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Abstract

Climate change has emerged as a significant driver of alterations in agricultural
systems, particularly affecting crop phenology—the timing of biological events
such as flowering, maturity, and harvesting. Rice, being a temperature and
water-sensitive crop, is especially vulnerable to these climatic perturbations.
This research investigates the influence of rising temperatures, shifting rainfall
patterns, and altered humidity levels on the phenological stages of rice
cultivation across selected regions in India. A combination of field data,
historical climate records, and farmer surveys was employed to evaluate
changes in sowing dates, flowering periods, grain filling, and maturity
durations. Results indicate a consistent advancement in flowering and reduced
grain filling period due to increased average temperatures. Delays in monsoon
onset further exacerbate yield losses. The study also incorporates farmer
perspectives through structured questionnaires to validate observational
findings. These phenological shifts have direct implications for rice
productivity, varietal suitability, and food security, necessitating climate-
resilient farming strategies and adaptive policy interventions.
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Introduction

Climate change has profoundly influenced global agricultural dynamics, with
developing nations bearing the brunt of its adverse impacts. One of the most

visible and measurable effects of climate change is the alteration of crop

13



V. 5
@) Journal of Natural Science Research and Review

soumaLor muraLsiece Avaijlable on: http://jnsrr.ep-journals.org/index.php/jnsrr/index  Volume: 01, Issue: 01, July 2025

phenology—the sequence and timing of plant life cycle events. Phenological
changes serve as biological indicators of climate variability and are crucial in
determining crop productivity, resource allocation, and harvest outcomes.
Rice, a staple food for more than half of the world’s population, is highly
sensitive to changes in temperature, precipitation, and solar radiation. In regions
like India, where rice cultivation is intricately linked to the monsoon cycle, any
variability in climatic conditions can disrupt traditional crop calendars. Key
phenological stages of rice such as transplanting, tillering, flowering, and grain
maturation are being significantly influenced by warming trends and erratic
rainfall.
The present study explores how climate-induced changes are reshaping

rice phenology in semi-humid to sub-tropical agroclimatic zones. It aims to (a)
identify temporal shifts in phenological stages, (b) examine the extent of
temperature and precipitation influence, and (¢) understand farmers’ adaptive
responses and perceptions. The research contributes to the broader discourse on
climate-smart agriculture and the need for temporal realignment of farming
practices.
Methodology
Study Area
The study focused on three rice-growing regions across India: the Terai belt of
Uttarakhand, eastern Uttar Pradesh, and coastal Odisha. These areas were
selected due to their distinct agroclimatic characteristics and dependence on
monsoon-fed agriculture.
Data Collection
. Climate Data: Daily temperature, precipitation, and humidity data from

1980 to 2023 were collected from the Indian Meteorological Department

(IMD) and local agricultural universities.
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« Phenological Observations: Data on dates of transplanting, tillering, panicle
Initiation, flowering, and maturity were collected from agricultural field
trials and district agriculture offices.

« Farmer Survey: A structured questionnaire (n = 150 farmers) was
conducted to gather perceptions on observed changes in crop behavior, yield
variations, and adaptation strategies.

Data Analysis

Linear regression and trend analysis were used to assess temperature and

rainfall patterns over time. ANOVA was applied to examine differences in

phenological stages across decades. Correlation coefficients were calculated
between climate variables and phenological events. Farmer responses were
tabulated and analyzed using descriptive statistics and content analysis.

Data Analysis

The climatic analysis revealed an average temperature increase of 0.8-1.2°C in

the study regions over the past four decades, with significant warming observed

during the flowering and grain-filling stages. Rainfall distribution was more
erratic, with a delayed onset of monsoon by an average of 5-10 days and
uneven intra-seasonal precipitation.

Phenological Shifts Observed:

« Flowering: Advanced by 7-12 days compared to historical averages.

« Grain Filling: Shortened by 3-5 days, often due to mid-season heat waves.

« Maturity: Occurring earlier, but often with incomplete grain development.

Statistical correlation showed that:

. Flowering time negatively correlated with rising minimum temperatures (r =
-0.67).

« Yield negatively correlated with early maturity and heat stress during

reproductive stages (r = -0.61).
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Yield losses were more pronounced in traditional rice varieties, while hybrid
and short-duration cultivars showed relatively better resilience but with variable
quality outcomes.

6. Case Study: Coastal Odisha — Kendrapara District

Kendrapara, a coastal district in Odisha, exemplifies the compound impacts of
climate change on rice phenology. Traditionally, rice transplantation began in
early July with flowering expected by late August. However, in recent years,
monsoon delays have pushed transplanting to mid or late July, leading to
flowering in higher temperature conditions in September.

Field observations over the last 15 years showed:

. Flowering advancement by 10 days

« Spikelet sterility increasing by 12—15% due to heat stress

« Yield reductions by 18-22% compared to early 2000s averages

Local farmers, especially smallholders, reported a noticeable reduction in grain
weight and milling quality. Farmers employing staggered sowing and drought-
tolerant varieties had comparatively lesser yield loss, indicating the value of
adaptive strategies.

This case study illustrates how climate change is not a distant phenomenon but
a lived reality affecting food production and farmer livelihoods in real time.
Questionnaire and Tables

A questionnaire was administered to farmers to gauge their experiences and
adaptive responses. Key areas covered included awareness of phenological

changes, observed impacts on yield, and mitigation strategies used.
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Table 1: Farmers’ Observations on Phenological Changes (n = 150)

Observed Change % Farmers Reporting
Early flowering 68%
Reduced grain filling period 54%
Delayed transplanting due to monsoon 2%
Increased spikelet sterility 41%
Lower grain weight and size 39%

Table 2: Adaptation Strategies Employed

Adaptation Practice % Adoption
Use of short-duration rice varieties 47%
Adjusting sowing dates 52%
Increased use of irrigation 36%
Mulching or water-saving techniques 24%
Crop diversification with pulses or millets 18%

The data indicates moderate awareness of phenological shifts but limited
technical adaptation capacity. Most farmers relied on observational knowledge
and trial-based adjustments rather than scientific advisories or government
inputs.

Conclusion

The study clearly establishes that climate change is triggering significant
phenological shifts in rice cultivation, with early flowering, shortened grain
filling periods, and premature maturation being the most prominent. These
changes are primarily driven by rising temperatures and altered monsoon
behavior. Such disruptions are reducing yields, affecting grain quality, and

challenging the viability of traditional rice-growing practices.

17



V. 5
@) Journal of Natural Science Research and Review

soumaLor muraLsiece Avaijlable on: http://jnsrr.ep-journals.org/index.php/jnsrr/index  Volume: 01, Issue: 01, July 2025

While some farmers have begun adapting through varietal changes and timing
adjustments, there remains a critical need for structured interventions.
Recommendations include:

. Developing and disseminating climate-resilient rice varieties.

. Establishing real-time agro-advisory systems for crop calendar management.

« Strengthening farmer capacity through climate literacy programs.

« Promoting integrated water and soil management practices to mitigate
temperature and moisture stress.

This research reinforces the urgency of integrating climate-smart strategies into

mainstream agricultural planning to safeguard rice productivity and ensure food

security under changing environmental conditions.

References

1. IPCC. (2022). Climate Change 2022: Impacts, Adaptation, and
Vulnerability. Intergovernmental Panel on Climate Change.

2. Aggarwal, P.K., et al. (2019). “Managing climate risks in rice production in
India.” Agricultural Systems, 168, 44-52.

3. Mohanty, M., & Dash, S. (2017). “Phenological response of rice to climate
variability in eastern India.” Climatic Change, 145(3), 301-317.

4. Indian Meteorological Department (IMD). (2023). Annual Climate Summary
— India.

5. Wassmann, R., & Jagadish, S.V.K. (2015). “Adaptation of rice to climate
change: priorities for research and development.” Field Crops Research,
180, 1-5.

6. Rao, K.V., et al. (2020). “Agro-climatic modeling of rice phenology under
changing environments.” Environmental Research Letters, 15(8), 084027.

7. Ministry of Agriculture & Farmers Welfare. (2022). Rice Productivity
Trends and Climate Impacts: National Report.

18



