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Integrated pest management (IPM) is an environmentally friendly technology. IPM is a multifaceted approach to pest management
that seeks to minimize negative impacts on the environment. This technique is an important step towards providing healthy,
viable food for a growing global population. The focus of this study was to examine the impact of integrated pest management
in a rice agroecosystem. Currently, more than 80% of farmers rely on pesticides. IPM methods employed in our study had an
impact on the number of healthy tillers and hills and grain weight. The lowest percentage of dead heart (1.03) and white head
(2.00) was found in the IPM treated plots. These plots had an average yield of 7.4 tonne/ha. We found that there were significant
differences between the treatment and the observed percentage of dead heart, grain weight, and yield. We conclude that IPM
practices are an effective strategy for obtaining high rice yields while protecting the environment and creating a more sustainable
agroecosystem. Furthermore, the need for ongoing research and training on IPM methods will be essential for creating a sustainable
rice agroecosystem.

1. Introduction

Rice is a staple food for more than fifty percent of the
world’s population [1]. For decades rice crops have directly
or indirectly played a key role in the livelihood of several
billion people. In 2010, 154 million hectares of rice were
cultivated worldwide, of which 137 million hectares were in
Asia, with 48 million hectares harvested in Southeast Asia
[2]. In Bangladesh, eighty percent of agricultural land is
dedicated to rice cultivation [3]. Of the rice growing regions
in Bangladesh, Barisal is one of the most important, due
in part to the diversity of rice under cultivation. For this
reason, as well as the region’s consistently high yields, Barisal
is known as the “Crop House of Bangladesh,” although for

several decades farmers have been plagued by a number of
pest related issues [3].

Integrated pest management (IPM) is an adaptation to
insect behavior and life cycles [4-6]. A farmer’s agricultural
practices and knowledge of pest species in a given agroecosys-
tem are essential for developing a successful IPM plan [7].
An ecosystem level understanding of pest life cycles provides
the basis for successful design and implementation of an IPM
strategy. A farmer’s practices and a well-designed IPM plan
should be closely linked in rice ecosystems [8]. A successful
IPM plan accounts for the protection of beneficial insects,
secondary pest outbreaks, spread of disease, contamination
of air, water, and soil resources, and pest resurgence [9, 10].
The wide scale adoption of IPM in rice agroecosystem could
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provide a tremendous net benefit to farmers in a number
of countries. The innovative IPM program utilized in this
study is from the “Farmer Field School Model” [8] and is
applicable to rice agroecosystems throughout the world. It
protects against pesticide-induced pest resurgence, which
is the primary focus of the National IPM program of any
country in the world [8].

Two hundred sixty-six insect species have been identified
in rice ecosystems in Bangladesh. These insects form a
complex food web within the rice ecosystem. In the rice
agroecosystem 42 insect species are considered to be pests
[11, 12]. Pest insect species can be categorized as minor and
major pests. These pests cause severe damage to rice crops
at different growth stages. The degree of damage is depen-
dent on the growing season and surrounding environment
[13].

One species, the yellow stem borer, Scirpophaga incertulas
Walker, is considered to be a major rice pest [14]. According
to DAE in Bangladesh [12] the stem borer can be eradicated
through several methods: light trapping, hand picking eggs
from rice leaves, sweeping with a net, perching, burning
rice stubble, cultivation of insect resistant varieties, using
bioagents, and applying Economic Threshold Level (ETL)
based insecticides in Bangladesh. Currently, most rice farm-
ers rely on insecticides rather than utilizing IPM strategies
(15].

Integrated pest management (IPM) is an effective and
environmentally friendly approach to pest management
[16]. Sustainable and effective agricultural pest management
techniques are important to the continued development of
alternative pest management strategies [17]. IPM techniques
protect the natural enemies of pest insects and aid in the
restoration of ecosystem activities [18]. This approach takes
advantages of all appropriate pest management options,
including the judicious use of pesticides. Organic food pro-
duction employs similar methods to IPM but precludes the
use of pesticides that are produced from synthetic chemicals
[19]. Notwithstanding this, at a community level worldwide,
chemical pesticides have played a vital role in providing an
abundant and inexpensive food source [20]. Despite this,
the persistent use and overuse of chemicals in non-IPM
treated farming systems have resulted in a number of adverse
environmental problems [21]. For local farmers, continu-
ing education and training play a vital role in advancing
their knowledge of IPM practices and the adverse impacts
agrochemicals can have on the rice ecosystem. Certain IPM
practices have been shown to significantly increase yields
while also increasing environmental and economic benefits.
In the long run, IPM can be a better pest management
strategy than chemical control alone [19]. IPM and farmers
practices both are important for the protection of sustainable
environment with rice yield. We conclude that the effect of
IPM on the yield components would be further researched
substantively in this region.

2. Materials and Methods

2.1. Geographical Position. The field experiment was con-
ducted in the Barisal region of Bangladesh in 2010. Barisal is
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located in southern Bangladesh and encompasses an area of
approximately 3,000 square kilometers. Barisal is bounded by
Madaripur, Shariatpur, Chandpur, and Lakshmipur districts
to the north; Patuakhali, Barguna, and Jhalokati districts
to the south; Bhola and Lakshmipur districts to the east;
Jhalokati, Pirojpur, and Gopalganj districts to the west. Our
field site was located at 22.7000°N 90.3667°E and covers a
total area of 324.41 km? [22].

2.2. Farmer’s Land Selection. To determine an appropriate
field site a preliminary meeting was organized with farmers
and personnel of the DAE in 2010 at their office in Barisal
Sadar of Bangladesh. At this meeting, an observation was
made of farmer’s ongoing practices within their rice ecosys-
tems. The experiment site was selected based on uniformity
of cropland, the presence of major rice insects, cultivated rice
varieties, and transplanting season. Yellow stem borer was
considered as the major rice pest for this study. To maintain
a degree of food security the Bangladesh Rice Research Insti-
tute (BRRI) releases numerous rice cultivars. Among these,
BRRI dhan 28 and BRRI dhan 29 are popular among local
farmers in the Barisal region due in part to yield performance
during the Boro season (November to February). BRRI dhan
29 seed was supplied to the farmers for seedling preparation.
Agronomic practices were applied according to guidelines
established by the Bangladesh Rice Research Institute (BRRI)
(Table 2). These practices include land preparation, fertilizer
application, irrigation, and hand weeding. All documented
practices in each plot were similar to the farmer’s preexisting
practices (Table 2). Insects’ egg mass collection, perching,
sweeping, and ETL based insecticides application are the
most recognized components of an IPM strategy in rice
agroecosystems (Table 1).

2.3. Data Collection. At each location we recorded the total
number of hills per 10 m?, the average number of healthy
tillers at tillering and flowering, the percentage of dead
heart and white head, the percentage of moisture, and grain
weight in kg per 10m? and yield (tonne/ha) (Figures 1-
8). All agronomic and integrated farmer’s pest management
techniques were recorded for each plot (Tables 2 and 3).
Major environmental concerns were determined through
discussion with farmers and DAE personnel (Table 3).

2.4. Experimental Design and Statistical Analysis. The exper-
iments were conducted during 2010-11 growing season in
three locations within the Barisal region: Sarder Para, Uttar
Sagardi, and Gabtala. Three fields owned by different farmers
were selected from each location. The treatment plots were
12m X 12m and separated from other plots by 1.6 m barrier
zones designed to avoid spray drift or other treatment effects.
Rice seedlings raised in the nursery were transplanted to
the experimental plots with 20 x 20 cm spacing, and recom-
mended agronomic practices were followed. Each location
was considered a replication. These three replicates, each
of 4 treatments, produced a total of 12 plots for this study.
Treatments were as follows: T, consisted of collection of egg
masses, sweeping, and perching; T, consisted of collection
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TABLE 1: Details of treatments in the rice agroecosystem in 2010-11.

Treatments Description of each treatment

Collection of egg masses, sweeping, and perching: egg mass collection and sweeping both were employed at 7-
T, and 15-day intervals, respectively; sweeping was over before flowering of rice plants; bamboo perching was put
in the rice field 10 x 10 m distance as nest for keeping birds in the rice fields as biological agent

Collection of egg masses, sweeping, perching, and ETL based insecticides application: collection of egg masses,
T, sweeping, and perching activities were similar to treatment one; the rate of insecticides (Cartap) application was
30 mL @ 10 L water and sprayed two times for the total duration of rice crops

Prophylactic insecticides application: only insecticides were applied for three times of the total duration of rice

T
? plant and dose was 40 mL @ 10 L water
Farmers’ practices: farmers’practices were what they understand to apply of insect’s management in the rice
T ecosystem; they did not follow egg mass collection and sweeping in their rice fields; they were mostly dependent
¢ on insecticide (Cartap) application for control of rice pests; the insecticide application rate was about 45 mL @
10 L water and application frequency was 4 times for the total duration of rice plants
TABLE 2: Agronomic practices in each plot in the rice ecosystem in 2010-11.
Treated Number of tillage ~ Transplanting
Locations rigt;? processes during time Fertilizer application (g/decimal) Weeding Sources of waters
P land preparation (November)
T, 4 Mid Urea 250, TSP 300, MOP400 By hand Rain and flash flood water
T 4 Mid Urea 250, TSP 300, MOP400 By hand Rain and flash flood water
Sarder Para 2
T, 4 Mid Urea 250, TSP 300, MOP400 By hand Rain and flash flood water
T, 4 Mid Urea 250, TSP 500, MOP400 By hand Rain and flash flood water
T, 5 Mid Urea 250, TSP 300, MOP300  Byhand Rain and flash flood water
. T 5 Mid Urea 300, TSP 500, MOP400 By hand Rain and flash flood water
Uttar Sagardi 2
T, 5 Mid Urea 250, TSP 500, MOP300 By hand Rain and flash flood water
T, 5 Mid Urea 250, TSP 500, MOP300 By hand Rain and flash flood water
T, 5 Mid Urea 250, TSP 300, MOP300  Byhand Rain and flash flood water
T 5 Mid Urea 300, TSP 500, MOP400 By hand Rain and flash flood water
Gabtala 2
T, 5 Mid Urea 250, TSP 500, MOP300 By hand Rain and flash flood water
T, 5 Mid Urea 250, TSP 500, MOP300 By hand Rain and flash flood water

TABLE 3: Record of farmers’ practices in the rice ecosystem in 2010-11.

Components of

Major threats/Environmental

integrated practices Sarderpara Uttarsagardi Gabtala degradation
Collection of egg Not applied Not applied Not applied Reduction of beneficial insects,
mass toxicity to soil, air, and water,
Sweeping Not applied Not applied Not applied health hazards, and outbreak of
Perchi Applied at tillering Applied at tillering Applied at tillering secondary pests

erching stage stage stage Higher cost to benefit ratio and

I microbial toxicity

.Ap P 11c.a.t1on of Cartap Cartap Cartap
insecticides

of egg masses, sweeping, perching, and ETL based insecti-
cides application; T; consisted of application of prophylactic
insecticides; and T, was the farmers’ “normal” pest control

number of hills per 10 m? varied from 194 to 270 (Figure 5).
This was statistically nonsignificant (Table 4).

strategy (Table 1). The experiment was laid out as a RCBD
design. Data were analyzed using Statistix 10.

3. Results

3.1 Tiller and Hill. The number of healthy tillers was similar
for all treated plots at each location (Figures 1 and 2). The total

3.2. Dead Heart. At Sarder Para, the average percentage of
dead heart was 2.25, 0.9, 1, and 3 at Ty, T,, T;, and T,
respectively. For Uttar Sagardi the percentage of dead heart
was 2, 1, 118, and 2.5 for T}, T,, T, and T,. The lowest
percentage of dead heart (1.03) was found in treatment T,,
with the highest (2.83) being recorded for T,. For Gabtala
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Average number of healthy tillers by
treatment and blocks or location
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the range of dead heart was from 1.2 to 3 percent. There
was a significant difference between the percentage of dead
heart and treatments (p < 0.05). Treatments 2 and 3 were
statistically identical, but T, treated plots were statistically
different from T, treated plots (Figure 3 and Table 4).

3.3. White Head. At Sarder Para the percentage of white
head was observed to be 2.86, 2.74, 2.5, and 2.15 for
treatments Ty, T,, T;, and T, respectively. In Uttar Sagardi,
the percentage of white head was 2, 1.52, 2, and 2 for
treatments T,, T,, T5, and T,. Percentage of white head

observed in Gabtala was 2.88, 1.75, 2.5, and 3 for treatments
T,-T,. The lowest percentage of white head (2.00) was found
in T, treated plots. However this relation was statistically
nonsignificant (Table 4 and Figure 4).

3.4. Grain Weight (kg/lom*). A 7kg grain weight was
found at T;, T;, and T, treated plots, and 8 kg was found
in T, treated plot at Sarder Para. In Uttar Sagardi, the range
of grain weight was 8.5 to 10.5kg/10 m?, but similar grain
weight was found in T, and T, treated plots. The lowest
was found in the treatment of T; at Gabtala (Figure 6). A



S = oW
SOUIT= U L1 W

Dead heart (%)

Collection of egg masses,
sweeping, perching, and
ETL based insecticides
application (T,)

£ o
22
=
Eg
o O
%DD«
la=
N

S g
g o
22
2 &
— QL
]

SE

(Ty)

International Journal of Zoology

o o
£ g
kS 3
:
2> &
.-—1&4 o
2 =)
o g g =
.2 S B
= =
=8
o=
3
A

Treatments

= Sarder Para = Gabtala

= Uttar Sagardi

FIGURE 3: Percentage of dead heart by treatments.

A

White head (%)

%
Q
17}
1%}
£
o0
=
3}
S
©
=
S
=]
O
Q
=
[}
O

Collection of egg masses,
sweeping, and perching

(Ty)

sweeping, perching, and
ETL based insecticides
application (T,)

W W

g g

3 kS

3 I

E/‘\ a‘
o

= e g

27 g ~

3§ RS,

< .2 =

—_— s o~

>~ <

£3

°E

Ay =

Treatments

= Sarder Para = Gabtala

= Uttar Sagardi

FIGURE 4: Percentage of white head by treatments.

significantly higher average grain weight (8.83) was found
for T, treated plots. The relationship between treatment and
grain weight was significant (p < 0.05). The percentage of
white head in T, treated plots was identical with T; and T,
treated plots. T, treated plots were statistically different from
T (Table 4).

3.5. Moisture Content. Moisture content in rice grains
at Sarder Para was 26, 26.7, 23.7, and 23.2% in treated
plots T,, T,, T;, and T,, respectively. Similarly, at Uttar
Sagardi, 29.5, 28, 29.8, and 271% moisture contents were
foundin T,, T,, T;,and T,. The range of moisture percentage
was found to be 27 to 29% at Gabtala (Figure 7). Variation
in the moisture content of rice grains was not statistically
significant among treatments (Table 4).

3.6. Yield (Tonne/ha). Rice yields of 6.02, 6.81, 6.21, and
6.25 tonne/ha were found at T, T,, T3, and T, treated plots

in Sarder Para. In Uttar Sagardi, rice yields of 8.19, 8.79,
6.93, and 8.47 tonne/ha were recorded at T, T,, T, and
T, treated plots. A similar trend was observed at Gabtala
plots with 6.69, 6.79, 5.44, and 6.19 tonne/ha being recorded
for T,, T,, T5, and T, plots, respectively. An average yield
of 74 tonne/ha was highest in T, (IPM) treated plots. We
found the relationship between treatment and yield to be
significant (p < 0.05). Rice yield in T, treated plots was
identical with T; and T, treated plots. Treatment T, was
statistically different from T, treated plots (Table4 and
Figure 8).

3.7. Major Threats Raised for a Sustainable Environment. In
the last 10 years, farmers have not fully implemented all of
the components of integrated pest management practices.
Currently, more than 90% of farmers rely on Cartap insecti-
cides for control of rice insects in rice agroecosystems [23].
Egg mass collection, sweeping, perching, and ETL based
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insecticides application are the recommended practices for
the control of pest insects in the rice ecosystem. Due to the
lack of integrated methods for control of major rice pest
threats to the system problems include reduction of beneficial
insects, outbreak of secondary pests, high cost to benefit ratio,
impacts on beneficial microbes, the accumulation of toxins in
soil and water bodies, and the associated health hazards [13].
Information pertaining to environmental degradation was
garnered through discussions with farmers and Department
of Agricultural Extension (DAE) personnel in Bangladesh
(Table 3).

4. Discussion

Integrated pest management (IPM) is a highly effective
method for managing pest insect species [24]. This manage-
ment system enriches ecosystem processes and can provide a
healthy, sustainable food source for a range of organisms [25].
Rice agroecosystems have evolved over the last 5,000 years
under human management; for this reason human beings
are considered to be an integral component. An abundance
of insect species are supported through a series of complex
interactions that comprise the food web that at its base is
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maintained by rice [26]. In this agroecosystem, the food web
can serve as a tool to help improve natural ecosystem func-
tions. However, function is dependent upon the continued
propagation of predator insect species. Ecosystem function
in a healthy rice agroecosystem can be improved through
protecting and encouraging those insects that prey on pest
species [27]. In conventional pest management strategies the

role of predator species is minimized or even eliminated by
heavy pesticide application (Table 3). In China, 889 insect
species that prey on pest insects have been identified. These
predator insect species account for 64.74% of all naturally
occurring enemies of pest species [28].

Increased pesticide use has led to an increase in soil,
water, and air pollution. These increases have in turn had an
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adverse impact on human health and rice quality [29]. The
incorrect use or overuse of pesticides can harm plants, aquatic
organisms, livestock, and humans. Jacobsen and Hjelmso
[30] reported that pesticide use has a higher cost to benefit
ratio with respect to yields and can have negative impacts
on beneficial microbes. The excessive use of pesticides, in
the search for higher yields, has triggered several ecological
crises (Table 3). These crises include pesticide resistance,
resurgence of insect pests, pesticide poisoning, environmen-
tal toxicity, destruction and elimination of natural predator
species, effects on nontarget organisms, disruption in the
food web, and increased prevalence of pesticide residues in
food [31, 32]. These conditions could be effectively mitigated
through implementation of a well-designed IPM strategy [32,
33]. Despite several IPM strategies that have been developed
and promoted for rice production, adoption remains low due
to the “chemical-free” strategies being less effective when
compared to heavy insecticide application. Successful IPM
strategies need to incorporate a combination of techniques
and low to moderate insecticides application [34].

Integrated pest management and farmer practices both
have a significant effect on the number of rice hills, abun-
dance of healthy tillers, and the percentage of white head
and dead heart (Table 3). In addition these practices can
affect grain weight and yield. We found the incidence of
dead heart and white heart both to be relatively lower in the
IPM treated plots; the percentage of white head and dead
heart both was observed to be lower than established critical
limits [35]. Other parameters such as hills, tiller, and grain
weight were variable, but yield (7.4 tonne/ha) was higher in
the IPM treated plots (Table 3). Singh et al. [36] conducted
similar research on the effectiveness of IPM for Rice Yellow
Stem Borer (Scirpophaga incertulas) in rice-wheat cropping
systems. They found similar incidence of dead heart and
white head in their IPM treatments. Several other studies
have shown that a well-designed IPM program can control
pest insects in an ecologically friendly manner [37].

One hundred fifty-nine rice insect species are recorded in
the rice agroecosystem. Among these species, 20-23 species
have been found to be most damaging in Bangladesh [38].
Due to lack of knowledge pertaining to insect life cycles
and pest species, farmers often apply pesticides at higher
rates and at inappropriate times. A majority of farmers are
not concerned with the negative impacts pesticide use may
have on fish, wildlife, humans, soil, and beneficial insect
species [39]. Additional education and training are needed
to better inform farmers of responsible pest management
techniques and appropriate pesticide application. This could
be accomplished through television programming, increased
contact with extension personnel, and farm credit services.
An increased awareness of the correct application of agro-
chemicals, pest monitoring, and timely removal of weeds and
diseased plants will protect the environment and decrease the
financial burden on farmers [40]. By increasing the number
of IPM-trained farmers, smaller quantities of pesticides will
be put into the rice agroecosystem [32].

Most farmers do not understand the impacts pesticide use
can have on their health. This is most often due to the lack of
knowledge surrounding pesticide’s mode of action. Research

has been conducted on health disorders associated with
the use of nonrecommended pesticides and inappropriate
applications rates. One study examined negative health effects
observed in rural Vietnamese communities. It was found
that a majority of farmers suffer from fatigue, headache, and
dizziness, most often occurring during and after pesticide
application. These neurological symptoms were found to be
the result of cholinesterase inhibition [41]. Insecticides are
moderately hazardous due to the known health effects associ-
ated with exposure [42, 43]. Health problems associated with
overuse of pesticides have risen despite increased availability
and use of protective measures [43, 44].

Farmers often become dependent on pesticides without
giving consideration to the environmental consequences.
Unfortunately this is a common occurrence because there
is less concern for environmental protection when food
production takes precedence, as is often the case in the
developing world. Recently there is a growing concern among
scientists about the fate of pesticides in these agricultural
settings [6]. The use of IPM can reduce pesticides appli-
cations up to 85% [45]. Selective pesticide use can reduce
pest populations and improve ecosystem services. A study
was examined on pesticide use and attitudes toward pest
management strategies among rice and rice-fish farmers in
the Mekong Delta [43]. They identified patterns of pesticide
use and possible integration of IPM strategies for control
of major rice pests. They found that farmers who did not
employ IPM methods frequently experienced negative health
effects associated with pesticide use [43]. Integration of
IPM practices may serve to improve farmer awareness of
sustainable practices through emphasizing the importance of
healthy rice ecosystems.

IPM techniques are able to increase agricultural produc-
tivity while reducing pesticide use in crop systems. Pretty
et al. [46] found IPM technology to be effective at reducing
pesticide use by around 71%, while increasing yields by 42%.
In China, annual sweet potato production has increased
by 30%, due to implementation of IPM techniques. The
economic benefits of IPM have been included in annual
revenue reports in the United States [47, 48]. In Africa, the
introduction of an exotic wasp, Anagyrus lopezi (DeSantis),
for the control of cassava mealybug, Phenacoccus manihoti
Matile-Ferrero, has resulted in an average annual return of
300 dollars (US) per farmer [47, 49]. Additional reported
benefits for implementation of IPM strategies range from 100
to 500 dollars (US) per hectare of productive land [50]. In
the West Indies IPM has been used in banana cultivation
and has led to a 65% decrease in pesticide use over the last
10 years [51]. Research was conducted on IPM and non-IPM
treated farms in India for productivity and sustainability; they
found that sustainable production was higher in the IPM
treated farms [32]. Numerous studies have concluded that
IPM techniques are extremely efficient and environmentally
friendly and are the foundation of sustainable cropping
systems. It is worth noting that no single technology can solve
all pest problems.

Most rice farmers currently have practices that are similar
to designed IPM strategies. Despite this, due to a lack of
proper training on IPM practices in the rice ecosystem,
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farmer activities have been damaging to both the environ-
ment and human health [52]. An increased reliance on pes-
ticides has proven to be unsustainable and not cost efficient
[23, 43, 53]. Pesticides compatible with IPM strategies have
been shown to be beneficial for the control of rice pests during
the germination, tillering, vegetative growth, and flowering
[54]. IPM strategies that employ appropriate pesticide use
have consistently been shown to increase rice production
(21, 55].

We conclude that to increase adoption of IPM strategies
it is necessary to increase farmer awareness and knowledge
concerning environmental pollution that could be mitigated
with successful implementation of these techniques. It is
important to improve farmers’ pest management practices
through examining current strategies and building upon
preexisting knowledge. Additional research is needed to
identify insect resistant rice varieties, analyze the patterns
and use of pesticides, investigate constraints to controlling
rice pests, examine the level of knowledge that farmers
have concerning environmental pollution due to pesticide
application, and explore alternative ways to reduce pesticide
use.

5. Conclusion

Integrated pest management practices are infrequently being
utilized for pest control in rice agroecosystems. The prin-
ciple benefits of this technique include improved environ-
mental conditions and healthier cropping systems. Healthy
agroecosystems can provide higher rice yields than current
management strategies. In our study BRRI dhan 29 rice
yielded 7.4 tonne/ha in the IPM treated plots. According
to BRRI (2015) the cultivar BRRI dhan 29 is capable of
yields from 6 to 8 tonne/ha in Bangladesh agroclimatic zones
(http://www.brri.gov.bd/). Our study indicates that an IPM
strategy can have a positive effect on yield performance
while lessening the environmental impacts associated with
chemical intensive pest control.
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