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Abstract 

Extreme weather occurrences, variations in the pattern of rainfall, and an increase in the average world 

temperature were resulted to the existence of climate change. All living things, including plants, 

insects, and the relationships they have with the weather, herbivores, and other organisms, could be 

impacted by climate change. Such alterations in the weather and environment could have a significant 

impact on the dynamics of insect pest populations and crop conditions. These could result from indirect 

effects on the pest, host plants, rivals, and natural enemies in addition to direct effects on the 

distribution and quantity of pest populations.  

Many researchers have proved through laboratory studies, elevated temperature and CO2 resulted in 

escalation of brown plant hopper, leaf folder and stem borer multiplication through increase in both 

fecundity and number of adults, thus inflicting higher yield loss in rice under elevated conditions. In 

contrast some studies proved that elevated conditions lowered female longevity, fecundity and egg 

survival rates, indicating that elevated conditions likely to limit population build up of rice pests. 

Furthermore, numerous studies have shown that while some insects cannot develop in high 

temperatures, others may adapt to the warmer weather through selection and evolution. The ability of 

brown planthoppers to withstand heat varies depending on their location. In some cases, if host plants 

are present, winter temperatures will become more favorable for pests as a result of global warming. 

For example, in the case of rice leaf folder and brown plant hopper, higher winter temperatures may not 

only reduce mortality but also speed up development, increasing the chance that the pest will 

accumulate and cause damage to crops in subsequent generations.  

Global warming may increase the number of generations of rice insect pests and their potential to do 

harm, however this isn't always the case because the yield loss that these pests cause is the same in 

temperate, subtropical, and tropical locations. However, a detailed investigation reveals that both 

environmental conditions and human activity can have an impact on the occurrence and harm caused 

by rice pests. Global warming is undoubtedly a significant impact in the population rise, even though 

many other causes might also be involved. Long-term monitoring of the population dynamics of these 

insect pests is crucial for effective pest management in order to estimate potential changes in rice insect 

pests in the upcoming years. 
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Introduction 

By 2100, it is predicted that global temperatures would rise by 1.4 to 5.8 °C, along with 

increases in precipitation of 10% to 15% and an increased frequency of heat waves and cold 

snaps. Over the same time frame, carbon dioxide (CO2) is predicted to rise from 540 to 970 

ppm (IPCC, 2014) [12]. The average surface temperature of the world has risen by about 0.6 

°C over the last century. Meantime, between 1901 and 2018, the average temperature in 

India increased by about 0.7 °C. The warming caused by GHGs is primarily to blame for this 

temperature increase. However, the anticipated amount of change in temperature and rainfall 

for India, among other places, is quite unknown. 

The global distribution, abundance, and ecology of plants and animals will all be 

significantly impacted by these changes [Khadioli et al., 2014a; Khadioli et al., 2014b; Ntiri 

et al., 2016; Mutamiswa et al., 2018] [13-14, 22, 21]. Because they are ectothermic and 

precipitation-sensitive, insects are likely to be impacted by climate change (Bale et al., 2002) 
[3]. These impacts could be indirect, mediated by host plants, rivals, or natural enemies, or 

direct, caused by the impact of climate variables on the physiology and behavior of the insect 

(Bezemer et al., 1998; Thomson et al., 2010) [4, 30].  
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For about half of all people on Earth, rice is the primary 

basic diet. Over one hundred insect pest species consume 

rice. Twenty of these species are significant pests that 

seriously harm the economy. The brown planthopper, 

Nilaparvata lugens (Stal), rice yellow stem borer 

Scirpophaga incertulas (Walker), leaf folder, Napalocrocos 

medinalis (Linnaeus), gall midge (GM), Orseolia oryzae 

(Wood-Mason), panicle mite, and Steneotarsonemus spinki 

are the main insect pests of recent years that have regional 

significance. 

In India, the frequency of stem borer was minimal until the 

1970s, moderate until 1975, severe and widespread starting 

in 1980, and it continues to be a significant pest of rice. Not 

regarded as a nuisance until the 1970s, BPH became a major 

issue in the 1990s and has remained so to this day. Since 

2000, there have been reports of a moderate occurrence of 

WBPH. In the upcoming ten years, the pest may become 

seriously prevalent, especially in irrigated ecologies. In 

recent decades, leaf folders, which were mild until the 

1980s, have become a major nuisance. Gall midge is still in 

common use today, but the emergence of new biotypes 

could cause serious issues down the road. The occurrence of 

whorl maggots, panicle mites, Hispa, and caseworms has 

increased in localized places since 2000, and their shifting 

status in recent years has made them significant. With the 

exception of a few more pests of regional importance, the 

number of rice pests increased from three to fifteen between 

1965 and 2009. Because of temperature increases and 

climatic shifts, mites such as leaf and panicle mites, which 

were not even regarded as minor pests in rice before the 

1980s, have now become severe pests (Krishnaiah and 

Varma, 2011) [17]. 

Though there are several possible reasons for the 

abundance/shifts in insect pests viz., growing varieties 

lacking resistance to major pests, extensive cultivation of 

high yielding varieties, intensified rice cultivation 

throughout the year providing niches for pest multiplication, 

imbalance use of fertilizers and indiscriminate use of 

insecticides, harmful cultural practices, evolution of 

biotypes, changes in temperatures or rainfall patterns will 

have profound influence on pest scenario of rice crop. 

Keeping these facts in view the topic on Possible impact of 

change in climate on rice pests is discussed here under. 

 

Impact of climate change on rice pests  

Because of their very sensitive physiology, insects typically 

double in metabolic rate for every 10 degrees Celsius 

increase in temperature. Elevated temperatures have the 

tendency to quicken the consumption, growth, and 

migration of insects. This can have an impact on population 

dynamics by affecting factors like fecundity, survival, 

generation time, and population size. According to Kun et 

al. (2014), the population size of brown plant hoppers may 

increase due to the combined effects of increasing 

temperature and CO2 levels. 

 In comparison to ambient CO2 and temperature (25.5 ± 2.1 

hoppers/hill), enhanced temperature (≃3 °C higher than 

ambient) and elevated CO2 (570 ± 25 ppm) shown a 

beneficial effect on BPH multiplication, increasing its 

population (55.2 ± 5.7 hoppers/hill). According to Pandi et 

al. (2018) [6], increasing CO2 + temperature dramatically 

decreased adult longevity and nymphal length by 17.4% and 

18.5%, respectively. However, elevated circumstances 

enhanced BPH fecundity by 29.5%. 

Found that, in contrast to ambient CO2 and temperature, 

elevated temperature CO2 levels increased the BPH 

nymphal duration (14.2 days) and decreased female lifespan 

(9.6 days), fecundity (155.5 eggs/♀), and nymphal feeding 

rate (14.3 mm2). Between 25 and 35 °C, the adult survival 

of Nilapavata lugens, the brown plant hopper, was 

essentially unaffected; however, at 40 °C, it was 

significantly decreased. Female oviposition was 

comparatively higher at 35 and 40 °C than it was at 25 and 

30 °C, but at 35 °C, egg survival was much lower. Pre-

oviposition period lengths were also shortened at the higher 

temperatures. These results clearly show that Brown Plant 

Hopper [BPH] development is likely to be limited by 

temperatures above 35 °C (Heong et al., 1995) [9]. Certain 

insects cannot normally grow in high temperatures, whereas 

others may adjust to their surroundings (Hoffman and 

Blows, 1993) [10]. Certain species can flourish and 

proliferate quickly, whereas others cannot adapt and evolve 

to survive in warmer climates. Certain natural enemies can 

be negatively impacted by rising temperatures. For example, 

BPH is 17 times more tolerant of 40 °C than its predator 

Cyrtorrhinus lividipennis, which leads to an increase in BPH 

populations (Krishnaiah and Varma, 2011) [17]. 

Several investigations have revealed the genetic diversity of 

insects, some of which even possess the ability to endure 

extremely high or low temperatures (Huey et al. 1991, 

Quintana and Prevosti 1990) [11, 27]. In the Philippines, 

populations of brown planthoppers exhibit varying degrees 

of heat tolerance; for example, the LT50 of first- and third-

instar nymphs from Khon Kaen, Thailand, is 57.2 and 144.6 

hours, respectively, while it is only 23.4 and 22.8 hours, 

respectively, for the IRRI's strain (Heong and Domingo 

1992) [8]. Brown planthoppers exhibit varying degrees of 

heat tolerance in different regions. Comparable outcomes 

were noted in a brown planthopper-predating mirid insect 

(Cyrtorhinus lividipennis Reuter). According to Heong and 

Domingo (1992) [8] and Peters (1991) [26], the Thai mirid 

strain has a heat tolerance that is roughly thirty times higher 

than the Philippine strain. These findings suggested that 

insects could adapt in the high temperature environment by 

selection and evolution. 

Furthermore, as a result of global warming, winter 

temperatures will become more favorable for pests if host 

plants are present. For example, elevated winter 

temperatures may not only reduce mortality rates for rice 

leaf folder and brown plant hopper, but also speed up their 

development, increasing their potential to accumulate and 

harm crops in subsequent generations (Kirtani, 1999 & 

2007) [15-16]. 

The rice leaffolder, Cnaphalocrocis medinalis, has been 

shown in several lab experiments to be affected by high 

temperatures in terms of growth rate, re-production rate, 

survival, adult longevity, population size, and sexual 

behavior (Liao et al., 2014; Park et al., 2010) [18, 23]. 

According to a 2019 study by Ali et al., during the 22-year 

model period, there was a large rise in leaf folder 

populations in November, which coincided with notable 

monthly temperature increases (but not rainfall). According 

to the model, more rainfall will reduce the abundance of leaf 

folders, while higher maximum temperatures will increase 

their population. This study indicates that recent leaffolder 

outbreaks in rice-growing nations may have been caused by 

warmer environments; so, rising temperatures increase the 

number of pests in the field, which raises rice output losses. 

https://www.biochemjournal.com/


 

~ 500 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 
However, Heong et al. (1995) [9] found that at 35 °C, there 

was a significant reduction in the survival of the various 

stages of the rice leaffolder. When adults from pupae raised 

at 35 °C emerged, they were unable to lay eggs. This 

species' highest temperature threshold for survival seems to 

be between 30 and 35 °C. The rates at which pest and 

predator species emerge can be impacted differently by 

changes in the climate. Temperatures can also have an 

impact on predator search. When temperatures rose to 32 

°C, the egg predator Cyrtorhinus lividipennis experienced a 

drop in handling times and an increase in instantaneous 

attack rates. The attack rate and handling time dropped 

significantly at 35 °C. This suggests that, up until a critical 

temperature of roughly 35 °C, predator activity is expected 

to rise with rising temperatures. Global warming has the 

potential to alter biological traits as well as temporal 

asynchrony amongst interacting populations. Temperature 

also considered to have the greatest influence on yellow 

stem borer, Scirpophaga incertulas abundance in rice. 

Climate change is expected to affect the behavior as well as 

distribution and abundance of YSB in southern Asia by 

increasing winter survival rates and the number of 

generations per year, as well as inducing an earlier 

appearance in the crops after winter (Patel et al., 2017) [24].  

However, Ali et al., 2020 [2] found that the development rate 

of yellow stem borer was positively impacted by both rising 

temperatures and rainfall when taken separately. 

Nevertheless, there was a deleterious outcome when rainfall 

and high temperatures were coupled. Yellow stem borer 

abundance was positively impacted by temperature at 

intermediate to low rainfall levels, but negatively by high 

rainfall. When there is a lot of rainfall and a relatively low 

temperature, the yellow stem borer grows quickly. 

According to Haq et al. (2008) [7], there has been a decline 

in the number of S. incertulas during the past thirty years, 

which could be attributed to mortality brought on by 

increased rainfall and temperatures. According to 

Mohapatra et al. (2021) [20], under elevated conditions (i.e., 

700 ppm and 550 ppm CO2 level), the incubation period 

and duration of adult (female and male) S. incertulas 

reduced while the total larval and pupal duration rose. Thus, 

increased CO2 has a major impact on S. incertulas' entire 

life cycle.  

Global warming might theoretically lead to an increase in 

the number of generations of rice insect pests and their 

potential to do harm, although this isn't necessarily the case. 

Without chemical treatment, insect damage to sensitive rice 

varieties in Indonesia, the Philippines, and Japan resulted in 

yield losses of 48.3-58%, 50.4%, and 42–54 percent, 

respectively (Mochida et al. 1983) [19]. In Taiwan, insect 

pests resulted in yield losses of around 15% (878.2 kg ha-1) 

and 30% (1427.8 kg ha-1) for the first and second rice crops, 

respectively. A comparable yield loss of 20–25%, or 1,000 

kg ha-1, was documented in the Philippines (Pathak and 

Daliwal 1986) [25]. These results demonstrate that although 

temperate, subtropical, and tropical climates may differ 

slightly in temperature, humidity, and other climatic 

conditions, the yield loss caused by insect pests does not. 

For a higher yield, more fertilizers and insecticides are 

typically applied in agriculturally developing regions; 

nevertheless, this sometimes leads to the return or 

replacement of insect pests, which can cause more severe 

damage than in developed regions (Sogawa et al. 2003) [29]. 

These research make it abundantly evident that both climatic 

conditions and human activity can have an impact on the 

prevalence and harm caused by rice insect pests. Under the 

current trend of global warming, there will be little change 

in the incidence and harm caused by rice insect pests in the 

near future as long as cultural practices do not alter 

significantly (Cheng 1998) [5]. Global warming is 

undoubtedly a significant impact in the population rise, even 

though many other causes might also be involved. Long-

term monitoring of the population dynamics of these insect 

pests is crucial for effective pest management in order to 

estimate potential changes in rice insect pests in the 

upcoming years. 

 

Conclusions 

Thus, different agro-ecosystems and ecological zones may 

experience different changes in the population dynamics of 

insect pests due to climate change, which calls for increased 

attention to comprehend and manage these challenges 

through additional research. However, little is known about 

the actual impact on the biological and ecological 

characteristics of insects. It is often known that the most 

significant element limiting an insect species' spread, rate of 

development, number of generations, and population 

abundance in a given area is the weather, especially the 

temperature. The intricate relationships that exist between 

host plants, insect pests, and environmental conditions are 

highly complex. Additionally, through evolution and 

selection, the majority of insect pests are able to adapt to a 

variety of environments. Consequently, extrapolating the 

potential effects of erratic climate change on insects solely 

from the findings of factor-limited research would be 

inaccurate. On the other hand, as a result of global warming, 

increasing temperatures will alter the agro environment in a 

given area as well as the cultural system and insect 

population. Therefore, keeping a close eye on the species 

and population fluctuations of insect pests should take 

precedence over all other considerations.  
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