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ABSTRACT

Effective and economic suppression of insect pests in rice ecosystem by the judicial use of pesticides on the basis of
economics threshold levels (ETL) is very essential. This study was conducted to determine the ETLs for the chemical control
of rice stem borers, (Scirpophaga incertulus WIk. & S. innotata WIk.) and rice leaffolder (Cnaphalocrosis medinalis Gn.) in
the traditional Basmati rice growing area the Kallar tract of the Punjab, Pakistan. On the basis of cost benefit ratio an action
threshold of 5% dead-hearts (DH) and 3% folded leaves for stem borers and rice leaffolder, respectively were developed and

use of insecticides to control these insects on need basis despite calendar based insecticides application was stressed.
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INTRODUCTION

Rice crop is attacked and damages by large number of
pest insects from nursery to harvest but only a few of them
are considered key pest, which cause severe yield losses. In
Pakistan about 128 different species of insects have been
reported to attack rice crop however 20 of these are of major
economic significance (Ahmad, 1981). Among these major
pest insects rice stem borers, (Scirpophaga incertulas & S.
innotata) and rice leaffolder (Cnaphalocrosis medinalis)
considered as dominant pest insects of rice, throughout the
rice growing areas. They induce highly discernible damage
symptoms (Chaudhary et al., 1984; Heong et al., 1994;
Bhatti, 1995; Alvi et al., 2003). Among the various methods
used by the farmers to protect the rice crop from these
economically important pests the chemical control remains
the only mean of economical and rapid method for
suppression of insect pests infestation. This is because other
methods of pest control are laborious, time consuming and
less effective (EJF, 2002). However the indiscriminate use
of insecticides has caused many side effects, including, loss
of biodiversity, biological imbalance, resulting in changes in
community structure the problem of secondary pests,
insecticide resistance, residual toxicity, proliferation and
resurgence of selected insect pests and environmental
pollution (Roger & Kurihara, 1988; Wilson & Tisdell, 2001;
Tahir & Butt, 2009).

Determination of economic threshold levels (ETLS) is
the main tool, which is helpful in making decisions about
whether the insecticides are to be applied or not. But the
farmers ignore the ETLs and use insecticides according to
calendar-based program to overcome the losses caused by
pest insects. Such indiscriminate uses of pesticides not only
drain the exchequer but also are a growing threat to the
people and environment of the country. It is therefore,
important to define the pest population levels, which
stresses on immediate intervention mostly by rational
insecticide application (Srivastava et al., 2004). This
practice in turn will help protect the biodiversity and
environment from being deteriorated by indulging poisons
and lessening the weights of pesticides on country’s import
along with savings of health and wealth of the farmer ‘the
mechanic’ of agroecosystem.

These studies were planned to determine the ETLs for
most commonly known major lepidopterous insect pests of
rice, against, which maximum insecticides are being used by
rice farmers, so that rational use of insecticides would be
employed rather than calendar base use.

MATERIALS AND METHODS
The experiments were conducted at farmer’s fields in

traditional rice area i.e., Kallar tract during 2004-2006 to
determine ETLs of rice stem borers (Scirpophaga
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incertulas, S. Innotata) and rice leaf folder (Cnaphalocrosis
medinalis). The experiments were laid out in randomized
complete block design (RCBD) with six treatments for rice
stem borers (0, 1, 3, 5, 7 & 9% infestation) and leaffolder (O,
2,4, 6, 8 & 10% infestation) with three replications. Nursery
of rice (Oryza sativa L. cv. Super Basmati) was sown and
transplanted with row to row and plant to plant distance of
22 cm in well prepared soil according to the traditional land
puddling practices of the area as recommended. The plot
size was 1 m? for each treatment in each replication. All the
agronomic practices and input used were same for all the
treatments, except different infestation levels. To mimic the
damage behavior of rice stem borers and leaffolder the
simulative injury technique was used (Anonymous, 2003).
The treatments were applied at 55 days after transplanting
(DAT).

Due to the attack of stem borers, dead-hearts are
formed at early crop stages, so artificial dead-hearts were
produced with the help of dissecting needle. The number of
tillers injured to produce dead-hearts, was calculated by
using the following formula:

No of tillers to be injured = Treatment (%value) x
Total tiller count)/100

Whereas in case of rice leaffolder, a 10 cm area of flag
leaf, leaving about 4 cm from the tip, was covered with
black adhesive tape very carefully to mimic the symptoms
of rice leaffolder’s attack. The number of leaves, treated
artificially, was calculated by using the following formula:

No of leaves to be treated = Treatment (%value) x
Total leaves count)/100

After harvesting, data on paddy vyield (at 14%
moisture) and other yield components i.e., number of
panicles per m? number of ripened grains per panicle and
1000 grain weight, were recorded and subjected to statistical
analysis by using the program MSTAT-C (1989). The
means of significant treatments were compared at 5% level
of significance through Duncan’s multiple range test
(DMRT) following the procedure outlined by Steel and
Torrie (1984). Economic analysis of yield losses was done
to determine the ETLs for chemical control of these major
pest insects of rice crop.

RESULTS AND DISCUSSION

The rice yield is predicted by number of panicles per
m?, number of ripened grains per panicle and 1000 grain
weight (Srivastava et al., 2004). The analysis of variance of
variance shows that treatments (% infestation level) had
significant effect on number of productive tillers per m* (P <
0.05) and yield per m? (P < 0.01), whereas non-significant
effect on number of grains per panicle (P > 0.05) and 1000
grain weight (P > 0.05) in case of rice stem borer (Table ).
However, the treatments induced significant variation in
number of grains per panicle (P < 0.05), 1000 grain weight
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(P < 0.05) and yield per m? (P < 0.05), whereas no
significant variation in number of productive tillers per m?
(P > 0.05) in case of rice leaffolder (Table II).

The number of productive tillers per m® in case of rice
stem borers decreased significantly with increasing level of
infestation, except for 1% infestation level, which indicated
the increased number of productive tillers per m? Mean
number of productive tillers per m* was maximum (223) for
1% infestation level, followed by 221, 219, 217, 210 and
208 tillers per m® for 0, 3, 5, 7 and 9% infestation levels,
respectively (Table I).

The number of ripened grains per panicles and 1000
grain weight were not affected significantly by increasing
infestation levels (Table I). This non-significant effect may
be attributed to the fact that rice plant compensates for stem
borer injury not only by translocation of its photosynthetic
assimilates from damaged tillers to healthy tillers and
increasing photosynthesis rate of leaves, adjacent to stem
borer killed-tiller’s leaves (Rubia et al., 1996). However
their values decreased slightly with increasing the number
of damaged tillers per plant (Chen et al., 1982).

The grain yield increased with decrease in infestation
level (Table I & I11). The highest grain yield (4730.35 kg
ha™) was obtained from 1% infestation followed by 0, 3, 5,
7 and 9% infestations with 4727.58, 4675.71, 4638.66,
4446.98 and 4347.20 kg ha™, respectively. Higher yield at
1% infestation level than 0% infestation level (TO) may be
attributed to the fact that rice plant has the ability to
compensate the rice stem borer damage by increasing the
production of new tillers (Rubia et al., 1989 & 1996; Islam
& Karim, 1997; Heong & Escalada, 1999). These additional
tillers contributed to increase the paddy yield. So, enhancing
plant compensating mechanism to stem borer injury may be
a better strategy for stem borer management than insecticide
application (Rubia et al., 1996). Our results also suggested
that at low level attack of rice stem borer, control measure
should not be adopted at all in any case, because it will be
mere wastage of resources. This practice will not only save
expenditure incurred in the form of insecticide application,
but will also favor the conservation potential of insect
biodiversity of rice fields.

The paddy yield data were put for economic analysis
by considering the reduction in yields in monetary terms for
each treatment and the cost of chemical control involved.
The ETL was worked out as 5% damaged tillers for carrying
out the necessary control measures against rice stem borers
(RSB) (Table I11). At this level reduction in yield was 88.92
kg ha™ worth Rs. 2223 (considering paddy@Rs.25 kg™) and
cost of control was Rs. 2100 ha™, which was nearly equal to
benefit drawn, hence it was more economical. The results
confirm to the findings of Inayatullah et al. (1986),
Anonymous (2002 & 2003) and Suhail et al. (2008), who
also determined 5% damaged tillers as ETL for RSB
control. However the results were different from those of
Sherawat et al. (2007) who recommended 7.5% damaged
stem as ETL to control this pest insect.
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Table 1. Comparison of mean values of different yield
components for rice stem borers

Stem borer No. of No. of grains  1000-grain Average Average

Infestation productive per panicle weight (g) yield yield

level (%) tillers (m?) (gm? (kg ha')
0 221a 103.22a 20.96a 47850a 4727.58a
1 223a 103.11a 20.90a 478.78a 4730.35a
3 219ab 103.11a 21.00a 473.25a 4675.71a
5 217abc 102.00a 20.95a 469.50a 4638.66a
7 210bc 101.22a 20.90a 450.10b 4446.98b
9 208c 100.33a 20.71a 440.00c  4347.20c

LSD =9.199 LSD =3.010 LSD =1.588 LSD =9.247 LSD =91.36

Table Il. Comparison of mean values of different yield
components for rice leaffolder

Infestation No. of No. of 1000 Average Average
level (%)  productive grains per grain yield yield
tillers (m? panicle  weight () (gm?®) (kg ha™)
0 218a 104.0a 20.90a 470.1a  4644.588a
2 218a 103.9a 20.50a 465.5a  4599.140a
4 219 103.1a 20.20ab  458.0ab  4525.040ab
6 218a 102.9a 20.15ab  454.2ab  4487.496ab
8 218a 101.5a 17.90bc  435.3b  4300.764b
10 216a 96.33b 15.85c  431.7b  4265.196b

LSD =5.356 LSD =4.963 LSD =2.703 LSD =24.60 LSD =243.1

Table I11. Economics of chemical control for rice stem
borers

Infestation Average Reduction Decrease inyield Costof Cost/

level (%) yield (kg inyield  in monetary control  benefit
ha')  (kgha') terms(Rs.ha') (Rs.ha?) ratio

0 472758 0 0 0 0

1 4730.35 +2.77 +69.25 2100 Total loss

of Rs.2100

3 4675.71 51.87 1296.75 2100 1:0.62

5 4638.66 88.92 2223.0 2100 1:1.06

7 4446.98 280.60 7015.0 2100 1:3.34

9 4347.20 380.38 9509.5 2100 1:4.53

Table IV. Economics of chemical control for rice

leaffolder

Infestation Average Reduction Decrease in Costof  Cost:

level (%) Vield (kg inyield  yield in monetary control  benefit
ha')  (kgha') terms(Rs.ha®)  (Rs.hal) ratio

0 464459 - - - -

2 4599.14 45.45 1136.25 2100 1:0.54

4 4525.04 119.55 2988.75 2100 1:1.42

6 4487.50 157.09 3927.25 2100 1:1.87

8 4300.76 343.83 8595.75 2100 1:4.09

10 4265.20 379.39 9484.75 2100 1:4.51

Note: 1. Means sharing the same letter do not differ significantly

2. As cost of production was the same for all treatment that is why it was
not considered during economic analysis and only cost of protection
through insecticide and reduction in yield in monetary terms were
considered. In case of chemical control measures Padan 4G @ 22.50 kg
ha', costs Rs. 1750 ha' (@ Rs.700 bag™ weighing 9 kg), net
transportation charges Rs.100 and application charges @250 ha™. The
paddy price was taken @ Rs. 25 kg™

In case of rice leaffolder the mean values for
productive tillers were not affected significantly with
increasing infestation by rice leaffolder. However number of
grains per panicle and 1000 grain weight decreased
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gradually with increasing leaffolder damage, which
ultimately decreased average yield with a slight significant
difference. The highest yield was obtained with full control
having 0% infestation followed by 2, 4, 6, 8 and 10%
damaged leaves, respectively (Table I1).

As evident from the Table 1l low infestation levels of
rice leaffolder produced small decrease in paddy yield as
compared to its control, because partial defoliation can
cause increased photosynthesis in remaining leaves
(Wareing et al., 1968). Rice farmers overestimate the losses
caused by rice leaffolder and become much frightened due
to visible damage symptoms by rice leaffolder and thus
often overuse insecticide from fear of losses (Litsinger et al.,
2005). They mostly spray even at low infestation levels,
because of the easy availability of insecticides at low prices
in Kallar tract of Punjab. Compared to granular insecticides
foliar sprayable insecticides, besides killing rice insects
harm to natural enemies to a greater extent, which tend to
keep these pests at low densities. This practice, however is
not only a cause of environmental pollution but also is
harmful to both farmers and ecosystem (Fernando, 1970).

The paddy yields data were put to economic analysis
by considering the reduction in yields in monetary terms for
each treatment and the cost of chemical treatment involved
to control rice leaffolder. From Table 1V it is clear that for
2% infested leaves cost of control was more and at 4%
infestation loss was more as compared to cost of its control.
This implied that ETL for rice leaffolder lied in between
these two infestation levels. So, the ETL was worked out as
3% damaged leaves for carrying out the necessary control
measures against rice leaffolder by using granular
insecticide Padan (cartap 4G). At this infestation level cost
of control and benefits were almost equal, hence more
economical. The results of the present study are in
accordance to those of Tu et al. (1985) and Anonymous
(2002) but different from those of Bautista et al. (1984),
who reported 5% damage leaves as action threshold.

CONCLUSION

Chemicals based control measures should be adopted
when infestation reaches 5% dead-hearts and 3% damaged
leaves for the control of rice stem borers and leaffolder,
respectively. For developing ETLs as only economic costs
and losses were considered. However, if we also include
costs to natural enemies, health, environment and
difficulties in performing insecticide application task the
higher will be the thresholds.
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