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Abstract

Background: The greenhouse whitefly, Trialeurodes vaporariorum (Westwood) (Hemiptera: Aleyrodidae), is a
cosmopolitan, polyphagous and a serious pest of vegetables and ornamentals in greenhouse. Encarsia formosa
Gahan (Hymenoptera: Aphelinidae) is an important primary endoparasitoid species of the greenhouse whitefly.

Results: In the present study, per cent parasitisation attained 50% on the 4th instar and 46% on the third 3rd instar
of T. vaporariorum by E. formosa. The mean duration period of the parasitoid from egg to host mummification,
mummification to adult emergence (pupal period) was 11 and 7.8 days on 3rd instar and 8.5 and 7.6 days on 4th
instar, respectively. The total time period from egg to adult emergence reached 18.8 days on 3rd instar and 16.2
days on 4th instar. Longevity of the female parasitoids was 8.3 and 8.8 days on 3rd and 4th instars, respectively. The
pre-ovipositional, ovipositional and post-ovipositional periods of the parasitoid were 1.2, 6.4 and 1.0 days on 3rd
instar and 1.2, 6.7 and 1.0 days on 4th instar, respectively. The finite rate of natural increase (λ), doubling time and
weekly multiplication rate of the 3rd instar was 1.16±0.002 times per day, 4.71±0.04 days and 2.80±0.03 folds,
respectively and 1.17±0.002 times per day, 4.34±0.04 days and 3.06±0.03 folds for the 4th instar.

Conclusions: Studies indicated that the 4th nymphal instar of the host was more suitable for parasitisation with E.
formosa. The parasitoid species could be mass multiplied and utilised as a component of integrated pest
management programme of T. vaporariorum after evaluation under field conditions.
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Background
The greenhouse whitefly, Trialeurodes vaporariorum
Westwood (Hemiptera: Aleyrodidae), a cosmopolitan pol-
yphagous species is found in greenhouses as a serious pest
of vegetables and ornamentals (Singh and Sood 2018).
Under protected environment, greenhouse whitefly can
complete 13 generations in a year. In addition, it transmits
many viral pathogens and produces honeydew for sooty
moulds to grow and reduced crop yield (Kos et al. 2009).
It is also a vector of the broad mite, Polyphagotarsonemus

latus Banks, another serious pest of several greenhouse
crops (Palevsky et al. 2001). In India, the pest was
recorded for the first time in Nilgiri hills of Tamil Nadu
on potato (David 1971) and subsequently, it has been
reported to infest 102 host plants belonging to 36 plant
families (Sood and David 2012). In Himachal Pradesh,
Sood and Sood (2002) recorded this whitefly on 44 plant
species which comprised of ornamentals (29 species),
vegetable crops (6 species), field crops (2 species), medi-
cinal plants (3 species) and weed hosts (4 species).
For the control of T. vaporariorum, farmers mainly

use synthetic insecticides which result in problems of
insecticide resistance, pest resurgence, secondary pest
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outbreak, pesticide residues and negative impact on
environment and non-target organisms (Singh 2017).
One of the most popular and important biological
control agents for the control of the greenhouse whitefly
in protected cultivation is the parasitic wasp, Encarsia
formosa Gahan (Hymenoptera: Aphelinidae). The para-
sitic wasp has been used for many years for biological
control of T. vaporariorum and it is one of the most
successful biological agents in greenhouse crops around
the world. E. formosa is uniparental, its females are
primary endoparasitoids of the greenhouse whitefly
(Hoddle et al. 1998a). The parasitoid females oviposit in
all immature stages of T. vaporariorum, except the egg
and mobile first instar, but the 3rd and 4th nymphal in-
stars are the most suitable stages for parasitisation.
Emergence of the parasitoid is highest from these stages
(Soto et al. 2001). Encarsia feeds on honeydew and on
the body fluid of 1st and 2nd instar of the whitefly
(Boisclair et al. 1990). Singh and Sood (2018) reported
93.6% parasitisation of T. vaporariorum by E. formosa in
Kangra district of Himachal Pradesh. Although the
occurrence of E. formosa has been reported in India, its
biocontrol potential has not been studied so far. There-
fore, the work aimed to study the biology and population
growth parameters of E. formosa when parasitising
nymphs of T. vaporariorum.

Methods
Rearing of T. vaporariorum
The stock culture of the greenhouse whitefly was main-
tained in the biocontrol laboratory by collecting infested
leaves of French bean in the field at Entomology
Research Farm of Dr. YS Parmar University of Horticul-
ture and Forestry, Nauni, Solan (HP) India (30.85°; 77.16°
E). Adults of whitefly were released on potted French bean
plants in insect rearing cages (45×45×45cm). The newly
emerged adults were shifted to insect rearing cages and
were provided by French bean plants for oviposition. After
2 days of exposure, the plants with eggs of T. vaporar-
iorum were shifted to another cage and observed for egg
hatching. The young emerged nymphs were used for
further rearing on French bean plants. The greenhouse
whitefly was reared and multiplied for 2 generations
before utilising for experiments.

Rearing of the parasitoid, E. formosa
Initial culture of the E. formosa was procured from the
Department of Entomology at CSK Himachal Pradesh
Krishi Vishvavidyalaya, Palampur (HP) India. A pure
culture of E. formosa was maintained on the nymphs of
greenhouse whitefly on French bean plants grown in the
experimental farms and polyhouses of the Department
of Entomology, Dr YS Parmar University of Horticulture
and Forestry, Nauni, Solan. The emerged adults of E.

formosa were carefully transferred to glass tubes and
provided with a fine streak of honey solution as food.
Then the T. vaporariorum nymphal colonies were of-
fered to parasitoids for multiplication. After 24 h, new
batches of nymphs were provided to the parasitoid and
process was repeated till all the parasitoids died. The
food of the parasitoid was changed daily. The parasitoid
was reared and multiplied for one generation before
using in the experiments.

Relative preference of E. formosa to different nymphal
instars of T. vaporariorum
The newly emerged adults of E. formosa were offered with
each nymphal instar of T. vaporariorum simultaneously.
In the experiment, each female of E. formosa was provided
by 10 individuals of 1st, 2nd, 3rd and 4th nymphal instars
of T. vaporariorum separately on a French bean leaves
simultaneously in a clip cage. Each treatment was
replicated 5 times. After 24 h, the parasitised nymphs were
removed and each instar was placed separately and
observed daily for emergence of adults. Data collected
were converted to percent parasitism for different instars.

Developmental time
Biology of E. formosa was studied on 3rd and 4th instar
nymphs of the greenhouse whitefly. Ten nymphs of 3rd
or 4th of the whitefly infesting French bean leaves were
exposed to a single female parasitoid held in a clip cage.
Clip cages with parasitoids were removed after 24 h and
observed under a microscope to segregate the parasitised
nymphs from the host-fed and healthy ones. The
shrinked and mutilated nymphs were considered as
host-fed and remaining ones as healthy. Data on the
duration of egg to mummification, mummification to
adult emergence, adult longevity, fecundity and sex ratio
were recorded.

Parasitism and population growth parameters of E. formosa
Population growth parameters of E. formosa were studied
on 3rd and 4th nymphal instars of T. vaporariorum by
constructing fertility life tables separately. For this pur-
pose, 10 nymphs of each instar were exposed to a colony
of E. formosa for parasitism for 24 h. Each set was repli-
cated 10 times. After 24 h, the parasitised nymphs were
used for further rearing of the parasitoid. Adults emerged
from these parasitised nymphs were offered 10 host
nymphs for parasitism and fed for 24 h. After 24 h, the
old batch of nymphs was replaced by a new one and the
process continued until all the parasitoids died.
Data on age-specific survival, fecundity (parasitised

nymphs) and daily host feeding were recorded. Total
host killing was calculated by adding the number of
hosts parasitised and the number of hosts fed. Popula-
tion growth parameters of the parasitoid were calculated
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by constructing fertility tables as per formulae given by
Birch (1948), elaborated by Howe (1953) and Carey
(1993) by using various variables: such as age of individ-
uals in days (pivotal age, X), lx proportion of individuals
still alive at age X (survival value, lx), number of female
off-springs produced (calculated on the basis of sex ra-
tio) per female in the age interval X (fecundity rate, mx).
Using abovementioned variables, different population
growth parameters were evaluated to find out the antici-
pated rate of multiplication of the parasitoid after each
generation and suitable host stage for parasitisation.
The theoretically population growth parameters were

calculated using the following equations:

(1) Gross reproductive rate (GRR): It is the total
number of female eggs laid per female and
calculated as:

GRR ¼ Σmx

(2) Net reproductive rate (Ro): It is the rate of
multiplication of the population in each generation
and measured in terms of females produced per
generation. It was calculated as:

R0 ¼ Σlxmx

(3) Approximate generation time (Tc): It is the mean
length of the generation (birth to weighed mean
reproductive age of adult) and was calculated by the
formula:

Tc ¼ Σxlxmx

(4) Innate capacity for natural increase (rc): It is the
capacity of a species to increase in number (the
reproductive rate) and calculated by the formula:

rc ¼ logeRo=Tc

(5) True intrinsic rate of increase (rm): It is the actual
rate of increase of a population under specified
environmental conditions in which space and food
are unlimited. It was calculated by solving the
equation,

X
e−rmxlxmx ¼ 1 by iteration method using Excel program:

(6) True generation time (T): It is the mean period
elapsing from the birth of parents to the birth of
off-springs. It was calculated by the formula:

T ¼ logeRo=rm

(7) Finite rate of natural increase (λ): It is the number
of times the population increases per unit time. The
value was calculated by the formula:

λ ¼ antilogerm

(8) Doubling time (DT): It is the time taken by a
species to double its population and was calculated
by the formula:

DT ¼ loge2=rm

(9) Weekly multiplication rate (WM): It is the number
of times the population multiplies in a week and
was calculated by the formula:

WM ¼ e7rm

Data analysis
Data was analysed by using one way analysis of variance
(ANOVA) with a completely randomised design after
appropriate transformation through the online OP-STAT
software (Sheoran et al. 1998). The means that differed
significantly were separated by least significant difference
(LSD) at p= 0.05. Data on the percentage of parasitism,
host feeding and host killing were subjected to normality
test before ANOVA. The value of K-S test statistic
(D) ≤ 0.25385 and p ≥ 0.127 indicate that the data is
normally distributed.

Results
Relative preference of E. formosa to different nymphal
stages of T. vaporariorum
The relative preference of E. formosa to different (first,
second, third and fourth) nymphal stages of T. vaporar-
iorum was determined by offering 10 nymphs of each in-
star on French bean leaves for 24 h in 5 replications.
Encarsia sp. is koinobiont in nature, so the development
of the whitefly nymphs continued after parasitism. The
parasitoid showed 2 pest-killing behaviours, viz. parasit-
ism and host feeding. Host feeding and parasitism by the
parasitoid was observed in all the 4 nymphal instars of
the whitefly, and parasitisation was not noticed in hosts
used for feeding. Significant differences were recorded in
the parasitism (F= 39.64; df=3, 16; p< 0.001), host-
feeding (F=31.04; df= 3, 16; p< 0.001) and total host kill-
ing (F= 16.47; df= 3, 16; p< 0.001) rates of E. formosa to
different nymphal instars of T. vaporariorum. Percent
parasitisation recorded on 4th instar (50%) and (46%) on
3rd instar of T. vaporariorum by E. formosa was statisti-
cally at par with each other. The parasitoid, E. formosa,
parasitised 16% nymphs of the 2nd instar which differed
statistically than the 1st nymphal instar (6%) of T. vapor-
ariorum. On an average, 28% host feeding was recorded
on the 1st instar, followed by 2nd (12%) and 3rd instars
(4%), whereas there was 2% host killed in 4th instar. The
parasitoid preferred younger nymphs for host feeding
and older ones for parasitism. After pooling, the total
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host killing (parasitisation and host feeding) by the para-
sitoid was 52% of 4th nymphal instars were statistically
at par with 3rd instar (50%) nymphs. The parasitoid
killed 34 and 28% of the 1st and 2nd nymphal instars of
the greenhouse whitefly, respectively. The relative pro-
portion of parasitism and host feeding by the parasitoid
was 0.17 and 0.83 on 1st instar, 0.57 and 0.43 on 2nd
instar, 0.91 and 0.06 on 3rd instar and 0.97 and 0.03 on
4th instar, respectively (Table 1).

Developmental time
Third instar of T. vaporariorum
The mean duration of the parasitoid from egg to host
mummification was 11 days, whilst from mummification
to adult emergence (pupal period) was 7.8 days (Table 2).
The total period from egg to adult emergence was 18.8
days. The longevity of the female parasitoids was 8.3 days.
The pre-ovipositional, ovipositional and post-ovipositional
periods of the parasitoid attained 1.2, 6.4 and 1.0 days,
respectively.

Fourth instar of T .vaporariorum
The mean duration from egg to host mummification
was 8.5 days. The pupal development from mummifica-
tion to adult emergence was completed in 7.6 days. The
total duration from egg to adult emergence was 16.2
days (Table 2). The female longevity was 8.8 days, which
comprised of pre-ovipositional, ovipositional and
post-ovipositional periods of 1.2, 6.7 and 1.0 days,
respectively.

Parasitism and population growth parameter
The population growth parameters of E. formosa on T.
vaporariorum were determined by raising fertility tables
(Figs. 1 and 2). The data on age-specific survival and fe-
cundity of the parasitoid were accumulated to develop
the fertility tables and to determine the population
growth parameters.

Third instar of T. vaporariorum
E. formosa showed 87% survival until adult emergence
after parasitisation on the 3rd instar nymphs of T. vapor-
ariorum at the pivotal age of 18 days. The adult mortality

started on the 6th day of oviposition. Thereafter, a gradual
decrease in the survival rate of the parasitoid was observed
and on 30th day of the pivotal age, all the parasitoids died.
The parasitoid started laying eggs at the pivotal age of 19
days and on an average 1 female egg/female was laid on
that day (Fig. 1). The age-specific fecundity increased
gradually and was maximum (5.79 female/female) on
22nd day of the pivotal age, which thereafter declined and
was minimum (0.11 female/female) on the 28th day of the
pivotal age. Population growth parameters obtained from
the data on the age-specific survival and fecundity, pre-
sented in Table 3 showed that the gross reproductive rate
(GRR) and net reproductive rate (R0) was 27.78±0.33 and
26.71±0.56 females/female, respectively. The approximate
generation time (Tc) and the true generation time (T)
were 22.53±0.26 and 22.32±0.25 days, respectively. The
parasitoid had innate capacity for natural increase (rc) of
0.1458±0.001 and true intrinsic rate of increase (rm) was
0.1472±0.001 females/female/day. The finite rate of nat-
ural increase (λ) was estimated as 1.16±0.002 times per
day. The parasitoid had the capacity to double its popula-
tion in 4.71±0.04 days with a weekly multiplication rate of
2.80±0.03 folds.

Fourth instar of T. vaporariorum
The parasitoid, E. formosa when reared on the 4th instar
of T. vaporariorum, showed 88% survival up to adult
emergence, at the pivotal age of 16 days (Fig. 2). Further
mortality started on the 6th day of oviposition. There-
after, a gradual decrease in the survival rate of the para-
sitoid was observed and on 29th day of the pivotal age,
all the parasitoids died. The parasitoid started laying
eggs at the pivotal age of 17 days and on an average 0.13
female eggs/female was laid on that day. The age-
specific fecundity increased gradually and was maximum
(6.59 female/female) on 21st day of the pivotal age,
which thereafter decreased to the minimum (0.4 female/
female) on the 26th day of the pivotal age. Population
growth parameters obtained from the data on the age-
specific survival and fecundity of parasitoids showed that
the gross reproductive rate (GRR) and net reproductive
rate (R0) was 29.93±0.43 and 27.15±0.57 female pro-
geny/female, respectively. The approximate generation

Table 1 Relative preference by E. formosa to different nymphal instars of T. vaporariorum

Instar Parasitism
(%)

Host
feeding (%)

Total host
killing (%)

Relative proportion

Parasitism Host feeding

I 6.00±2.45a 28.00±20a 34.00±2.45a 0.17±0.07 0.83±0.07

II 16.00±2.45a 12.00±20b 28.00±2.00a 0.57±0.07 0.43±0.07

III 46.00±5.10b 4.00±2.45bc 50.00±3.16b 0.91±0.06 0.09±0.06

IV 50.00±3.16c 2.00±2.00cd 52.00±3.74c 0.97±0.03 0.03±0.03

CD (p=0.05) (9.14) (9.37) (5.22)

Means within a column followed by same alphabet are not significantly different at p≤ 0.05 (LSD test)
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time (Tc) and the true generation time (T) were 20.89±
0.28 and 20.69±0.27 days, respectively (Table 3). The
parasitoid had innated capacity for natural increase (rc)
of 0.1581±0.002 and true intrinsic rate of increase (rm)
was 0.1596±0.002 females/female/day. The finite rate of
natural increase (λ) was estimated as 1.17±0.002 times
per day. The parasitoid had the capacity to double its
population in 4.34±0.04 days with a weekly multiplica-
tion rate of 3.06±0.03 folds.

Discussion
In the present study, the developmental period and lon-
gevity of the parasitoid on 3rd and 4th nymphal instars
varied from 18.8 to 16.2 days and 8.3 to 8.8 days, re-
spectively. The pre-ovipositional period on both
nymphal instars was equal 1-2 days, whilst ovipositional
period was longer (6.7, days; range, 5-8 days) on 4th in-
star than on 3rd instar (6.4 days; 4-7 days). These results
suggest that the 4th instar was more suitable than the
3rd one for the growth and development of E. formosa.
The present studies find support with the findings of

Grille et al. (2012) who observed that the developmental
time of the Uruguayan parasitoid strain was 16.6 days
when it parasitised the 4th instar of whitefly on tobacco
plants. Similar to present findings, Donnell and Hunter
(2002) reported developmental time faster and higher
adult emergence rate in E. formosa on the 4th instar
than on the 1st instar of whiteflies. Similarly the devel-
opmental period of E. formosa from egg to adult emer-
gence attained 11.9 to 15 days at 27 °C on tomato
(Stenseth 1971) and bean plants (Donnell and Hunter
2002). In host-parasite relation, the growth and develop-
ment of parasitoid at the time of parasitisation was
affected by the age of the host (Hu and Vinson 2000).
Similarly He et al. (2019) reported that age-stage life
table analysis indicated that E. formosa developmental
duration was shorter, fecundity was higher and longevity
was greater on B. tabaci B than on Q. In the present
findings, the longevity of female parasitoids was 8.8 days
when parasitised 4th instar and 8.3 days on the 3rd in-
star. This is may be due to the adult parasitoid before
parasitising the 4th instar nymphs had fed on the

Table 2 Biological parameters of E. formosa on third and fourth instars of T. vaporariorum

Parameter Third instar Fourth instar

Estimate ± SE Range (days) Estimate ± SE Range (days)

Oviposition to mummification period (days) 11±0.15 10-12 8.5±0.17 8-9

Mummification to adult emergence period (days) 7.8±0.18 7-9 7.6±0.16 7-9

Total developmental period (days) 18.8±0.2 18-20 16.2±0.20 15-18

Adult longevity (days) 8.3±0.15 5-10 8.8±0.19 6-10

Pre-oviposition period (days) 1.2±0.07 1-2 1.2±0.07 1-2

Oviposition period (days) 6.4±0.12 4-7 6.7±0.09 5-8

Post-oviposition period (days) 1.0±0.0 1 1.0±0.0 1

Fig. 1 Age-specific survival (lx) of E. formosa on third and fourth nymphal instars of T. vaporariorum
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appropriate nymphal instar of whitefly. E. formosa fe-
males are synovigenic in nature and need hosts for feed-
ing to mature their eggs; hence, it acts as a predator as
well as through oosorption; it prolonged its longevity
which resulted longer life of adult parasitoid (Van Key-
meulen and Degheele 1997). In the present findings, net
reproductive rate was 27.78 females/females in the case
of 3rd instar and 29.93 in case of the 4th instar which
was higher at elder nymphal instars. The weekly multi-
plication rate was 2.80±0.03 days and 3.06±0.03 folds
on 3rd and 4th nymphal instars of whitefly, respect-
ively. In the present study, the egg laying of parasitoid
was reduced in the latter half of its lifetime. Also, it in-
dicated that the 4th nymphal instars of the whitefly
was the most suitable for the growth and development
of E. formosa. Population growth rate is a more reliable
indicator of a population’s ability to exploit its envir-
onment by increasing in number, compared to individ-
ual life history traits. Construction of life tables and
calculation of intrinsic rates of increase and some
other demographic parameters were widely used for

studying the effects of different factors on arthropod
population growth. This approach has been used in
several hosts (Gholamzadeh et al. 2012). The fecundity
and longevity can be affected by the host on which the
wasp was reared. E. formosa reared on a large whitefly
such as Aleyroda prolotella had significantly more
ovarioles than those reared on smaller hosts such as T.
vaporariorumm (Szabo et al. 1993). Gamarra et al.
(2020) reported that the maximum number of eggs
and female offspring was produced at 20 °C, but
shifted towards 25 °C under fluctuating temperatures,
with maximum population growth at around 24 °C
with a finite rate of increase, λ, of 1.137 and a popula-
tion doubling time of 5 days. The present study was
almost similar to the study of Hoddle et al. (1998a)
who reported that E. formosa reared on T. vaporar-
iorum oviposit 5 eggs per day. Encarsia species has a
low parasitism rate at emergence, which increases
gradually to the maximum level, maintained for some
time and then decreases during the last phase of adult
life (Qiu et al. 2004).

Fig. 2 Age-specific fecundity (mx) of E. formosa on third and fourth nymphal instars of T. vaporariorum

Table 3 Population growth parameters of E. formosa parasitising fourth nymphal instars of T. vaporariorum

S.
No.

Parameter Estimate±SE

Third instar Fourth instar

1. Gross reproductive rate (GRR) (females/female) 27.78±0.33 29.93±0.43

2. Net reproductive rate (R0) (females/female) 26.71±0.56 27.15±0.57

3. Approximate generation time (Tc) (days) 22.53±0.26 20.89±0.28

4. Innate capacity for natural increase (rc) (females/female/day) 0.1458±0.001 0.1581±0.002

5. True intrinsic rate of increase (rm) (females/female/day) 0.1472±0.001 0.1596±0.002

6. True generation time (T) (days) 22.32±0.25 20.69±0.27

7. Finite rate of natural increase (λ) (females/day) 1.16±0.002 1.17±0.002

8. Weekly multiplication rate (WM) (folds) 2.80±0.03 3.06±0.03

9. Doubling time (DT) (days) 4.71±0.04 4.34±0.04
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Conclusion
In the present study, relative preference, biology, popula-
tion growth parameters and longevity of the parasitoid,
E. formosa parasitising the greenhouse, T. vaporariorum
were studied. All the demographic parameters of E.
formosa were better on 4th nymphal instar of T. vapor-
ariorum. Hence, the parasitoid can be utilised in the
integrated pest management programme of the green-
house whitefly.
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