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ABSTRCT: There is an apparent increasing trend of heavy and very heavy rainfall events during
recent pentads in the Central Highlands of Sri Lanka. It was also evident that the variability of
seasonal rainfall during the recent decade of 2001-2010, has increased compared to the previous
decade of 1991-2000 in most places of the island. A similar study conducted for the Dry zone has
shown that there is an apparent increasing trend of heavy and very heavy rainfall events during
both South west and North east monsoon seasons during the last pentad of the study period of
1990-2014. Both daytime and nighttime maximum and minimum temperatures have shown an
increasing trend during the period of 1960-2007 while the number of days with warm daytimes
and warm night times has also shown an apparent increasing trend. Out of 25 districts, six districts,
namely, Kilinochchi, Mullattivu, Mannar, Vavuniya, Puttalam and Ratnapura have shown very high
vulnerability to climate change. A proposed cropping calendar compiled after an extensive
statistical analysis of island-wide historical weekly rainfall data suggests that it can be
effectively used as an adaptation tool in farming activities from land preparation to
harvesting in paddy cultivation in Sri Lanka. The off-season cultivation of food crops and
cultivation of crops in non-conventional areas has been identified as an adaptation option
for climate change in Sri Lanka. Lack of a comprehensive, spatially-covered agrometeorological observation network for each agro-ecological region of the country and
limitations of medium-term and long-term climate predictions have been identified as
constraints in meeting the challenges of climate change. The importance of developing
mobile applications to deliver current weather and regular agro-met advisories for farming
community has also been recognized as a crucial and urgent need.
Keywords: Adaptation, climate change, climate predictions, climate scenarios, extreme
events, vulnerability

INTRODUCTION
Climate change significantly influences the global food security, affecting global
transformation to sustainable agriculture (FAO, 2017). Human activities, which
extensively drive mainly through the emission of the greenhouse gasses (GHGs),
which trap the heat in the atmosphere trigger global warming and directly cause
climate change. Boer et al. (2008) have shown that agriculture is the sector that
mainly hit by climate change and developing countries will be the most vulnerable
sector to shocks of climate change. The impacts of climate change on agriculture
vary widely over the regions (Smit, 1993). Im et al. (2017) have shown that climate
change will make parts of South Asia unlivable by 2100 and it further emphasizes
that South Asia ranks high on the list of the most threatened regions to climate
change.
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The climate of Sri Lanka is considered as tropical monsoonal with a marked
seasonal variation of rainfall (Punyawardena, 2008). Meanwhile, Sri Lanka has
recently been confronted with frequent severe droughts, floods and high intensity
rainfalls with subsequent damages to livelihood and well-being of people and
infrastructure. Studies have shown that food security of Sri Lanka can be adversely
affected due to impacts of climate change in future (De Silva, 2006; Punyawardena
et al., 2013a). It emphasizes the need to develop sustainable adaptations initiatives
against variations in the climate while identifying the key strategic entry points for
research and capacity building on adaptation to climate change impacts. With the
growing recognition of agricultural research to meet challenges of uncertainty of
the climate over agriculture production, several agencies of the country have
initiated research and development efforts through a window of climate change.
The Natural Resource Management Centre (NRMC), being the mandated agency of
the Department of Agriculture (DoA) of Sri Lanka to undertake climate change
related research, has successfully completed several studies to monitor climate
change of the country, vulnerability to climate change and possible adaptation
strategies to minimize the impacts of climate change.
The objective of this paper is to examine the latest research carried out at the NRMC
on the issue of climate change of Sri Lanka and its related issues such as impacts,
vulnerability and adaptation while identifying the gaps and future research needs.

PRESENT STATUS OF RESEARCH AND DEVELOPMENT ACTIVITIES
RELATED TO CLIMATE CHANGE
Evidence of Climate Change in Sri Lanka
Punyawardena and Premalal (2013) has revealed that there are no statistically
significant discernible trends in heavy and very heavy rainfall events during the last two
decades of 1991-2010. Nevertheless, an apparent increasing trend of such events has
been signaled during the most recent pentad of 2006-2010, especially with the First Inter
Monsoon (FIM) rains in the Central Highlands of Sri Lanka.
Nissanka et al. (2011) reported that the cumulative annual or seasonal rainfall of major
climatic zones in Sri Lanka during the last 50 years had not undergone a significant
change. The same is true in terms of variability of cumulative and seasonal rainfall during
the period of 1961-2010. However, it was evident that the variability of seasonal rainfall
during the recent decade of 2001-2010 has increased compared to the decade of 19912000 in most places of the island across all three climate zones, with occurrence of more
frequent drought and flood conditions.
Abeysekera et al. (2015) ascertained the recent trends of extreme positive rainfall
anomalies in the Dry zone of Sri Lanka during the period 1990-2014 and reported that
there is an apparent increasing trend of heavy and very heavy rainfall anomalies during
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both South west and North east monsoon seasons. This trend has been clearly evident
during the last pentad of the study period of 2010-2014. The same study emphasized the
likely impacts of increased occurrence of positive rainfall anomalies during those two
rainy seasons in the Dry zone, as these two rainfall seasons coincide with the
reproductive phase of most of the crops grown in both Yala and Maha cultivation seasons
in the Dry Zone.
Furthermore, Premalal and Punyawardena (2013) has disclosed that both daytime
maximum and nighttime minimum temperature have significantly increased at a
rate of 0.01 to 0.03 0C per year with a few exceptions. Results have also clearly
shown that both the number of days with cold daytimes and cold night times have
significantly decreased in most places of the country. Meanwhile, a significantly
increasing trend was been observed with the number of days with warm daytimes
and warm night times. These findings clearly signal a warming trend in Sri Lanka.

Vulnerability to the climate change
The word ‘vulnerability’ is usually associated with natural hazards like flood,
droughts and social hazards like poverty, food insecurity, etc. At present, it is
extensively used in climate change literature to denote the extent of damage
expected due to climate change. Punyawardena et al. (2013a) has shown that urban
areas in the Low Country Wet Zone are by far the least vulnerable to climate change
in Sri Lanka. Despite exposure to floods and higher population densities, these
districts have better infrastructure, education, health services and livelihood
diversity. Communities in the Northern Province (excluding Jaffna peninsula) and
Puttalam, and Rathnapura districts demonstrated a high degree of vulnerability due
to high exposure, high sensitivity of livelihoods and lower socio-economic
development. Meanwhile, major rice producing districts of the island located in Dry
and Intermediate zones of the country, namely, Anuradhapura, Polonnaruwa,
Batticaloa, Hambantota, Moneragala and Kurunegala, possessed a high degree of
vulnerability to climate change. Mountainous districts of the western and eastern
flanks of the central hills of Sri Lanka, namely, Kandy, Matale, Nuwara Eliya and
Badulla along with Trincomalee and Ampara districts in the Eastern Province show
a moderate degree of vulnerability to climate change.

Climate projections for Sri Lanka
It is of paramount importance to foresee the future climate scenario of the country
through downscaling of General Circulation Models (GCM) to signal or alarm the
policy and decision makers on the degree of severity of this global problem for
which we cannot find solutions in isolation. Punyawardena et al. (2013b) used the
ECHAM4 general circulation model (GCM) under A2 and B2 scenarios of the IPCC
as the input to the PRECIS Regional Climate Model (RCM) and concluded that the
average annual temperature in Sri Lanka will increase at a range of 2.5-4.5 °C by
the year 2080 under the A2 scenario with a possible increase of 2.5-3.25 °C under
3
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B2 scenario. In terms of future climate of Sri Lanka, the projections revealed that
the Dry zone will become more drier while the Wet and Intermediate zones become
wetter than at present as we reach the end of this century.

Adaptation for the variations in the agricultural sector
As the climate change becomes harsh reality, there should be a paradigm shift in
our usual farming practices, and ‘adaptation’ to minimize the impacts of it on our
agricultural production to ensure the national food security and livelihood of
farming community. It is obvious that the onset of rainfall in two major growing
seasons, namely, Yala and Maha and the length of the seasons are highly variable.
Therefore, farmers frequently faced unexpected losses of their harvest and become
economically feeble. As an adaptation measure, it is important to find a solution to
this issue by either shifting the cultivation season or changing the cropping
patterns.
Chitranayana and Punyawardena (2014) has proposed a cropping calendar to use
as a tool in farming activities from land preparation to harvesting. Such information
could assist to reduce the amount of irrigation water required and the frequency of
water issued from the tanks in respective regions to save the available storage of
irrigation tanks for post operations. It can also be used as a decision support tool in
planning rainfed upland agricultural systems as well.
Another vital adaptation procedure is the off-season cultivation of food crops and
cultivation of crops in non-conventional areas. Punyawardena et al. (2015) has
identified an extra 500 ha for potato cultivation from Kandy, Kegalle, Mannar, and
Mullativu districts. However, Punyawardena et al. (2015) suggested that the exact
extent of cultivation in these areas should be determined through an assessment of
willingness of farmers, easy access to market and land suitability in the context of
soil erosion.

IDENTIFIED GAPS
Among the main important factors of crop growth and development, climate is one
of the vital limiting factors. Therefore, the changes of climate cause several impacts
on farm operations from land preparation to storage of the yield. Long-term,
medium-term and short-term climate predictions is the most crucial information
needed by all sectors of the agriculture value chain. Although the NRMC has taken
initiatives to issue Agro-met advisories in collaboration with Department of
Meteorology (DoM), one month before the start of the growing season, its coarse
spatial resolution is still a major setback in terms farmers point of view in the
decision making process. One of the hindrances for lack of finer spatial resolution
for medium- and long-term climate predictions is the inadequate ground coverage
of meteorological stations covering all agro-ecological regions (AERs). Therefore,
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actions should be taken to strengthen the meteorological observation network of
the country at the earliest possible.
Agro-met advisories play a vital role in minimizing the climate related shocks on
agricultural production process. These advisories should be made available to
farmers at least with 10-day intervals backed by alerts on bad weather conditions
that could suddenly develop. As the mobile applications have become an important
tool in information and communication technology (ICT), actions should be taken
to compile 10-day agro-met advisories in collaboration with the DoM and mobile
service providers.

FUTURE RESEARCH NEEDS
Future research, related to climate change should be mainly based on addressing of
the above stated research gaps. Strengthening of observation network to represent
all AERs is a vital need. Using the available data and information, it is important to
use recently developed global and regional climate models (GCMs and RCMs) with
high spatial resolution to improve the skill of climate projections so that the
required policy decisions can be made in advance to ensure future national food
security. Use of novel approaches such as Crop Growth Modeling to predict the
expected yields of important food crops in a given season is another important area
to be researched. Drought monitoring using GIS and Remote Sensing technology
coupled with modern ICT tools can be effectively used in decision making process
at macro level on national food security and follow up actions.

CONCLUSION
Despite on-going debates on whether the climate change is a reality or myth, there
are overwhelming evidence from the scientific research conducted by the NRMC
and other agencies that Sri Lanka’s climate has two general trends, which has
strongly affected the crop production and food security in the country. These two
are increasing ambient temperatures resulting in more heat stress and frequent
and severe occurrence of extreme rainfall anomalies, i.e. droughts and floods. Thus,
timely adoption of appropriate adaptation strategies is a prime requirement to
reduce the impacts on crop production while ensuring national food security.
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Abstract: Achieving food security, especially by enhancing the rice productivity to meet the
increasing demand, has become a daunting task due to development of many abiotic and
biotic constraints that are mainly governed by the climate factors. The impact of such
stresses may significantly greater in the future with climate change. The research work
carried out by the Rice Research and Development Institute (RRDI) to-date has been
focused to meet the above challenges. Rice varieties tolerant to drought, salinity and flood
have been developed. Advanced technologies such as laser leveling for precise land leveling,
seedling broadcasting to minimize seed paddy requirement and alternate wetting and
drying practices to preserve water have been identified. Adjusting the planting dates to
avoid flowering during the periods of high air temperatures and relative humidity are being
implemented. Efficient use of fertilizer for paddy cultivation is been practiced by using leaf
colour charts, alternate P application by developing fertility maps. Integrated management
packages to combat with soil salinity, iron toxicity, pest and diseases, weeds and weedy rice
have also been recommended introduced to farmers. Development of multi-stress tolerant
varieties, improving rice productivity especially in the WZ, improving soil fertility and
enhancing rice quality, which are beneficial to overcome the impact of CC should be priority
in future Research.
Keywords: abiotic stresses, adaptation, improved varieties and technologies

INTRODUCTION
Rice (Oryza sativa L) is one of the world’s most important food crops and is the main
staple food over 20 million Sri Lankans. With the introduction of new improved rice
varieties (NIVs) along with proper technologies and increased cultivated extent, the
rice production and productivity have increased gradually but steadily, particularly
in the Dry and Intermediate Zones of Sri Lanka leading to achieve self-sufficiency in
rice. The total paddy production is around 4.42 million mt from 1.14 million ha of
cultivated lands. This production gives 3.09 million mt of milled rice even though
the total annual rice requirement at is around 2.29 million mt (Table 1). However,
demand for rice is increasing continuously with population growth and therefore
the production should be increased in future.
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Table 1. Facts on important aspects relevant to cultivation, production and consumption 2015
Aspects
Extent (million ha)
Paddy production (million mt)
Average yield (mt/ha)
Rice production (million mt)
Total rice requirement (million mt)
Rice imports (million mt)
Foreign exchange spent for import (million Rs)
Per capita consumption (kg/person/year)
Source: Department of Census and Statistics, Sri Lanka - 2016

Value
1.14
4.42
4.37
3.09
2.29
0.03
17,956
110

Increasing in rice production to meet the future demand has become a challenge
due to occurrence of many abiotic and biotic constraints such as inadequate water,
nutrient deficiencies, soil toxicities, comparatively higher day temperatures, lower
night temperatures, and changes in weed, insect and disease composition
(Weerakoon et al., 2010a). As all the above biotic and abiotic stresses are governed
by the climatic factors, their effects on rice production may be greater in the future
with climate change (CC) to which rice cultivation itself has contributed through
emission of greenhouse gasses. Though higher atmospheric CO2 is a positive
impact, changing temperature and uncertain rainfall events cause negative impacts
to rice production. Day temperatures exceeding 35 °C and night temperatures
below 19 °C during flowering stage would cause pollen sterility. High temperature
also results in the loss of stored food due to higher respiration and creates a
favorable condition for some pests and diseases. Higher rainfall inundates paddy
fields, and washes plant nutrients off making the soils unfertile. In addition, high
rainfall washes pollens off leading to development of unfertile grains. Low rainfall
increases moisture stress and soil salinity in paddy fields causing severe crop
losses.
Rice scientists have identified the importance of finding sustainable solutions to
above constraints in order to meet the future demands and food security in Sri
Lanka. This paper includes the research conducted by the Rice Research and
Development Institute (RRDI) to assess the contribution of rice cultivation to GHG
emission, to develop mitigation options, to assess the impacts of CC on rice
cultivation and to develop adaptation measures. It also discusses the gaps identified
and future research needs relevant to CC and helps all stake holders to be aware on
the activities done by the RRDI to meet the above challenges.

GHG emission by rice cultivation and mitigation strategies
In paddy fields, emission of CH4 occurs due to flooding and N2O due to application
of nitrogenous fertilizer. Experiments conducted at the RRDI has revealed that the
average CH4 emission of rice fields in the Intermediate Zone was 0.79 gm-2d-1
(Sirisena et al., 2005) while the total CH4 emission from rice cultivation in the year
8
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2000 was 121.8 Gg (Weerakoon et al., 2010a). Direct and indirect emission of N2O
from N inputs used in rice cultivation was also estimated as 0.974 Gg (Weerakoon
et al., 2010a). Though research works have demonstrated that incorporation of rice
straw and green manure to rice soils dramatically increases CH4 emission due to
anaerobic decomposition under flooded condition, a study done at the RRDI has
shown that there was no significant increase in CH4 emission when compost was
incorporated during land preparation as the inherent soil organic C content was
low (Sirisena et al., 2004).
Conversion of additional lands for rice cultivation to fulfill the future demand has
been reduced through the improvement of the productivity of rice varieties
(Weerakoon et al., 2010a) where the average productivity has increased more than
4-folds during the past 50 years (1.062 t ha-1 and 4.37 t ha-1 in 1961 and 2016,
respectively). Studies have also revealed that AWD can reduce use of water and
emission of CH4 (Sirisena et al., 2005). However, AWD is highly favorable to emit N2
through nitrification and de-nitrification processes of added nitrogen. Application
of Urea, when N is needed, by using leaf colour chart avoids unnecessary addition
N to the rice fields (Sirisena et al., 2006).

Studies related to impacts of CC for rice
Elevated atmospheric [CO2]:
Studies have revealed that if N availability does not limit plant growth, elevated
atmospheric [CO2] would increase the photosynthesis and growth of terrestrial
plants (Weerakoon et al., 2005) while increased atmospheric [CO2] have increased
leaf photosynthesis of all rice varieties (Weerakoon et al., 1999; De Costa et al.,
2003). Weerakoon et al. (1999) also found that rice leaves do not respond to
increased atmospheric [CO2] beyond 550 µmol/mol. Increase of leaf photosynthesis
and radiation use efficiency (RUE) with increased atmospheric [CO2] are also
depended on leaf-N concentration (Weerakoon et al., 2000c).
Increased atmospheric [CO2] has resulted in higher root density due to enhanced
tillering, resulting in an increase in N uptake and fertilizer-N recovery, but
decreasing N-partitioning towards leaves (Weerakoon et al., 2005). Therefore,
elevated atmospheric [CO2] results in an increase in dry matter accumulation and
final grain yield of rice (Weerakoon et al., 1999). All Sri Lankan rice varieties have
shown positive responses (De Costa et al., 2007) to elevated atmospheric [CO2] and
the increase in grain yield could be as high as 30% depending on the variety (Fig.
1). The longer duration varieties have shown a greater positive response to
increased atmospheric [CO2].
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Grain yield (t ha-1)

Since 1960 to 2007, the grain yield of rice per unit increase in atmospheric [CO2]
was 0.042 tµmol-1 in the irrigated and 0.019 tµmol-1 in the rainfed production
systems. These results suggest that varieties and technologies developed in Sri
Lanka have been able to effectively capture the beneficial impact of increased
atmospheric [CO2] in the irrigated ecosystem but not been effectively used in the
rainfed ecosystem (Weerakoon et al., 2010a).
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Figure 1. Change in grain yield of different rice lines with enhanced atmospheric CO 2
concentration

Increased air temperature:
Increased maximum air temperature above the threshold value at flowering has
negatively affected the productivity of rice in Sri Lanka due to spikelet sterility
(Weerakoon et al., 2008). A field experiment conducted using open top chambers
revealed that the pollen fertility of rice was reduced significantly at air
temperatures of 32.1±1.9 °C (Weerakoon et al., 2005). Increasing temperature
inside the spikelet is a function of air temperature and relative humidity (RH). A RH
of 85-90% at the heading stage induces almost complete grain sterility in rice at a
day/night temperature of 35/30 °C (Abeysiriwardena et al., 2002). Weerakoon et
al. (2008) also reported that the difference between air and spikelet temperature
increased with decreased humidity and the magnitude of change varied with the
rice variety. This mechanism is a way of “avoidance”, which cools the spikelet under
low RH (around 65%) due to evaporation of water vapor from spikelet at higher
environmental temperatures. This suggests the variability in “avoidance” for high
temperature in its use as a tool for selecting varieties to high temperature tolerance.
The results of these studies also explained the reasons for grain sterility observed
in farmers’ fields in humid Wet Zone and certain parts of the Dry Zone of Sri Lanka
during the month of August (Weerakoon et al. 2010a).
The critical night temperature to reduce pollen sterility has been found to be 19.9
°C (Silva et al., 2012). The variety Bg94-2 was one of the most adaptable varieties
10
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(Silva et al., 2012) for sudden temperature changes in the environment. The ricegrowing locations with high and low temperature have been identified and mapped
and suitable dates to establish the rice crop has been determined precisely
(Rathnayake et al., 2016).
The effect of increasing temperature on rice production was simulated where,
increase in average temperature beyond 2 °C would have a strong negative effect
on rice production while a 4 °C increases could lead to approximately 30% yield
drop (Walisinghe et al., 2017). This highlights the need of prioritizing the policies
for food security as well as enhancing varietal development to cope up with this
situation under CC.
An increasing tendency for pest and disease incidences in rice is expected with
increase in temperature. Though Sathischandra et al. (2013), who used 30 years of
rainfall and temperature data, reported no apparent relationship between the
incidence of weeds, insect pests and diseases and climate change in several ricegrowing regions of Sri Lanka, Mandanayake et al. (2015) reported that the
maximum temperature had a significant positive relationship on the population
levels of brown plant hopper, green leaf hopper, white back plant hopper, zig-zag
leaf hopper and paddy bug.
Weedy rice is a major threat in direct-seeded rice in Sri Lanka (Marambe and
Amarasinghe, 2000) and Abeysekara et al. (2006) reported that weedy rice is a
mixture of off-types comprising of lines related to wild rice and cultivated rice. This
suggested that there could be an increased out-crossing within cultivated rice in
farmers’ fields or between cultivated and wild rice. The increase in out-crossing
may be due to high air temperature during flowering. Abeywickrama et al. (2009)
also observed that the out-crossing percentage in rice had been increased.
Limitation of water availability together with high temperature is more favorable
to the emergence of many of the problematic weeds in rice ecosystems. Studies at
the RRDI showed that the growth and germination of weeds especially Echinochloa
crus-galli, Leptochloa chinensis, Lindernia rotundifolia and Monochoria vaginalis
increased at elevated temperatures of 35 °C (Bandara et al., 2017).
Water scarcity:
Water limitation is one of the severe problems which has negatively affected the
rice cultivation during the past few decades. During Yala 2017, the cultivated extent
was reduced by 44% while 18% of the cultivated extent was damaged due to
drought (DOA, 2017). Among the cultivated crops in Sri Lanka, rice is the crop that
consume the highest amount of water. Depending on the soil type, season and
maturity duration, about 900-1300 mm of water is used from land preparation up
to harvesting in rice cultivation. Majority of this water is used for land preparation.
However, water required to maintain saturated condition in direct-seeded lowland
rice was found to be 24% and 72% lower than that required for flood irrigation in
Yala and Maha seasons, respectively, while maintaining the same yield level
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(Weerakoon et al., 2010b). According to Weerakoon et al. (2010b) irrigation water
productivity was the highest with the saturated culture and saturate to dry soil
culture.
Experiments conducted at the RRDI revealed that the water supply is essential
during the flowering period of rice plants to avoid crop losses due to pollen sterility
(Rathnayake and Nandasena, 2012). Research revealed that drought stress during
reproductive and grain filling stages have delayed durations to 50% heading and
maturity by 9% and 8%, respectively, while reducing the yield by 58% compared
to irrigated condition (Illangakoon et al., 2017). The deep coarse root system and
leaf hairiness are associated with drought tolerance in rice (Illangakoon and
Somarathne, 2014).
Research and farmers’ field studies showed that alternative irrigation is a better
way to reduce excess use of water used by farmers. Application of AWD can save
20% of the water used in rice cultivation (Rathnayake and Nandasena, 2012).

Studies related to CC adaptation
Varietal improvement:
In early 1960s, the extent under paddy was 0.59 million ha and the yield potential
was around 1.5 tha-1,which has increased up to 1.2 million ha and 10-12 t ha-1,
respectively, as at present. Improvement of the yield potential up to 10-12 t ha-1 has
reduced the need to bring in additional land for rice cultivation, which generates
GHGs. High yielding NIVs have increased the productivity per unit area and total
production from 0.9 million tons (1961) up to 4.42 million tones today (DCS, 2016).
From 1960’s to-date, scientists have developed 84 improved rice varieties adapted
to many climatic and soil conditions in Sri Lanka. At present, NIVs cover more than
99% of the of the rice-cultivated extent in Sri Lanka and out of them, about 10
varieties are more popular covering more than 80% of the extent (Fig. 2).
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Figure 2. Rice varietal distribution in year 2016 (Source: Socio-economic and Planning
Centre, Department of Agriculture)
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The NIVs are categorized into different age groups based on their maturity
durations. Most of the rice varieties that were released in early 1970 to 1980s are
medium duration (4-4 ½ months) however, the trend has changed to develop short
duration varieties (3-3½ months) mainly due to the limitation of irrigated water
for a long cropping season. The first short duration variety (3 months) released by
the Department of Agriculture (DOA) is H10 (1968) while Bg750 is the first 2½
months duration variety, which has released in 1981. In addition, several highyielding short duration rice varieties, which can complete their life cycles around
90 days, have been released (Table 2). Cultivation of these varieties would produce
lower amounts of GHGs compared to that from the medium to long duration
varieties, and also have the ability to escape drought condition as they complete life
cycles without exposing into water shortage at the latter stages of the cropping
season. These short duration varieties can also be used for late crop establishment
if the previous crop is destroyed by floods or if the cropping season is delayed.
Table 2. Short duration NIVs released from 1968-2016 by the DOA
Year of
releas
e

Name of
the
variety

1968
1969
1971
1979
1981

H-10
62-355
Bg34-8
Bg276-5
Bg750

Duratio
n
(month
s)
3
3
3
3
2½

1981

Bw272-6B

3

1987
1987
1987
1990
1993
1999
2004
2005
2005
2008
2013
2014
2014

Bg300
Bg301
Bw302
At303
Bg304
Bg305
At306
Bg250
At307
At308
At309
Bg310
Bg251

2015

At311

3
3
3
3
3
3
3
2½
3
3
3
3
2½
3

2016
2016

Bg252
Ld253

2½
2½

Recommendation
General cultivation
Rainfed/Manawari
General cultivation
General cultivation
Low country intermediate zone
Low country wet zone for high organic soils- half bog or
bog soils
General cultivation
Rainfed – Dry & Intermediate zone
Wet zone
General cultivation
General cultivation
General cultivation
General cultivation
General cultivation
General cultivation
General cultivation
General cultivation- for rice based product
Saline prone areas
Rainfed, low moisture stress prone areas
General cultivation(Export quality red Basmathi type
rice)
General cultivation
General cultivation

Screening and identification of rice lines/cultivars for drought stress was started in
RRDI at Batalagoda, Sri Lanka since 2008 through International Network for
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Genetic Evaluation of Rice (INGER) and Green Super Rice (GSR) programs (Piyasiri
et al., 2012) in collaboration with International Rice Research Institute (IRRI).
Several promising exotic drought tolerant lines namely, Bg 10-9024, Bg 10-9028,
IRDTN 7-11, IRDTN 7-56, IRDTN 7-22 have been identified through this
collaborative work. The aerobic rice lines, which can be successfully grown under
well-drained, non-puddle and non-saturated soil were also tested and four
promising lines namely, AERON 9-3, AERON 10-25, AERON 10-05 and AERON 1026 were identified (Piyasiri et al., 2017). Zhonghua, a line selected from GSR –
Rainfed Lowland Yield Trials, is a promising line suitable for cultivation under
rainfed condition. The maturity duration and the average grain yield irrigated and
rainfed conditions of some of the promising drought-tolerant lines are given in
Table 3.
A breeding program has been started at the RRDI since 2013 to develop drought
tolerant ultra-short age (80-85 days) rice varieties. Several promising lines namely,
Bg 14-2448, Bg 14-2450, Bg 14-2349, Bg 14- 2449 and Bg 14-2437 have been
identified and being tested further (Illangakoon et al., 2017).
Table 3. Maturity duration and average yield under irrigated and rainfed conditions of
drought tolerant lines
Name of the rice
line
IRDTN 7-11
IRDTN 7-56
Zhonghua
AERON 9-3

Maturity duration
(days)

Grain yield (t ha-1)
Irrigated
Rainfed condition
condition
8.06
4.06
6.26
3.49
6.21
4.37
6.36
4.10

95-100
100-105
103-107
100-103

Development of cold-tolerant rice varieties has been commenced and few varieties
are in the pipe line of crop improvement program of the institute to cope up with
low temperature effect. Marker-Assisted Selection (MAS) is currently being used in
the breeding programs to speed up the development of drought and submergence
tolerant rice varieties.
A promising drought tolerant/escape rice line (Bg10-9028) identified through GSR
project was released as Bg251 (GSR) in year 2014 (Piyasiri et al., 2015; Illangakoon
et al., 2016). It matures within 80-85 days and gives an average yield of 3.3 t ha-1
under rainfed moisture-stressed condition. Among the promising drought tolerant
lines identified, IRDTN 7-11, IRDTN 7-56, AERON 9-3 and Zhonghua are now under
Variety Adaptability Testing (VAT and LSVAT) and may be released in the near
future as drought-tolerant varieties. Currently, these lines are used in breeding
programs as parental materials to develop drought-tolerant local varieties. The
advanced rice lines developed using those lines as parents are being tested in
different agro-ecological zones in large scale.
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A flood-tolerant rice variety naming Bg455 (126±8 days) having an average yield
of 6 t ha-1 (Senanayake et al., 2015) was released for the cultivation in year 2014.
Varieties tolerant to ion toxicity (Bw361, Bw364, Bw367 and Bw373) and soil
salinity (At354, At401, Bg369 and Bg310) have been developed by the RRDI to
adapt to CC impact of deteriorating soil environment.
Crop management:
Owing to labor scarcity and the high cost incurred in transplanting, field
establishment was gradually converted into direct seeding (DS), which is the most
popular establishment method among farmers at present, as it is economical
compared to transplanting. The DS is also preferred for 3-3½ month varieties
having shorter vegetative period as there is no transplanting shock. However, in DS,
the stand establishment is often low due to poor quality seed paddy, poor land
preparation, weed competition, poor water management, unfavorable
environmental conditions and physical damages. Therefore, in wet-DS, seed rates
of 100 kg ha-1 is recommended (for seed having thousand grain weight of 23-24 g)
to have a desired panicle number/area. However, the traditional wet-DS in puddled
soil is labor-, water- and energy-intensive. Dry DS (Kakulan or Manawari sowing)
with minimum or zero tillage eliminates puddling and is recommended especially
when the expected rain gets delayed or when there is less water for land
preparation. In dry-DS, a seed rate of 150 kg ha-1 is recommended to compensate
the losses due to water stress and physical damages.
Seedling broadcasting/parachute technique have been introduced in Sri Lanka and
gaining popularity among farmers. The technique substantially reduces the seed
paddy requirement (30 kg ha-1) compared to the other crop establishment
methods. Other advantages of seedling broadcasting include vigorous plant growth,
less weed competition, better yield and irrigation water saving.
The laser-assisted land leveling is another resource-conserving technology recently
introduced to the farmers, instead of conventional leveling, which sometimes leads
to uneven surfaces. These laser-guided tractors offer more precise leveling.
Reduction of water application, improvement of fertilizer efficiency and uniform
flowerings & maturities were observed in laser-leveled fields. Combining of plots
have also been introduced simultaneously to facilitate laser-leveling to help in
increasing land area and reducing labor for bund preparation.
Water management:
Farmers are encouraged to do land preparation and crop establishment using rain
water in order to preserve irrigation water for other activities during the cropping
season. Further, suitable techniques were introduced to reduce unwanted water
use at the initial stage of the crop establishment. The AWD technique for water
management is now being successfully implemented in farmers’ fields. A low cost
simple tool has been developed and introduced to farmers to determine the water
level in the field.
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Problem soils:
Management packages have been developed and implemented in farmers’ field to
increase the productivity of saline and iron toxic paddy fields (Sirisena et al., 2006).
They include tolerant varieties, land preparation, water management and other
agronomic practices to minimize those soil problems. Suitable dates of crop
establishment, which are essential to avoid soil salinity effect has also been
introduced to farmers (Rathnayake et al., 2015).
Insect, disease and weed management:
Almost all rice varieties released during the recent past are resistant or show
medium-resistant to major insect pests and diseases including gall midge, brown
plant hopper and blast. Thus, increasing insect pests and diseases incidences may
not be a severe problem for rice production even under changing climatic
conditions. However, integrated packages for insect, disease and weed
management were introduced and shown effective in pest management. An
integrated weedy rice management package is also been implemented in the areas
infested with weedy rice and have shown some promising results.

GAP IDENTIFICATION AND FUTURE RESEARCH NEEDS
The RRDI has developed many rice varieties and practical solutions to minimize the
effects of CC in rice cultivation and further research is continuing. However, in many
instances, farmers were unaware about the measures introduced to mitigate and
adapt to CC. Therefore, awareness of stakeholders on current mitigation options
are needed while continuing research. Extreme weather events such as drought,
floods and increasing temperatures occur frequently at present and may continue
to happen in more frequent intensities in the future and hence, research related to
CC should be intensified.
There is a wider yield gap existing, despite the availability of high yielding NIVs and
advanced technologies. The average yield of major rice-growing ecologies are
stagnant due to depletion of soil nutrient, cultivation of poor-adapted varieties over
the time and adoption of poor agronomic practices, etc. Therefore, much emphasis
is needed to develop better adaptable varieties and to test appropriate
management practices to enhance the production. Major rice-growing countries
such as China cultivate high yielding hybrid rice to generate high income but the
hybrid rice production in Sri Lanka is still not successful due to high cost of
production and other technical problems. However, it should be given more
attention as hybrid rice is one of the key ways to boost the present productivity and
to adapt to CC. Site-specific nutrient management (SSNM), which can optimize the
use of existing soil nutrients and fill deficits with mineral fertilizer (Buresh and
Wopereis, 2014) should be tested to optimize the fertilizer use efficiency and to
reduce the cost for inorganic fertilizer while increasing the yield.
The productivity of the rainfed ecosystem is comparatively low due to water stress
and weed competition and thus, much emphasis should be given to generate
16

Proceedings of the Workshop on Present Status of Research Activities on Climate Change
Adaptations (Ed. B. Marambe), Sri Lanka Council for Agricultural Research Policy

technologies for efficient water use and weed management. Development of ultrashort or short age varieties is effective to escape drought conditions at latter stages
of the cropping season. Much attention should be paid to develop varieties that are
tolerant to high temperature and submergence conditions as the varieties to
overcome these stresses are still not available.
The Wet Zone (WZ) accounts for nearly 25% of the paddy extent but, the
productivity still remains as low as 2.75 t ha-1, which is far below the production of
Dry (DZ) and Intermediate (IZ) zones (Walisinghe et al., 2013) due to water logging,
flooding and soil problems associated with poor drainage. However, WZ is
considered as the buffer zone for rice production when DZ and IZ production is
affected with drought or water scarcity. Therefore, the need for strengthening
research to identify varieties adapted to WZ condition together with appropriate
technologies is highlighted. Apart from the productivity, enhancing nutritional
value and the quality of rice are key areas to be prioritized as there is a growing
concern and demand for quality rice among consumers and other stakeholders at
present.
Mechanization is another area to be exploited to enhance profitability, minimize the
excessive use of herbicides and as a solution for labor shortage in rice cultivation.
Varieties suitable for mechanical transplanting together with suitable agronomic
management practices should be identified to obtain the maximum benefit of the
technology.

CONCLUSION
Climate change (CC) is a slow process and its impacts are gradual. Many of the
research findings of the RRDI help to minimize the effect of CC. Rice varieties have
been developed for drought, salinity, flood and cold tolerance. Molecular markers
for stress tolerance were also identified. Suitable agronomic and cultural
management options have been identified to avoid flowering during periods of high
air temperature and relative humidity by adjusting the time of planting. Alternate
wetting and drying technique is used to conserve irrigation water. The best
management practices for saline paddy fields and integrated weed/weedy rice
management packages were introduced. Technologies such as leaf color charts,
alternate P application and fertility maps have been developed for efficient use of
inorganic fertilizers. The Integrated pest management (IPM) packages were
developed and implemented successfully in farmers’ fields. However, research
should be further focused on developing multi-stress tolerant varieties, enhancing
rice productivity especially in the WZ, improving soil fertility and to enhance rice
quality which are beneficial to overcome the impact of CC in future.
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