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Highlights:

• Use of perching, sweeping, and need based insecticide (IPM technique) useage produce at par yields compared to prophylactic insecticide useage in rice fields.

• There exists a technique that can reduce 75% of insecticide useage in rice field.

• The results were obtained in cooperation between smallholder rice farmers and researchers of Bangladesh.

Currently rice protection from insect pests solely depends on chemical pesticides which have tremendous impact on biodiversity, environment, animal, and human health. To reduce their impact from our society we need to cut pesticide use from agricultural practices. To address this issue, we did an experiment to identify realistic solutions that could help farmers build sustainable crop protection systems and minimize useage of insecticides and thus reduce the impact of pesticides in the environment. Innovations developed jointly by farmers and researchers and evaluated for their potential to be adopted by more farmers. In this paper we tested four management practices jointly with smallholder farmer fields in order to select the best one. Four management practices were used namely, T1 = Prophylactic use of insecticide where insecticide was applied in rice field at every 15 days interval without judging the infestation level; T2 = Perching (that is, placing roosting (perching) sites for insectivorous birds within the rice field) and concurrent sweep net samples along with need-based insecticide application; T3 = Perching only; and T4 = Farmer's own practices. The results revealed that routine application of insecticides for crop protection is not mandatory which is commonly found at use in rice farmers. In our experiment, where prophylactic method or farmers used 3–4 times insecticides without judging the insect pests infestation level, the similar pest population was found when compared to the field where insecticide was not applied. Our management system reduced by 75% the use of insecticides even if the field was infested with an insect pest. Predatory insects were higher in numbers than that of insecticide treated fields. We conclude farmers' should refrain insecticide applications up to 30–40 days after transplanting to enhance higher predatory arthropod population numbers, which might check pest populations in rice fields. Our experimental results show that a proper manner of an integrated pest management (IPM) cut pesticide use without any yield penalty. Results indicate the T2 management system minimizes pest damage by increasing natural enemies and can improve environmental quality.
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INTRODUCTION

Rice (Oryza sativa L.) is a staple food for over half of the world population, but serious yield losses are caused annually by insects and diseases (Akhtar et al., 2010; Hu et al., 2014). Rice is grown on over 158 million hectares which produced over 465 million tons in 2012. Bangladesh alone harvested over 11.6 million hectares and produced 34 million tons of milled rice in 2012 (IRRI, 2014). Rice is the predominant food crop of Bangladesh and occupies 75% of the cropped areas (Ganesh-Kumar et al., 2012) and provides about 75% of the calories and 55% of the protein necessary in the average daily diet of a Bangladeshi (Bhuiyan et al., 2004). The crop is the primary source of income and employment of nearly 15 million farm households in Bangladesh (Bangladesh Bureau of Statistics, 2008). Also, households in Bangladesh are predominantly small and for marginal farmers, the average farm size is 0.53 hectare (Hossain et al., 2007). The increase in the volume of rice production is an immediate requirement in the world (including Bangladesh) due to rapidly growing populations (Kennedy, 2002; Miao et al., 2011); however, achieving this task seems impossible due to various obstacles. Predicting climate change impacts along with managing the different kinds of arthropods pests which attack rice fields is a major problem. To date, 266 different kinds of herbivores (including non-arthropod species such as rats) have been recorded from rice ecosystems, and of these, 232 are arthropod species identified and recorded in Bangladesh alone, which directly or indirectly cause rice production losses (BRRI, 2016). However, total number narrows to only 15–20 species if those considered as major insect pests that cause significant yield loss when sufficiently large numbers occur (Islam et al., 2003). Typically, insect pests cause 18% yield loss to rice production in Bangladesh and currently control of these arthropod pests solely depends on chemical pesticides (Islam et al., 2003). During 2011 and 2012, about 20–24 thousand total tons formulated (as active ingredient, a total of 1900-2400 tons) insecticide were used in Bangladesh (BCPA, 2013) with more than half of that amount applied against rice insect pests.

Recent scientific studies have demonstrated that insecticides have a strong collateral effect on both human and other non-target organisms, as well as pests. For example, Bottrell and Schoenly (2012) have shown that brown planthoppers (a serious rice pest) outbreaks can be traced to the misuse of insecticides if current pest management solely depends on chemical pesticides with effects on environment, biodiversity and human health. Therefore, the challenge before the agricultural scientists of today is to identify novel management practices for controlling rice insect pests other than unilateral usage of agrochemicals. Integrated Pest Management (IPM) is a potential tool for reducing pesticide use and enhancing yield. Practicing IMP in rice field increases 22.75% yield over farmers' practices as well benefit cost ratio is higher under demonstrated technology as compared to farmers' practice (Banerjee et al., 2015). Trial also resulted in higher yield (36.01 q/ha in IPM against 26.24 q/ha in farmer practice) and benefit-cost ratio (3.80 in IPM and 2.56 in farmer practice) as compared to farmer practice (Tanwar et al., 2016). Pretty and Bharucha (2015) reported that practicing IPM's enhances 40.9% crop yield and reduces in pesticide use to 30.7%.

To date, 375 natural enemies (including predators and parasitoids) of rice pest arthropods have also been recorded in Bangladeshi rice ecosystems (Islam et al., 2010). Collectively all of these kinds of arthropods perform various ecological functions such as herbivory (feeding on the rice plants), predation, parasitization, pollination, decomposition, and nutrient cycling. The pests are in turn subjected to attack by predators and parasitoids, and thus, kept in check. This intricate food web of relationships among rice plants, pests and the rich biodiversity of natural enemy (NE) species constantly strive to reach equilibriums that prevent abnormal outbreaks of pest species. The main challenge is to stop prophylactic use of synthetic pesticides which are hazardous and harmful for non-target pest organisms (e.g., Ahmed et al., 2002; Travisi et al., 2006; Ahmed et al., 2011). The farmers in Bangladesh use chemical pesticides during the early season of crop establishment when pest populations are often not high enough to significantly damage the crop (Bari et al., 2015). If the farmers refrain from pesticide use during this period (that is, 30–40 days after the transplanting of rice), natural enemy populations are enough to stop abnormal outbreaks of pest species and prevent significant crop damage (BRRI, 2016). Previous studies show that farmers use different management practices which vary from place to place around Bangladesh (Bari et al., 2015). Some practices/technologies are being made available as options for cutting chemical pesticide applications from rice production practices (Bari et al., 2015). As an hypothesis, we did a joint experiment with smallholder farmers using different pest management practices, in order to determine how to reduce pesticidal impacts from our society. If a policy direction is demonstrated, another main challenge is to motivate the millions of farmers to adopt these sustainable management practices and stop prophylactic use of pesticides, and rather seek ways to enhance natural enemy activity against pest species. Therefore, in this study, farmers are to be fully integrated in the decision process, since innovations invented and jointly tested both by farmers and researchers are more likely to be adopted than those invented and tested solely by farmers or solely by researchers (Nicolay et al., 2015).

MATERIALS AND METHODS

Barisal and Rangpur regions of Bangladesh were selected for this study. Both areas have diversity in the ways that rice is grown and they are the most important regions for future expansion of rice growing areas in Bangladesh. Barisal is in southern Bangladesh, which covers 3000 square kilometers, and known as a coastal and saline prone area while Rangpur is in the northern part of Bangladesh, which covers 2,308 km2, and known as a drought and cold prone area. In order to identify management practices/systems that might minimize the use of chemical insecticides in rice fields, these following four management practices were investigated: Prophylactic use of insecticide (T1)—insecticide was applied in rice field at every 15 day intervals without judging the insect pest infestation levels; (T2)—perching (establishing perching sites for insectivorous birds) and concurrently using sweeping and need-based insecticide applications; (T3)—perching only; and (T4)—farmers own chosen practices. Need based insecticide was applied according economic threshold leve (ETL) of each pest. ETL of insect pests was presented in Table 1. In case of farmer own practice, they use 3–4 times pesticide and either can use IPM or not and followed other practices such as weeding, fertilization when they feel and had cash in their hand for operation that. Sweeping is done by a sweep net, as described by Alam et al. (2016). Perches are made from bamboo poles with branches (or a long branch of tree with small branches) with these perching stands placed in rice fields. These stands provide nesting facilities for predatory birds (for example, the black drongo), with a standard distance between them being 10 × 10 m. In the T2 or T3 treatments, perching stands were applied at a density of 100 perches/ha. For the T2 treatment, sweepings were done as necessary throughout the plot, so that approximately all insect pests were collected and removed from the plot. In the T1 treatment, Virtako® WDG insecticide was applied at a rate of 75 g/ha.


Table 1. Economic threshold level (ETL) of rice insect pests in Bangladesh.
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The experiments were conducted in two consecutive years, 2014 and 2015. Bangladesh has three rice growing seasons, namely Aus (monsoon rice), Aman (rain-fed with supplemental irrigation, and also two types, namely Broadcasted Aman and Boro (Irrigated and well managed rice, which is primarily winter rice) (BRRI, 2016). All the rice growing seasons were used to conduct experiments in each year. Locations and fields for the component treatments were selected based on: land type, variety cultivated, and the transplanting time in each year. Thirty-six experiments were conducted among 36 smallholder rice farmer fields. The farmers, and their rice fields for these studies, were selected with the help of personnel either from Regional Station, Bangladesh Rice Research Institute (BRRI) or Department of Agriculture Extension (DAE), Bangladesh. The field size for each farmer was 0.18-0.20 hectare (ha). One portion of each farmer's field remained under the respective farmers' supervision without any intervention, which meant that T4 is the control treatment of each experimental layout. The other 3 treatments were randomly allocated among the smallholder farmers, 12 farmers to each one of a choice of 3, to the other portions of the field not assigned T4, at each season in both locations. Thus, each season between locations for random groups of 12 farmers, each of the other 3 treatments was replicated three times.

The experiment was conducted during Boro 2014 and 2015, Aus 2014 and 2015, and Transplanted Aman 2014 and 2015 seasons. The selected farmers in each season were actively involved to conduct the experiments in their own fields. The rice varieties, BRRI dhan28 and BRRI dhan29 for Boro; BR23, BRRI dhan39 were used for conducting experiments in Aus season; and BRRI dhan42, BRRI dhan48, BRRI dhan49, BRRI dhan52 for Transplanted Aman. For transplanting rice in selected fields, farmers raised seedlings in seedbed nursery. Seedbed management was performed according to the traditional farm practices (BRRI, 2011). Before transplanting seedlings into the main fields, land was well prepared according to the common practices of wetland soil preparation followed by laddering. Thirty to forty-five days old seedlings were transplanted in selected framers field during rice cultivation season. Standard transplanting spacing (20 × 20 cm2) was maintained. Fertilizers containing N, P, K, Zn, and S were applied at the rates of 82, 15, 38, 10.6, and 2.7 kgha−1 respectively, using urea, triple superphosphate (TSP), muriate of potash (MP), Zinc sulphafe, and gypsum. The total amount of TSP, MP, gypsum, and 1/3 urea were applied during final land preparations. The remaining urea was top dressed in two equal splits, 20 days after transplanting (DAT) (early tillering stage) and 40 DAT (maximum tillering stage) synchronized with irrigation or wet soil conditions, since the experiment was conducted under irrigation conditions.

Arthropod populations, including insect pests and their natural enemies, were recorded from each experimental field jointly with the farmers participation. Twenty complete sweeps were taken to collect insect pests and their natural enemies from each experimental field. The sweepings were done at maximum tillering stage of rice crop. The collected insect pests and natural enemies were sorted, identified, counted and written in the data collection sheet at each sampled field. The insect infestation was monitored fort-nightly by 20 hill counting and/or 20 complete sweepings in experimental fields. After observing infestation level, insecticide treatments were applied according to need based approach in T2 treated plots. The insecticide was applied according to insect pest species attack. All experimental procedures including data recording, detection of infestation level, decision making for pesticide application were done by discussions with the farmers. The data were subjected to analysis of variance (ANOVA). Means were compared by the Tukey's post hoc test among the locations at 5% level of significance. Data were transferred to logarithm scale or arcsine in order to homogenize the variance. All statistical analyses were done using the SPSS software version 16.0 (SPSS, 2007). Benefit cost ratio (BCR) was calculated using the method and associated costs described by BRRI (2015).

RESULTS

Insect Pest Infestation

In our experiment, we recorded major insect pest infestations and their magnitude for rice production loss. During 2014, rice insect pests recorded in all experimental plots both in Rangpur and Barisal are shown in Figure 1. None of the rice fields involved in the experiment showed any abnormal development of pest outbreaks during the both years 2014 and 2015 (Figures 1, 2). The insect infestation was found below the economic threshold level (ETL) at all experimental field plots at both locations, Rangpur and Barisal. The following insect pests including green leafhopper (GLH), white leafhopper (WLH), grasshoppers (GH), stem borers (SB), Leafroller (LR), caseworm (CW), rice bug (RB), long horn cricket (LHC), brown planthopper (BPH), white backed planthopper (WBPH), and rice hispa (RH) were commonly observed. But there were no significant differences among the treatments at 5% level. These experimental results also showed that in T2 treatment did not require any insecticide whereas T1 as well as T4 treatments used 2–3 times insecticides. But we did not find any significant higher insect pest population or more crops damaged in T2 and T3 experimental plots than farmers own (T4) or T1 treated plots (Figure 1). The experiment was conducted in all three of the seasons each year in both locations. Comparatively higher pest populations were observed in Rangpur region than in Barisal at each season (Figure 1) during 2014. Higher number of pest species was found in Aus season than that of other two seasons.
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FIGURE 1. Effect of different treatments on the incidence of insect pests in rice field in 2014. Left panel for Rangpur and right panel for Barisal. Upper, middle, and lower figure represent Aus, Aman, and Boro seasons, respectively. Error bars indicates standard errors. T1 = Prophylactic use of insecticide, T2 = Perching and simultaneously used sweeping and need-based insecticide application, T3 = Perching, and T4 = Farmers practice. GLH, Green leafhopper; WLH, white leafhopper; GH, grasshopper; YSB, yellow stemborer; WSB, white stemborer; LR, rice leafroller, RH, rice hispa; RB, rice bug; LHC, long horned-cricket; SHG, short-horned grasshopper; LHG, long-horned grasshopper. *Significantly different at 5% level (Tukey's post hoc test); ns, not significantly different at 5% level (Tukey's post hoc test).
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FIGURE 2. Effect of different treatments on the incidence of insect pests in rice fields in 2015. Left panel for Rangpur and right panel for Barisal. Upper, middle, and lower figure represent Aus, Aman, and Boro seasons, respectively. Error bars indicates standard errors. T1 = Prophylactic use of insecticide, T2 = Perching and simultaneously used sweeping and need-based insecticide application, T3 = Perching, and T4 = Farmers practice. CW, caseworm; GLH, Green leafhopper; WLH, white leafhopper; GH, grasshopper, YSB, yellow stemborer; WSB, white stemborer; LR, rice leafroller; RH, rice hispa; RB, rice bug; GM, gallmidge; LHC, long horned-cricket; SHG, short-horned grasshopper; LHG, long-horned grasshopper. *Significantly different at 5% level (Tukey's post hoc test); ns, not significantly different at 5% level (Tukey's post hoc test).



During the year 2015, recorded insect pest populations are presented in Figure 2. This year, infestation levels were also below the ETL, each season at both locations except Transplated Aman, season at Barisal region. The treatments did not show any significant different at 5% level. However, higher insect pest populations were found in Barisal region than that of Rangpur, at each season (Figure 2). At 2015, the insect infestation in Barisal region was also below the ETL at experimental plots. Yellow stem borer (YSB) is the principal insect pest that causes the most application of insecticide in rice field. YSB was recorded by sweeping and hill counting. No significant differences were observed for insect infestation among the treatments. Damaged symptom, dead heart (caused by YSB) was calculated in different treatments treated field and significant difference was not found among the treatments (p > 0.05). More or less similar scenarios were also observed by sweeping data. During Transplated Aman rice growing season, when rice fields were infested by rice hispa, Dicladispa armigera (Olivier) (Figure 3) and exceeded the ETL (counts ranged between 6 and 161 insects /20 sweeps) in all treatments at Barisal region, an insecticide was applied to control them. One application of chemical insecticide (Dimethoate 20EC at 1.0 k g/ha) was done to control rice hispa during Transplated Aman season in Barisal. Other T1 plots were also infested by rice hispa and farmers applied 2–3 times insecticides to control them, but T2 experimental plot needed only one application for successful management of rice hispa. This result indicates that need-based application of insecticides can reduce production cost (Supplementary information, Tables S1, S2). Moreover, use of chemical pesticides will be reduced from rice fields, preventing environmental degradation by unnecessary chemical pesticide.
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FIGURE 3. Rice hispa (Dcladispa armigera) infested rice plot during vegetative stage. Dimethoate® 20EC was applied for rice hispa control (one time).



Natural Enemies of Rice Insect Pests

Several common predators of Bangladesh rice fields include the dragon fly, damsel fly, spiders, lady bird beetle, staphylinid beetle, and the carabid beetle. For 2014, experimental results were demonstrated in Figure 4. Predator populations varied significantly between T1, T2, T3, and T4 treatments at Rangpur during Boro season (p < 0.05). Comparatively, higher predatory populations were found in the Rangpur region than in the Barisal region each season (Figure 4). Higher populations were found in T2 and T3 treated plots compared to the T1 and T4 treatment plots. Recall that both T1 and T2 plots were treated by insecticides, but the T2 plots were treated only as needed. Among the three seasons for rice production between the two years, higher populations were observed during the Boro season at both locations. During the 2015 rice growing season, higher predatory populations were recorded at the Barisal region than at Rangpur, at every rice production season (Figure 5). Thus, the samples indicate that phrophylactic use of insecticide has detrimental effects on the populations of natural enemies. The refrained usage of insecticide during the early crop stages (30–40 DAT), results in higher numbers of spider, lady bird beetles, and carabid beetle populations in T2 treated plots, reducing pest populations and keeping them below the ETL level.
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FIGURE 4. Effect of different treatments on the incidence of predators in rice fields in 2014. Left panel for Rangpur and right panel for Barisal. Upper, middle, and lower figure represent Aus, Aman, and Boro seasons, respectively. Error bars indicates standard errors. T1 = Prophylactic use of insecticide, T2 = Perching and simultaneously used sweeping and need-based insecticide application, T3 = Perching, and T4 = Farmers practice. SPD, staphylinid beetle; Dam. Fly, damsel fly; Drag.fly, dragon fly; LBB, ladybird beetle; CBB, carabid beetle. *Significantly different at 5% level (Tukey's post hoc test); ns, not significantly different at 5% level (Tukey's post hoc test); **Significantly different at 1% level (Tukey's post hoc test).




[image: image]

FIGURE 5. Effect of different treatments on the incidence of predators in rice fields in 2015. Left panel for Rangpur and right panel for Barisal. Upper, middle, and lower figure represent Aus, Aman, and Boro seasons, respectively. Error bars indicates standard errors. T1 = Prophylactic use of insecticide, T2 = Perching, and simultaneously used sweeping and need-based insecticide application, T3 = Perching and T4 = Farmers practice. SPD, staphylinid beetle; Dam. Fly, damsel fly; Drag.fly, dragon fly; LBB, ladybird beetle; CBB, carabid beetles. *Significantly different at 5% level (Tukey's post hoc test); ns, not significantly different at 5% level (Tukey's post hoc test).



Grain Yield and Pesticide Use

The rice grain yield results after harvest are summarized in Figure 6. Evidence of significant effects of the different treatments on rice growth and grain yield were not found except in Aus and Aman seasons at 2014 in the Barisal region. However, higher grain yields were observed in the Boro season at both locations in each year. Only significant effects of treatments were found at Aus (p < 0.011, F = 7.389) and during Aman seasons (p < 0.008, F = 8.332) at 2014 in the Barisal region. However, experimental plots during the Boro season at Rangpur showed higher yield than that of the Barisal region each year. In T1 and T4 treatments insecticides were applied 3-4 times in each season at both locations at each year, but significant gains of yield, due to insecticide application, were not found between T1 and T2. Regardless, insecticide usage polluted the environment, and threatened human and animal health. Our experimental results show that practicing the T2 and T3 strategies for rice production systems reduced insecticide use 75% even when the field was infested with insect pests (need based application) and reduced 100% insecticides if the field did not significantly exceed the ETL (Figure 7). The Benefit cost ratio (BCR) was also calculated, and both T2 and T3 management strategies showed higher BCR values than the other treatments (T1 and T4 Tables S1, S2).
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FIGURE 6. Effect of different treatments on rice yield. Upper figure for Rangpur and lower figure for Barisal. Blue and red bar represents the years 2014 and 2015, respectively. Error bars indicates standard errors. T1 = Prophylactic use of insecticide, T2 = Perching and simultaneously used sweeping and need-based insecticide application, T3 = Perching, and T4 = Farmers practice. SPD, staphylinid beetle; Dam. Fly, damsel fly; Drag.fly, dragon fly; LBB, ladybird beetle; CBB, carabid beetles. ns, not significantly different at 5% level (Tukey's post hoc test).
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FIGURE 7. Effect of different treatments on the reduction of insecticide useage in rice field. T1 = Prophylactic use of insecticide, T2 = Perching and simultaneously used sweeping and need-based insecticide application, T3 = Perching, T4 = Farmers practice and NB = Need based application of insecticide augmented with T2 treatment, so NB also represents T2 when infestation exceeded the ETL in the figure but in this figure T2 represents when infestation did not cross the ETL. **Significantly different at 1% level (Tukey's post hoc test).



DISCUSSION

Rice has a long history toward feeding people around the globe and has been cultivated by humans for over 5,000 years. Over time, scientists have invented several efficient techniques of coping with environmental conditions, including insect pests, which threaten rice production. With the arrival of modern chemical pesticides, these material are provided to farmers as the remedy for pest control, and as ways to save labor, and increase yield per unit area. However, prophylactic chemical pesticide applications come with costs of environmental degradation, risk to animal, and human health, imbalanced biodiversity, and declined crop resilience. However, farmers in Bangladesh at the first did not care for the applications of insecticide in rice fields. But, then some chose to use insecticides routinely or either if an infestation level exceeded an ETL or not. Sometimes, they got advice from pesticide dealers and too frequently applied insecticides in their fields. Thus, to reduce some of the adverse impacts, integrated pest management (IPM) is developed as a sustainable pest management system which plans to blend traditional, need-based pest-control methods and promote judicious use of pesticides. The aim is to enhance yields, improve crop resilience, and reduce damage to environmental systems associated with the excessive, indiscriminate usage of chemical pesticides.

A well planned pest management system enhances ecosystem services and supplies appropriate food sources for a wide number of natural enemies (Hillocks and Cooper, 2012). Sustainable rice agro-ecosystems provide a diverse insect community by maintaining a complex food web (Redfern et al., 2015). The insects persisting in this food web system can help provide a functional ecosystem as long as natural enemy complexes are continually enhanced (Allara et al., 2012). Rice ecosystems are inhabited by hundreds of arthropod species which perform various ecological functions such herbivory (feeding on the rice plants), predation, parasitization, pollination, decomposition, and nutrient cycling. Predator insect species account for 64.74% of all insects, with the remainder classified as pest species (Lou et al., 2013), in Bangladesh rice systems. When pesticides are made available to farmers too commonly, the beneficial animals (including earthworms or nematodes that help increase soil fertility) such as spiders, predators, parasitoids, parasites, beetles, birds, frogs and lizards are reduced under excessive pesticide use (Dutcher, 2007; Ali, 2014). The pest management approach commonly practiced by farmers often exceeds the judicious use of pesticides (that is, they use 3–4 times too much pesticide), which results in the decline in natural enemies and increases pest populations to cause damage to crop yield (Abrol, 2013). Our study results show that rice yield was not significantly higher in the T2 treatment as compared with the T4 treatment, where farmer owned plots often applied pesticide too much (Table S2). However, our study generated message that following IPM in rice farm reduces pesticide useage in crop field.

We did not find any significant differences in insect pest number in instances where the treatment involved insecticides applied 3–4 times in a rice growing season compared with those treatments that did not use insecticides in both years and at both locations. These findings indicate that without application of insecticide increases the number of natural enemies' impact on pest populations. Rice ecosystems can harbor up to 375 species of natural enemies to naturally keep in check pests (Bari et al., 2015). Rice fields without pesticides, especially during early establishment of rice plants (up to 30–40 DAT), increase natural enemies number such that they definitely attack pests (BRRI, 2015).

Variation in number among the two locations, rice production seasons, and years might be due to choice of sampling methods. Different sampling methods were used to record insect pests in Barisal, during 2014, over the rice production seasons. In Rangpur, insect pest were recorded by the sweeping method; whereas, the 20 hill counting method was used in Barisal. These two methods are highly different and sweeping often catches higher number of insects than the 20 hill counting method (BRRI, 2015). We always recommend two methods for recording insect pests from rice field but due to shortage of man power we used one method to collect data from Barisal. During the 2015 rice growing seasons, higher number of insect pests were documented in Barisal among them (Figure 2). These variations in numbers possible arose due to the location effect. Ecosystem assemblage, climatic conditions, and cropping patterns between the two locations is different. Comparatively warmer climate prevails in Barisal which can favor insect populations more so than at Rangpur. The climatic weather of Rangpur is comparatively cooler than the Barisal region in Bangladesh. In winter season sometimes temperature differed by 4–5°C between Barisal and Rangpur.

We determined the ETL in each rice field, at each season, before choosing to use insecticides in any rice field. These results indicate that use of an ETL to avoid unnecessary insecticide applications can enhance predatory populations in rice fields. We applied ETL-based insecticides strategically, as part of the T2-treated plots, to minimize pest populations. As a result rice yield was at par with other treated plots, but with the benefits that the amount of insecticide used, along with their associated cost, was reduced significantly. We found that the need-based use of pesticide is the best pest management strategy to control pests in rice fields, and reduce as well pesticide use on smallholder, agricultural farms.

The T2 treatment is also known as the IPM-treated plot, because in this system sweeping, perching and need-based (ETL based) application of insecticide was done. An IPM strategy allows ETL-based application of insecticide to be an effective technique for controlling insect pests (Abrol, 2013). In our study, when we identified a significant number of insect pests attacking a rice field, we used the pre-determined ETL to apply insecticide. During the Transplanting Aman season during 2015 in the Barisal region, a field was highly infested with rice hispa (Figure 6). The ETL of rice hispa is 35% leaf damage (BRRI, 2011), and in this field, that level was exceeded (Table S1). Sweeping was done throughout the field and Dimetheoate (20 EC at 1.0 kg/ha) was applied to control the rice hispa. This pest was properly controlled, and the final yield was harvested at a good yield on par with other nearby treatments (Table S1). The experiment was conducted jointly with farmers so they were always with us at every activity from transplanting to harvesting stage of crop. Farmers were very happy to see the results in the T2 experimental plots at harvesting time.

In T1 and farmers own treated plots (T4), also infested with rice hispa, results indicate that routine, or too frequent applications below an ETL, for a specific pest does not stop the outbreak of other pests in field. Moreover, these practices may induce outbreaks of other rice pests by disrupting natural enemy activity. Insecticides induce the outbreaks of secondary pest (Pemsl et al., 2011) and affect natural enemy abundances in fields (Dutcher, 2007).

Other studies have also demonstrated that IPM strategies, like that of T2 in this study, do not result in any yield penalty (Sattar et al., 2004; Alam, 2013). Our management system (T2) showed that a well-designed pest management program can control insect pests in an ecological manner (Bux et al., 2013; Ehi-Eromosele et al., 2013, improving overall environmental quality USEPA, 2015). Rodrigo et al. (2013) reported that recommended insecticide application compatible with IPM practices are beneficial for the control of rice pests at any stage of crop.

Pretty and Bharucha (2015) reported IPM projects, and found that at least 50% of pesticide use is not needed in most agroecosystems and sometimes resulted in a transition to zero pesticide use. Our study demonstrates that IMP significantly reduced the pesticide use or sometimes did not require using pesticide in rice production. Promotion of this practice in rice production may discourage rice farmers from use of pesticides in Bangladesh. In Sri Lanka, Costa Rica and Nicaragua, 4–7% farmers suffer bad-health from agricultural pesticide each year (Athukorala et al., 2010). Pingali and Roger (1995) estimated the human health costs of pesticide use in irrigated rice systems of the Philippines, and compared the economics of three pest control strategies: complete protection comprising nine sprays per season, economic threshold decisions involving two sprays per season, and IPM with no pesticides. It is recommended “the value of crops lost to pests is invariably lower than the cost of treating pesticide-related illness and the associated loss in farmer productivity (Pingali and Roger, 1995). Considering human health costs, IPM is the most profitable pest management strategy. Our trials (use IPM practice) resulted in pesticide reduction and improve benefit-cost ratio as compared to farmers practice. Therefore, practicing IPM approaches that reduce pesticide use in rice farm in Bangladesh will thus have important effects on rural public health.”

Rice fields need to be monitored at 7–10 days interval for checking levels of pest infestation. Field monitoring helps farmers best control their rice pests. Refraining farmers from applying insecticides to rice fields before 30-40 DAT enhances natural enemy activity to check the build-up of pest populations. Practicing need-based application of insecticide also significantly reduces total pesticide usage in rice fields. Based on this experiment, it is concluded that farmers should avoid prophylactic measures, and rather farmers monitor their crop fields at 7–10 day intervala up to the flowering stage. These practices reduce pesticide use from agricultural landscapes and improve environment quality.
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