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ABSTRACT: Wheat is a premier winter cereal crop in India. Among the various insect pests, 
aphids appear as a complex of species including Sitobion avenae (F.), S. miscanthi (Takahashi), 
Rhopalosiphum maidis (Fitch) and R. padi (L.). Coccinella septempunctata L. is a dominant predator 
of aphids. Various spray patterns were tested to check their effectiveness against aphids. All the 
treatments more effectively controlled the aphids  compared to control. However, the insecticides 
adversely affected the predator population. The predator populations was reduced by 87.5, 85.4 and 
78.9%, respectively, one day after spray in completely sprayed, sprayed strip and unsprayed strip 
plots, whereas the reduction was only 22.8% in peripherally sprayed plot. The predator recovery 
started after 3 days in all the treated plots but it was very slow in the completely sprayed plot. 
Among all the treatments, the peripherally treated plot conserved maximum predator population 
and controlled the multiplication of the pest.
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INTRODUCTION

Wheat (Triticum aestivum L.) is a winter cereal crop 
in India. Punjab is one of the major wheat producing states 
(Dhaliwal and Arora, 1996) where termites, armyworm, 
aphids, American bollworm and brown wheat mite are 
reported to be the key pests of wheat (Deol, 1990). Among 
these, aphids appear as a complex of species, consisting 
predominantly of Sitobion avenae (F.), S. miscanthi 
(Takahashi), Rhopalosiphum maidis (Fitch) and R. padi (L.) 
(Deol et a1., 1987). Aphids have become regular pests and 
cause  great losses in yield by sucking sap, especially in the 
milky grain stage and also due to the development of sooty 
mould. Deol (1990) reported that 5, 15, 30 and 50 aphids 
per ear head can cause 13.3, 21.8, 38.1 and 47.7 % reduction 
in grain yield, respectively. A number of insecticides have 
been recommended for aphid control. However, their 
excessive use has resulted in a number of side effects. The 
need of the hour is to minimize the insecticide usage so as 
to conserve natural enemies. Among the natural enemies, 
coccinellids are often numerically dominant aphid predators 
on wheat. Among these, Coccinella septempunctata L. and 
C. transversalis F. play an important role in suppressing 
the aphid population. There are many reports which 
indicate that insecticides also adversely affect the predator 

population (Shukla et al., 1994; Rathod and Baporda, 2002). 
Leaving some unsprayed area in the field is a potentially 
useful technique for the conservation of biological control 
agents of cereal aphids. In the light of this, field trials were 
conducted by adopting need based spray using different 
methods including complete spraying, strip spraying and 
peripheral spraying of the plots. The present studies were 
conducted to investigate the method of spray that could 
keep the insect population below ETL level and conserve 
the predator population and to determine the level and 
duration of pest and predator depletion and their recovery / 
reinvasion pattern after insecticide treatment. 

MATERIALS AND METHODS

The experiment was conducted during rabi 2004-
2005 in an area of 0.8 ha (2 acres) in Jalandhar district of  
Punjab (India). The wheat variety PBW 343 was sown in 
the first week of November following all recommended 
practices of Punjab Agricultural University, Ludhiana 
(Punjab). The field was surrounded by wheat on all the sides 
and was divided equally into four plots for the following 
treatments:
T1 = Strip spraying: Six metre wide strip was sprayed and 
6m wide strip was left unsprayed alternately.
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T2 = Peripheral spraying: Three meter wide area on the 
periphery only was sprayed.
T3 = Complete spraying: Whole of the plot was sprayed.
T4 = Untreated control: No insecticide was sprayed.

Each treatment plot was further divided into five  
subplots. When the crop reached the earhead stage, 
observations were recorded on aphid and predator 
populations. The aphid and predator populations were 
counted on 30 randomly selected ears in each subplot 
at weekly interval. The grubs, pupae and adults of the 
predators were counted separately. When the pest population 
reached economic threshold level (ETL) (5 aphids/ear) in 
the second week of March, the recommended insecticide 
monocrotophos 36 SL (Nuvacron) @ 150 ml/acin 100 liters 
of water was sprayed with a knapsack sprayer.

The field was sprayed only once as the pest population 
did not reach ETH level subsequently. Before spraying, 
the data on aphid and predator population were recorded 
separately in each subplot of each treatment. The observations 
were recorded on 1, 3, 7 and 15 days after insecticidal 
treatment. Both pest and predator populations were recorded 
separately in sprayed and unsprayed strip and periphery and 
the unsprayed centre of that plot. The data were transformed 
by n+1 square root transformation and then analyzed using 
ANOVA on each date separately. Besides this, the data on 
maximum and minimum temperature and relative humidity 
were also recorded. 

RESULTS AND DISCUSSION
Effect of weather factors on aphid and predator 
population

The aphids appeared in the second week of February 
(0.01 aphids/ear) and the population remained very low 
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(0.01-1.50 aphids/ear) till the 4th week of February. During 
February, the minimum temperature ranged between 5.68 
and 11.07°C while the maximum temperature was 18.44-
26.68 °C with relative humidity (RH) of 70.87-75.14%. The 
peak aphid population was recorded in the second week of 
March (7.48 aphids/ear), when the temperature was 14.56-
28.78 °C and RH was 67.43%. By that time the activity of 
the predators also started with an average population of 0.17 
beetles per ear. Thereafter the predator population increased 
whereas the aphid population started declining. By the 
second week of April, the aphids almost disappeared from 
the ears but the predator population was quite high (0.34/
ear) (Table 1). Temperature range of 10-28°C and RH of 
67-70% favored the multiplication of the aphids. However,  
temperature more than 30°C and RH below 67% were found 
to be suitable for the predator multiplication, but unsuitable 
for the aphid. Among the predators, C. septempunctata 
was the predominant one whereas C. transversalis was 
observed in low numbers. Singh and Deol (1994) reported 
the aphid appearance in the 1st week of February when the 
temperature was 11.2-15.3°C and RH was 67-76% under 
Punjab conditions. In the present investigation, aphids 
appeared when the minimum temperature ranged between 
8.31 and 10.51°C and RH was 72.28%. However, the 
predators appeared late when the minimum temperature 
was 11.07°C and maximum temperature reached 26.68°C. 
Soni (2000) has also reported the appearance of the 
predator in the 3rd week of February (0.05 adults/ear head) 
when the temperature varied between 13.8 and 20.4°C and 
RH was 65%. Acreman and Dixon (1989) showed that 
the aphid mortality increased drastically on ears and flag 
leaves at 30°C. So these studies indicate that temperature 
above 30°C is not suitable for aphid multiplication. Besides 
temperature, increase in natural enemy population also 
helped in reducing the aphid population. 

Table 1. Effect of weather factors on aphid and predator populations

Month Week No. of aphids 
/ ear

No. of predator 
/ ear

Maximum 
temperature 
(°C)

Minimum 
temperature 
(°C)

Relative 
humidity

February Ist 0.00 0.00 18.44 5.68 75.14
2nd 0.01 0.00 21.73 8.31 72.28
3rd 0.08 0.02 25.18 10.51 71.71
4th 1.50 0.03 26.68 11.07 70.87

March Ist 3.50 0.09 27.50 9.81 67.28
2nd 7.48 0.17 28.78 14.56 67.43

3rd 6.66 0.19 32.21 15.32 66.57
4th 2.11 0.29 34.44 14.88 51.90

April Ist 1.50 0.33 37.21 17.83 47.71
2nd 0.05 0.34 41.12 20.77 32.62
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Table 2. Effect of different spray patterns on aphid population

Effect of different spray patterns on wheat aphids

Before the spray, the aphid population in all the plots 
did not differ significantly except the central portion, which 
harboured the lowest population. Significant differences 
were recorded between sprayed and unsprayed plots after 
treatments (Table 2). 

One day after the insecticidal spray, significant 
reduction (69.66-84.24%) in aphids was detected in all the 
treated plots relative to the untreated ones. The lowest aphid 
population (1.33/ear) was recorded in the treated plot which 
was on par with the treated strip and treated periphery. 
However, no significant differences were observed between 
the untreated strip and the central portion of the peripherally 
treated plot. Except for the central portion and the untreated 
control, the aphid population further decreased 3 days after 
the treatment with the lowest population in the completely 
sprayed plot (1.29 aphids/ear). Increase in the aphid 
population (8.82 aphids/ear) was recorded in untreated 
control. 

The aphid population decreased in all the treatments 
with the lowest number in  completely treated plot (0.42 
aphids / ear) after 7 days of spray. Though a reduction was 
recorded in aphid population in the untreated control, even 
then it had significantly higher population (6.66 aphids / 
ear) than the other treatments. Although a decline in aphid 
number was recorded after 15 days, no statistical differences 
were observed between the central portion (2.09 aphids/
ear) and the untreated control (2.71 aphids / ear). These 
treatments still had significantly higher aphid numbers 
than all the other treatments. As indicated in the results  
(Table 2), the central portion of the field harboured less 
aphids than the periphery.

The sprayed periphery or sprayed strips were quite 
effective in checking the rapid multiplication of aphid 

in unsprayed portion where the aphid numbers were 
significantly lower than the untreated plots. The aphid 
population in the centre of the peripherally treated plot 
remained low. In strip spraying, the aphid population failed 
to multiply further in unsprayed strip. However, Carter 
(1987) reported rapid population build up in the unsprayed 
strip as the peak density was almost twice than that in the 
other strip and also recolonized the sprayed strip more 
quickly than the sprayed block to cause resurgence. But in 
the present studies no such colonization / resurgence was 
observed.

The aphid population remained significantly higher in 
the unsprayed plots than the sprayed ones till 7 days after 
treatment. However, after 15 days all the treatments except 
the central portion and the untreated control were on par. 
The temperature at that time was quite high ranging 14.88-
34.44oC and RH 51.90%, which could be one of the major 
reasons for reduction in pest population.

Effect of different spray patterns on predator 
population

The pre-treatment data of predator population  
(Table 3) indicated no statistical differences among the 
plots. A decline of 22.80-87.50 per cent was recorded in 
different treatments one day after treatment. The sprayed 
strips and completely sprayed plots respectively showed 
a reduction of 85.43 and 87.50 per cent in comparison to 
22.80 per cent in peripherally treated plot. The predator 
population was reduced in all the treatments except for the 
centre of peripherally sprayed plot and the untreated control 
which were statistically on par. The lowest population (0.02 
beetles / ear) was recorded in the completely sprayed plot 
and the highest (0.21 beetles/ear) in the centre of peripherally 
treated plot. It started recovering in the treated plot                                                                                                                                  
3 days after insecticidal spray. Among the treated plots, 

Spray pattern Number of aphids* / ear
Before spray 1 day after 3 day after 7 day after 15 day after 

                                                             
Strip spraying               

S 6.03  (2.65 ) 1.83  (1.65) 1.58 (1.59) 1.02 (1.41) 0.69 (1.29)

US
5.77 (2.59) 4.66 (2.35) 3.02 (1.99) 2.55 (1.87) 1.19 (1.48)

Peripheral 
spraying

P 6.12 (2.66) 1.81 (1.65) 1.36 (1.52) 0.99 (1.41) 1.09 (1.44)
C 3.66 (2.16) 3.20 (2.05) 3.55 (2.12) 2.85 (1.95) 2.09 (1.72)

Complete 
spraying

7.49 (2.90) 1.33 (1.52) 1.29 (1.48) 0.42 (1.18) 0.85 (1.36)

Untreated control 6.14 (2.67) 6.77 (2.78) 8.82 (3.12) 6.66 (2.79) 2.11 (1.76)
CD (P = 0.05) (0.27) (0.37) (0.37) (0.28) (0.26)

*	 Mean of three replications (30 ears/replication); figures in parentheses are n+1 square root transformation; US - unsprayed  
strip; S - Sprayed strip; P - Periphery; C - Center
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Table 2.	 Effect of different spray patterns on aphid population

Spray pattern Number of aphids* / ear

Before spray 1 day after 3 day after 7 day after 15 day after 

                                                             
Strip spraying               

S 0.21 
(1.09)

0.03
(1.01)

0.06
(1.03)

0.15
(1.07)

0.19
(1.09)

US
0.19

(1.09)
0.04

(1.02)
0.11

(1.05)
0.15

(1.07)
0.25

(1.12)
Peripheral 
spraying

P 0.11
(0.05)

0.09
(1.04)

0.09
(1.05)

0.22
(1.10)

0.25
(1.12)

C 0.19
(1.09)

0.21
(1.09)

0.21
(1.10 )

0.37
(1.17)

0.33
(1.15)

Complete 
spraying

0.14
(1.07)

0.02
(1.01)

0.05
(1.03 )

0.01
(1.00)

0.19
(1.01)

Untreated  
control

0.17
(1.08)

0.18
(1.0 9)

0.19
(1.09 )

0.29
(1.13)

0.29
(1.14)

CD (P = 0.05) NS (0.04 ) (0.03) 0.34 NS
*	 Mean of three replications (30 ears / replication); US -  unsprayed strip; S - sprayed strip;  

P - periphery; C -  center

present. After peripheral treatment the central portion had 
significantly higher aphid and predator populations than the 
periphery. 

The results suggest that instead of completely spraying 
the field, we can adopt strip spraying or peripheral spraying. 
Peripheral spraying should be preferred as the pest enters 
from the periphery to the centre where pest population 
generally remains low. So it will be helpful in checking the 
further increase in aphid population because the predator 
population was quite high in the center and on spraying the 
periphery, most of the beetles due to repellency shift towards 
the center where prey is available to them. So this practice 
would help in managing the pest population and conserve 
the natural enemies which are important components of 
integrated pest management.
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