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Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), one of the most destructive pests of tomato, has recently
invaded India. Before recommending any bio-control agent for its control, it is important to study the demographic
parameters of the bio-agent on the pest. The present study evaluates the demographic parameters of indigenous
trichogrammatids namely Trichogramma achaeae Nagaraja and Nagarkatti, 7. pretiosum Riley, T. chilonis (Ishii), and T.
pieridis Nagaraja and Prashanth against this pest, aiming to select the most effective egg parasitoid species.
Significant differences were observed among the demographic parameters of different Trichogramma spp.
Parasitization potential of a thelytokous strain of T. pretiosum was the highest, followed by T. achaeae, T. chilonis,
and T. pieridis. Population growth parameters net reproductive rate, intrinsic rate of natural increase, finite rate of
increase, and weekly multiplication rate were highest, and generation time and doubling period were shortest for T.
pretiosum, followed by T. achaeae, T. chilonis, and T. pieridis. The study concluded that T. pretiosum could be
considered a potential candidate for biological control of T. absoluta; however, field evaluation is required before
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Background

Outside its native home, Tuta absoluta (Meyrick) (Lepi-
doptera: Gelechiidae) was detected for the first time in
Spain in 2006 (Urbaneja et al. 2008), and since then, it
has invaded many countries including India (CABI
2018). At present, the pest has spread to almost all the
tomato growing parts of India (Sridhar et al. 2014; Ballal
et al. 2016 and Sharma and Gavkare 2017). The larvae
cause damage by mining into the leaves, shoots, flowers,
buds, and fruits (Sharma and Gavkare 2017). Previous
reports indicate that in newly invaded areas, the pest im-
mediately attained the status of a serious pest of tomato
causing 100% crop damage in the absence of control
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measures (Arturo et al. 2012 and Ballal et al. 2016). The
pest is extremely difficult to control with insecticides,
and sometimes, as high as 14 rounds of sprays in a
growing season were required (Luna et al. 2012). It is,
therefore, important to develop sustainable, cost-
effective, and eco-friendly alternative management strat-
egies for this pest. Biological control based on the use of
trichogrammatids can, therefore, be a viable option (van
Lenteren 2012). The possible use of Trichogramma spp.
as biological control agents of T. absoluta is currently
considered all over the world because of the natural
parasitism on the pest by different Trichogramma spe-
cies (Zappala et al. 2012 and Goda et al. 2015). The ef-
fectiveness of a bio-control agent is directly related to its
fitness. Survival, fecundity, and development time are
the most important parameters that determine the
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fitness of a natural enemy. The successful use of Tricho-
gramma spp. in biological control depends on know-
ledge of their biotic potential against the target pest and
the thermal requirements (Coelho et al. 2016). Different
Trichogramma species and/or strains differ in their effi-
ciency against the target pest, thus, making it necessary
to study the performance of different species/strains of
Trichogramma on the target pest (Bueno et al. 2009).
Implementation of the Nagoya protocol on access to
genetic resources and the fair and equitable sharing of
benefits under the convention of biological diversity im-
pose restrictions on the importation and release of the
effective strains outside their area of origin. Due to these
reasons, it is necessary to evaluate first the indigenous
species/strains of natural enemies against the invasive
pests. In the preliminary evaluation, it is important to
study the population growth parameters, especially the
intrinsic rate of increase, because not only it does dir-
ectly represent their biotic potential, but also it deter-
mines the releasing strategy (i.e., inoculative, seasonal
inoculative, or inundative) (van Lenteren 1986) and
compares hosts (Iranipour et al. 2009). Parasitism rate,
emergence rate, longevity, developmental time, total fe-
cundity, and sex ratio are the other biological parameters
used to evaluate the performance of natural enemies
against pests (El-Wakeil 2007).

The present study comprises, therefore, attempts to
study the biological and population growth parameters
of indigenous trichogrammatids against the invasive to-
mato leafminer, T. absoluta, in order to select the most
effective species and/or strain that can be used success-
fully to control the pest in tomato cultivations

Materials and methods

Insect cultures

Tuta absoluta

Stock culture of T. absoluta was raised in the laboratory
from field collected larvae on tomato leaves in insect rear-
ing cages (45 x 45 x 45 cm) fitted with glass on three sides
and nylon net on the front side. Larval food was changed
daily or on alternate days depending upon the require-
ment until larvae reached the pupal stage. Obtained pupae
were kept in glass tubes until adults’ emergence. Newly
emerged adults were transferred to insect rearing cages to
allow mating and were provided by 30% honey solution
(in cotton swabs) as food and fresh tomato leaves (petioles
immersed in water in plastic tubes) as a substrate for ovi-
position. Two days after exposure, the leaves having T.
absoluta eggs were transferred to another cage and ob-
served until hatching. The neonate larvae were carefully
transferred by the aid of a fine camel hairbrush to fresh to-
mato leaves and reared as described above. T. absoluta
was reared and multiplied for two generations to have suf-
ficient culture for experiments.
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Trichogramma spp.

Nucleus cultures of the indigenous trichogrammatids T.
achaeae, T. pretiosum (thelytokous strain), T. chilonis,
and T. pieridis were obtained from the Bio-Control Re-
search Laboratory of the Department of Entomology, Dr.
Y S Parmar, University of Horticulture and Forestry,
Nauni, Solan (HP), India. Each Trichogramma species
was further raised separately on the eggs of T. absoluta
in the laboratory. Freshly laid eggs of T. absoluta on to-
mato leaves, after UV eradiation for 45 min, were ex-
posed to respective Trichogramma species for 24 h in a
glass tube for parasitism. After 24 h, the eggs were trans-
ferred to another glass tube and observed daily for the
emergence of the parasitoid adults. The emerged adults
were kept for mating and provided with 30% honey
streaked on the side wall of the tube for feeding. Each
Trichogramma species was reared for one generation be-
fore being used in experiments. The environmental con-
ditions used for raising the cultures and conducting the
experiments were 25+ 0.5°C, 70 + 5% RH, and 12 L:12D
photoperiod.

Developmental biology

Developmental biology of each species was studied on T.
absoluta eggs under laboratory conditions. For this pur-
pose, 12-h-old adults of each species were sexed and
every couple was offered 30 T. absoluta eggs on a to-
mato leaflet in a glass tube in a no-choice experiment.
After 24'h, the eggs were transferred to another tube
and observed daily for parasitism and emergence of the
parasitoid adults. Every set was replicated ten times.
After 24h exposure, the exposed eggs for parasitism
were replaced by other new fresh 30 eggs of the host.
Exposure and replacement of eggs was repeated until all
the parasitoids’ adults died. The parasitized eggs were
carefully reared as described earlier. Host eggs, which
hatched normally, were the unparasitized, while those
which turned black and failed to hatch were considered
as parasitized. As the immature stages of the parasitoid
species completed their development, the period
from starting exposure of the host eggs until parasit-
oid adult’s emergence was recorded as egg-adult
emergence period. Observations on the duration of
egg to adult emergence, adult longevity, percent of
adults’ emergence, parasitization percent, sex ratio,
and fecundity (host parasitism basis) were recorded.
The data were subjected to one-way analysis of vari-
ance (ANOVA) after appropriate transformation
through an online software OP-STAT available at
http://www.hu.ernet.in. (Sheoran et al. 1998), and
significantly different means were separated by least
significant difference (LSD) or critical difference
(CD) at p=0.05.
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Population growth parameters

Fertility tables were constructed to study the population
growth parameters of each Trichogramma species reared
on T. absoluta eggs. For this purpose, one pair (10 repli-
cates) of newly emerged adults was offered with 30 host
eggs on tomato leaflet in a glass tube. After 24 h, the
host eggs were removed and kept for the emergence of
the parasitoid’s adults. Obtained adults were sexed under
a microscope and every single pair was offered 30 eggs
of the host. After 24 h, the old batch of eggs was re-
placed by a new fresh healthy batch and the process was
continued until the last parasitoid adult died. The host
eggs were kept separately until the emergence of adults.
The host eggs, which turned black and failed to hatch,
were considered as parasitized and counted for the fe-
cundity of the parasitoids. Daily survival and fecundity
data were used to construct life-fertility tables of each
parasitoid on the host separately to calculate the popula-
tion growth parameters as follows:

x = Age of the individuals in days (pivotal age), L, = the
proportion of females still alive at age x (survival rate),
and m, = the number of female eggs laid per female at
the age x (fecundity rate). Data thus obtained were
used to calculate the following population growth
parameters or fertility parameters:

i. The net reproductive rate (R,): rate of
multiplication of the population in each generation,
measured in terms of females produced per
generation, calculated as R, = Xl,m, (females
produced/female)

ii. Intrinsic rate of natural increase (rm): intrinsic rate
of increase (rm) was calculated by using the
expression X (e L) =1

ili. Mean generation time (7): the mean period
elapsing from the birth of parents to the birth of
offspring, calculated by the formula T = Log, R,/rm

iv. Finite rate of natural increase (1): the number of
times the population increases per unit time,
calculated by the formula: A = Antilog, rm.

v. The weekly multiplication rate: number of times the
population increases in a week, calculated by the
formula (WE) = ¢’

vi. The doubling time (DT): the time taken in days by
a species to double its population, calculated by the
formula DT =log, 2/rm

The jack-knife procedure was used to recalculate the
above parameters. The jack-knife method removes one
observation from the original data set and recalculates
the parameter of interest from the truncated data set.
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These new estimates, also called as pseudovalues, were
further used to calculate the fresh values of each param-
eter, which serve as replications for the parameter to cal-
culate mean and variances (Maia et al. 2000).

Data analysis

Data on the survival, development, fecundity, and popu-
lation growth parameters of the pest on different hosts
were subjected to one-way analysis of variance through
an online software OP-STAT available at http://
www.hau.ernet.in. (Sheoran et al. 1998), and significantly
different means were separated by least significant differ-
ence (LSD) or critical difference (CD) at p = 0.05.

Results and discussion

Developmental biology

Trichogramma spp. under study differed significantly in
their efficacy to parasitize 7. absoluta eggs. Highest
parasitism (84.22%) was resulted by T. pretiosum,
followed by T. achaeae (73.78%), T. chilonis (70.33%),
and T. pieridis (62.56%). T. achaeae and T. chilonis
showed the same efficacy, but both were superior to T.
pieridis and inferior to T. pretiosum in parasitizing the
host eggs. The developmental time from the egg until
adult emergence varied from 10.5 to 10.8 days, with in-
significant difference among species. Percentage of
adults’ emergence was also highest (89.16%) in T. pretio-
sum, being almost on par with T. achaeae (88.83%),
while the minimum occurred in 7. pieridis (82.75%)
(Table 1). Female longevity (4.17 days) was also longer in
T. pretiosum than other species (3.5 to 3.53 days). Simi-
larly, the females of T. achaeae and T. pretiosum were
more fecund (55.9 and 54.75 eggs/female, respectively)
than T. chilonis (51.44 eggs/female) and T. pieridis
(41.48 eggs/female). In the four species under study, fe-
males lived longer than males and the sex ratio was
female-biased varying from 1:1.48 (male to female) in T.
peiridis to 0:1 in T. pretiosum.

Among the four trichogrammatid species, T. pretiosum
had the best biological and population growth parame-
ters on T. absoluta than the remaining three species.
However, T. achaeae was able to match T. pretiosum
with respect to the percentage of adult emergence and
fecundity. Host parasitism by different egg parasitoids
(62.56—84.22%), obtained in the present study, was close
to (65.9-91.74%) that recorded by previous authors who
studied the percentages of parasitism by different Tri-
chogramma spp. against different hosts (Chailleux et al.
2012 and Cabello et al. 2012). Adults’ emergence from
the parasitized host eggs was more than 80% in each
case, which is not so far from the findings of Ballal et al.
(2016) who reported 91.01 to 97.5% adult emergence in
T. pretiosum parasitizing T. absoluta. Immature develop-
mental period appears not to show much variation (9—
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Table 1 Biological parameters of Trichogramma spp. (second generation) on Tuta absoluta eggs in tomato
Parameter estimate (mean + SE) of Trichogramma species cD
Parameter ) . - =
T. achaeae T. pretiosum T. chilonis T. pieridis 005)
Duration of eggs to adult 10.80+0.20 10.70+0.26 1050+ 0.16 10.70+£0.26 NS
emergence (days)
Number of eggs parasitized/ ~ 22.13°+ 037 2567°+0.28 21.10° +049 18774098 1.79
30 eggs
Parasitization (%) 7378117 (59.23° + 84.22 +0.87 (66.65° + 7033+ 162 (57.05°+ 62.56+327 (5242 + (3.40)
0.81) 0.73) 1.06) 2.07)
Number of adults emerged 19.50°+0.23 2253+ 031 1773+ 044 154794077 141
Adult emergence (%)° 88.83+1.02 (9,45’3b +0.06) 89.16+0.79 (9.50°+0.04) 84.18+1.87 (9,22bC +0.10) 8275+197 (9.14°£0.11) (0.24)
Adult longevity Male  206+0.15 - 1.94 +0.06 2.01+0.08 NS
(days) Female 3.50°+0.13 417° 009 35304013 35304009 033
Fecundity 55.90% +0.59 54.75°+0.72 5144°+057 4148+ 094 2.08
Male (%)° 3763+139 (37.63b + 0.00+0.00 (0.00 + 0.00) 36.65+1.62 (3720b + 4035+ 1.66 (39.38" £ (2.34)
0.87) 1.02) 1.03)
Female (%)d 62644139 (52337+0.87) 100+0.00 (90.00°+0.00) 6335+162 (52.77b + 59.65 + 1.66 (50.58° (243)
1.02) 1.03)
Sex ratio (M to F) 1:1.68 0:1 1:1.73 1:148 -

@P<Mean values followed by same alphabet in a row do not differ significantly at p=0.05

9Figures in parentheses are arc sine transformed values
Figures in parentheses are square root transformed values

10.8 days) with the egg parasitoid or the host insect,
when reared at 25°C (Bueno et al. 2010; Perveen et al.
2012 and Krechemer and Foerster 2015). Female longev-
ity, however, varied with both the parasitoid and the host
species. Female’s longevity of T. pretiosum (4.17 days)
was longer on T. absoluta (present study) than that re-
corded on T. ni (2 days) (Bueno et al. 2010). Female lon-
gevity of T. chilonis on T. absoluta (3.53 days), recorded in
the present study, was shorter than recorded on eggs of S.
cerealella (4.3 days) (Perveen et al. 2012), Corcyra cephalo-
nica (3.76-5.6 days) (Perveen et al. 2012 and Vigneswaran
et al. 2017), and H. armigera (6.7 days) (Puneeth and Vija-
yan 2014). The present study confirmed a longer longevity
for females than males; this finding agrees with Puneeth
and Vijayan (2014) who reported the same phenomenon in
T. chilonis on H. armigera. The fecundity of Trichogramma
spp. under study varied from 41.48 to 55.9 eggs/female.
Eggs reproductively of T. pretiosum (54.75 eggs/female) on
T. absoluta recorded in the present study was almost the
same (59.82 eggs/female) as that previously recorded by
Pratissoli and Parra (2000) for this species on the same
host. The fecundity of T. pretiosum on T. absoluta was,
however, much higher than that recorded for T. ostrinae
on O. nubilalis (22.4 eggs/female) (Hoffmann et al. 1995).
The present study assured a female-biased sex ratio
in all the tested Trichogramma spp. and confirmed
the earlier reports where a female skewed sex ratio
was found in T. pretiosum and T. chilonis on differ-
ent hosts (Bueno et al. 2010 and Krechemer and
Foerster 2015).

Population growth parameters

Survival up to adults’ emergence was highest (87%) for
T. pieridis, followed by T. pretiosum, T. chilonis (82%),
and T. achaeae (73%), which occurred on the 11th day
of the pivotal age in each species (Fig. 1). Thereafter, the
survival rate decreased gradually and all the parasitoids’
adults died on the 15th, 17th, 16th, and 16th day of the
pivotal age in T. achaeae, T. pretiosum, T. chilonis, and
T. pieridis, respectively. As for the age-specific fecundity,
all the Trichogramma species started ovipositing on the
first day after adult’s emergence and continued for the
next 5days (Fig. 2). All the egg parasitoid species
achieved their highest daily fecundity on the 12th day of
the pivotal age, being 13.86, 17.32, 12.70, and 10.78 fe-
male eggs/female for T. achaeae, T. pretiosum, T. chilo-
nis, and T. pieridis, respectively. Population growth
parameters, except true generation time, varied signifi-
cantly among species (GRR: F3, 35 = 253.04, p < 0.001; R,:
F;3 36=905.7, p<0.001; Tc: F3, 36 =291, p=0.048; rc: Fj3,
36 =128.85, p<0.001; rm: F; 35=82.49, p<0.001; T:
Fi36=0.88, p=0462; 1: Fs, 3 =12.24, p < 0.001; DT: F;,
36=55.93, p<0.001; WM: F; 35=10571, p<0.001)
(Table 2). Gross reproductive rate (GRR), net reproduct-
ive rate (R,), innate capacity for natural increase (rc),
true intrinsic rate of increase (rm), finite rate of natural
increase (1), and weekly multiplication rate (WM) were
highest, and doubling time (DT) was lowest for T. pre-
tiosum, followed by T. achaeae, T. chilonis, and T. pieri-
dis, indicating that T. pretiosum had the ability to grow
faster than the rest of species, while foraging against T.
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absoluta eggs in tomato. The higher population growth
of T. pretiosum could be attributed to the fact that the
strain of this species used in the study was a thelytokous
one, where all individuals contribute towards the popu-
lation growth. Among the arrhenotokous species, T.
achaeae had slightly better population growth parame-
ters than T. chilonis, whereas T. pieridis was the poorest
among all. Net reproductive rate (R,) and intrinsic rate
of increase (rm) were maximum (30.61 females/female
and 0.3285 females/female/day) for T. pretiosum,

followed by T. achaeae (20.62 females/female and
0.2390 females/female/day), T. chilonis (18.03 females/fe-
male and 0.2292 females/female/day), and T. pieridis
(14.9 females/female and 0.2228 females/female/day), re-
spectively. Different Trichogramma spp. under study did
not vary significantly with respect to their generation
time (12.14 to 12.61 days). Like other population growth
parameters, the finite rate of increase was highest (1.39
females/day) for T. pretiosum, followed by T. achaeae
(1.29), T. chilonis (1.26), and lastly T. pieridis (1.2). T.
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Fig. 2 Comparison of age-specific fecundity (mx) of Trichogramma spp. on Tuta absoluta
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Table 2 Comparison of population growth parameters of Trichogramma spp. parasitizing Tuta absoluta in tomato

Trichogramma  Population growth parameters (mean + SE)

P GRR Ro Tc rc rm T A DT WM

T. achaeae 3503°+104 2062°+058 1197°+014 02549°+0004 02390°+0004 1261+0.15 129°+002 289°+004 529°+0.17
T. pretiosum 54752+ 160 3061°+£160 1264°+024 03275°+0005 03285%+0005 12.61+023 139°+0007 206°+005 946%+027
T. chilonis 3260°+143 1803°+044 1266°+0.12 02283°+0004 02292°+0004 1260+0.19 126°+0004 302°+004 496°+0.14
T. pieridis 2476°+080 1499+056 1251°P+016 021599+0005 02228°+0008 12.14+037 120°+004 310011 474°+027
CD (p=0.05) 3.63 1.69 0.54 0.0130 0.0160 NS 0.067 0.19 0.63

2b<d\ean values followed by same alphabet in a column do not differ significantly at p=0.05

pretiosum had the capacity to double its population in
(2.06 days) with weekly multiplication rate of (9.46
times). T. achaeae, T. chilonis, and T. pieridis, on the
other hand, required 2.89, 3.02, and 3.10 days to double
their populations with weekly multiplication rates of
5.29-, 4.96-, and 4.76-folds, respectively.

Selection of a quality bio-control agent is crucial for
any successful bio-control program. Quality of a
bio-control agent is generally assessed by its survival
rate, fecundity, generation time, sex ratio, multiplication
rate, etc. Fertility tables summarize the information on
the biological performance of the species taking into
consideration the age-specific survival and fecundity of
the species to determine the net reproductive rate (R,)
and intrinsic rate of natural increase (rm). The intrinsic
rate of natural increase is a measure of the biotic poten-
tial of the species. It integrates the effect of the fertility
factors into a single value. Hence, this parameter can be
used as a single parameter instead of comparing several
life history parameters, e.g., development rate, longevity,
fecundity, and sex ratio (Havelka and Zemek 1999). The
intrinsic rate of increase can be also used to determine
the finite rate of increase (1), which depicts the number
of times the population increases per unit time in a gen-
eration. Population growth parameters such as intrinsic
rate of increase, net reproductive rate, and finite rate of
increase are influenced by nature and quality of the host
(Qiu et al. 2013).

Data of the present study reports that the net repro-
ductive rate, intrinsic rate of increase, finite rate of in-
crease, and weekly multiplication rate were highest, and
generation time and doubling time were the lowest for
T. pretiosum, followed by T. achaeae, T. chilonis, and T.
pieridis, indicating the highest population growth for T.
pretiosum. The reason for the higher population growth
of T. pretiosum could be attributed to the fact that the
strain used of this species in the present study was a the-
lytokous one where all individuals contribute towards
the population growth. Among arrhenotokous species,
T. achaeae had slightly better population growth param-
eters than T. chilonis, whereas, T. pieridis was the poor-
est among all. The gross reproductive rate and net
reproductive rate of different egg parasitoid species,

reported in the present study, falls within the range re-
ported by (Pratissoli et al. 2004a, b and Iranipour et al.
2009) for different Trichogramma spp. on different host
species.

The intrinsic rate of increase, also called as the specific
growth rate, was also the maximum (0.3285 females/fe-
male/day) for T. pretiosum, followed by T. achaeae
(0.2390 females/female/day), T. chilonis (0.2292 females/
female/day), and T. pieridis (0.2228 females/female/day),
respectively. The intrinsic rate of increase of T. pretio-
sum, recorded in the present study, is not so far from
those recorded by Pratissoli and Parra (2000) and Pratis-
soli et al. (2004a) for the same Trichogramma sp. on T.
absoluta and S. cerealella eggs (0.31 and 0.299 females/
female/day, respectively). The generation time for all the
species under study (12.14-12.61 days) agree with the
findings of Pratissoli and Parra (2000) and Pratissoli et
al. (2004a) (13.32 and 11.74 days) for T. pretiosum on T.
absoluta and S. cerealella eggs, respectively. Like other
population growth parameters, finite rate of increase
was also highest 1.39 (females/day) for T. pretiosum,
followed by T. achaeae (1.29), T. chilonis (1.26), and T.
pieridis (1.2). Earlier, Pratissoli and Parra (2000) reported
that T. pretiosum had a finite rate of increase of 1.349 fe-
males/day on T. absoluta eggs, which is very close to
that obtained in the present study. T. pretiosum had the
capacity to double its population in (2.06 days) with
weekly multiplication rate of 9.46 times. T. achaeae, T.
chilonis, and T. peiridis, on the other hand, required
2.89, 3.02, and 3.10 days to double their populations with
weekly multiplication rates of 5.29-, 4.96-, and
4.76-folds, respectively. All these species required a
slightly longer time to double their population than T.
cacoeciae on Cadra cautella (1.26 to 1.28 days) (Ozder
and Kara 2010).

The present study reports significant variations in the
population growth parameters of different Tricho-
gramma species under study. Interspecific variations
about the population growth parameters in Tricho-
gramma spp. have also been reported in earlier studies
(Pratissoli and Parra 2000; Pratissoli et al. 2004a, b;
Ozder and Kara 2010). Population growth parameters
also varied with the host and the net reproductive rate
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(R,), the intrinsic rate of increase (rm), the finite rate of
increase (1), and the mean generation time (T) of 7. pre-
tiosum on S. cerealella eggs at 25°C was 34.05, 0.299,
1.349, and 11.74, respectively (Pratissoli et al. 2004a).
Rearing temperature is another important factor that
can significantly affect the population parameters. Fertil-
ity life table of T. pretiosum and T. acacioi on A. kuhe-
niella showed an inverse relationship between the
generation time (7) and temperature. When temperature
increased from 15 to 35°C, the generation time of T.
pretiosum and T. acacioi decreased from 49.76 to 7.54
and 50.66 to 7.55days, respectively (Pratissoli et al.
2004b). The gross reproductive rate of these species var-
ied from 13.98 to 54.97 and 9.36 to 62.89 with a max-
imum value achieved at 30 and 20 °C, respectively. The
true intrinsic rate and the finite rate of natural increase
of T. pretiosum and T. acacioi increased between 15 and
30°C and 25 and 30°C, respectively (Pratissoli et al.
2004b). Similarly, the doubling time of Trichogramma
cacoeciae on Cadra cautella noted at 25 and 30 °C was
1.28 and 1.26, respectively (Ozder and Kara 2010).
Among different physical factors, the temperature was
reported to have the strongest influence on the bio-
logical characteristics of Trichogramma by Noldus
(1989) and Pratissoli (1995). On the basis of the present
and previous studies, it could be inferred that different
species of Trichogramma vary in population parameters
impacted by rearing temperature and the host insect.

Conclusion

Among the evaluated Trichogramma species, the thely-
tokous strain of 7. pretiosum exhibited better biological
and population growth parameters against 7. absoluta
and can be a potential candidate for inundative releases
against the pest. However, further studies on field evalu-
ation of the parasitoid against the pest are required be-
fore recommending the parasitoid for biological control
of the pest.
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