +2.4 =3.5 *2.0 +1.8 +1.6 +=1.4
19-63 | 11-50 | 8-59 | 0-56 | 0-24 | 0-20 | 0-21 | 0-63

7 days 38.0A2 | 29.2% | 28.3® | 17,0% | 4800 | g.350¢ | @Ob 16.8° |5.623
+2.4 +2.4 =2.1 +2.8 *1.5 +0.26 +1.4
19-63 | 8-59 | 15-42 | 0-37 | 0-22 | 0-5 0-63

Mean 38.0% | 37.3% | 34.6® | 25.1% | 203 [ 10.7° | 5.1 | 24.5 |3.325
+ SE £1.0 1.6 | =1.4 1.5 | 1.6 | £1.4 | =+0.97| +0.96
19-63 9-68 | 8-68 | 0-63 | 0-60 | 0-50 | 0-44 | 0-68
LSD 5 % ns 9.115)|8.001 | 8.266 |7.698|6.530|5.782[2.821

Means followed by the same upper letter at the same row or the same lower letter at
the same column are not significantly different.

ANOVA yielded a significant difference between the two parasitoid species (LSD =
0.3504).
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Table 4. Emergence percentages + SE of progeny produced from T. evanesces and
T.bactrae females stored as developmental immature stages at 8°C for
different periods.

Age of stored Storage periods (days) Mean LSD
Parasitoids | control (O)I 5 l 10 I 15 l 20 l 25 5%
T. evanescens
3 hr. 04.6" | 04.4"%|92.8" | 91.2%° | 90.2% |92.6"%%| 92.6° |2.804

£0.93 | 051 | x0.82 | +1.17 | +1.41 | £0.95 | £0.43
1 day 94.6" | 949" | 95.7%% | 94.2°° | 85.1% | 96.1"* |93.4%°|3.483
+0.93 +0.56 | £0.86 | +0.94 +2.28 +1.2 | x0.60
3 days 04.6" | 89.4% | 93.4"° |93.5%%%°| 92,378 | 94 9" [ 93.0* [3.221
+0.93 | £1.7 | 20.79 | =1.01 | +1.36 | %0.73 | x0.49
5 days 94.6" [035"%| 950" | 95.47% | 96.3" | 91.7%° | 94.6° | ns
£0.93 | +1.4 | 2095 | x1.4 | x0.95 | «1.45 | 0.49
7 days 94.6" | 05172 | 04.6° | 94770 | 91.3% |93.9*%%| 94.0® | ns
+0.93 | +0.88 | £0.91 | £1.01 | £1.57 | +0.84 | x0.44
Mean 94.6" |93.4"%| 045" | 93.8% | 91.0° | 93.8% | 93.5 [1.402
+ SE +0.32 | £0.40 | 0.323 | 20.423 | 20.58 | +0.47 |+0.177
LSD 5 % ns |2.989| ns [3.2489] 4.166 [3.4654|1.281
T. bactrae
3 hr. 94.5™ |89.9% | 947" [ 93.3"® | 933" | 88.7% | 92.4 [3.015
£0.91 | 21.39 | +1.26 | =0.94 | +1.16 | +0.61 | +0.48
1 day 94.5"% |91.9%%% |92 18| 97,142 |93 778C®| g9 9% | 93.2% |3.850
£0.91 |20.996| £1.0 | 20.88 | +1.72 | 2.19 | 0.59
3 days 04.5% | 93.2%% | 02.7%% | 94.0"° | 925" | 92.5" | 93.2° [ ns
+0.91 +1.63 | +1.08 | +0.97 +1.93 +1.1 +0.53
5 days 94.5° | 84.0% | 93.9" [ 94.6"° | 94.8" | 87.8% | 91.6% [5.194
+0.91 +2.83 1.2 +1.78 +1.41 +2.26 | +0.83
7 days 94.5" | 915 92.9° | 92.6"° | 90.4"% | 90.0" | 92.0° | ns
£0.91 | £2.01 | £1.07 | +1.30 | +1.43 | £2.29 | 20.65
Mean 945 | 90.1% | 93.3% | 94.3* | 93.0* | 89.9% | 92.5 [1.824
+SE -£0.32 | 20.613| 20.41 | z0.46 | 20.63 | 20.72 |x0.227
LSD 5 % ns ns ns ns ns ns ns

Means followed by the same upper letter at the same row or the same lower letter at
the same column are not significantly different.
ANOVA yielded a significant difference between the two parasitoid species (LSD =

0.5395).
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Table 5. Percentages of females (sex ratio) + SE in progeny produced from
T.evanesces and T.bactrae females resulted after storage of immature stages
at 8°C for different periods.

Age of stored Storage periods (days) Mean LSD
Parasitoids |control {O)I 5 | 10 } 15 | 20 | 25 5 %
T. evanescens
3 hr. 85.8°% | 63.3" [ 65.8"%% | 71.5%0 | 641" |55.8%%| 64.4* | ns
+1.5 +3.5 +2.17 +1.54 +3.3 +4.3 +1.6

1 day 65.8% | 62.0% | 50.0%° | 74.93" | 67.5"% | 6125 | 65.0° | 8.198
1.5 +3.5 +3.0 +2.88 +1.96 +3.3 +1.4

3 days 65.8"% | 50.6%% | 66.4%* | 64.9%° | 79.9" |54.0% | 65.3% | 9.565

+1.5 +3.6 +1.95 +3.8 +2.46 | +4.35| 1.8

5 days 65.80 | 7.0 | 62.9% |67.1%%| 62.0® |54.9%| 64.3% | 7.089
+1.5 +1.7 +3.9 +4.1 +1.44 2.3 | %1.3

7 days 65.8" | 96.4™ | 505 | 62.8" | 60.9" 65.2 | 12.56
+1.5 +4.9 +3.4 +3.3 +5.38 ) +1.8

Mean 65.8" | 653" | 64.2" | 68.3" | 67.1* | 565° | 64.8

+SE +1.01 +1.7 +1.5 +1.4 +1.8 +1.8 | +0.70

LSD 5 % ns ns ns 7.948 9.40 ns
T. bactrae
3 hr. 69.8° | 68.4" | 63"®™ | 58.8°°®| 60.3" |50.3% | 63.4%| 8.908

+1.32 +3.72 | +5.17 +2.08 +2.65 +2.8 | =1.6

1 day 69.8" | 65.4"% | 506°°° | 61.4"% | 68.6™ [52.0% |62.0%[11.228
+1.32 +4.5 +1.62 +4.47 | +5.61 +3.8 | +1.86
3 days 69.8" |66.9"3%%| 743" | 59.2° | 59.025 62,559 g5.3% | 7.654
+1.32 | +2.04 | s2.50 | +2.93 | 23.38 | +3.1 | 1.4
5 days 69.8" | 63.6" | 025 | 55.7%°% | 5548 (53 0B®] 59 6° [ 8.196
£1.32 | +3.43 | +3.39 | 23.08 | 23.07 | 2.1 | =1.4
7 days 69.8% | 69.1% | 72.0™"| 51.25® | 51.68%° 62.90%| 7.616
+1.32 | =368 | 24.13 | 2081 | =107 | ~ |=2.08
Mean 69.8" | 66.7% | 64.4%¢ [ 57.27% | 61.4° | 54.6° | 62.6
+SE +1.32 +1.5 +2.1 +1.4 +1.9 +1.6 |£0.75
LSD 5 % ns ns_|10.485] ns  |10.135]8.311

-= not enough data for analyze.
Means followed by the same upper letter at the same row or by the same lower letter
at the same column are not significantly different.

ANOVA yielded insignificant difference between the two parasitoid species at a prob-
ability of 5 %.
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Table 6. Effect of storing adult females of T.evanesces and T.bactrae at low
temperature on parasitized eggs, percentage of emergence and sex-ratio of
the produced progeny.

Storage periods T. evanescens T. bactrae
(days) No. parasitized % Sex-ratio | No. parasitized % Sex-ratio
eggs/female | emergence |(% females)| eggs/female | emergence] (% females)
45.6° 4.7 | 69.35° 35.8° 94.8° 71.4°
0 +2.1 +0.7 +1.8 +1.5 +1.1 +1.12
(28-66) (22-48)
44.8° 935 | 70.14° 39.9° 87.7° 68.1%
2 +3.98 +0.8 +2.1 +4.9 1.7 +1.6
(0-70) (0-66)
35.1% 91.1° 85.1° 38.4° 90.4° 63.8"
3 +5.18 +1.3 1.5 +4.3 +0.9 +1.4
(0-61) (0-58)
33.0° 91.4° 64.9° 14.32° 87.99" 68.3°
4 +4.7 1.1 +1.07 4.4 +1.9 +1.06
(0-64) (0-56)
28.8b 9.4"
5 +4.62 = 5 3.7 3 2
(0-56) (0-62)
6 0 - - 0 - -
31.2 92.65 67.36 22.8 90.22 67.88
Mean +2.04 +0.5 +0.86 +1.98 +0.8 +0.71
(0-70) {0-66)
LSD 10.863 2.875 | 4.679 10.021 4.138 3.707

Means followed by the same lower letter at the same column are not significantly
different.
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