
Rice and Climate change



•Climate change is affecting rice production in 
Asia and Africa, where the crop is a staple food for 
millions.
•Climatic extremes such as droughts, floods, 

extreme temperatures, and rising sea levels – 
which causes salinization of inlands – in Asia 
alone already affect production for about 30% 
of the 700 million poor who live in rainfed rice-
growing areas.
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Fifth IPCC Report (2013): 

• Attributes Climate Change to human interventions
• Concludes Temp would be larger in tropics & subtropics

➢ Rainfall heavier, more floods
➢ Dry seasons drier, more drought and desertification
➢ Sea level rise, inundation and salinity intrusion



Impact of climate change

• Translates to crop agricultural risks beyond adaptive capacity, 
and consequently higher poverty

• Asia, overwhelmingly dependent on rice as staple, a decline in 
production will affect:
➢ human nutrition
➢ economic development
➢ poverty alleviation
➢ political stability



Impact of climate change

• Rice production will both affect and be affected by 
climate change:

•  Effect on climate from emissions of GHG from rice 
fields
•  Climate Change places stress on the rice plants. 
These emanate from two factors:  

• Abiotic factors
• Biotic factors



Impact of CC on 
rice:

• Drought – 20% rice area in Asia (23 million ha) 
drought prone.   
•  Flooding – Affects 10-15 mil ha annually with 
production losses of between 1 – 12%.    
•  Temperature – Higher temperatures can cause 
spikelet sterility , and heat stress at night also affects 
production.   
•  Salinity and sea level rise – Affects 10 million ha of 
coastal and inland areas in Asia; mega-deltas produce 
half of Asia’s rice



Effect of Temperature 
change threats 



Reproductive development 
and seed formation

• Drought directly affects the reproduction process of plants. 
Early reproductive stages, micro- and megasporogensis are 
the most sensitive among the sub-phases. 

• Pollen viability, germination, pollen tube growth, stigma 
viability and receptivity, anthesis, pollination, fertilization, 
and embryo development are severely vulnerable to drought 
stress. 

• Lacking of any of these processes causes embryo abortion 
that ultimately affects the yield. 

• Drought stress after fertilization decreases seed size rather 
than seed number.
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Photos Courtesy: Prof. Tim Wheeler

• Rice plants exposed to 6 h of heat 
stress (38C) at flowering.

• Spikelets that flowered during the 
stress exposure were sterile (green) 
while those that flowered the next day 
under optimum conditions set seed 
(brown).
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Yield

• As HT negatively affects plant 
establishment, growth, DM partitioning, 
reproductive growth and 
photosynthesis, it ultimately poses 
serious consequence on crop yield. 

• Several lines of studies indicated the 
reduction of crop yield under HT which 
greatly varies with the degree and 
duration of temperature as well as 
genotypes of the crop.
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Low temperature

• Low temperatures may disturb the key organs of photosynthesis, 
including chloroplast and thylakoid membranes, causes swelling 
of plastids and thylakoid lamellae, vesiculation of thylakoid, 
accumulation of lipid drops and ultimately disorganization of entire 
plastid. 

• Low temperature also disrupts the systems including electron 
transport, carbon cycle metabolism and stomatal conductance. 

• Among the photosynthetic apparatus PSII is the primary target of 
damage under LT stress. 

• Moreover, LT reduces the activity of stromal and carbon 
assimilation enzymes like Calvin cycle enzyme, ATP synthase, 
and restricts ribulosebisphosphate regeneration and limits the 
photophosphorylation. -20
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• During the development of male gametophyte LT 
causes disruption of meiosis, tapetal hypertrophy, 
stunted development of pollen grain, anther protein 
degradation, pollen sterility, pollen tube deformation. 

• In female gametophyte development its effects are 
characterized by reduced style and ovary length, 
disruption of meiosis, reduced stigma receptivity, 
callose deposition in style, damage to embryo sac 
components, and arrest of the fertilization process. 

• At flowering LT may cause delayed flowering, bud 
abscission, sterile or distorted flowers, while at grain 
filling the source-sink relation is altered, kernel filling 
rate is reduced and ultimately reduced sized, unfilled 
or aborted seeds are produced.  
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Damage to spikelets and panical 
exsertion in rice due to cold 
stress
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Source: Hasanuzzaman et al. (2013)

Unfilled grains of rice 
due to cold stress



CO2 fertilization
• Yields increase with CO2 levels up to 750 ppm, in mid and high latitudes
• Low latitudes, slight temp increases can reverse gains from CO2 fertilization  

Biotic stress:
Pests and disease
• Animal pests, diseases, weeds ca. 40 % yield loss Asia  (high estimate?)
• With higher temperatures, pests and diseases are likely to extend their range 
• Conclusion – with abiotic stress, cumulative damage high



Modelling 
• Overall effects of Climate Change – dependent on climate model used and CO2 
fertilization. 

• IMPACT Model for developing countries, by 2050:
•  Irrigated rice – yield loss  -14% 
•  Rain-fed rice  -1.4%
•  CO2 fertilization – loss of 0.5% to gain of 6.5%
•  East Asia, less drastic, decline  -10%
•  Resulting world price increase by 32-37%



Impact of rice on climate change:

• SEA – 43 % of global nitrous oxide emissions
• E. Asia – emits 68% of global methane 
• S. Asia – 20% global CO2 annually

While rice fields 
sequester CO2, they 

emit nitrous oxide 
and methane:

• Organic inputs stimulate methane emissions
• Rice fields worldwide emit 31-112 Tg of 

methane annually

Rice monocultures 
release methane:



Adaptation  - Breeding

Varietal improvement most important means of adaptation in 
rice systems:

• Modern High Yielding Variety – pre-adapted  
• Drought tolerant rice varieties  
• Drought and flood tolerance combined  
• Salinity tolerance  
• Floret sterility at higher temperature  
• Genetic sequencing technology – submergence tolerance 
• C3 to C4 rice plant



Green super rice is the goal of breeding work – 
varieties that combine traits for lower chemical 
fertilizer and pesticides, tolerance for drought, 
salinity and floods, and resistance to pests and 
diseases

 



Adaptation – Farming systems

• Aerobic rice varieties  
• Shift to rice-wheat production systems 
• Water saving technologies 
• Resource conserving technologies – no tillage, slow-
release fertilizer, site-specific nutrient management 
• Climate smart agriculture 
• Direct seeding – rain-fed areas
• Post harvest sector losses  
• Climate induced migration  



Mitigation of emissions from rice sector

o improving rice plants through breeding – saves land conversion, 
reduced deforestation/avoided emissions
o changing farming systems – with enhancing productivity, 
marginal lands left not encroached
o changing to more diverse farming systems such as aerobic rice, 
rice-wheat systems, mid-season drainage, rain fed systems
o utilizing crop residues for renewable energy and carbon 
sequestration



IGovernance and Green Economy

• Incorporating climate change into national green growth policies for 
sustainable development  - e.g. renewable energy, low-carbon transport, 
energy- and water-efficient buildings, and sustainable agriculture...  

• In agriculture, adaptation measures mainstreamed into national 
development plans 

• Trade – more countries would be reliant on food imports – need for a more 
open global trading regime

• Financial arrangements – for adopting mitigation technologies

• Market based approaches for managing environmental services



o Innovative cross-sectoral policies include:
➢ changing investment allocation within and across sectors
➢ eliminating existing detrimental policies that will exacerbate 
climate change impacts
➢ price signals, market mechanisms, insurance, microfinance, 
research etc. 
➢ supporting approaches which reduce GHG emissions, that 
include measures for fertilizer management, crop carbon 
sequestration, open field burning, deforestation and forest 
degradation (REDD)…



• CGIAR scientists from the International Rice Research Institute 
(IRRI) and AfricaRice, together with national research and 
agricultural extension system partners, have long tackled the 
problem through breeding to develop new, climate-smart varieties 
of rice.

• Their drought-, flood- and salt 
tolerant rice varieties are designed to adapt to rapidly 
changing climatic conditions.



• Adoption of CGIAR’s climate–smart varieties of rice, together with 
adjusted management practices, has led to significant 
increases in yield and sustenance of production in climate 
change stress-affected areas, including those inhabited by the 
most impoverished farming communities.



• Conventional and marker-assisted breeding is used to incorporate specific 
desirable traits into rice plants, resulting in improved varieties that are more 
resilient to stresses and can survive unfavorable conditions made more 
intense and frequent by climate change.

• The breeding lines are then tested in several different locations and 
countries, including direct trials in farmers’ fields. T

• he selected lines – those shown to survive under stress and retain desirable 
grain qualities – are finally either released directly, or bred into widely grown 
and popular local varieties.



• Drought is the most widespread and damaging of all environmental stresses, 
affecting 23 million hectares of rainfed rice in South and Southeast Asia as 
well as large areas in Africa, where 70-80% of ricelands are rainfed.

• About 30 drought-tolerant varieties have been released by CGIAR and 
partners in several countries.



• Floods cause farmers in Bangladesh and India to lose up to 4 million tons of 
rice per year. CGIAR-released varieties carrying the SUB1 gene – which 
makes rice plants better able to withstand complete submergence in water – 
have shown an average yield advantage of 1-3 tons over original varieties, 
after floods lasting 10-18 days. 

• Some examples include the Swarna-Sub1 variety in India, Samba Mahsuri-
Sub1 in Bangladesh, IR64-Sub1 in the Philippines, and Ciherang-Sub1 in 
Indonesia and Nepal, and FARO 66 and 67 in Nigeria.



• Saltwater encroachment due to rising sea levels and lower 
rainfall threatens rice crops in coastal farming areas. 

• In Bangladesh, salinity affects about one million hectares of arable 
land. CGIAR researchers at IRRI and AfricaRice have developed and 
released more than 20 salt-tolerant varieties, and have incorporated 
salt tolerance into popular rice varieties such as BRRI Dhan11, 28, and 
29 in Bangladesh, as well as various varieties in India and West Africa.

• These salt-tolerant varieties have resulted in considerable increase and 
stability of productivity in salt-affected areas and, in some cases, led to 
expansion into areas previously abandoned because of high salinity.



• Adoption of CGIAR’s climate–smart varieties of rice, together with adjusted 
management practices, has led to significant increases in yield and 
sustenance of production in climate change stress-affected areas, including 
those inhabited by the most impoverished farming communities. 

• The varieties are now being planted by millions of farmers in South and 
Southeast Asia, and in Africa.
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