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The sweetpotatowhitefly,Bemisia tabaci (Genn.) (Hem.: Aleyrodidae), is an important pest of agriculture in subtropical and tropical
areas. In this study, we used the age-stage two-sex life table to evaluate the sublethal effects of the herbal extracts taken from Fumaria
parviflora Lam. (Fumariaceae), Teucrium polium L. (Lamiaceae), Calotropis procera (Willd.) R. Br. (Asclepiadaceae), and Thymus
vulgaris L. (Lamiaceae) as well as the two commercial synthetic insecticides, pymetrozin and neemarin.Thewhiteflies were exposed
to each insecticide using leaf-dip method. Analysis of life table parameters revealed significant differences (𝑃 ≤ 0.05) in the net
reproductive rate (𝑅

0
, NRR), intrinsic rate of increase (𝑟

𝑚
), and finite rate of increase (𝜆) among different insecticides. The lowest

values of the three population parameters, 𝑅
0
, 𝑟, and 𝜆, were observed on whiteflies treated with pymetrozin (2.455, 0.036, and

1.036), T. polium (2.828, 0.044, and 1.045), and neemarin (2.998, 0.046, and 1.047), respectively. Results of this study highlights the
satisfactory insecticidal effects of the extract taken from T. polium on B. tabaci, which is comparable to the two commonly used
synthetic insecticides.

1. Introduction

The sweetpotato whitefly, Bemisia tabaci (Genn.) (Hem.:
Aleyrodidae) is one of themost important pests of agriculture
in subtropical and tropical regions as well as in greenhouse
production systems across the world [1–4]. Both adult and
nymphal stages cause economic damages through a com-
bination of direct feeding on sap phloem [5], excretion of
honeydew, which serves as a substrate for growth of black
sooty molds [6], and transmission of a large number of plant
pathogenic viruses [7–10]. The use of chemical insecticides
has long been considered as the primary strategy for con-
trol of B. tabaci [10, 11]. However, the rapid and frequent
development of resistance against these compounds as well
as the unwanted effects of synthetic pesticides on nontarget
organisms and environment makes them a nonsatisfactory
tool in integrated management programs of B. tabaci. For

several decades, the plant-derived insecticides (botanicals)
have been considered as potential alternatives to synthetic
pesticides due to their safety to human health as well as
their low detrimental effects on nontarget organisms and
environment.

Plants produce a variety of chemicals that are predom-
inantly used to defend themselves against herbivores [12].
Although, a large number of these substances have been
already extracted and identified in different plant species,
the availability of botanical insecticides has been limited
to a few products [13]. Although, in the immediate future
biopesticides may continue to be limited mainly to niche
and specialty markets, there is great potential for long-
term development and application in different areas of pest
management science [14, 15]. A large volume of studies have
been conducted to evaluate the insecticidal properties of
plant-derived substances on some important pests [16–23].
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Traditionally, measurement of the acute toxicity of
pesticides to beneficial arthropods has relied largely on
the determination of an acute median lethal dose or con-
centration. However, the estimated lethal dose during acute
toxicity tests may only be a partial measure of the deleterious
effects. In addition to direct mortality induced by pesticides,
their sublethal effects on arthropod physiology and behavior
must be considered for a complete analysis of their impact
[24, 25]. Therefore, accurate assessment of sublethal effects
is crucial to acquire knowledge on the overall insecticide
efficacy in controlling insect pest populations, as well as on
their selectivity towards nontarget organisms [26]. On the
other hand, it has been shown that the efficacy of insecticide
may be different in relation to the times they are used [27, 28].
Therefore, awareness of pest life tables and plant phenology
are very important as the two consequential aspects in pest
ecology. Because pest susceptibility to control agents alters
between life stages, knowledge on the stage structure of a pest
population is necessary for establishing the most effective
pesticide application schedule [28]. Since, simulations based
on the age-stage, two-sex life table explain the stage structure
of a pest population at each time period, the population
simulations according to this method can be efficiently used
to select the best control strategy based on the stage structure
[28]. In this research, we used the age-stage two-sex life
table model to analyze the life table parameters of B. tabaci,
as a new method to evaluate the sublethal effects of some
botanical and synthetic insecticides.They include the extracts
taken from Fumaria parviflora, Teucrium polium, Calotropis
procera, andThymus Vulgaris as well as the two commercially
available synthetic pesticides, pymetrozin and neemarin.

2. Materials and Methods

2.1. Host Plants. We used cotton plants, Gossypium hirsutum
var. Varamin, as the main host for mass rearing of B. tabaci
and tomato plants, Lycopersicum esculentum var. Bakker
brothers, as host in experiments.The cotton and tomato seeds
were cultured in transplant trays at greenhouse conditions.
Some stand plants were separately transferred in plastic pots
(15 × 15 × 20 cm) which filled with a commercial Sterile
Plant Growth Media, BAGA (Bastare Amade Giah Arganic,
manufactured by Dashte Sabz Atie Co., UTSTP, Iran), while
others were planted in hydroponic pots. All pots were kept in
60 × 50 × 80 cm cages covered by fine cloth mesh. Old pots
were replaced with new one monthly.

2.2. Study Insects. Adult B. tabaci, collected from native
colonies of Rafsanjan cotton fields (Kerman province, South
east of Iran), was released on cotton plants in greenhouse of
College of Agriculture (Vali-e-Asr University of Rafsanjan).
The pupae were analyzed taxonomically and biotype A
specimens were isolated and reared as original experimental
source. The stock colony was reared in controlled conditions
(27 ± 2

∘C, 50 ± 5RH and 16 : 8 h L : D).

Young fully expanded tomato leaves were put in small
plastic pots (10 cm diameter, height: 15 cm) containing dis-
tilled water. The pots were then covered by similar transpar-
ent pots to make a transparent glass cages. Adult whiteflies
were released into the cages through a small pore located at
the upper pot. In order to produce the same age 24 h adults,
the eye-red pupa was checked daily and new born adults were
collected and released into glass cages.

2.3. Pesticides. Commercial formulations of the two com-
monly used insecticides, pymetrozin (Chess 25% WP, Sin-
genata Company), and azadirachtin (Neemarin EC1500),
were used in this study.

2.4. Plant Extract Preparation. Four medicinal plants includ-
ing fumitory, F. parviflora (Fumariaceae), germander, T.
polium (Lamiaceae), swallowwort, C. procera (Asclepi-
adaceae), and thyme, Th. Vulgaris (Lamiaceae) were used
in this study. Herbal parts of plants (leaves and flowers)
were collected from natural habitats in Kerman province,
southeastern Iran, during their flowering stages (May and
June 2010). Plant materials of F. parviflora, T. polium,and
Th. vulgaris were collected from Rafsanjan (30∘2346E,
55∘5625N), while those of C. procera were gathered from
Jiroft (28∘4037E, 57∘4352N). The collected plants were
identified at species level by Dr. M.A. Vakili at the Plant
Taxonomy Department of the Islamic Azad University of
Jiroft. Sampling was carried out from an average number
of 50 plant stalks and three samples were taken from each
individual plant. The plant materials were air dried for 4-
5 days and coarsely powdered using an auto mixer. Twenty
grams of dried materials were placed on filter paper and
steeped in ethanol (90mL) and water (210mL) for 12 hours.
These extractions were prepared according to the Soxhlet
extraction method [29, 30]. Afterwards, rotation was used to
reach an extract amount of one-third.

2.5. Concentration-Mortality Response. The effects of five
concentrations of the six used pesticides on B. tabaci were
assayed using the leaf-dip method. Two-leave tomato plants
were dipped in pesticide dilutions for 5 s [31] and then put
separately in glass cages. After drying the treated leaflets,
fifteen adult B. tabaci were released into each cage. The cages
were maintained under aforementioned controlled condi-
tions. A solution of 3% ethanol/distilled water was used as
control. The total numbers of dead adults were counted after
24 h. Adults were considered died when they were not able
to move properly as a result of stimulation with a soft brush.
This assay was conducted in a completely randomized design
with three replicates being considered for each insecticide.

2.6. Sublethal Effects on Life History Traits. Adult whiteflies
(24 hours old) were released into glass cages containing
tomato stalks and allowed to oviposit for 24 h. After ovipo-
sition, adults were removed from the cages. Fifty eggs were
randomly controlled every 24 h and the egg duration was
recorded. After that all immature stages (nymph and pupa)
growth periods were studied daily. Tomato leaflets were
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dipped in the lethal concentration 25% (LC25) of each
insecticide for 5 s [31]. After air drying, the plants were
transferred to the glass cages. Thirty new emerged adults
were randomly captured from the stock colony and released
into cages. After 24 h, all adults were removed from the
cages and released into new ones. The numbers of eggs laid
by each female were recorded by digital microscope Dino
Capture and Stereomicroscope and continued until the death
of the last female. After adult emergence, the sex ratio of F1
generation was determined based on the method of Gerling
[4].

2.7. Data Analysis. Probit analysis was performed to estimate
the LC50 and LC25 values using Polo-Plus 2.00 software.The
population parameters data were analyzed using SPSS soft-
ware (version 16). One-way analysis of variance (ANOVA)
andDuncan’smultiple range tests were conducted to compare
the effects of different insecticides on life table parameters of
B. tabaci (𝑃 < 0.05). The life table parameters were analyzed
using age-stage two-sex life table and female age-specific life
table methods.

In age-stage two-sex life table, developmental time of
all individuals, including males, females, and those dying
before adult stage, as well as female daily fecundity was
analyzed according to the age-stage, two-sex life table [32,
33]. Processing of raw data analysis was facilitated by a
computer program; TWOSEX-MSChart [34]. No standard
error was calculated for the data which was analyzed by
the TWOSEX-MSChart program [34]. Various life table
parameters including the age-stage specific survival rate (𝑠

𝑥𝑗
,

where 𝑥 = age and 𝑗 = stage), the age-stage specific life
expectancy (𝑒

𝑥𝑗
, where 𝑥 = age and 𝑗 = stage; it gave the

expected time that an individual of age 𝑥 and stage 𝑗will live),
the age-stage specific fecundity (𝑓

𝑥𝑗
), themean fecundity (𝐹),

which explained the contribution of an individual of age 𝑥
and stage 𝑗 to the future population, the age-specific survival
rate (𝑙

𝑥
), the age-specific fecundity (𝑚

𝑥
), and the population

parameters (𝑟, the intrinsic rate of increase; 𝜆, the finite rate
of increase, 𝜆 = 𝑒𝑟; 𝑅

0
, the net reproductive rate; and 𝑇,

the mean generation time) were calculated according to Chi
method [33].

The intrinsic rate of increase was appraised using iterative
bisection method from the following equation using age
indexed from 0 [35]:

∞

∑

𝑥=0

𝑒
−𝑟(𝑥=1)
𝑙
𝑥
𝑚
𝑥
= 1. (1)

The mean generation time was explained as the time
length that a population requires increasing to 𝑅

0
-times of

its size as the firmly fixed age distribution to obtain the stable
increase rate of population. In other words, it means 𝑒𝑟𝑇 = 𝑅

0

or 𝜆𝑇 = 𝑅
0
. The mean generation time (𝑇) and the gross

reproductive rate (GRR) were calculated by equations the
following, respectively:

𝑇 =
𝐿𝑛𝑅
0

𝑟
,

GRR = ∑𝑚
𝑥
.

(2)

Table 1: The LC25 ratio (mg/mL), slop ± SE, lower and upper
95% confidence intervals, and 𝜒2 of some synthetic and botanical
insecticides on B. tabaci.

Insecticides Slop ± SE LC25 Limits 95% 𝜒
2

Pymetrozin 2.236 ± 0.357 0.089 53.99–120.47 1.936
Neemarin 1.073 ± 0.194 0.070 0.023–0.129 0.171
Th. vulgaris 1.991 ± 0.432 69.087 36.78–95.09 4.122
T. polium 2.011 ± 0.366 90.948 50.76–125.97 0.463
F. parviflora 2.936 ± 0.654 314.082 183.35–406.95 3.553
C. procera 2.100 ± 0.498 250.532 130.3 7–338.92 0.762

Chi [33] demonstrated that the relationship among the
mean female fecundity (𝐹) and the net reproductive rate (𝑅

0
)

can be explained as

𝑅
0
= 𝐹(

𝑁
𝑓

𝑁
) , (3)

where 𝑁 is the total number of individuals used at the start
of the life table study and 𝑁

𝑓
is the number of the emerged

female adults from these 𝑁 eggs. This also means 𝑁
𝑓
× 𝐹 =

𝑅
0
× 𝑁. On the other hand, the total number of offspring

produced by all females is equal to the net reproductive rate
multiply the cohort size.This relationship shows the accuracy
in the age-stage, two-sex life table analysis [33].

In the age-specific female life table, the data were calcu-
lated according to Carey method [36]. Jackknife resampling
methods were used to calculate the mean and standard error
of population parameters [37].

3. Results

3.1. Concentration-Mortality Response. Log-probit regression
analyses of concentration-mortality data showed that, 24 h
after exposure of adultB. tabaci to the six studied insecticides,
the LC

25
values for different concentration of pymetrozin

(106, 150, 210, 298, 420, and 593 𝜇g/mL), neemarin, (0.060,
0.135, 0.330, 0.780, and 1.860mg/mL), Th. vulgaris, (44, 58,
76, 100, 132, 173, and 228mg/mL), T. polium (58, 76, 100, 132,
173, 223, 300, and 395mg/mL), F. parviflora (100, 153, 234, 359,
550, and 842mg/mL), and C. procera (200, 283, 400, 566, and
800mg/mL) were 89.95 and 0.070 𝜇g/mL and 69, 90.9, 314,
and 250.5mg/mL, respectively (Table 1).

3.2. Sublethal Effects. The age-stage survival rate (𝑆
𝑥𝑗
)

(Figure 1) shows the probability that a new born pupa will
survive to age 𝑥 and stage 𝑗. In addition to survival, this curve
also illustrates the stages difference, stages overlapping, and
the variable developmental rate between individuals [33, 38].
As the figure shows that all adults emerged on the same day in
all treatments, but the females survived longer than themales
(Figure 1).

The 𝑙
𝑥
curve shows the probability that a newborn pupa

will survive to age 𝑥. Results showed that the survival
duration adult whiteflies (from birth to death) were 36, 36,
35, 33, 30, 33, and 35 days in control, pymetrozin, neemarin,T.
polium, C. procera,Th. Vulgaris, and F. parviflora treatments,
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Figure 1: Effects of some synthetic and botanical insecticides on age-stage specific survival rate (𝑠
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) of B. tabaci.
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respectively. The highest rate of longevity was observed in
control andpymetrozin treatments (36 days), while the lowest
longevity was recorded for C. procera extract (30 days). Our
results also showed that the survival rate of females was 15, 15,
14, 12, 9, 12, and 14 days for control, pymetrozin, neemarin, T.
polium,C. procera,Th.Vulgaris, andF. parviflora, respectively.

The life expectancies (𝑒
𝑥𝑗
) of adult B. tabaci calculated

using the life duration of female and male whiteflies after
the appearance of newborn adults were 4.40, 3.16, 3.21, 3.46,
3.37, 3.52, and 3.83 days for adult females and 3.94, 2.47, 2.75,
2.73, 2.85, 3.07, and 2.65 days for adult males in control,
pymetrozin, neemarin, T. polium, C. procera, Th. Vulgaris,
and F. parviflora treatments, respectively. The lowest life
expectancy of adult femaleswas observed inwhiteflies treated
by pymetrozin, neemarin, and C. procera, respectively.

3.3. Population Parameters. The results of statistical analysis
revealed significant differences in sublethal effects of the
synthetic and botanical insecticides on the net reproductive
rate (𝐹 = 8.271; df = 6, 37; 𝑃 < 0.001), the intrinsic
rate of increase (𝐹 = 8.619; df = 6, 37; 𝑃 < 0.001), and
the finite rate of increase (𝐹 = 8.688; df = 6, 37; 𝑃 <
0.001).The average values for 𝑅

0
, 𝜆, 𝑟, and 𝑇 parameters have

been shown in Table 2. The highest and the lowest values
of gross reproductive rate were observed in control (39.61)
and C. procera (17.16), respectively. The lowest value of net
reproductive rate was detected in pymetrozin (2.45), while
the whiteflies in control showed the highest net reproductive
rate.Thehighest amount of intrinsic rate of increase and finite
rate of increase was observed in the control (0.076 and 1.079,
resp.), while the lowest values were recorded for whiteflies
treated by pymetrozin (0.036 and 1.036, resp.). The lowest
value of mean generation time was recorded in whiteflies
treated by pymetrozin (25.28) and C. procera (25.43). while
the longest generation time was observed in those treated by
T. polium (30.76) (Table 2).

The net reproductive rate (𝑅
0
) and the mean female

fecundity (𝐹) of control, pymetrozin, neemarin, T. polium, C.
procera, Th. Vulgaris, and F. parviflora were 7.32, 2.45, 2.99,
2.82, 3.18, 3.67, and 4.91 offspring and 14.15, 5.38, 5.97, 5.58,
6.68, 6.45, and 9.07 egg/adults, respectively.

3.4. Comparison of Age-Stage Two-Sex Life Table and the
Female Age-Specific Life Table. To make a comparison
between the efficiency of two commonly used models, the
population parameters of whiteflies treated by all insecti-
cides were simultaneously calculated using both age-specific
female life table and age-stage two-sex life table (Table 3).
Statistical analyses revealed no significant difference among
parameters calculated by these models.

4. Discussion

In the present study, we conducted some bioassays to assess
the sublethal effects of pymetrozin and neemarin as well as
the extracts taken from F. parviflora, T. polium, C. procera,
and Th. vulgaris on demographical parameters of B. tabaci.
Meanwhile, we compared the age-stage two-sex life table and

the female age-specific life table to clarify the differences
between the two methods. The life-table studies under dif-
ferent environmental conditions and on different host plants
have been proposed to be a relatively time-consuming pro-
cess; thus the use of life tables in pest management programs
seems not to be appropriate. However, the life table studies
provide us with some basic knowledge about the biological
properties of studied pests, without them development of an
appropriate control strategy is impractical [38].

The traditional age-specific life tables [39–41] concentrate
only on the survival and the fecundity of the female popula-
tion, thus ignoring themale population, the stage differences,
and stage overlapping leading to a miscalculation in the
survival and fecundity curves [33, 42]. To overcome these
problems, the age-stage two-sex life table has been developed
by Chi and Liu [32] and Chi [33]. The age-stage two-sex life
table has been widely used to study the population dynamics
of insect [38, 43–45]. As far as we know, this study is the first
one that uses the life table parameters as a suitable index for
evaluation of sublethal effects of insecticides on B. tabaci.

Our results showed that the female whiteflies survived
longer than the males and the lowest survival rate of females
was observed in T. Polium followed by neemarin. In the usual
condition without application of pesticides, female whiteflies
have been shown to survive longer than the males [43].

In our study, the overlapping in curves of 𝑆
𝑥𝑗
shows the

potential of the age-stage two-sex life table in displaying the
stage dissociation of B. tabaci due to variable developmental
rate between individuals. Similarly, stage differentiation can
be perceived in curves of 𝑒

𝑥𝑗
. In addition to stage overlapping,

a correct relationship between 𝑅
0
and 𝐹 can be received.

In our research, the total number of offspring produced by
all females was nearly equal to the net reproductive rate
multiplied by the cohort size and the minor difference was
attributed to rounding-off. This equality shows the accuracy
of the age-stage two-sex life table analysis. These results in all
treatments were consistent with the relationship obtained by
Chi [33], and Yang and Chi [43].

According to our results, the survival of a population
can be predicted at each condition. Our results are in line
with those of Chi and Su [42], Yang and Chi [43], and
Hu et al. [38] who showed the variable developmental rate
and overlapping among different stages using age-stage two-
sex life table. Results of our current study clearly showed
that the susceptibility to pesticides and botanical compounds
varied significantly among different developmental stages of
B. tabaci. These findings are in accordance with those results
of Liu and Stansly [46] on B. argentifolii.

Yang and Chi [43] proved that 𝑅
0
≤ 𝐹 meaning that the

net reproductive rate is lower than themean female fecundity.
If there was preadult mortality, 𝑅

0
is expected to be lower

than 𝐹, a condition that was shown by our results as well.
In contrast to our results, Liu and Stansly [47] reported that
the net reproductive rate was higher than the mean fecundity
(i.e., 𝑅

0
> 𝐹).This repugnance may be related to the methods

they used for calculation of 𝑅
0
and 𝐹.

The results of comparison between the age-stage two-sex
life table and the traditional age specific life table indicated
that consideration ofmalewhiteflies in calculation of life table
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Table 3: Results of t-test analyses showing differences between the age-specific female life table and the age-stage two-sex life table in
estimation of life table parameters of B. tabaci.

Treatments
The intrinsic rate of increase

(r)
The finite rate of increase

(𝜆)
The net reproductive rate

(𝑅
0
)

The mean generation time
(T)

𝑃 𝑡 𝑃 𝑡 𝑃 𝑡 𝑃 𝑡

Control 0.661 0.449 0.655 0.457 0.492 0.707 0.774 0.293
Pymetrozin 0.670 0.434 0.633 0.486 0.048 2.126 0.317 1.040
Neemarin 0.773 −0.293 0.807 −0.249 0.353 −0.958 0.798 0.262
T. polium 0.679 0.425 0.266 1.162 0.011 3.019 0.905 0.122
C. procera 0.556 −0.602 0.590 −0.550 0.016 −2.700 0.919 0.103
Th. vulgaris 0.643 0.475 0.604 0.533 0.008 3.183 0.491 0.710
F. parviflora 0.526 0.652 0.499 0.696 0.124 1.644 0.936 0.082

indices and variable developmental rates had little effects on
population parameters of B. tabaci. The suitability of age
stage two-sex life table for calculation of population param-
eters has been also approved by several previous studies
[44].

In recent decades, with the increasing knowledge on
detrimental effects of chemical pesticides onhuman, environ-
ment, and nontarget organisms (e.g., development of resis-
tance by key pests, environmental pollution, human health
dangers, and pest resurgence), the use of environmentally
friendly compounds with the least side effects on non-
target organisms and environment have received relatively
great attention. Among these compounds, the plant-derived
insecticides have been traditionally considered as efficient
candidate alternative to synthetic insecticides [15, 48]. A large
numbers of studies have clarified that the extracts taken from
the four plant species, T. polium, F. parviflora, Th. Vulgaris,
and C. procera, have insecticidal properties [16–22, 49]. Our
current study, however, showed that in addition to the direct
mortality caused by these compounds they may also impose
some sublethal effects on target pests. These effects included
decreased growth, fecundity, and survival rate, increased
development time, and probably increased susceptibility to
natural enemies. In our study, the lowest values of 𝑟

𝑚
were

observed in whiteflies treated by pymetrozin, T. polium,
and C. procera. Therefore, the two mentioned botanical
insecticides seem to be suitable for integrated management
programs of B. tabaci. Altogether, results of the current study
showed that some biological characteristics of the cotton
whiteflies are affected at sublethal concentrations of the
studied insecticides. These effects are easily distinguishable
using the age stage two-sex life table method used in this
study.However, before decisionmaking for establishment of a
control strategy using these insecticides, their effects on non-
target organisms, especially natural enemies, should be also
evaluated.
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