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Population dynamics of whitefly, Bemisia tabaci Gennadius in tomato and its 
management using novel insecticides under polyhouse condition
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ABSTRACT: The present study was conducted to assess the effect of environmental factors on population build up 
of whitefly, Bemisia tabaci and management using novel insecticides under polyhouse conditions.The investigation was 
carried out at Hi-Tech Horticulture of Dr. Rajendra Prasad Central Agricultural University, Pusa (Samastipur), Bihar during 
rabi season of 2019-20. The whitefly population was highest in 46th SMW and was positively correlated with maximum 
temperature and the coefficient of determination (R2 ) was worked out as 40%. Among  insecticides, chlorantraniliprole + 
thiamethoxam @ 150 g a.i. ha-1gave the maximum per cent reduction over control in all the three sprays.
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.

Keywords: Diaphania indica, artificial diet, reproductive potential, mass production

INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
(12
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INTRODUCTION

Tomato, Solanum lycopersicum L. (Solanaceae) is one 
among the most popular vegetable crops grown in India. 
The protected cultivation is the most intensive method of 
crop production to provide protection to the plants from 
adverse environmental conditions while, it provides 
favourable microclimatic condition for growth and 
development of insect pests which hampers successful 
propagation of crops under polyhouse condition. In 
tropical and sub-tropical regions, whitefly causes a 
huge economic damage (Block, 1982). In tomato it 
affects the seedling, vegetative and flowering stage. The 
damage caused by whitefly can cause qualitative and 
quantitative losses to the tomato production. Different 
methodologies are recommended for the management 
of these pests. Among them the most popular one is 
the chemical management due to their quick results 
and high efficiency. Several chemicals belonging to 
organochlorines, carbamates and organophosphates have 
been used to manage the insect pests in tomato but they 
leave toxic residues on the fruit and also continuous 
application of these chemicals leads eventually the 
development of resistance and resurgence of insect pests. 
Hence, presently farmers have switched on to the use of 
novel insecticides with lesser doses of few grams per 
hectare for the effective management of the pests. The 
present study has been conducted because of the scarcity 
of data on the population dynamics of whitefly and its 
management using newer insecticides under poyhouse in 
Bihar conditions.

MATERIALS AND METHODS

The investigation was carried out at Hi-Tech 
Horticulture of Dr. Rajendra Prasad Central Agricultural 

University, Pusa (Samastipur), Bihar during rabi season 
of 2019-20.  Randomized Block Design (RBD) was 
employed for the purpose of the experiment. There were 
eight treatments, each having three replications. Tomato 
variety, Hem shikhar was used and was sown on with a 
spacing of 100 x 50 cm by adopting standard agronomic 
practices without plant protection measures. 

For the population dynamics experiment, five plants 
of tomato were chosen randomly and kept free from 
insecticidal application. The population of whiteflies 
(nymphs and adults) was recorded from 3 leaves i.e., 
one each from the upper, middle and lower position. 
The population was recorded during morning hours 
6.30AM to 8.30AM in each plot using a hand lens of 
10x magnification. Major abiotic factors, viz., maximum 
and minimum temperature (ºC) and relative humidity 
(%) were also recorded during the crop period. The data 
was utilized to work out simple correlation co-efficient 
between insect pest population and various abiotic 
factors and was statistically analysed. Simultaneously, 
weather parameters were also recorded during the entire 
experimental period.

In the management study, seven novel insecticides 
viz., chlorantraniliprole + thiamethoxam (T1)@ 150 
g a.i. ha-1novaluron + indoxacarb (T2)@ 80 g a.i. ha-1, 
chlorantraniliprole (T3) @30 g a.i. ha-1, spinosad 
(T4)@ 80 g a.i. ha-1, novaluron (T5) @ 75 g a.i ha-1, 
thiamethoxam(T6) @ 50 g a.i. ha-1, indoxacarb (T7) @ 75 
g a.i. ha-1 were evaluated for their field efficacy against 
the whitefly. There was also an untreated control. These 
eight treatments were replicated thrice. All the treatments 
were applied thrice at 15 days interval. 
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Benefit cost ratio was calculated to understand the 
economics of insecticidal management of whitefly. After 
picking plot wise total weight of fruits was noted. Gross 
benefit was computed for every treatment after removing 
cost of insecticides and cost of labour. Extra profit by 
use of insecticides for each treatment was computed 
by subtracting value realized in control treatment from 
gross benefit. The per cent increase over control was also 
computed based on extra profit divided by value realized 
in control and multiplied in hundred. The additional 
income obtained over control plot was divided with the 
additional cost made for controlling the pest to obtain the 
benefit-cost ratio.

RESULTS AND DISCUSSION

The data on whitefly population were recorded on 
tomato in rabi season 2019-20 at 7 days interval from 
30 days after transplanting up to the crop was harvested. 
The data represented in Table 1. shows that all around 

the vegetative stage the whitefly population was seen. 
Results revealed that the whitefly population appeared 
30 days after crop transplantation and was present 
throughout the vegetative stage of the crop initially 
recording a population density of 2.31 per three leaves 
reaching 17.99 on 42nd SMW. The population showed an 
increase with the advancement of crop growth and peak 
population of 24.49 per three leaves on 46th SMW. When 
the vegetative stage was ending the population decreased 
and reached up to 3.21 per three leaves. The decline in 
whitefly population after 48th SMW might be due to the 
crop reaching its maturity. The lowest population was 
marked at third SMW.

An attempt was made to study influence of 
weather parameters on whitefly. The data represented 
that maximum temperature influenced the whitefly 
population. The results revealed maximum temperature 
was positively correlated and statistically significant. 
Minimum temperature was negatively correlated 

Table 1. Population dynamics of whitefly on tomato during crop season in relation to abiotic factors

Months Standard 
weeks

Temperature Relative humidity (%) No. / 3 leavesMax. Min. 07 00 h 14 00 h

September 
(2019)

36 35.0 29.0 82 70 2.31
37 35.5 27.0 88 80 6.15
38 36.5 27.1 87 73 10.5
39 33.2 27.0 92 86 11.2

October 
(2019)

40 31.8 25.5 90 79 12.45
41 32.0 25.3 88 80 15.12
42 33.0 23.2 87 79 17.99
43 30.1 22.0 84 73 13.67
44 32.2 24.7 91 76 17.53

November 
(2019)

45 32.5 22.3 89 60 21.5
46 31.6 19.5 90 62 24.49
47 29.5 16.5 87 60 19.49
48 30.2 16.9 90 66 15.13

December 
(2019)

49 28 14.5 75 67 12.11
50 26.0 13.0 90 75 9.12
51 20.5 12 88 81 6.72
52 18.1 8.9 95 77 5.22

January (2020)
1 20 9.0 94 65 5.15
2 20.0 6.0 85 55 4.54
3 23.0 12.0 93 74 3.21

Table 2. Correlation coefficient and regression equation between weather parameters (X) and mean number of 
whitefly per three leaves per plant (Y)

Weather parameters Correlation coefficient(r) Regression coefficient(b)
X1- Maximum Temperature (ºC) 0.468* 1.52
X2- Minimum temperature (ºC) 0.324 -0.733
X3- Relative Humidity 07 00 hrs (%) -0.039 0.362
X4- Relative Humidity 14 00 hrs (%) -0.222 -0.157

Population dynamics and management of whitefly

Pest Management in Horticultural Ecosystems
Vol. 28, No.1 pp 54-58 (2022)



56Pest Management in Horticultural Ecosystems
Vol. 28, No.1 pp 54-58 (2022)

Ta
bl

e 
3.

 E
ff

ec
t o

f i
ns

ec
tic

id
es

 o
n 

w
hi

te
fly

 (B
em

is
ia

 ta
ba

ci
) p

op
ul

at
io

n 
in

 to
m

at
o 

af
te

r 
fir

st
, s

ec
on

d 
an

d 
th

ir
d 

sp
ra

y

Tr
ea

tm
en

t
D

os
e 

(g
 a

.i.
 

ha
-1
)

Fi
rs

t s
pr

ay
Se

co
nd

 sp
ra

y
T

hi
rd

 sp
ra

y

1d
ay

 
be

fo
re

 
sp

ra
y

3rd
 D

A
S

7th
 

D
A

S
14

th
 

D
A

S

R
ed

uc
tio

n 
ov

er
 c

on
tr

ol
 

(%
)

3rd
 

D
A

S
7th

 D
A

S
14

th
 

D
A

S

R
ed

uc
tio

n 
ov

er
 c

on
tr

ol
 

(%
)

3rd
 D

A
S

7th
 D

A
S

14
th

 
D

A
S

R
ed

uc
tio

n 
ov

er
 c

on
tr

ol
 

(%
)

T 1
15

0
18

.2
8.

22
7.

3
6.

46
61

.1
8

4.
58

4.
13

3.
88

79
.3

2.
26

2.
31

2.
17

90
.2

(4
.2

5)
(2

.8
6)

d
(2

.6
9)

d
(2

.5
3)

d
(2

.1
3)

e
(2

.0
3)

d
(1

.9
7)

d
(1

.5
0)

e
(1

.5
2)

e
(1

.4
7)

d

T 2
80

19
.1

2
10

.2
3

10
.6

9
11

.1
2

43
.3

7
10

.2
1

10
.3

2
10

.8
5

48
.5

2
7.

21
8.

13
8.

26
65

.7
6

(4
.3

6)
(3

.1
9)

bc
d

(3
.2

6)
bc

d
(3

.3
2)

bc
(3

.1
8)

bc
d

(3
.2

0)
bc

(3
.2

8)
bc

(2
.6

7)
cd

(2
.8

3)
cd

(2
.8

6)
c

T 3
30

18
.6

7
13

.4
3

13
.2

1
14

.9
7

26
.4

5
12

.9
7

12
.2

3
12

.6
8

37
.8

4
11

.9
2

11
.5

11
.7

8
50

.2
1

(4
.2

9)
(3

.6
5)

b
(3

.6
2)

b
(3

.8
6)

ab
(3

.5
9)

b
(3

.4
9)

b
(3

.5
6)

b
(3

.4
4)

b
(3

.3
8)

b
(3

.4
2)

b

T 4
80

18
.4

3
10

.3
4

9.
23

10
.5

6
46

.7
6

9.
23

10
.5

4
10

.3
9

50
.5

4
6.

58
7.

12
7.

36
69

.9
4

(4
.2

7)
(3

.2
0)

bc
d

(3
.0

2)
cd

(3
.2

4)
bc

(3
.0

2)
cd

(3
.2

3)
bc

(3
.2

1)
bc

(2
.5

5)
d

(2
.6

6)
d

(2
.7

0)
c

T 5
75

19
.3

2
11

.2
3

11
.4

5
11

.9
5

38
.8

1
10

.5
7

10
.6

3
11

.3
2

46
.6

5
9.

13
9.

23
9.

26
59

.9
3

(4
.3

9)
(3

.3
4)

bc
d

(3
.3

8)
bc

(3
.4

5)
bc

(3
.2

4)
bc

d
(3

.2
5)

bc
(3

.3
5)

bc
(3

.0
2)

bc
d

(3
.0

3)
bc

d
(3

.0
4)

bc

T 6
50

18
.2

8
9.

23
8.

29
8.

45
54

.1
3

8.
25

7.
92

8.
01

60
.3

3
6.

14
6.

47
7.

13
71

.3
4

(4
.2

7)
(3

.0
4)

cd
(2

.8
8)

cd
(2

.9
0)

cd
(2

.8
7)

d
(2

.8
1)

c
(2

.8
3)

c
(2

.4
7)

d
(2

.5
4)

d
(2

.6
6)

c

T 7
75

18
.2

3
11

.9
7

11
.8

1
12

.3
4

36
.1

6
12

.3
2

11
.7

5
12

.4
9

40
.0

5
10

.0
7

11
.2

4
11

.8
5

51
.8

7
(4

.2
7)

(3
.4

5)
bc

(3
.4

2)
bc

(3
.5

0)
bc

(3
.5

0)
bc

(3
.4

2)
b

(3
.5

2)
b

(3
.1

5)
bc

(3
.3

3)
bc

(3
.4

2)
b

T 8
 

18
.4

18
.4

5
18

.5
9

19
.5

6
 

19
.5

6
20

.2
8

21
.1

2
 

22
.2

1
22

.9
1

23
.7

6
 

(4
.2

9)
(4

.2
9)

a
(4

.3
0)

a
(4

.3
9)

a
(4

.4
2)

a
(4

.4
9)

a
(4

.5
8)

a
(4

.7
0)

a
(4

.7
8)

a
(4

.8
7)

a

SE
m

 (±
)

N
S

0.
18

0.
19

0.
22

 
0.

17
0.

18
0.

20
 

0.
18

0.
18

0.
17

 

C
D

 (p
=0

.0
5)

0.
54

0.
58

0.
67

 
0.

52
0.

56
0.

61
 

0.
55

0.
55

0.
53

 

C
V

 (%
)

9.
09

9.
95

11
.2

3
 

9.
20

9.
84

10
.6

2
 

10
.6

3
10

.3
8

9.
85

 

T1
- C

hl
or

an
tra

ni
lip

ro
le

 +
 T

hi
am

et
ho

xa
m

; T
2-

  N
ov

al
ur

on
 +

 In
do

xa
ca

rb
; T

3-
 C

hl
or

an
tra

ni
lip

ro
le

; T
4-

 S
pi

no
sa

d;
 T

5-
 N

ov
al

ur
on

; T
6-

 T
hi

am
et

ho
xa

m
;  

T7
- I

nd
ox

ac
ar

b;
 T

8-
 C

on
tro

l. 

Va
lu

es
 in

 th
e 

pa
re

nt
he

si
s a

re
 th

e 
sq

ua
re

 ro
ot

 tr
an

sf
or

m
ed

 v
al

ue
s o

f m
ea

n;
 D

A
S-

 D
ay

s a
fte

r s
pr

ay
in

g.

Vyshnavi et al.



57Pest Management in Horticultural Ecosystems
Vol. 28, No.1 pp 54-58 (2022)

and statistically non-significant while morning and 
evening relative humidity was non-significant and 
negatively correlated. The correlation coefficient (r) 
was worked out as 0.324, 0.468, -0.222 and -0.39 
for minimum temperature, maximum temperature, 
evening and morning relative humidity, respectively. 
The coefficient value of determination (R2) computed 
as 40 %indicating 40% variation in whitefly attributed 
by weather parameters (R2 = 0.40). This is in partial 
conformity with the results of Sharma et al. (2017) 
who found a positive correlation of whitefly population 
with maximum and minimum temperature and negative 
correlation with relative humidity, results of Subba et 
al. (2017) whose correlation studies between whitefly 
population and environmental parameter revealed 
that whitefly population had a significant positive 
correlation with temperature difference while significant 
negative correlation with relative humidity (maximum, 
minimum and average) and Nissar et al. (2019) who 
found a positive significant correlation between whitefly 
population (nymph and adult) and weather parameters 
viz. temperature (maximum and minimum) whereas 
relative humidity (maximum) exhibited positive non-
significant whereas relative humidity (minimum) showed 
a negative non significant correlation with population.

The mean per cent reduction in whitefly population   
over   control after third, seventh and fourteenth day of 1st 
spray was maximum in chlorantraniliprole + thiamethoxam 
@150 gm a.i.  ha-1 (61.18%) after third, seventh and 
fourteenth day of spray and was efficient than all other 
insecticidal treatments i.e., novaluron + indoxacarb @ 
150 gm a.i. ha-1 (43.37%), chlorantraniliprole @ 30 gm  
a.i. ha-1 (26.45%), spinosad @ 80 gm  a.i. ha-1 (46.76 
%), novaluron 75 g  a.i. ha-1 (38.81%), thiamethoxam 
@ 50 gm a.i. ha-1 (54.13 %), indoxacarb 75 gm a.i. 
ha-1 (36.16%) whereas chlorantraniliprole @30 gm a.i. 
ha-1(26.45%) was least effective.The mean per cent 
reduction in whitefly populationovercontrol after third, 
seventh and fourteenth day of 2nd spray was maximum 
in chlorantraniliprole + thiamethoxam @ 150 gma.i.ha-1 
(79.30%). Chlorantraniliprole @ 30 gm a.i.ha-1 (37.84%) 
was least effective among all insecticidal treatments. 
The mean per cent reduction in whitefly population over 
control after third, seventh and fourteenth day of 3rd spray 
was maximum in chlorantraniliprole + thiamethoxam @ 
150 gma.i.ha-1(90.20%), whereas chlorantraniliprole@ 30 
gma.i.ha-1 (50.21%) was least effective. These results are 
in accordance with literature reports of Patra et al. (2016), 
Kalyan et al. (2012), Patil et al. (2014), Gopalaswamy et 
al. (2012), Wagh et al. (2017) and Rajawat et al. (2017). 
Patra et al. also reported an excellent control of whitefly 
population by usingchlorantraniliprole + thiamethoxam 
@ 150 gma.i.ha-1 which completely agree to our present 
observation.

The maximum percent reduction over control was 
shown by chlorantraniliprole + thiamethoxam which is a 
broadspectrum insecticide with trans laminar as well as 
ovicidal and larvicidal activity and a greater persistence 
and higher dose. It was followed by thiamethoxam 
which is systemic and very effective against sucking 
pest complex. The least per cent reduction over control 
was shown by chlorantraniliprole which is effective for 
borer pest complex and didn’t produce any significant 
reduction in whitefly population. Rest all insecticides 
were ranked in the middle based on their efficacies.
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