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Abstract: Global agricultural output is seriously threatened by climate change, particularly rice, a commodity es‑
sential to both food security and economic stability. This study evaluates the effects of threemain climatic factors—
temperature, rainfall, and humidity—on rice productivity and disease dynamics in Pakistan with an emphasis on
the basmati‑growing area of Kala Shah Kaku, Punjab. A mixed‑methods approach was used to incorporate a thor‑
ough literature study (PRISMA framework) with long‑term climate and crop data analysis (1981–2018). Trends
were examined using the Mann‑Kendall test and Sen’s slope estimator. The findings revealed a significant rise in
temperature (+0.03℃/year) and humidity (+0.12%/year), alongwith a slight drop in rainfall (−2.10mm/year). Ad‑
ditionally, the yield of Super Basmati rice exhibited a declining trend (−0.02 t/ha/year). The results demonstrate
that while rising temperatures over optimal thresholds (20–36 ℃) negatively affect rice growth and reproductive
activities, variable rainfall patterns, both surplus and shortage, reduce yield stability. It has been discovered that
important rice diseases, namely bacterial leaf blight and sheath blight, are more common when humidity and tem‑
perature rise. Rice blast, on the other hand, had a trend that was either lower or declining because its strict envi‑
ronmental needs (16–30℃ and >90% humidity) didn’t match themilder conditions that were present. Overall, the
study shows that in Pakistan’s rice systems, climate variability is changing both yield patterns and disease spectra.
The results highlight the critical need for improved disease management, climate‑resilient techniques, and flexible
agronomic practices to sustain rice productivity amid changing climatic conditions.
Keywords: Blast; Bacterial Leaf Blight; Sheath Blight; Rice; Climate

1. Introduction
Climate change has an adverse impact on agricultural yields worldwide [1–3]. Themost significant crop is rice.

Shahrier et al. (2025) [4], Samal et al. (2022) [5], Saravanakumar (2015) [6], Sarkar et al. (2022) [7] state that it is
an important sourceof humancalories, an essential item in international trade, andakey element in the fight against
world hunger. But rice is also significantly impacted by climate change [8,9]. Temperature and rainfall changes have
an impact on rice crop yields and quality [10]. For example, temperatures exceeding 32℃ have a deleterious effect
on seed setting, pollen availability, and pollen dispersion [11]. When rising temperatures are combinedwith erratic
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and little rainfall, production and harvests may further decline [12]. In addition to these direct effects, changes in
temperature and precipitation patterns can have an impact on rice crop pathogens, changing the frequency, severity,
and incidence of rice diseases, which in turn affects rice yields and quality [13,14].

Due to a variety of factors, including geographic location, prevailing climatic conditions, crop production types,
and adaptive capability, the severity and impact of climate change and variability on rice production differ by region
internationally [15]. Higher temperatures decrease the growth season and cause sterility, which lowers rice pro‑
duction in Asia, a key rice‑producing region [16–18]. Rising temperatures are predicted to cut rice production in
Asia by 37%by the year 2100 [19]. Due to the effects of climate change, rice yields in India are predicted to decrease
by 10%between 1971 and 2009 by the end of the century [20]. In a similar vein, Halbeisen et al. (2024) [21] discov‑
ered that rice production in northeastern Thailandwas negatively impacted by climate change and unpredictability.
Between 2070 and 2099, rice output in Pakistan’s semi‑arid regions is predicted to decline by 36% due to climate
change [22]. Rising temperatures have generally had very little impact on rice yields in China since the mid‑20th
century, according to He et al. (2020) [23], while catastrophic weather and climatic events have had a substantial
harmful effect [24]. Higher temperatures have reportedly increased rice harvests in the Philippines [25].

Similar to rice growth and yields, the impacts of climate change and variability on rice illnesses vary by region,
affecting both disease occurrence and severity. Rice yields can be impacted by a variety of bacterial, viral, and fungal
diseases. Rice blast has reduced global rice production by up to 80–100% [26–29]. Sheath blight is a widespread
fungal disease that can cause a 50% reduction in rice yields in tropical Asia [30–32]. In India, yield decreases of
up to 69% have been linked to this disease [33]. Therefore, the purpose of this study is to determine how crop
diseases in Pakistan are impacted by temperature, humidity, and precipitation and how these factors relate to rice
productivity. We used a mixed‑methods approach (a comprehensive literature review with analysis of historical
climate and crop data) to shed light on the association between changes in climate variables and rice yields and
diseases. A comprehensive literature review with climate‑crop data analysis is necessary to summarize current in‑
formation, identify trends and divergences, and assess the cumulative influence of climatic conditions on both rice
yield and diseases in Pakistan. The project’s findings will provide important new information about how disease
incidence and rice productivity in Pakistan’s climate‑vulnerable coastal region are impacted by climatic variability.
The objectives of this assessment are to: i) assist evidence‑based policymaking; ii) improve understanding of the
adaptation requirements of coastal rice systems; iii) provide future choices for disease control and climate‑smart
rice production; and iv) identify future research priorities in Pakistan. Finally, the results will be used as a stan‑
dard for future multidisciplinary research that links climate science, plant pathology, and sustainable agricultural
production.

2. Methodology
2.1. Research Area

The Rice Research Institute in Kala Shah Kaku, Pakistan, was chosen as the study site because it is one of the
leading producers of rice and is particularlywell‑known for its superior basmati rice. It also serves as an example of
the challenges that developing agricultural systems face due to changing climate conditions. The basmati‑growing
belt in Punjab province is Pakistan’s primary rice‑producing region. The study’s center was the Rice Research Insti‑
tuteKala ShahKaku, located in the SheikhupuraDistrict at around31°43′N latitude and73°50′ E longitude. Situated
in the fertile alluvial plains of central Punjab, this region is part of the historic basmati belt and includes significant
rice‑growing areas including Sheikhupura, Gujranwala, Hafizabad, Narowal, and Sialkot. The subtropical semi‑arid
to sub‑humid climate of the area is perfect for rice production and the development of disease, with hot summers,
monsoon rainfall, and moderate winters. Punjab accounts for about 70–75% of Pakistan’s total rice production,
and a sizable portion of the farmed land in these regions is used for basmati rice during the Kharif season. A major
source of export income and an essential part of the rural economy in this region is rice production. However, rice
yield is increasingly at risk due to climate variability, which includes changes in temperature, humidity, and rain‑
fall patterns. Because of their extensive rice cultivation, well‑established research infrastructure, and exposure to
climate‑induced stresses, the Kala Shah Kaku region and the broader basmati belt provide an essential setting for
investigating the relationships between climatic factors, disease dynamics, and sustainable rice production under
changing environmental conditions.
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2.2. Disease Data Collection and Verification
Data of disease incidence and severity of major rice diseases like Bacterial Leaf Blight (BLB), Sheath Blight and

Rice Blast were collected from the field observations and historical records maintained by Rice Research Institute
(RRI), Kala ShahKaku, formajorBasmati growingdistricts of Punjab (Sheikhupura, Gujranwala, Hafizabad, Narowal
and Sialkot). The disease observations were focused on the rice‑growing (Kharif) season. Field evaluation was car‑
ried out following standard procedures of plant pathology. The disease incidence was expressed as the percentage
of infected plants in the sampled plots, whereas disease severity was assessed based on the development of visible
symptoms and standard disease rating scales used in rice disease assessment. Multiple observation points were
included in each district to increase the representativeness and to reduce the sampling bias.

The Rice Research Institute Kala Shah Kaku (RRI) is situated in Pakistan’s Sheikhupura District. The study area
map in Figure 1 displays the major basmati rice‑growing districts, such as Sheikhupura, Gujranwala, Hafizabad,
Narowal, and Sialkot. The picture highlights Kala Shah Kaku’s notable position in the basmati belt, a crucial region
for studies on rice production and disease epidemiology in Figure 2.

Figure 1. Study Area Map: Kala Shah Kaku and Basmati Belt Districts.

Figure 2. Kala Shah Kaku Punjab.
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Additionally, the research area has a subtropical monsoon climate, with the Punjab basmati belt experiencing
heavy rainfall from July to September during themonsoon season and comparatively dry othermonths. The average
annual temperature in the area around the Rice Research Institute Kala Shah Kaku is between 24 and 26℃, and the
average annual rainfall is between 600 and 800 mm, most of which falls during the monsoon season. The months
of July through September get roughly 70–80% of the annual precipitation in irrigated and partially rainfed areas,
which is suitable for the growth of transplanted rice. The research region is situated in the alluvial plains of central
Punjab, which are renowned for their rich soils and extensive irrigation system. However, the region is growing
more susceptible to climate variability, including periods of high humidity, irregular drought, unpredictable rainfall,
and heat stress.

These climatic conditions enable biotic and abiotic pressures, such as the spread of important rice diseases
including Sheath Blight, Bacterial Leaf Blight, and Blast, which significantly affect crop productivity. Variations
in key climatic parameters, particularly temperature, relative humidity, and rainfall, have a major impact on the
frequency and severity of disease in basmati rice. While bacterial leaf blight is more likely to spread owing to wind‑
driven events and rainfall, sheath blight is more likely to occur in situations with high humidity and dense canopies.
Therefore, climate fluctuations in the Kala Shah Kaku region directly affect rice health and yield stability.

The comprehensive literature research, climate‑crop data analysis, and their synthesis are all integrated into
the methodological flowchart of the work to assess the impact of climatic variability on rice yield and diseases.

The study had two complementary components. First, long‑term climate and rice yield data (1981–2018)
obtained from the Pakistan Meteorological Department, Rice Research Institute (RRI), Kala Shah Kaku and the Pak‑
istan Bureau of Statistics were used to assess the historical trends in temperature, rainfall, humidity and Super Bas‑
mati yield. Trend analyses were conducted using the Mann–Kendall test and Sen’s slope estimator. Second, disease
incidence and severity records for major rice diseases (Bacterial Leaf Blight, Sheath Blight and Rice Blast) collected
during 2019–2025 from the Punjab Basmati growing districts were used as a contemporary observational dataset
to evaluate whether recent disease patterns were consistent with the climatic trends identified from the long‑term
analysis (Figure 3). The disease dataset was therefore used for validation and interpretation of climate–disease
relationships rather than for direct temporal trend comparison with the 1981–2018 climate dataset.

Figure 3. Spatial and Temporal Analysis.

3. Comprehensive Evaluation of the Literature
This investigation’s qualitative component was a thorough analysis of the body of current literature. Determin‑

ing the impact of climate variability on rice output and related diseases was the aim of this review. The PRISMA
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(Preferred Reporting Items for Systematic Reviews and Meta‑Analyses) methodology, which is frequently used to
guarantee transparent and consistent reporting, was used to adopt a systematic review approach provided by Cass‑
man andPingali (1995) [34]. In comparison to conventional narrative reviews, thismethod (1) enhances the overall
value, quality, transparency, and presentation of research by Dingkuhn et al. (2015) [35], (2) permits an organized
and repeatable synthesis of studies addressing a particular research question given by Mausch et al. (2021) [36],
and (3) offers a more rigorous framework offered by Pingali (2012) [37].

Four crucial steps comprised the literature review process, as illustrated by Bhatt et al. (2019) [38] and Chan‑
dio et al. (2022) [39]: finding studies, screening publications, determining eligibility, and finally including them
for analysis. The first step was to create keywords associated with the impact of climate variability on rice yield
and disease incidence in order to find pertinent studies. Scopus was chosen among the databases that were avail‑
able because of its multidisciplinary nature, broad coverage, and substantial material. Furthermore, Scopus was
the only resource used because the Web of Science’s content is mostly covered by its indexed content in the study
Debnath et al. (2021) [40]. 375 documents, comprising journal articles, book chapters, review articles, conference
papers, books, editorials, errata, and notes published in English, Chinese, German, Russian, Italian, and Japanese,
were found during the initial search.

A predetermined set of inclusion and exclusion criteria was used to improve the selection process through‑
out the screening phase. After this procedure, 186 papers remained for the eligibility assessment stage after 189
recordswere eliminated. In order to ascertain relevance, titles and abstracts were thoroughly reviewed throughout
this phase. Less emphasis was placed on studies that examined how climatic variability affected crops other than
rice or unrelated topics. In the end, 81 studies were kept for in‑depth data extraction and analysis since they satis‑
fied the selection criteria. The review focused mostly on regional studies, but it also included pertinent worldwide
papers when there was little region‑specific research on rice diseases.

Data analysis was the last step. To find important study patterns and collect pertinent data, the 81 chosen
studies were reviewed. Descriptive statistical techniques were used to examine the metadata from these publica‑
tions. Thematic content analysis was also used to categorize results into recurrent themes and offer insights into
the connections between disease prevalence, rice yield, and climate variables.

Cohen’s d was used to normalize effect estimates between studies. A common effect size metric (Cohen’s d)
was created using a variety of statistical outputs, such as correlation coefficients, regression coefficients, and R2

values. This metric is broadly accepted and commonly employed in studies of Hasan and Kumar (2021) [41] and
Rodenburg (2013) [42]. Effect sizes were classified as big (d > 0.8), moderate (d = 0.2–0.8), and small (d = 0–0.2)
based on predetermined benchmarks by Tolba et al. (2020) [43] and Wang et al. (2022) [44].

4. Climate and Crop Data Analysis
Using records from the Rice Research Institute (RRI) Kala Shah Kaku and climatic observations from the Pak‑

istan Meteorological Department, climate and agricultural data were examined during a 38‑year period (1981–
2018). The Pakistan Bureau of Statistics and published national statistical yearbooks provided historical data on
the yields of Basmati rice, especially the Super Basmati variety. The term “Basmati rice” in this study refers to aro‑
matic rice grown in Punjab, Pakistan’s main rice‑growing regions between June and November during the kharif
(monsoon) season. The objective of the investigation was to evaluate the long‑term patterns and fluctuations in
temperature, precipitation, and relative humidity as well as their impact on rice yield. The time‑series data was
examined for monotonic trends using the non‑parametric Mann–Kendall test (Maurice Kendall; Henry Mann). Ad‑
ditionally, the Sen’s slope estimator (Pranab Kumar Sen)was used to quantify the amplitude and direction of trends
in meteorological variables and Super Basmati yield over time.

5. Results and Discussion
Climate Variability and Super Basmati Rice (1981–2018):

1. Trend Analysis of Climatic Variables
TheMann–Kendall test and Sen’s slope estimator were used to evaluate long‑term trends in temperature, rain‑

fall, and humidity in Table 1.
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Table 1. Mann–Kendall test and Sen’s slope estimator.

Parameter Mann–Kendall (Z) Sen’s Slope Trend Direction Significance

Temperature (°C) +2.45 +0.03/year Increasing Significant
Rainfall (mm) −1.62 −2.10/year Decreasing Moderate
Humidity (%) +1.98 +0.12/year Increasing Significant

2. Trend Analysis of Super Basmati Yield
Yield trends indicate long‑term variability influenced by climate and disease in Table 2.

Table 2. Trend Analysis of Super Basmati Yield.

Variable Mann–Kendall (Z) Sen’s Slope Trend

Yield (t/ha) −1.85 −0.02/year Declining

6. Outcomes of the Literature’s Systematic Review
The findings of our examination of the 81 targeted documents are shown in this section. The documents were

primarily divided into two groups for the content analysis. These two groupingswere then divided into four subcat‑
egories, each consisting of two subcategories. Six thematic groups emerged from the systematic literature review:
(a) the overall impact of climate variability on rice yield; (i) the impact of temperature on rice yield; (ii) the impact
of rainfall and humidity on rice yield; (b) the overall impact of climate variability on rice diseases; (i) the impact of
temperature on rice diseases; and (ii) the impact of humidity and rainfall on rice diseases.

6.1. Climate Variability’s Effects on Rice Yields
Of the selected studies, only 18% (n = 15) concluded that rice yields were positively impacted by climate vari‑

ability, whereas 61% (n = 51) found the contrary. The majority of research indicates that rainfall and temperature
are the main climate factors that reduce yield of rice. Cohen’s d values showed that temperature had a substantial
impact on rice yields in 57% of the trials. Eighteen studies had a major effect, three had a slight effect, and five
had a medium effect. However, Cohen’s d value indicates that rainfall significantly affected rice yields in big (n = 8),
medium (n = 1), and small (n = 4) ways as illustrated in Figure 4. Temperatures are rising over the ideal range for
growing rice in many regions of the world.

Figure 4. Temperature trend (line graph with moving average).
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6.2. Temperature’s Effect on Rice Yield
It is commonly acknowledged that temperature plays a major role in determining the growth, development,

and final output of rice crops. While some researchers Wassmann et al. (2010) and Mackill et al. (2010) [45,46]
has also shown that increases in maximum temperature can result in a decrease in rice production, the majority
of studies given by Kumar et al. (2020), Velásquez et al. (2018) and Yoshida et al. (1981) [47–49] have concen‑
trated on the consequences of rising minimum temperatures. It has been demonstrated that rice productivity is
negatively impacted by maximum and minimum temperatures that are higher than the threshold limits for rice
production (20–36℃), especially during crucial developmental stages [50]. Although relatively few studies of Aziz
et al. (2023) and Bagchi et al. (2019) [51,52] showed that an increased minimum temperature boosted rice yields,
some researchers reported from Pakistan Bureau of Statistics, (2020), Bhuiyan et al. (2021) and Boonwichai et al.
(2018) [53–55] claim that an increased maximum temperature can boost rice productivity.

An overview of the results of a thorough literature analysis on how rainfall and temperature affect rice yields.

6.3. The Effects of Humidity and Rainfall on Pakistani Rice Yields
In Pakistan, rice is mostly grown in irrigated‑cum‑rainfed conditions, especially in the Punjab rice belt (such

as the Kala Shah Kaku region), where monsoon rainfall is an additional but vital factor. With mean annual temper‑
atures between 24–27℃ and average annual rainfall between 300–700 mm, with about 60–80% occurring during
the monsoon season (July–September), the nation has a semi‑arid to sub‑humid climate. A review of the literature
shows that rainfall variability has a major impact on rice productivity. According to research published world‑
wide by Das (2017), Ferdous et al. (2017), Gupta and Mishra (2019), Hasan and Rahman (2020), and Khairulbahri
(2022) [56–60], excessive rainfall in Pakistan, particularly during the peakmonsoon, can cause flooding and water‑
logging, which lowers rice yields. On the other hand, in regions with restricted irrigation access, rainfall shortfalls
at crucial growth stages (such as transplanting and flowering) also adversely affect yields as cited by Hossain et al.
(2019), Kodaty and Halavath (2019) and Maniruzzaman et al. (2017) [61–63]. Some research, however, empha‑
sizes the immediate advantages of less rainfall in areas that are prone to excessive moisture. For example, Mondol
et al. (2021) [64] found that yields in flood‑affected areas increasedwhen rainfall temporarily decreased, but these
advantages were not long‑lasting. This development is especially obvious in Pakistan’s low‑lying basmati‑growing
regions, where flood‑like conditions are frequently caused by strong monsoon rains.

In general, the distribution, intensity, timing, and interaction of rainfall with irrigation techniques, rice geno‑
types, and crop management tactics determine the impact of rainfall on rice productivity in Pakistan.

On the other hand, a little aspect of research has been done on how humidity affects rice productivity in Pak‑
istan. The normal range of relative humidity throughout the growth season is 60–80%, particularly during the
monsoon season. Important physiological functions like leaf expansion, stomatal conductance, photosynthesis, and
pollination efficiency are all impacted by this component. Although high humidity can promote vegetative develop‑
ment, it can also raise the risk of bacterial and fungal infections, which can ultimately decrease yield stability.

6.4. Climate Variability’s Effects on Rice Disease
Variations in humidity, rainfall, and temperature have a variety of effects on the development of disease. Over

one‑third (35%, n = 28) of the chosen research looked at the relationship between diseases and climate variability.
The majority of studies worldwide revealed that climate variables had either a favorable or negative impact on rice
blast, sheath blight, and bacterial leaf blight. It was commonly anticipated that variations in temperature, humidity,
and rainfall would increase the frequency and severity of these disorders [65–69]. This result is consistent with
Singh et al. (2017) [70], who noted that high temperatures and humidity caused sheath blight in Pakistan toworsen.

According to projections, the risk of agricultural disease would rise until 2100, primarily due to rising temper‑
atures that encourage the growth of crop infections and pathogens. It is anticipated that this effect will be more
noticeable in colder climates and seasons [71]. For instance, compared to the baseline period of 1993–2007, the
incidence of blast disease is predicted to increase in Europe between 2030 and 2050 [72]. On the other hand, rising
temperatures may reduce the likelihood of blast outbreaks across Asia in the future [73]. This is due to the fact that
the blast disease‑causing agent, Pyricularia oryzae, thrives in temperatures between 16 and 20 ℃ and 25 to 30 ℃.
In many regions of Asia, climate change is predicted to elevate temperatures above these ideal ranges, decreasing
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the likelihood of blast infection.

6.5. Temperature, Humidity, and Rice Disease Dynamics in Pakistan
In Pakistan, particularly in key rice‑growing regions like Punjab, temperature and humidity—two important

climatic elements that lead to the development of rice diseases—have significantly grownover the past fewdecades.
The kharif (monsoon) season, which is the main rice‑growing season, is defined by mean minimum and maximum
temperatures of 23–25℃ and 30–35℃, respectively, with relative humidity that often exceeds 70–85%, especially
from July to September illustrated in Figure 5. In Pakistan’s rice ecosystems, a rise in hot and humid days is pre‑
dicted to promote diseases like sheath blight. Rising temperatures and humidity are predicted to increase the preva‑
lence ofmajor rice diseases such blast, bacterial leaf blight, and sheath blight, following patterns seen in other Asian
nations. In regions where basmati is produced under irrigation, sheath blight is especially susceptible to extended
periods of high humidity and dense crop canopies.

Figure 5. Rainfall trend yearwise.

However, certain weather criteria have a greater impact on the development of rice blast. A low temperature
of 16–20℃, amaximum temperature of 25–30℃, and a relative humidity of more than 90% are necessary for blast
infection. The current maximum temperatures (often above 30 ℃) typically surpass the optimal range for blast
production, even if humidity conditions during Pakistan’s monsoonmay occasionally approach this threshold. This
suggests that even in the presence of appropriate humidity, overall adaptation for blast infectionmay be lower than
for sheath blight.

Pakistan is getting warmer over time. The maximum temperature is going up by around 0.03 to 0.05 ℃ every
year, and the minimum temperature is going up by about 0.003 to 0.005 ℃ per year. Because of these changes in
the weather, the number of blast disease cases is likely to go down or stay low because temperatures are moving
outside of the range that is best for it. On the other hand, sheath blight and bacterial leaf blight are likely to spread
more when the weather gets warmer and more humid, which is better for their growth.

The annual trend in the number of climatically favorable days for bacterial leaf blight, sheath blight, and blast
diseases in rice during the monsoon season across Punjab districts between 1981 and 2018 shows clear temporal
variation.

7. Study Limitations and Future Research Directions
A limitation of this study is that the long‑term climate and yield records (1981–2018) and disease observations

(2019–2025) were derived from different time periods. Consequently, direct statistical linkage between long‑term
climatic trends anddisease incidence could not be established. Instead, recent disease observationswere used to as‑
sesswhether contemporary disease patterns alignedwith climatic conditions identified from the historical analysis.
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Future studies should utilize synchronized long‑term datasets containing climate, yield, and disease observations
collected over the same period to strengthen causal inference. Although this study provides useful insights into
the relationship between climate variability, rice yield and disease dynamics in the Basmati belt of Pakistan, sev‑
eral limitations must be observed. First, the analysis was geographically limited to the Kala Shah Kaku area and
the surrounding Basmati growing districts of Punjab; therefore, the findings may not be fully representative of all
rice producing environments in Pakistan. Second, disease assessments were based on available historical records,
literature evidence and field observations, which might not capture all local variations in disease intensity and sea‑
sonal outbreaks. Third, although the study considered major climatic variables such as temperature, rainfall and
humidity, other potentially important influences such as soil properties, irrigation practices, cultivar responses,
pest interactions and farm management strategies were not included in this analysis. Future research should be
extended to multi‑location and multi‑season datasets in wider agroecological regions of Pakistan. Other studies
should also consider climate‑resilient rice cultivars, adaptivemanagement strategies and early‑warning systems to
facilitate sustainable rice production and regional climate adaptation planning.

8. Conclusions
This study shows that disease dynamics and rice productivity in Pakistan, especially in the Punjab basmati area,

are significantly influenced by climate variability. A considerable rise in temperature and humidity, together with
decreasing and irregular rainfall patterns, are confirmed by long‑term study. Rice yields have gradually decreased
as a result of these climatic changes, and the crop is nowmore susceptible to biotic stresses. Temperaturewas found
to be the most significant climatic element influencing rice growth and production, particularly when it exceeded
ideal thresholds during crucial growth phases. Variability in rainfall leads to both drought stress and flooding condi‑
tions, which deteriorate yield instability. Simultaneously, rising temperatures and humidity have made it easier for
diseases to spread, especially bacterial leaf blight and sheath blight. On the other hand, under present and future
climatic conditions, rice blast incidence seems to be limited by suboptimal temperature ranges, indicating a change
in the main disease spectrum. If suitable adaptation measures are not put in place, the combined effects of climate
variability are projected to decrease yield stability and raise production risks in Pakistan’s rice systems.
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