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ABSTRACT: Trichogramma cacoeciae Marchal and T. embryophagum Hartig were cold stored (6°C) in their pupal stages for 75 days.
Biological parameters like per cent emergence, parasitism and longevity of F, progeny of both the species were studied at an interval
of 5 days and compared with untreated control. Negative correlations for per cent emergence (= -0.93 and -0.94), parasitism (r= -0.88
and r= -0.83) and longevity (r= -0.89 and r= -0.73) were observed both for 7. cacoeciae and T. embryophagum respectively. Overall
per cent emergence, parasitism and longevity of the F, progeny of I. cacoeciae were found better and statistically significant than 7.
embryophagum. Regression model for each parameter has also been established. Life time parasitism of Corcyra eggs by F, progeny
declined from 113.2 to 5.6 and 97.0 to 2.6 in 7. cacoeciae and T. embryophagum respectively. More than 50 per cent loss in emergence,
parasitism and longevity in the F, progeny of 7. cacoeciae and T. embryophagum were observed after 55 and 50 days, 15 and 20 days and

5 days of cold storage (6°C) respectively.
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INTRODUCTION

The property of cold tolerance in the immature stag-
es of Trichogramma spp., under cold storage condition is
of immense advantage in bio control programmes. In ad-
dition to increasing the shelf life of stored 7richogramma,
the practice of cold storage also enables stockpiling of live
culture in their embryonic stages either for shipment, inun-
dative releases or storage of surplus Trichogramma culture
when not required for immediate use. Since different spe-
cies of Trichogramma vary differently in their responses to
the storage temperature as well as period of cold storage
(Voegele et al., 1988), laboratory evaluation of individual
species, for such treatments, therefore becomes mandato-
ry. Documented works regarding well adapted cold tolerant
species like 7. acacioi Brun, Moraes and Soares and 7. ro-
Jjasi Nagaraja and Nagarkatti, but simultaneously cold sus-
ceptible T. atopovirilia Oatman and Platner and 7. dendro-
limi Matsumara also (Hu et al., 2005; Foerster and Foerster,
2009) indicate the significance of laboratory assessment of
Trichogramma spp., for their cold tolerance. Effects of cold
storage at 2- 10°C on important biological aspects of differ-
ent Trichogramma spp. have been observed by a number of
workers. Some workers have reported the impact of short
term storage (5- 25 days) at 8-10°C, without any deleterious
effect (Ayvaz et al., 2008; Aydin et al., 2009; Rodrigues
and Sampaio, 2011), whereas long term cold storage (45-

100 days) at 2-6°C have been observed by many workers
with negative effects on F, progeny (Jalali and Singh, 1992;
Ahmad et al., 2011; Lessard and Boivin, 2013). Techniques
for improvement in long term cold storage involving less
detrimental effects on F| progeny have also been evolved
(Lessard and Boivin, 2013; Gardner ef al., 2012) which are
of much significance in applied field of bio control.

In view of reported potential and field results of 7.
cacoeciae Marchal and 7. embryophagum Hartig especially
against codling moth Cydia pomonella (Lep., Tortricidae),
(Hassan et al., 1988; Hassan, 1989; Pawar et al., 1980; Bot-
to and Glaz, 2010) and difficulties involved in maintaining
the culture of these Trichogramma spp. during the harsh
and prolonged winter conditions in the Kashmir valley and
in order to ensure their uninterrupted supply for inundative
releases, the need of present study was realized. Addition-
ally, as no reports are so far available regarding use of eggs
of Corcyra cephalonica(Stainton) for long term cold stor-
age of T cacoeciae and T. embryophagum, the present work
therefore is an original contribution.

MATERIALS AND METHODS

The present study was carried out during 2009-10 in the
Bio control laboratory of Entomology Division of the
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Sher-e-Kashmir University of Agricultural Sciences and
Technology- Kashmir, Srinagar (Jammu and Kashmir), In-
dia. Cultures of Trichogramma cacoeciae Marchal and T.
embryophagum Hartig were obtained from the National
Bureau of Agricultural Insect Resources (ICAR- NBAIR),
Bangalore, India, and cultured on the eggs of factitious
host, C. cephalonica in BOD (27+ 1°C, 65+ 5 % Relative
Humidity, 16 L : 8D photoperiod). Separate Tricho cards of
T cacoeciae and T. embryophagum in their pupal stages,
were prepared to observe the effects of cold storage. For
this, about one cc (approx. 22,000 numbers) of freshly laid
and UV sterilized eggs of C. cephalonica were sprinkled
on paper cards (15 x 15cm.) with diluted thin film of gum
Arabica, and dried. Each card was exposed to parasitism
separately, by about 500 freshly emerged 7. cacoeciae and
T. embryophagum, for 24 hours, inside a sealing plastic en-
velop (25 x 20 cm.). Diluted honey (50 %) was used as
food for the parasitoids. After 24 hours of parasitism, the
parental Trichogramma were killed and discarded, by ex-
posing them to instant cooling at 6°C for 10 minutes. The
envelopes with parasitized eggs were then kept in BOD
for four days, till the developing embryos progressed into
pupal stage, as indicated by darkening of the parasitized
eggs. Such prepared pupal stock of 7. cacoeciae and T. em-
bryophagum were then stored in refrigerator, maintained at
6°C, 65+ 5 % relative humidity and under complete dark-
ness, for 75 days for further studies.

In order to investigate the effect of cold storage of F,
progeny of above mentioned Trichogramma spp. five strips
(2.0 x 1.5 cm.) of parasitized eggs from the pupal stock
kept under cold storage, were taken out every fifth day, i.e.
from 5- 75th day, cut with the help of scissor, and each strip,
holding about 300 parasitized eggs, was transferred in indi-
vidual glass test tube (12.5 x 2.0 cm.) plugged with cotton,
and kept in BOD (27+ 1°C, 65+ 5 % relative humidity, 16 L
: 8D photoperiod) for the emergence of F| progeny.

Percent emergence

The number of emerged F, progeny at 27+ 1°C in each
of the above mentioned five replications was counted un-
der stereoscopic binocular, after killing them under sub zero
temperature. Per cent emergence of F| progeny was deter-
mined by dividing the number of emerged parasitoids from
the total number of parasitized black eggs (except shriveled
or damaged eggs) of a replication. Mean of all the five rep
lications represented mean per cent emergence of F| proge-
ny of a Trichogramma sp. for a given period of cold storage.

Parasitism

Data on parasitism was based on the observations
of twenty five F, females. For this, a total of twenty five

freshly emerged F, females were randomly isolated while
recording data on per cent emergence. In order to determine
average parasitism, both day wise and life time parasitism,
five F| females, treated as one replication were transferred
in a glass test tube (15 x 2.5 cm), clogged with muslin
mounted cotton plug, and supplied about 400 UV steril-
ized fresh eggs of C. cephalonica held on a paper card (4.0
x 1.5cm.), daily for parasitism. The parasitized egg cards
were replaced by fresh egg cards after every 24 hours, till
the death of all the parasitizing individuals in a replication.
A thin streak of pure honey at the back of each card was
provided as food to the parasitizing females. The parasit-
ized cards were kept separately in glass test tubes for 4-5
days and counted for the number of eggs parasitized. Mean
of day wise parasitism for each replication was separately
recorded and finally summed up to determine life time fe-
cundity based on adult progeny produced, under each cold
storage treatment, for both the species. The experiment was
replicated five times to record mean daily as well as life
time fecundity.

Longevity

Data on longevity of F| progeny, emerged from each
treatment of 5-75 days of cold storage, was based on the
average survival ability of twenty five parasitizing females.
This was duly recorded while observing the daily parasit-
ism of the two Trichogramma spp. Each replication was
observed 6- hourly to record the survival ability of the F,
females.

Experiments for untreated control of both 7. cacoeciae
and T. embryophagum were also done in BOD (27+ 1°C,
65+ 5 % relative humidity, 16 L : 8D photoperiod) for the
purpose of comparison of data.

Statistical analysis

Data was analyzed using Minitab version 15. C.D. val-
ues of percent emergence were based on arc sin transforma-
tion whereas those for parasitism and longevity were based
on Vn+0.5 and \n respectively. Student’s t- test was used
for the comparison of data of the two species. Data of each
parameter was regressed against period of cooling. The val-
ues of Y’ for studied parameter was based on linear model
Y= a+bx. Where ‘a’ and ‘b’ represented constant values for
emergence, parasitism and longevity whereas ‘x’ denoted
the period of cooling. One way ANOVA was used to obtain
F values as well as to understand the effect of interactions
between important parameters.

RESULTS AND DISCUSSION

Our findings showed a gradual decline in the emer-
gence of F, progeny of both Trichogramma cacoeciae and
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T. embryophagum, as a result of 5-75 days of cold storage
(6°C) (Table 1). Statistically significant decline in the emer-
gences of both, T cacoeciae (one way ANOVA: F . =
75.24, p=0.001) and 7. embryophagum (one way ANOVA:
F s ¢ = 9838, p=0.001) were obtained, as a result of above
mentioned period of cold storage. The two species differed
significantly in terms of per cent emergence when compared
with Student’s t- test (t= 2.46*; p=0.015; d.f.=148). Interac-
tion between the Trichogramma spp. vs. period of storage
was also found significant (one way ANOVA: F . ./ =2.88,
p=0.002). Data on per cent emergence when regressed with
period of cold storage, the models Y= a+bx were obtained
best fit, both for 7. cacoeciae (Y= 110 - 0.929x; R2= 85.6;
=-0.93, d.f. = 78) and T embryophagum (Y=112 — 1.26x;
R2=87.6; r=-0.94, d.f.= 78). Loss of per cent emergence
in F, progeny of both 7. cacoeciae and T. embryophagum
after 25, 50 and 75 days of cold storage was 7.3, 36.3, 68.8
and 10.3, 44.7, 92.9 respectively. More than 50.0 per cent
decline in the emergence of F, progeny in above mentioned
species was recorded when duration of cold storage was be-
yond 55 and 50 days respectively. T cacoeciae however ,
indicated 5.5 times more emergence than 7. embryophagum
after 75 days of cold storage at 6°C.

Decline in per cent emergence of F, progeny, as a re-
sult of cold storage, in different Trichogramma spp. has
been documented by a number of workers (Jalali and Singh,
1992; Pitcher et al., 2002; Ozder, 2004). Our observations
on negative correlation for per cent emergence vs. period
of cold storage at 6°C, for T. cacoeciae (r= -0.93**; d.f=
78) and T. embryophagum(r=-0.94%*; d.f.=78) get support
from Hany et al ,(2010). Decline in per cent emergence of
F, progeny is mainly attributable to cold induced mortal-
ity of stored pupae of Trichogramma spp. and also due to
adverse physical and physiological changes, both in the
eggs of Corcyra cephalonica as well as diapaused pupae
of Trichogramma spp. Further, sudden exposure of pupae
of Trichogramma to low temperature (6°C), without prior
acclimatization of maternal generation to low temperature,
in addition to use of non diapausing host eggs, as in present
case, might have added increased mortality of stored pu-
pae, which resulted in sharp decline in per cent emergence
of F, progeny in both the species. Failure of emergence of
T chilonis (Ishii) at 6°C beyond 25 days is also reported
(Nadeem et al., 2010). 30 days of prior acclimation (10°C)
of maternal generation of 7. brassicae (Bezdenko) has been
documented as favorable for per cent emergence of F, prog-
eny after cold storage (Lessard and Boivin, 2013). Laing
and Corrigan, (1995) reported 50% emergence in F, prog-
eny of 7. minutum Riley after long term cold storage (300
days), when diapausing host eggs were used for parasitism.
Our findings on more than 50% emergence in F, progeny of

T. cacoeciae and T. embryophagum, after 55 and 50 days of
cold storage respectively, however indicated, feasibility of
cold storage of these species at 6°C for future use.

Parasitism

A general decline in both life time (Table 1) as well
daily fecundity, as indicated by mean of first two days’
parasitism (Fig. 1), in F, progenies of 7. cacoeciae and
T. embryophagum (N= 25), developed as a result of cold
storage, was observed. Statistically significant differences
in parasitism by 7. cacoeciae (one way ANOVA: F . ==
168.26, p= 0.001) and T, embryophagum (one way ANO-
VA: F; (, = 66.02, p= 0.001) were obtained. Overall rate
of parasitism however, by both the species was found sta-
tistically similar, when compared through Student’s t- test
(t= 1.8 ns; d.f.= 157; p= 0.07) as was also obvious by the
interactions between species vs. period (one way ANOVA:
F ;0= 1.08, p=0.0378). However, regression between life
time parasitism and period of cold storage yielded compar-
atively better model Y= a+bx in case of T. cacoeciae (Y=
88.7 - 1.37x; R2=76.7; r=-0.88, d.f="78) than T. embryoph-
agum (Y=69.7 - 1.099x; R= 68.1; r=-0.83, d.f=78). More
than 50.0 per cent loss in parasitizing performance in case
of both the species was observed when stored (6°C) beyond
15 days. Average decline in parasitism in 7. cacoeciae and
T. embryophagum at 25, 50 and 75 days of cold storage was
recorded as 72.9, 86.9, 95.0 and 78.3, 89.4, 97.5 per cent
respectively. Per cent parasitism of 7. cacoeciae however
after 75 days of cold storage was a little more than twice

that of 7 embryophagum.

Decline in parasitism in F| progeny as a result of cold
storage, has been documented by a number of workers for
different Trichogramma spp. In addition to various factors,
varying level of cold tolerance in different Trichogramma
spp. may be one of the reasons. Jalali and Singh, (1992)
observed rate of parasitism of 7. chilonis better than T. ache-
ae and T. japonicum Ashmead, when cold stored at 10 °C
for 49 days. Foerster and Foerster, 2009 found 7. acacoi
and T. rojasi more cold tolerant than 7. atopovirilia. Com-
bination of low temperature and period of storage is also
considered as an important factor affecting fecundity of F,
progeny in many Trichogramma spp. (Colinet and Boivin,
2011). Whereas reports of short term cold storage without
any detrimental effect on fecundity in species such as 7. os-
triniae Pang and Chen (4 weeks at 9°C, Pitcher et al., 2002),
T. carverae Oatman and Pinto (2 weeks at 10°C, Rundle et
al.,2004), T. evanescens Westwood (3 weeks at 4°C, Ayvaz
et al., 2008) and 7. pretiosum Riley (3 weeks at 5°C, Ro-
drigues and Sampaio, 2011) are available, long term cold
storage on the other hand are reported to affect adversely on
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the fecundity of 7. ostriniae (8 weeks at 9°C, Pitcher et al.,
2002), T. cacoeciae ( > 4 weeks at 0°C, Ozder, 2004) and
T evanescens (8 weeks at 4°C, Hany ef al., 2010). Qualita-
tive decline in F, progeny in the present case is inferred to
have arisen due to a number of physical and physiological
reasons. Emergence of physically deformed and dwarfed
members in the progeny, coupled with their slow to absolute
loss of mobility was one of the reasons which might have
accounted quantitative loss in parasitism. Loss of mobili-
ty, also in non deformed adults of 7. nerudai Pintureau and
Gerding as a result of > 50 days of cold storage at 4+1°C,
has also been reported (Tezze and Botto, 2004). Decline in
parasitism in present species, beyond 15 days of cold stor-
age, was clearly indicative of the weakening effect of pro-
longed cold storage on F, progeny at 6°C. This might have
been due to cold injuries at immature stages, depletion of fat
reserve and also retarded somatic maintenance of the em-
bryo for prolonged period of cold storage (Rivero and West,
2002; Chen et al., 2008a; Chen et al., 2008b ). Many work-
ers (Colinet and Boivin, 2011; Denlinger and Lee, 1998;
Boivin, 2010) have also indicated damaging effects of low
temperature on reproductive organs and fecundity in 7ri-
chogramma, because of lack of metabolic maintenance at
immature stage, at the cost of fat reserve, during prolonged
cold storage. Decline in enzymatic activity and associated
irreversible physiological changes at molecular level, at low
temperature, are also documented to affect adversely par-
asitism in Trichogramma and other parasitoids (Denlinger
and Lee, 1998).

Longevity

In comparison to average longevity of females of T
cacoeciae (9.6 days) and T. embryophagum (11.45 days) in
untreated control condition, significant decline in the lon-
gevity of F| progeny of both 7. cacoeciae (one way ANO-
VA: F, = 98.09, p= 0.001) and T embryophagum (one
way ANOVA: Fs g = 5449, p= 0.001) was recorded, as a
result of cold storage. Average longevity of 7. cacoeciae in
case of 5- 75 days of cold storage was found comparatively
more than that of 7. embryophagum, the difference being
statistically significant when compared with Student’s t- test
(t=2.33* p=0.021; d.f.= 156) as also obvious by the in-
teractions between species vs. period of cold storage (one
way ANOVA:F | =2.97, p=0.001). Regression between
longevity and period of cold storage indicated better model
Y= atbx for 7. cacoeciae (Y= 7.15- 0.096 x: R>=80.5; r=
-0.89**; d.f.= 78) than T embryophagum (Y=5.83 -0.086
x: R=53.3; r=- 0.73**; d.f.= 78). More than 50.0 per cent
loss in longevity in F, progeny of T cacoeciae and T. em-
bryophagum was recorded after 20 and 5 days of cold stor-
age (6°C) respectively. Per cent decline in longevity at 25,
50 and 75 days of cold storage in F, progeny of 7. cacoeciae

and 7. embryophagum was recorded as 66.6, 80.7, 90.6 and
82.5, 89.4, 94.9 respectively. Longevity of T° cacoeciae was
observed to be 1.5 times greater than that of T embryoph-
agum, after 75 days of cold storage.

Observed decline in longevity in F| progeny is attribut-
able to cold induced poor health due to insufficient food re-
serve during their immature stage, as also indicated by early
workers (Boivin, 2010). Negative effects of cold storage (<
10°C) beyond three weeks or longer on the longevity of 7.
carverae, T. nr. brassicae and T. funiculatum Carver are also
documented (Rundle et al., 2004). Decline in longevity in F|
progeny of different Trichogramma spp. as a result of cold
storage of immature pupae has also been reported by a num-
ber of workers (Ayvaz et al., 2008; Jalali and Singh, 1992;
Ozder, 2008). Significant drop in longevity in present case,
might have been due to susceptibility of immature forms to
sudden exposure to low temperature, without prior acclima-
tization. Lessard and Boivin (2013) observed comparatively
reduced mortality in F| progeny of T. brassicae, as a result
of prior exposure of maternal generation to acclimatization
of 30 days at 10°C than those without an acclimatization
period, when the immature stages were stored directly at
5°C. Many workers ascribed strain variation as an import-
ant factor deciding longevity, in different Trichogramma
spp. (Bigler ef al., 1993; Dutton and Bigler,1996). Leopold
(1998) described chilling injury at temperatures well above
freezing as common observation in parasitoids, after cold
storage. Nedve™d et al. (1998) correlated severity of chilling
injury with the drop in storage temperature or with the in-
crease in length of exposure to cooling. According to Chen
et al. (2008) indirect chilling injury is caused by prolonged
exposure to moderately low temperatures. In our study too,
indirect chilling injury might have been one of the reasons,
which became progressively more lethal, with the increase
in the period of cold storage.

Despite adverse effects of cold storage on studied bi-
ological parameters of F, progeny of both 7. cacoeciae and
T. embryophagum, manifestation of cold tolerance (to 6°C)
nevertheless, in the immature stages of these species proved
to be an important factor in their amenability to long term
cold storage, in the eggs of C. cephalonica. The results of
the study are thus useful to plan on a strategy for maintain-
ing the culture during prolonged harsh winter conditions in
Kashmir, for subsequent use. Although the present study
revealed sufficient emergence (> 87.0 per cent) of stored
progeny until 30 days, but for field use only 15 days’ stored
Trichogramma is recommended against codling moth, Cy-
dia pomonella in Laddakh, in view of sharply declining
fecundity of the studied parasitoids, beyond this period.
However, for the purpose of maintaining laboratory culture
and their mass multiplication during winter, progenies devel
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Table 1. Effect of cold storage (6°C) on per cent emergence, parasitism and longevity of Trichogramma cacoeciae
and Trichogramma embryophagum

. T. cacoeciae 1. embryophagum
Period of cold Life d L ity G Lot L ity G
storage o ife time ongevity (in o ife time ongevity (in
& /o Emergence fecundity days) /o Emergence fecundity days)
99.3 . 9.6 98.32 97.0 11.45
Normal (85.3)° 113.2 (10.66) (3.09) (82.8)" (9.85)* (3.4)°
97.8 . 7.4 94.3 77.8 5.2
5 day (81.5)® 102.6 (10.14) (2.71)® (76.9)® (8.84)° (2.25)"°
10 da 95.9 87.4 7.0 93.4 74.2 4.6
Y (78.5)* (9.36) * (2.64)° (75.3)* (8.52)® (2.13)°
15 da 93.6 78.0 52 91.8 58.4 3.1
4 (75.5)® (8.85)® (2.3)° (73.6)™ (7.64)™ (1.76)°
20 da 92.6 50.4 42 89.1 30.6 2.6
Y (74.3)™ (7.13)° (2.04)¢ (71.1)* (5.54)° (L.6)°
25 da 92.0 30.6 32 88.2 21.6 2.0
Y (73.7)® (5.55)¢ (1.78)¢ (69.9)® (4.67)" (141)«
30 da 91.7 214 32 87.4 154 2.0
Y (73.3)® (4.66)¢ (1.78)¢ (69.5)® (3.95) *¢ (1.41)«
35 da 82.4 19.6 3.0 78.4 14.4 1.76
Y (65.5)° (4.47)¢ (1.73)¢ (62.4)° (3.83) "¢ (1.28)
40 da 82.1 18.2 2.6 74.1 13.6 1.6
Y (66.2)" (4.29)¢ (1.6)¢ (59.5)® (3.74) * (1.25)«
45 da 81.1 15.4 2.0 66.4 11.0 1.3
Y (64.3)° (3.87)% (L4 (54.6)° (3.31) " (1.13)«
50 da 63.2 14.8 2.05 543 10.2 1.2
4 (52.7)¢ (3.85)% (1.42)¢ (47.5)% (3.15)"e (1.09)¢
55 da 60.4 13.6 1.85 34.6 9.8 1.1
Y (51.1)¢ (3.74) ¢ (1.35)¢f (35.8)° (3.19) * (1.05)¢
60 da 47.0 12.4 1.7 31.0 9.2 1.01
4 (43.2)¢ (3.57)% (1.3)¢f (33.8)° 3.1y (0.99)¢
65 da 441 10.8 1.56 25.1 8.8 1.0
Y (41.6)¢ (3.36)* (1.2)f (30.0)° (3.04) > (0.97)¢
70 da 40.5 8.4 1.4 17.5 8.2 0.91
Y (39.5)¢ (2.89)° (1.2)f (23.4)« (2.93) *¢ (0.95)¢
31.0 5.6 1.0 6.9 2.6 0.58
75 day c
(33.7)¢ (2.46)° (1.0 (14.8)¢ (1.6)° (0.76)¢
CD (p=0.01) (6.44) (0.71) 0.21) (7.31) (1.04) (0.3)
SEM (1.85) (0.3) (0.06) (2.38) (0.28) (0.07)
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Fig. 1. Effect of Cold Storage on Average fecundity of Z.embryophagum and T.cacoeciae on first two days.
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