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Citrus is one of the important fruit crops in India with the
production of 86.08 lakh tonnes from 9.23 lakh ha with the
productivity of 9.3 tonnes/ha at national level as compared
to 25–30 tonnes/ha in advanced citrus-producing countries
(NHB 2009). The productivity and quality of citrus is severely
affected by several factors; insect pests being one of them.
Among them, psylla (Diaphorina citri Kuwayama) is one of
the major insect pests (Shivankar and Rao 2010) causing
large-scale damage regularly to citrus cultivars grown across
India. Both nymphs and adults of psylla suck the vital plant
sap from the young shoots and cause heavy de-blossoming,
thereby affects the fruit set seriously. Psylla is also known to
transmit the greening disease, which accelerates ‘citrus
decline’ syndrome (Bove 2006). It is active during spring
and in dry spells during monsoon (Shivankar et al. 2001).
High humidity associated with dry spells and moderate
temperatures (25–30°C) are congenial for its rapid
development. Citrus psylla epidemics were reported in central
India in 1960–62, since then the pest has attained endemic
status causing considerable loss to the crop (Shivankar and
Rao 2010).

To contain citrus psylla, a host of researchers (Qureshi
and Stansly 2008, Dahiya et al. 1994, Dadmal et al. 2002,
Arora et al. 2005) reported the efficacy of several synthetic
insecticides. However, safer and effective alternative to
synthetic insecticides is the need of the hour. In this context,
bio-rational insecticides play a key role in sustainable
citriculture. Therefore, the present study was conducted to
study the toxicity and efficacy of certain bio-rational
insecticides against citrus psylla.

The seedlings of rough lemon (Citrus jambhiri Lush),
Rangpur lime (Citrus limonia Osbeck), acid lime (Citrus
aurantifolia Swingle) and curry leaf (Murraya koenigii L.)
being maintained in the cage house were pruned at staggered
intervals so that new flush is available for release and
multiplication of pure culture of psylla round the year. Citrus

leaves / twigs with psylla infestation were collected from
the field and were released on the new flush of citrus and
curry leaf seedlings.

The test bio-rational insecticides, viz spinosad 45 SC,
abamectin 1.9 EC (Actinomycetes products), novaluron 10
EC (insect growth regulator), petroleum spray oil, neem
(Azadirachta indica A.Juss.) oil, azadirachtin 10000 PPM

(plant products), Bacillus thuringiensis and Verticillium
lecanii (microbial products) along with dimethoate 30 EC

were procured from the market and diluted to different
concentrations using the commercial grade compound with
distilled water. In case of sweet flag (Acorus calamus L.)
shade-dried rhizome was extracted in ethanol and stock
solutions were prepared from the extracts. Neem soap and
pongamia soap were procured from Indian Institute of
Horticultural Research, Bangalore. Citrus twigs infested with
second instar nymphs of psylla were considered for bioassay
studies. Bio-assay study was carried out by following direct
spray method during 2005–06. Selected citrus twigs with
the psylla infestations were secured in a conical flask (25 ml
capacity) with its cut end dipped in water. Each bio-rational
insecticide was uniformly sprayed on citrus twigs with second
instar nymphs of psylla using hand atomizer.

Mortality counts were taken 48 hr after treatment and
moribund insects were considered as dead. The mortality
data obtained were subjected to probit analysis (Finney 1971)
to get LC50 values from which the relative toxicity values
were calculated by taking LC50 values of dimethoate as unity.

Study on field appraisal of these nine bio-rational
insecticides along with neem soap and pongamia soap at
determined doses against citrus psylla (D. citri Kuwayama)
was conducted in a 10-year-old orchard of acid lime (Citrus
aurantifolia cv. Pramalini) during ambia 2007, 2008 and 2009
at Experimental Farm of NRC for Citrus, Nagpur. The
experiment was laid out in completely randomized block
design and each treatment replicated three times. Each
replication consisted of two trees. Observations were taken
on population of psylla before and 3,7,11 and 15 days after
the treatment. From the data, reduction in psylla population
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was computed into percentages. The data were transformed
to arc sine values and analyzed statistically.

The data on relative toxicity of different bio-rational
insecticides to second instar nymphs of psylla revealed that
based on the LC50 values, the order of toxicity of different
bio-rational insecticides was spinosad > abamectin >
novaluron > dimethoate > sweet flag > Verticillium lecanii
> azadirachtin > Bacillus thuringiensis > petroleum spray
oil > neem oil. Spinosad, abamectin and novaluron were
more toxic (LC50–0.15, 0.38 and 0.55 ml/l; relative toxicity
– 9.93, 3.29 and 2.71, respectively) to the second instar
nymphs of citrus psylla than dimethoate (Table 1).

Per cent reduction of psylla nymphs was significantly
more in abamectin (52.9–60.5%) but was at par with
novaluron (50.4–57%) and petroleum spray oil (50.5–58.3%)
at three days after treatment (DAT) irrespective of year,
except with novaluron (45.4%) in 2009. At 7 DAT per cent
reduction in psylla nymphs was significantly more in
abamectin (70.2–74.9%), novaluron (61.4–69.7%) and
petroleum spray oil (62–71.5%) irrespective of year, but
novaluron and petroleum spray oil were at par with spinosad
(51.9%) in 2008. Similarly, abamectin (82.7–85%), and
petroleum spray oil (78.1–83.1%) recorded significantly
more per cent reduction of psylla nymphs at 11 DAT,
irrespective of the year but petroleum spray oil was at par
with novaluron (70.9–75.9%) in all the three years. At 15
DAT, per cent reduction of psylla nymphs was significantly
more in abamectin (90.2–92.5%), irrespective of the year
but was at par with novaluron (87.6–88.1%) and petroleum
spray oil (89.8–90.4%) in 2007 and 2008. At 15 DAT, among
other bio-rational insecticides, per cent reduction of psylla
nymphs was significantly more in spinosad (65.5–72.3%),
followed by dimethoate (56.1–62.4%). Pooled mean data
also showed that abamectin, petroleum spray oil and
novaluron were found effective with regard to per cent
reduction in nymphal population of psylla (Table 2).

The results of field evaluation of bio-rational insecticides
revealed that abamectin @ 0.38 ml/l water in ambia 2007

(92.5%), 2008 (91.3%) and 2009 (90.2%), followed by
novaluron @ 0.55 ml/l (87.6–88.1%) and petroleum spray
oil @ 5.9 ml/L (89.8–90.4%) in ambia, 2008 and 2009 were
found effective for a period of 15 days with regard to%
reduction in nymphal population of psylla. Similarly, Rogers
(2008) reported the short-term control of psylla with the
application of abamectin + oil.

Bio-assay studies showed that among the bio-rational
insecticides, spinosad was most toxic to second instar nymphs
of citrus psylla. However, field evaluation of bio-rational
insecticides showed that abamectin followed by novaluron,
petroleum spray oil and spinosad were most effective to citrus
psylla nymphs. The low efficacy of spinosad to citrus psylla
under field condition is probably due to the presence of other
nymphal instars coupled with its interaction with prevailing
weather conditions. Therefore, it is believed that bio-assay
studies helps in short listing of insecticides to be tested for
field evaluation.

Of all the bio-rational insecticides tested, abamectin
followed by novaluron, petroleum spray oil and spinosad were
most effective for citrus psylla nymphs. The high mortality
of citrus psylla nymphs by residual effect of abamectin and
spinosad could be due to more penetrable potential in to plant
tissues and translaminar action. In case of petroleum spray
oil the effect could be due to contact and suffocation/
asphyxiation of psylla nymphs, whereas in case of novaluron
it could be due to contact and IGR activity. As repeated use
of organophosporous insecticides over years have developed
some resistance to citrus psylla (Arora et al. 2005) the bio-
rational insecticides, viz abamectin, novaluron, petroleum
spray oil and spinosad would be helpful in reducing the
menace of citrus psylla, as these bio-rational insecticides with
different mode of action would enhance the life of insecticide
by reducing the chances of development of resistance.
Therefore, the application of different bio-rational
insecticides, viz abamectin, novaluron, petroleum spray oil
and spinosad with different mode of action would be helpful
in reducing psylla menace in citrus orchards. The identified

Table 1 Toxicity of different insecticides against second instar nymphs of citrus psylla

Insecticide Heterogenity X2 Regression LC50 ml/l Fiducial Relative
equation (y=) limits toxicity

Spinosad 45 SC 2.75 1.28 + 2.18x 0.15 0.11–0.20 9.93
Abamectin 1.9 EC 1.99 0.82 + 2.89x 0.38 0.264–0.55 3.29
Novaluron 10 EC 0.61 0.81 + 2.79x 0.55 0.350–0.88 2.71
Petroleum spray oil 0.93 0.70 + 2.38x 5.90 2.58–13.6 0.25
Neem oil 4.02 1.41 + 0.38x 6.76 5.23 – 8.74 0.22
Azadirachtin 10 000 PPM 5.53 0.87 + 1.87x 3.65 2.54 – 5.25 0.41
Sweet flag 0.38 1.18 + 1.21x 1.63* 1.17–2.26 0.91
Bacillus thuringiensis 1.12 1.17 + 0.77x 4.14** 2.89 – 5.91 0.36
Verticillium lecanii 2.96 0.96 + 1.6x 3.39** 2.36 – 4.90 0.44
Dimethoate 30 EC 4.39 1.56 + 0.05x 1.49 1.19 – 1.87 1.00

* %, **g/l



July 2011] EFFICACY OF BIO-RATIONAL INSECTICIDES TO CITRUS PSYLLA 675

93

Ta
bl

e 
2 

B
io

-e
ff

ic
ac

y 
of

 b
io

-r
at

io
na

l 
in

se
ct

ic
id

es
 a

ga
in

st
 n

ym
ph

al
 p

op
ul

at
io

n 
of

 c
it

ru
s 

ps
yl

la
 o

n 
ac

id
 l

im
e 

cv
. P

ra
m

al
in

i
du

ri
ng

 a
m

bi
a,

 2
00

7,
 2

00
8 

an
d 

20
09

 u
nd

er
 f

ie
ld

 c
on

di
ti

on
s

B
io

-r
at

io
na

l 
in

se
ct

ic
id

e
Pe

r 
ce

nt
 r

ed
uc

ti
on

 o
f 

ps
yl

la
 n

ym
ph

s

3 
D

A
T

7 
D

A
T

11
 D

A
T

15
 D

A
T

P
oo

le
d

20
07

20
08

20
09

20
07

20
08

20
09

20
07

20
08

20
09

20
07

20
08

20
09

m
ea

n

Sp
in

os
ad

 4
5 

SC
 @

 0
.1

5 
m

l/
l

45
.2

40
.2

41
.1

53
.2

51
.9

50
.2

67
.4

62
.4

61
.8

72
.3

70
.0

65
.5

56
.7

(4
2.

25
) b

(3
9.

35
) 

b
(3

9.
82

) 
c

(4
6.

83
) b

(4
6.

09
) 

bc
(4

5.
11

) 
b

(5
5.

18
) c

(5
2.

18
) 

c
(5

1.
83

) 
c

(5
8.

24
) b

(5
6.

79
) 

b
(4

4.
66

)e
(4

8.
13

)
A

ba
m

ec
tin

 1
.9

 E
C

 @
 0

.3
8 

m
l/

l
60

.5
55

.8
52

.9
74

.9
70

.2
71

.5
85

.0
82

.7
83

.4
92

.5
91

.3
90

.2
75

.9
(5

1.
06

) a
(4

8.
33

) 
a

(4
6.

66
) 

a
(5

9.
93

) a
(5

6.
91

) 
a

(5
7.

73
) 

a
(6

7.
21

) a
(6

5.
42

) 
a

(6
5.

96
) 

a
(7

4.
11

) a
(7

2.
84

) 
a

(7
1.

76
) 

a
(6

1.
49

)
N

ov
al

ur
on

 1
0 

E
C

 @
 0

.5
5 

m
l/

l
57

.0
50

.4
45

.4
69

.7
61

.4
63

.0
75

.9
75

.2
70

.9
88

.1
87

.6
74

.0
68

.2
(4

9.
02

) a
(4

5.
23

) 
a

(4
2.

36
) 

b
(5

6.
60

) a
(5

1.
59

) 
ab

(5
2.

53
) 

a
(6

0.
60

) b
(6

0.
13

) 
b

(5
7.

35
) 

bc
(6

9.
82

) a
(6

9.
38

) 
a

(5
9.

34
)b

(5
6.

16
)

P
et

ro
li

um
 s

pr
ay

 o
il

 @
 5

.9
 m

l/
l

58
.3

53
.2

50
.5

71
.5

62
.0

69
.9

83
.1

78
.8

78
.1

90
.4

89
.8

76
.8

71
.8

(4
9.

78
) a

(4
6.

83
) 

a
(4

5.
29

) 
a

(5
7.

73
) a

(5
1.

94
) 

ab
(5

6.
23

) 
a

(6
5.

73
) a

b
(6

2.
58

) 
ab

(6
2.

10
) 

ab
(7

1.
95

) a
(7

1.
37

) 
a

(6
1.

21
) 

b
(5

8.
56

)
N

ee
m

 o
il

 @
 6

.7
6 

m
l/

l
20

.9
22

.0
20

.1
38

.7
39

.5
38

.3
37

.6
37

.3
36

.6
35

.8
33

.1
32

.7
32

.7
(2

7.
20

) d
(2

7.
97

) 
cd

(2
6.

64
) 

gf
(3

8.
47

) c
d

(3
8.

94
) 

d
(3

8.
23

) 
cd

(3
7.

82
) e

(3
7.

64
) 

d
(3

7.
23

) 
d

(3
6.

75
) c

d
(3

5.
12

) 
cd

(3
4.

88
) 

d
(3

4.
73

)
A

za
di

ra
ch

ti
n 

10
00

0 
PP

M
 @

21
.2

23
.3

21
.7

39
.8

40
.6

41
.4

36
.8

35
.7

34
.4

34
.1

32
.7

31
.9

32
.7

3.
65

 m
l/

l
(2

7.
42

) d
(2

8.
86

) 
cd

(2
7.

76
) 

fe
(3

9.
11

) c
d

(3
9.

58
) 

d
(4

0.
05

) 
bc

(3
7.

35
) e

(3
6.

69
) 

d
(3

5.
91

) 
de

(3
5.

73
) d

(3
4.

88
) 

cd
(3

4.
39

) 
d

(3
4.

81
)

S
w

ee
t 

fl
ag

 @
 1

.6
3%

16
.7

17
.5

16
.6

26
.2

28
.2

29
.7

22
.3

20
.4

23
.8

19
.0

18
.4

20
.5

21
.6

(2
4.

12
) d

e
(2

4.
73

) 
de

(2
4.

04
) 

h
(3

0.
79

) e
(3

2.
08

) 
e

(3
3.

02
) 

de
(2

8.
18

) f
(2

6.
84

) 
e

(2
9.

20
) 

ef
(2

5.
84

) e
(2

5.
40

) 
ef

(2
6.

92
) 

e
(2

7.
59

)
N

ee
m

 s
oa

p 
@

 5
 g

/l
24

.5
25

.2
24

.3
37

.2
38

.7
38

.0
40

.7
37

.2
36

.3
43

.4
36

.9
34

.5
34

.7
(2

9.
67

) c
d

(3
0.

13
) 

c
(2

9.
53

) 
e

(3
7.

58
) c

d
(3

8.
47

) 
d

(3
8.

06
) 

cd
(3

9.
64

) e
(3

7.
58

) 
d

(3
7.

05
) 

d
(4

1.
21

) c
(3

7.
41

) 
d

(3
5.

97
) 

d
(3

6.
02

)
P

on
ga

m
ia

 s
oa

p 
@

 5
 g

/l
22

.3
24

.7
23

.8
35

.1
40

.9
37

.2
39

.0
38

.5
35

.7
42

.9
37

.6
33

.2
34

.2
(2

8.
18

) d
(2

9.
80

) 
c

(2
4.

50
) 

hg
(3

6.
33

) d
(3

9.
76

) 
cd

(3
7.

58
) 

cd
(3

8.
65

) e
(3

8.
35

) 
d

(3
6.

69
) 

d
(4

0.
92

) c
(3

7.
82

) 
c

(3
5.

18
) 

d
(3

5.
31

)
B

ac
il

lu
s 

th
ur

in
gi

en
si

s 
@

 4
.1

4 
g/

l
8.

3
9.

2
8.

1
11

.4
12

.5
11

.4
13

.7
14

.3
13

.9
18

.9
24

.0
21

.0
13

.8
(1

6.
74

) f
(1

7.
66

) 
f

(1
6.

54
) 

i
(1

9.
73

) f
(2

0.
70

) 
f

(1
9.

73
) 

f
(2

1.
72

) g
(2

2.
22

) 
e

(2
1.

89
) 

g
(2

5.
77

) e
(2

9.
33

) 
de

(2
7.

28
) 

e
(2

1.
60

)
Ve

rt
ic

il
li

um
 l

ec
an

i 
@

 3
.3

9 
g/

l
12

.5
14

.9
15

.4
15

.6
16

.2
20

.6
19

.5
20

.2
22

.4
22

.6
19

.2
18

.8
18

.1
(2

0.
70

) e
f

(2
2.

71
) 

e
(2

3.
11

) 
h

(2
3.

26
) f

(2
3.

73
) 

f
(2

6.
99

) 
e

(2
6.

21
) f

g
(2

6.
71

) 
e

(2
8.

25
) 

fg
(2

8.
38

) e
(2

5.
99

) 
ef

(2
5.

70
) 

e
(2

5.
14

)
D

im
et

ho
at

e 
30

 E
C

 @
 0

.0
5%

30
.1

29
.5

26
.0

43
.3

45
.1

39
.1

56
.2

57
.8

45
.6

62
.4

61
.5

56
.1

46
.0

(3
3.

27
) c

(3
2.

90
) 

c
(3

0.
66

) 
d

(4
1.

15
) c

(3
8.

35
) 

de
(3

8.
70

) 
cd

(4
8.

56
) d

(4
9.

49
) 

c
(4

2.
48

) 
d

(5
2.

18
) b

(5
1.

65
) 

b
(4

8.
50

) 
c

(4
2.

32
)

C
on

tr
ol

4.
5

3.
4

2.
9

6.
5

6.
1

3.
5

7.
1

7.
5

4.
6

9.
5

9.
8

4.
9

5.
8

(1
2.

25
) g

(1
0.

63
) 

f
(9

.8
1)

 j
(1

4.
77

) g
(1

4.
3)

 g
(1

0.
78

) 
g

(1
5.

45
) h

(1
5.

89
) 

f
(1

2.
39

) 
h

(1
7.

95
) f

(1
8.

24
) 

f
(1

2.
79

) 
f

(1
3.

77
)

S
E

D
±

2.
10

0
2.

38
9

1.
20

2
1.

96
2

3.
07

6
2.

98
0

2.
53

3
2.

51
5

3.
51

7
2.

43
0

3.
94

4
3.

30
9

C
D

 (
P

=
0.

00
5)

4.
26

4.
93

2.
48

3.
98

6.
35

6.
15

5.
14

5.
19

7.
26

4.
93

8.
14

6.
83

D
A

T,
 D

ay
s 

af
te

r 
tr

ea
tm

en
t

Fi
gu

re
s 

in
 p

ar
en

th
es

es
 a

re
 a

rc
si

ne
-t

ra
ns

fo
rm

ed
 v

al
ue

s
V

al
ue

s 
fo

ll
ow

ed
 b

y 
sa

m
e 

le
tt

er
 i

n 
a 

co
lu

m
n 

ar
e 

no
t 

si
gn

if
ic

an
tl

y 
di

ff
er

en
t 

(P
=

0.
05

)



676 RAO AND SHIVANKAR [Indian Journal of Agricultural Sciences 81 (7)

94

bio-rational insecticides may be incorporated into IPM
module for the sustainable management of citrus psylla.

SUMMARY

Toxicity of bio-rational insecticides, viz spinosad,
abamectin, novaluron, sweet flag (Acorus calamus L.),
petroleum spray oil, neem (Azadirachta indica A.Juss.) oil,
azadirachtin, Bacillus thuringiensis, Verticillium lecanii and
dimethoate (as standard) was evaluated against the second
instar nymphs of citrus psylla (Diaphorina citri
Kuwayama) at NRCC, Nagpur during 2006. Based on LC50
values, spinosad, abamectin and novaluron were 9.93, 3.29
and 2.71 times more toxic to psylla nymphs than dimethoate.
Further, field appraisal of these bio-rational insecticides along
with neem soap and pongamia (Pongamia glabra Vent.) soap
against citrus psylla in 10-year-old acid lime (Citrus
aurantifolia Swingle) cv. Pramalini conducted during ambia
2007–09 showed that abamectin @ 0.38 ml/L (90.2–92.5%
reduction), followed by petroleum spray oil @ 5.9 ml/l (89.8–
90.4% reduction), novaluron @ 0.55 ml/l (87.6–88.1%
reduction) and spinosad @ 0.15 ml/l (65.5–72.3% reduction)
were found effective against citrus psylla for a period of 15
days.
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