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Abstract. Rice (Oryza sativa) is the staple food for over half of the global population
particularly in Asia. However, climate change poses significant challenges to rice production
due to rising temperatures, erratic rainfall and increased frequency of extreme weather events.
Traditional rice varieties with longer growth periods are highly vulnerable to these climatic
shifts making food security a pressing concern. Short-duration rice varieties which mature in
90-120 days compared to 150-180 days for traditional varieties offer a promising solution to
address these challenges. This review examines the potential of short-duration rice to enhance
climate resilience and safeguard food security. Key benefits include adaptability to erratic
rainfall and drought, reduced water consumption, increased cropping intensity, lower
greenhouse gas emissions and resilience to extreme weather events. The development of
drought-tolerant rice varieties further strengthens the potential for food security in rain-fed
regions. Despite challenges such as limited awareness, access to quality seeds and infrastructure
gaps short-duration rice holds promise for regions facing climate-induced agricultural
disruptions. Advances in breeding and biotechnology, climate-smart agricultural practices and
policy support are crucial for the widespread adoption of these varieties. This review highlights
the critical role short-duration rice can play in ensuring sustainable and climate-resilient food
systems for the future.
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I. Introduction

Rice (Oryza sativa) is the staple food for more than half of the global
population particularly in Asia, where it accounts for a significant portion of daily
caloric intake [1]. However, climate change poses a serious threat to rice production
with increasing temperatures, erratic rainfall and the rising frequency of extreme
weather events reducing yields and threatening food security [2]. Traditional rice
varieties often characterized by longer growth periods are particularly vulnerable to
these climatic changes [3].
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Climate change is one of the greatest challenges to global food security
particularly in rice-producing regions [4]. With increasing variability in temperature,
rainfall patterns and the frequency of extreme weather events, rice production systems
are under significant stress [5]. Traditional rice varieties which require longer
growing periods may not be well-suited to these rapidly changing conditions [6].
Short-duration rice varieties offer an alternative by allowing farmers to adapt to
shortened growing seasons ensuring consistent rice production and thus, enhancing
food security [3].

The increase in average global temperatures, coupled with more frequent
extreme weather events threatens rice yields [5]. According to the Intergovernmental
Panel on Climate Change (IPCC), global warming is expected to increase the
frequency of droughts, heatwaves, and erratic precipitation patterns [7]. For instance,
regions dependent on the monsoon, such as South and Southeast Asia are already
witnessing unpredictable rainfall patterns that disrupt rice planting schedules [8].

To combat the adverse effects of climate change on rice yields, the
development of short-duration rice varieties has emerged as a promising solution [3].
Short-duration rice which matures in a significantly shorter time than traditional
varieties [9]. These varieties allow for flexible cropping calendars, reduced water use,
and improved resilience to adverse weather conditions [10]. This review aims to
analyze the role of short-duration rice in safeguarding food security in the context of a
changing climate.

I1. Short-Duration Rice Varieties: A Response to Climate Change

Short-duration rice varieties are developed to mature faster than traditional
varieties, usually in about 90-120 days compared to 150-180 days [11]. This shorter
growing period allows farmers to cultivate rice in regions where the growing season is
shrinking due to erratic weather conditions [5]. Additionally short-duration rice can
be harvested before the onset of extreme weather events such as late-season droughts
or floods, mitigating the risk of crop failure [12].

1. Adaptation to Erratic Rainfall and Drought

Short-duration rice varieties can better align with unpredictable rainfall
patterns [13]. In rain-fed regions, farmers often face uncertainty regarding the timing
and intensity of rains [14]. By planting short-duration rice, they can harvest their
crops before prolonged dry spells or delayed monsoon rains lead to water scarcity
[15]. Research indicates that short-duration rice can increase yield stability under
variable climatic conditions [9].

2. Increased Cropping Intensity

In regions where rice is grown as part of a cropping system, short-duration
rice allows farmers to plant additional crops within the same year [16]. This increased
cropping intensity improves overall farm productivity and food availability [17]. For
example, in rice-wheat cropping systems prevalent in South Asia, planting short-
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duration rice frees up time to plant wheat earlier, avoiding the risk of heat stress on
wheat crops [18].

3. Reduced Water Consumption

Traditional rice cultivation is water-intensive, requiring up to 3,000 liters of
water per kilogram of rice produced [19]. Short-duration rice varieties require less
water due to their reduced growing period, making them more suitable for regions
facing water shortages [20]. This reduction in water consumption is especially
important in areas dependent on rain-fed agriculture, where water is becoming
increasingly scarce due to climate change [21].

4. Lower Greenhouse Gas Emissions

Rice cultivation is a significant source of methane, a potent greenhouse gas,
due to anaerobic decomposition in flooded paddy fields [22]. By shortening the
duration of rice cultivation, short-duration rice varieties can reduce the amount of
time fields remain flooded, thus lowering methane emissions [23]. This makes short-
duration rice a more environmentally sustainable option in the context of global
efforts to mitigate climate change [24].

5. Resilience to Extreme Weather Events

In regions prone to cyclones, storms or floods, short-duration rice can be
harvested before the peak of the cyclone or flood season [25]. This reduces the risk of
total crop loss, ensuring farmers have a secure yield despite the occurrence of extreme
weather events [26].

I11. Drought Tolerant Varieties

While the need for drought-tolerant cultivars to guarantee rice production in
rainfed areas has long been recognized, previous efforts to develop such cultivars
have been minimal [27]. The primary reason is that one of the major obstacles facing
rice research is identifying rice genotypes with higher levels of drought tolerance for
use as donors in breeding programs [28]. The progress in breeding for drought
tolerance has been very slow because of the complex nature of drought and the
challenges in combining multiple drought-tolerance traits with high yield potential
under non-drought conditions [29]. The International Rice Research Institute (IRRI)
launched research on the creation of drought-tolerant rice varieties in the 1960s, but
encouraging findings weren't seen until approximately ten years ago [27]. In India,
Bangladesh, and Nepal, a few drought-tolerant genotypes (such as IR 74371-46-1-1,
IR 74371-54-1-1, and IR 74371-70-1-1) created by IRRI through conventional
breeding produced excellent results [30]. In extreme dry spells, when the majority of
these high-yielding cultivars entirely disappeared, the drought-resistant lines produced
roughly 0.8-1.0 t ha—1 [27]. In drought-prone areas, these drought-tolerant lines
performed better even under normal growing conditions than the popular rice varieties
currently in use [31]. In a similar vein, three IR64 QTL lines (IR 87707-445-B-B, IR
87707-446-B-B, and IR 87707-182-B-B) were created and under various drought
severity levels outproduced IR64 by 0.5 to 1.8 t ha—1 [32]. In the rainfed lowlands of
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eastern India, rice varieties such as CR Dhan, Sushk Samrat, and Abhishek have also
been successful in stabilizing rice production. Additionally, various drought-tolerant
lines—such as DRR 42, 44 in India, Sukha Dhan 4, 5 in Nepal, and BRRI Dhan 66,
71 in Bangladesh—have been released in various parts of South Asia [27]. A
traditionally bred line, IR74371-70-1-1, has been released under various names in the
various countries: Sahbhagi Dhan in India, Sukha Dhan 3 in Nepal, and BRRI Dhan
56 in Bangladesh [33]. This suggests that this line is appropriate to perform better in a
variety of settings [34]. Even in non-drought conditions, Sahbhagi Dhan performs
better than the current rice varieties grown by farmers. Sahbhagi Dhan's notable
qualities include its noticeable effects during droughts and its non-yield penalty in
favorable conditions. Farmers in the eastern regions of India, where droughts are
common, are receiving this variety [27].

Short-Duration Rice Varieties
Several countries have successfully introduced short-duration rice varieties to
improve food security under changing climatic conditions:

India

India has introduced multiple short-duration rice varieties, such as "Sahbhagi
Dhan,” which matures in 100-105 days and is drought-tolerant [34]. This variety has
been particularly successful in rain-fed areas of eastern India where erratic monsoon
patterns frequently lead to droughts [35].

Nepal

In Nepal short-duration rice varieties such as "Hardinath 1" have been
adopted in the Terai region which experiences unpredictable monsoons and water
shortages [36]. This variety matures in 115 days allowing farmers to plant a second
crop in the same year and improve their overall food production [37].

Bangladesh

The country has developed short-duration rice varieties like "BRRI dhan 28"
and "BRRI dhan 63," which have been instrumental in allowing farmers to cultivate
rice in regions prone to late floods. These varieties ensure a timely harvest, preventing
crop losses due to flooding.

Challenges in Adopting Short-Duration Rice for Food Security
Limited Awareness and Knowledge

Many farmers especially in rural and remote regions lack awareness about
short-duration rice varieties and their potential benefits [38]. Without adequate
knowledge adoption rates remain low.

Access to Quality Seeds

The availability of high-quality short-duration rice seeds can be limited
particularly in developing regions where the agricultural supply chain is weak leading
to restricted access for smallholder farmers [39].
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Yield Trade-offs

In some cases, short-duration rice varieties may have lower yield potential
compared to traditional varieties. This yield gap may discourage farmers from
adopting these varieties especially where food demand is high [40].

Infrastructure and Irrigation

Transitioning to short-duration rice varieties may require improved
infrastructure such as better irrigation systems and timely access to inputs which can
be a barrier for resource-poor farmers [41].

Financial Constraints

The upfront cost of switching to new varieties including purchasing seeds
and adopting new cultivation practices can be a financial burden for farmers without
access to credit or government support [42].

Opportunities in Promoting Short-Duration Rice for Food Security
Improved Climate Resilience

Short-duration rice varieties offer a significant opportunity to adapt to
changing climatic conditions by maturing faster thus avoiding the peak periods of
extreme weather events like droughts or floods [3].

Water Efficiency

These varieties require less water for irrigation due to their shorter growing
cycle making them highly suitable for water-scarce regions contributing to more
sustainable water resource management [43].

Increased Cropping Intensity

By harvesting earlier farmers can cultivate additional crops within the same
year improving overall farm productivity and income and thus enhancing food
security [44].

Potential for Expansion into New Areas

Short-duration rice can be introduced into regions with shorter growing
seasons such as high-altitude areas or regions with erratic monsoon patterns where
traditional rice varieties may not thrive [45].

Environmental Sustainability

By reducing water use and shortening the duration of flooding in paddies
short-duration rice can help decrease methane emissions contributing to efforts in
mitigating climate change [46].

Future Prospective

The future of short-duration rice varieties in ensuring food security under
changing climatic conditions holds great promise. Climate change is expected to bring
more frequent extreme weather events such as floods, droughts and unpredictable
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rainfall patterns. Traditional rice varieties which often have longer growth periods
may struggle to adapt to these changes. Here are some future prospects:

Breeding and Biotechnology Advances

The development of high-yield, short-duration rice varieties that are also
resilient to abiotic stresses such as heat, salinity and drought will be key. Advances in
genomics and CRISPR-based genome editing could accelerate the development of
these varieties making them available to farmers sooner [47].

Climate-Smart Agriculture

The integration of short-duration rice into climate-smart agricultural
practices can be vital. This includes optimizing water use, reducing greenhouse gas
emissions and enhancing soil fertility through better management practices [48].
Encouraging precision agriculture and using real-time data on climate conditions to
adjust planting schedules could further enhance the efficiency of short-duration rice
[49].

Sustainable Intensification

Short-duration rice varieties can be integral to sustainable intensification
where farmers can harvest multiple crops per year optimizing land use while
minimizing environmental impact. These varieties allow for crop diversification and
intercropping systems that improve overall farm resilience [50].

Policy and Farmer Support

Ensuring the widespread adoption of short-duration rice will require strong
policy support including subsidies for seeds, training for farmers and financial
incentives for adopting climate-resilient practices [51]. International collaboration and
knowledge-sharing platforms will help accelerate this process particularly in regions
vulnerable to climate change like South Asia and Sub-Saharan Africa [52].

Mitigating Labor Shortages

As climate-induced uncertainties increase short-duration rice could help
mitigate labor shortages by enabling more flexible planting and harvesting schedules
allowing farmers to adjust their work patterns more effectively [3].

Research and Extension Services

Ongoing research should focus on understanding how short-duration rice
varieties can be integrated into diverse agroecosystems [53]. Extension services will
play a vital role in training farmers on the best management practices for these
varieties especially in regions that are most vulnerable to climate variability [54].

1VV. Conclusion

Short-duration rice varieties present a viable solution for enhancing food
security in the face of climate change. As global temperatures rise and weather
patterns become more erratic these varieties can provide a reliable, fast-growing and
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resilient crop option for farmers. The adaptability of short-duration rice to different
stress conditions such as drought, flooding and heat makes it a critical tool in
maintaining agricultural productivity.

However, the success of short-duration rice depends on several factors. The
development and distribution of these varieties must be supported by robust
agricultural policies, research funding and effective extension services to reach the
most vulnerable populations. Equally important is the adoption of climate-smart
agricultural practices that can optimize the benefits of short-duration rice.

In conclusion, short-duration rice can play a pivotal role in the future of food
security especially in climate-sensitive regions. With appropriate technological
advancements, policy support and farmer engagement these rice varieties will be
instrumental in building climate resilience in agriculture and ensuring a stable food
supply for future generations.
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