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Rice is the staple food crop for more than half of the world’s population though it’s cultivation is done in only 
11% of the world’s cultivable land. Several pests attack rice in different ways at different stages. Increased 
reliance on pesticides for pest control is found to be unsustainable and cost-ineffective. So, Integrated Pest 
Management (IPM) has been introduced as the best alternative for pest management in rice. IPM in rice helps 
to minimize risks to the environment and human health. Rice IPM uses the combination of cultural, use of 
resistant varieties, biological, physical, and chemical practices for pest control. Farmers Field School has been 
the most effective way to increase IPM knowledge among rice farmers. Such training helps to facilitate the 
farmers to apply ecologically informed farming practices. There are several challenges regarding the 
implementation of rice IPM. To increase IPM implementation in rice emphasis should be given on farmers’ 
training and education. The role of government is also vital for the successful implementation of IPM. This 
review article provides an overview of various IPM practices being performed in rice fields at present.  
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1. INTRODUCTION 

Rice is the most important food crop in the world and it accounts for the 

world’s largest populations of consumers and farmers in the world 

(Zeigler and Barclay, 2008). India, China, and Japan are the countries with 

the largest area of cultivation, the largest production, and the largest 

productivity (4.9 t/ha) of rice in the world respectively (Gadal et al., 2019). 

Each geographical region with a different climatic feature is characterized 

by different insect pest complexes and management practices. Plant 

disease and insects are found more in tropical climate while in temperate 

region fewer insects and disease problem is found as compared to tropics 

(Chauhan et al., 2017). There are over 100 species of insects that attack 

rice in different ways (Pathak and Khan, 1994). These pests harm the 

productivity of rice. So, it is very necessary to manage those harmful pests 

by using various suitable pest control techniques. Various major insects 

that occur in rice are Armyworm, Green leafhopper, Rice bug, Rice leaf 

folder, Stem borer, Ant, Black bug, Field cricket, Cutworm, Green semi-

looper, Green horned caterpillar, Rice caseworm, Rice gall midge, Rice 

hispa, Rice skipper, Rice thrips, Rice whorl maggot, Grasshopper and 

Locust, Mealybug, Mole cricket, Root aphid, Zigzag leafhopper, and Root 

grub. Similarly, Blast, Sheath blight, Sheath-rot, Bacterial blight of rice, and 

Rice-tungro disease are the major diseases that occur in rice. It has been 

proved that the increased reliance on pesticides for the pest control in rice 

production is unsustainable and cost-ineffective due to the development 

of pesticide-resistant pest, pesticide-induced outbreaks of insect pests, 

and rising in the cost of pesticide use (Berg, 2002). High use of chemical 

pesticides for crop protection is associated with sustained harmful effects 

on health and the environment (Barzman et al., 2015). This problem has 

led to another way of controlling pest that is “Integrated Pest Management 

(IPM)”. 

IPM has been an important measure for crop protection since the 1960s 

(Horgan, 2017). IPM has emerged as the most recognized and very strong 

concept in modern agricultural science (Kogan, 1998). Theoretically, the 

farmer who practices IPM will make knowledge-oriented economically 

justified decisions about pest management that minimizes risk to human 

health as well as the environment. IPM deals with the management of 

multiple pests simultaneously, regular monitoring of pests as well as their 

natural enemies, application of treatment and economic threshold when 

using pesticides, and the use of multiple and suppressive tactics in an 

integrated manner (Duke and Powles, 2008). According to FAO, IPM 

makes careful consideration for the least possible disruption to the 

agroecosystem and encourages natural pest mechanisms. IPM helps to 

increase the profitability of farmers by taking consideration of the cost of 

input and consequences to the environment. Since a large number of 

human populations in the world are involved in rice cultivation, the pest 

control practices by using IPM strategies certainly benefit a large number 

of the human population by reducing losses and increasing yield. 

1.1 Objective of The Study 

The objective of this study is to provide information about various 

integrated pest management practices performed in rice, including the 
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difficulties and suggestions for the adoption of IPM practices in rice fields. 

2. METHODOLOGY 

This review is prepared based on secondary sources of information. Pieces 

of literature were collected from different journal articles, research 

papers, books, other sources like governmental bodies websites, and 

relevant reports were studied and major findings were summarized.  

3. DISCUSSION

3.1 History of IPM In Rice 

The history of IPM in rice parallels with the introduction of high yielding 

semi-dwarf varieties of rice in tropical agricultural systems along with 

chemical fertilizers and pesticides (Cohen et al., 1997). This increased the 

yield of rice in developing countries substantially. However, the negative 

side effect was also resulted due to this. One of the major side effects was 

a change in the Brown planthopper’s status from an infrequent pest to a 

persistent outbreak pest that caused the huge loss in the rice field 

throughout tropical Asia (Settle et al., 1996). The major cause of the 

outbreak of Brown planthoppers was the overuse of chemical insecticide 

which was even toxic to the biological enemy of Brown planthoppers and 

it also stimulated the reproduction of Brown planthoppers when applied 

at a sub-lethal dose (Kenmore, 1991). So, the FAO Rice IPM Program was 

implemented to educate the farmer about IPM (Matteson et al., 1994). This 

approach recognized the need for the non-formal education process of 

learning by discovery and experimenting and it also gave emphasized the 

necessity for the farmers to understand the rice ecosystem. Hence, the rice 

field became the learning place for the farmers participating in Farmers 

Field School (FFS) (Ooi, 1996).  

3.2 Ecology Based IPM 

The practices of the farmers in the field depend on what they understand. 

To control or prevent the pest in the rice, a farmer must understand rice 

pest ecology. A well-informed concept of the rice ecosystem provides a 

better way to understand the way for insect pests’ management in rice. A 

better understanding of agricultural insect ecology is very necessary to 

control the pest (Settle et al., 1996). This ecology-based view about IPM 

explains that the majority of beneficial insects or spiders are found in a 

healthy ecosystem. Let’s take an example that in the tropical wet rice 

ecosystem of Indonesia, the percentage of neutrals (insects, plankton 

feeders) of the total species identified was 19%, predator and parasitoids 

was 64% and that of rice pest was 7% (Mangan and Mangan, 1998; Settle 

et al., 1996). Beneficial insects are very effective in controlling the pest. 

They occur in the tropical wet rice ecosystem before the pests and feed on 

neutral insects and detritivores that already exist in the rice field. 

Therefore, beneficial insects are effective in controlling the pest at the 

early stage (Settle et al., 1996). Similarly, chemical pesticides are 

destructive and they interrupt the balance of the wet rice ecosystem. 

Usually, they can induce the pest outbreak by killing the natural enemies 

of pests or by making the pest-resistant or making them physically 

invulnerable to pesticides. For example, high insecticide applications 

caused the outbreak of Brown planthoppers in Indonesia and its survival 

capacity also increased by more than ten times (Kenmore, 1991). So, the 

farmers need to understand the importance of beneficial insects and 

reduce the uses of insecticides which destroy them. 

3.3 Farmers Field School (FFS)  

To implement the Ecology-Based IPM, the Farmers Field School (FFS) 

model of training was designed to train the farmers (Kenmore et al.,1991). 

This model of training farmers was first adopted by Indonesia in 1989 for 

the implementation of IPM in rice. In Nepal, it was adopted in 1998 for the 

first time (Peshin et al., 2014). Farmers Field School (FFS) is an efficient 

method of managing pest stress that strengthens the farmers’ 

understanding and their role as researchers and the use of ecological 

science and technology. It is a session long educational courses conducted 

in the field in a small group of farmers (Kenmore, 1991). In FFS, farmers 

observe and analyze their agroecosystems from planting to harvest 

regularly. Here, farmers observe the predatory behaviors of the species 

collected from the field and reared in insect zoos, and their ecology is 

studied. Similarly, the members of the group collect the data and analyze 

them and they are encouraged to make the decision based on the result of 

analysis of the collected data (Peshin et al., 2014). Farmers decide whether 

the crop has reached the critical stage and if there is any need for the 

pesticidal spray in the paddy field. This type of learning practice increases 

the farmers’ knowledge and confidence in IPM as compared to 

conventional top-down delivery of technical suggestions. It also facilitates 

the farmers to apply ecologically informed farming practices. FFS is such a 

model that gives the farmers chance to do experiment with IPM and find 

the logically-relevant management options of the pest (Mancini et al., 

2008). 

3.4 Economic Threshold IPM 

The other model of IPM application, Economic Threshold IPM, is such a 

model that depends on pesticides rather than beneficial insects/spiders 

for the pest control. The economic threshold is reached when the cost of 

control is exceeded by the benefit of pest control so that there is no 

economic loss (Mangan and Mangan, 1998). It is different from the FFS 

model that in the Economic Threshold Model, farmers are taught in the 

classroom with some field time to identify some major pests while in FFS, 

farmers are taught in the field. In Economic Threshold Model, the decision 

of crop protection is made based on “scouting” of the pest at the four most 

critical stages and the pesticides are sprayed when the pest reaches the 

Economic Threshold Level (Mangan and Mangan, 1998). The economic 

threshold of IPM does not take concern about the whole agroecosystem 

but only takes account of the pest-plant relationship. This method focuses 

to identify and control the three or four pests with the right chemicals. 

Farmers learn the correct formulas and chemicals to control the pest 

which is taught by the experts. In this model of IPM, the decision of 

treatment is based on the economically derived decision rules and the 

control strategies are applied based on rules when the Economic 

Threshold level is reached (Fernandez-Cornejo, 1996). 

3.5 Pesticide Use 

Pesticides are common tools for pest management. In Asia, the stem borer 

damages the rice crop up to 5 to 10% annually but occasionally in the 

condition of the outbreak it may reach up to 60% (Pathak and Khan, 1994). 

To reduce the loss of yield due to such pests, farmers haphazardly use the 

chemical pesticides in higher rates than those recommended by the 

experts and extension agents because they believe that higher application 

of pesticides than the recommended dose is more effective 

(Abdollahzadeh et al., 2015). Such indiscriminate use of chemical pesticide 

can lead to the problems like harmful health effects, contamination of 

ground-water through seepage runoff, transmittal of pesticide residues to 

the farm family and the consumers by the means of the food chain, 

enhancing the pest resistance to pesticides thereby causing pest 

outbreaks, destroy the beneficial insects, reduce the population of 

microorganisms in the soil. Various health disorders like nausea, blurred 

vision, and respiratory disorders are found more in farmers who use 

pesticides than those who don’t use (Sankoh et al., 2016). Severe health 

and environmental hazards due to pesticide use in the developing 

countries occur mainly due to the lack of information among the farmers 

about the demerits of indiscriminate use of pesticides in a dangerous way 

(Dasgupta et al., 2005). So, it is necessary to make integrated management 

to overcome the problems of pesticide use before getting worst in the 

future. The losses due to the indiscriminate use of pesticides can be 

controlled by educating farmers and changing the farmer’s behaviors on 

pesticide use (Dasgupta et al., 2005). It has been found that the farmers 

who are trained in FFS about IPM use less pesticide than those who are not 

trained at FFS (Supriatna, 2003). However, for the successful 

implementation of rice IPM, the integration of insecticide uses with 

biological control methods, use of resistant varieties, and cultural method, 

is very important (Lim and Heong, 1984). 

3.6 Different Practices in Rice IPM 

IPM is an approach that combines physical, cultural, biological, and 

chemical control methods for pest management (Munyua, 2003). The 

various methods of pest control that are practiced in rice IPM are: 
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3.6.1 Cultural methods  

Cultural methods of pest control include the crop production method that 

is used consciously or unconsciously by the farmers. The measurement of 

the effectiveness of the cultural practices is often difficult because the 

same practice which causes the reduction of one pest may increase 

another (Reissig, 1985). Several cultural practices like field geometry, 

mixed cropping, planting method, planting density, planting time, tillage 

operation, weeding, and burning of straw influence the abundance of 

different pests in rice. For example, the larger and square field is more 

beneficial as the larger and square fields have less perimeter to area ratio 

and hence they suffer less from water weevils which occur in the field 

along the borders (Gigarick, 1984). In a study, dryland rice intercropping 

with cotton or pigeon pea resulted in a decreased population of white-

backed planthoppers (Satpathy, 1977). Transplanting rice is found to have 

more stem borer than direct-seeded crops (Koyama et al., 1968). Similarly, 

the population of leaf folders increases with the density of planting 

(Kushwaha and Sharma, 1981). 

3.6.2 Use of resistant varieties 

Use of resistant varieties is one of the important methods of IPM as they 

do not increase the cost of farmers, require less pesticide than that of 

susceptible varieties and they reduce the damage of pest population at all 

levels throughout the season (Reissig, 1985). The use of resistant varieties 

can be considered as a safe alternative to pesticide use in rice production. 

Various techniques are used to produce insect-resistant rice crop varieties 

like mutagenesis, the introduction of foreign genes (Single-gene and gene 

pyramiding), transplastomic approaches, genetically 

engineered/modified Bt Toxins, oligonucleotide-directed mutagenesis, 

engineered nucleases, engineered plant membrane transporters, and 

antisense technologies. Even though the number of insect-resistant rice 

varieties has been developed in the world but to date, no country approved 

those varieties of rice (Rasool et al., 2020). 

3.6.3 Physical methods 

Physical control of the pest can be defined as “the manipulation of physical 

factors to eliminate pests or reduce their population to tolerable level” 

(Fields, 1994). The implementation of physical control technologies for 

pest control in pre-harvest conditions is affected by various factors like 

technical obstacles in implementing the strategy, cost of physical control 

relative to competing technologies, and dependence of farmers on 

chemicals (Panneton, 2001). It is a labor-intensive method. So, the 

adoption of this method decreases with the increase in the labor cost and 

when the less expensive alternative method becomes available. The 

physical methods of pest control in rice include different practices like 

removal of the plant which is infested with the pest, cleaning of bunds, use 

of light traps, and use of oil on the paddy water. For example, kerosene oil 

is used against root weevils by pouring into the flooded field (Kuwayama, 

1963). The light trap is considered to control seed bugs (Sen and 

Chaudhuri, 1959). Root aphid is claimed to have been controlled by 

roughing (Tanaka, 1961).  

3.6.4 Biological methods 

The biological method of pest control is the key element of IPM. Biological 

control of pest can be defined as “ecologically based pest management that 

uses one kind of organism (the natural enemies) to control another (the 

pest species) (Hoddle and Van Driesche, 2009). Natural biological agents 

include Spiders, Damsels flies, Water bugs, Dragonflies, Mirid bugs, 

Meadow grasshoppers, Carabids, Staphylinid beetles, Coccinellids, 

Platygaster, and Bracon (Basana Gowda and Patil, 2019). In a broad sense, 

the biological approach of pest control also includes the use pheromones 

for monitoring pest population and to interrupt their mating, making the 

releases of insects sterile, and the use of bio-pesticides which are made 

from living organisms or the product of living organisms (Baker et al., 

2020). Some biological pesticides like Neem seed kernel extract 

(Azadirachta indica A. Juss), Vitex negundo L. leaf extract, and Bacillus 

thuringiensis which are used in rice affect the larval growth, feeding, and 

performance of rice leaf folder (Nathan et al., 2005). These studies show 

that the application of natural plant products with bacterial toxins causes 

growth inhibition, antifeedant effect and may also possess some toxic 

effects on harmful insects. 

3.6.5 Chemical methods 

The chemical method is the last resort in IPM practice. It includes the use 

of chemical pesticides for pest control. Pesticides suppress the pests to 

prevent the loss of crop. But high use of pesticides cannot lead to the 

sustained long-term production of rice. So, the use of pesticides must be 

based on ecological principles and the farmers must be able to take 

advantage of the diversity of the ecosystem and its productivity (Norton et 

al., 2010). For this awareness among the farmers about the ways to gain 

optimum long-term productivity of the rice field ecosystem is very 

necessary. In rice IPM, the chemical method of the pest control can be 

integrated with biological, cultural, and use of resistant varieties practices 

for controlling the pest. The judicious use of pesticides helps to control 

pests in rice. Selective use of pesticides helps to avoid or reduce the effect 

on non-target species. While using the chemical pesticides, the socio-

economic aspects of the pesticide should be considered and they should 

be applied at the correct timing and in minimum doses only to avoid 

predictable economic losses (Lim and Heong, 1984). 

3.7 Difficulties in The Adoption of IPM 

The implementation of IPM in the last decade seems to be weakened and 

the use of pesticides causing the pest outbreak seems to be increased 

(Wiyono, 2020). Because of this plant health are getting more complicated 

due to the attack of pest and disease. One of the most important obstacles 

in the implementation of IPM is that it requires the combined effort of the 

farmers within the farming community (Parsa et al., 2014). The combined 

effort may be important because pest can move easily from one field to 

another that are small and separated by a short distance. Another major 

problem is its complexity and it is difficult to integrate new pest control 

practices to make it acceptable to the farmers (Fenmore and Norton, 

1985). Other challenges regarding the implementation of IPM may be lack 

of training among the farmers about IPM, lack of knowledge among the 

farmers about the implementation of IPM and it is labor-intensive 

(Rahman, 2012). Farmers find difficulty in adopting the IPM because the 

cost of the IPM is more than the apparent benefit, it is less oriented to the 

need of farmers and it is difficult to implement than conventional 

management with pesticides (Parsa et al., 2014). IPM practices were not 

adopted by some farmers in Thailand because of its unsuitability for large 

farms, difficulties in the implementation of IPM and the farmers had strong 

confidence in the potential of chemical insecticide for the control of pest 

(Timprasert et al., 2014). 

3.8 Suggestions to Increase the Adoption of IPM 

To increase the implementation of IPM, it is very necessary to emphasize 

education and training to the farmers. It is necessary to focus on the 

educational and motivational programs by the implementing agencies to 

increase the IPM practice for farmers (Rahman, 2012). Well educated 

farmers are more aware of the effects of using pesticides and they have a 

better understanding of the importance of alternative pest control 

methods (van Eeden and Korsten, 2013). Education and training were 

found to be the main factors responsible for environmentally sound pest 

control practices in Pakistan (Khan and Damalas, 2015). Extension 

services can also play an important role in the implementation of IPM. It is 

found that the farmer who interacts more with the extension agents are 

more likely to use alternative pest control methods like IPM (Timprasert 

et al., 2014). Similarly, a study in Uganda shows that women have greater 

knowledge about IPM than men and they are more aware of the potentially 

harmful effect of pesticides (Erbaugh et al., 2003). Thus, IPM 

implementation programs focusing the women’s participation may 

increase the IPM adoption. Moreover, the supportive policy of the 

government is also very important for the successful implementation of 

IPM (Munyua, 2003). Government policies and actions like reducing the 

pesticide subsidies and providing monetary support to strengthen 

extension, research, and technical services can be helpful for the successful 

implementation of IPM (Teng, 1994). IPM programs should be developed 

in more countries. Emphasis should be given to teaching the farmers about 

IPM through FFS rather than any other method. The transmission of 
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knowledge about IPM through training and visit extension system has 

been failed and the “Farmers first” approach which involves transferring 

of knowledge about IPM through participatory non-formal education in 

the farmer’s field which is followed by community IPM practices that focus 

on farmer-training-farmer and research by farmers is getting success in 

IPM implementation (Matteson et al., 1994). 

4. CONCLUSION 

This study shows that indiscriminate use of pesticides has a harmful effect 

on human health and the environment. Excessive pesticide use causes the 

destruction of beneficial insects and the outbreak of the pest. So, 

Integrated Pest Management is the best alternative of pesticide use for 

pest management in the paddy field. FFS has been the most effective way 

to increase knowledge among the farmers about IPM tools and techniques. 

In IPM, different practices like physical, biological, cultural, use of resistant 

varieties, and chemical practices are combined for the pest management 

in the paddy field. Although the economic and ecosystem benefit of the 

IPM has been realized by some farmers in the world but yet there are many 

rice farmers left who are still left to be taught about IPM. Development of 

the IPM program is required in more countries and such a program should 

ensure such type of education systems that helps to reduce the agricultural 

practices that cause negative impacts on the environment. The 

implementation of programs like Farmers Field School should be given 

more emphasis. There is a need for different studies to be made in the 

different regions of the world to discover the various eco-friendly 

integrated pest control means. Studies must be primarily focused on the 

implementation of integrated pest control means that involve the 

participation of farmers in pest control activities. 
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