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ABSTRACT

Rice is the most cultivated and consumed cereal in Malaysia. With the local population rising 
in number, the yield progress of the crop needs to increase in a sufficient and sustainable 
manner to meet the increasing demand. However, future productivity is uncertain because 
of the predicted changes in climate, notably temperature and water availability. Here we 
highlight the impact of climate change on Malaysian rice production and how it is linked 
to the current use of nitrogen (N) fertiliser. From literature analysis we propose that the 
sustainable solution lies in targeting photosynthesis per unit N. Here we show a lower 
sensitivity of photosynthesis to N deficiency in Malaysian varieties in comparison to other 
widely grown cultivars, indicating the potential for improvement. This initial study is used 
to establish baseline measurements for more complex, multi-factor stress analyses.

Keywords: Climate change, Malaysia, nitrogen deficiency, rice

INTRODUCTION

Addressing the issue of global food security 
in the 21st century is a major challenge. 
Rice research will play an important role 

as rice is one of the most important crops in 
terms of human consumption (as opposed to 
animal feed) and is produced in 95 countries 
across the world (Maclean et al., 2002). 
It is the staple food in many countries, 
accounting for more than 40% of global 
food production. People in the majority of 
countries in Asia depend on rice as their 
main source of nutrition, as well as for 
income and employment (Maclean et al., 
2002; Makino, 2011). The Rice Market 
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Monitor by the Food and Agriculture 
Organisation (FAO) in 2012 stated that the 
current supply of rice outpaces consumption. 
Nevertheless, an increase in the supply 
of this cereal crop would be required to 
meet the future demands of rice in world 
population. This demands an estimated 
50% increase in the yield of rice in order to 
sustain the predicted world population of 9.3 
billion by 2050 (Sheehy & Mitchell, 2013). 
This is compounded by the uncertainties 
of the effect of climate change on crop 
productivity, which will certainly show 
regional-specific impacts (Parry et al., 2005; 
IPCC, 2013) across the world. In this case 
study we (1) highlight the localised effect of 
climate change on the production of rice in 
Malaysia, and (2) argue that photosynthesis 
per unit N is a critical sustainable trait in 
light of climate change and abiotic stress. 
This is required to tackle the current trend 
for increased use of N fertiliser in Malaysia.

YIELD LIMITATIONS IN MALAYSIA

Rice makes up a particularly high proportion 
of the total agricultural area in Southeast 
Asia (Maclean et al., 2002). The climate in 
this region of the world alternates between 
the wet and dry seasonal cycle, typical 
of the tropics. In Malaysia, particularly 
Peninsular Malaysia, paddy is cultivated as 
a rainfed or irrigated lowland crop. Rice is 
currently constrained to eight major granary 
areas in Peninsular Malaysia. It is mainly 
grown in states such as Kedah, Perak and 
Kelantan, which together control more than 
half of Malaysia’s harvested area (FAO, 
2002). Dryland cultivation occurs mostly 

in Sabah and Sarawak, in the islands of 
Borneo. In comparison to other countries 
in Asia, Malaysia produces only a small 
amount of rice. Out of 656.4 million tonnes 
of rice produced in Asia, only 2.7 million 
tonnes is from the peninsula and the Borneo 
islands – approximately 0.4% of Asia’s rice 
production as reported by the FAO in 2011. 

The actual average local rice yield was 
30-50% lower than achievable potential 
in 2007, based on MARDI (Malaysian 
Agricultural Research and Development 
Institute) local verification trials (Omar, 
2008) in granary areas. Due to the inability 
to currently meet their goal of being 100% 
self-sufficient in rice, Malaysia still has 
to import rice from major suppliers – 
Thailand and Vietnam. The current average 
yield has been reported as 4.5-5 t/ha, due 
mostly to farmers applying more than the 
recommended rate of 170 kg N/ha (Nori 
et al., 2008). FAO reported paddy yields 
slightly lower, between 3.36 and 3.97 t/ha 
between 2006 and 2012, in comparison with 
an average for SE Asia over the same period 
of 3.90-4.23 t/ha, indicating that Malaysian 
yields are slightly lower than regional yields 
(www.faostat.org). Rice yields within the 
country are seeing a rise due to an increase 
in usage of N fertilisers despite a stagnant 
harvested area (Fig.1). 

Malaysia is naturally geographically 
disadvantaged, as most of Peninsular 
Malaysia is covered in tropical rainforest 
with a mountainous interior. Fig.2 is a 
representation of the major environmental 
and soil constraints affecting the current and 
future prospects of rice agriculture. In order 
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to fulfil the demand of a rising population, 
the country has to be able to sustain rice 
production and at the same time increase 
productivity of the crop per unit hectare, 
without having to expand granary areas 
(Najim et al., 2007). This increase in rice 
production will need to be achieved in the 
face of a climate that will reduce yield, as 
we shall describe in the next section.

CO2 concentrations are forecasted to 
double by the end of the 21st century, and 
this anthropogenic rise will result in an 
increase in global temperatures of between 
1.5 and 5.8°C (IPCC, 2013). Although 
higher CO2 concentrations have shown field 
improvements in photosynthesis, biomass 
and yield across species, largely by reducing 
photorespiration, this will be mitigated 
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Fig.1: Patterns of rice production in Malaysia. Increases in yield after 2000 are a result of increasing N fertiliser 
usage. Data source: FAOSTAT.

Fig.2: A schematic of the major environmental constraints in Malaysia. Adapted from Major Environmental 
Constraints for Agricultural Production Project based on FAOCLIM database, ARTEMIS NDVI imagery and 
soil and terrain data provided by Soil Resources Management and Conservation Service. FAO-GIS. Prepared 
using Windisp software by Rene Gommes, Environment and Natural Resources Service, for the SOFI 1999 
Report.
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by the rise in temperature, deterioration 
of water supply and other factors such as 
disease and pollution (Ainsworth & Long, 
2005; Long et al., 2006). Indeed, studies 
on rice have shown that increased night 
temperatures are more closely related 
to yield stagnation across SE Asia than 
other factors (Peng et al., 2004; Welch et 
al., 2010). The mechanism behind this is 
not yet clear but may be associated with 
temperature-dependent effects on primary 
metabolic processes such as growth and 
maintenance respiration. This is independent 
of sudden temperature spikes that induce 
spikelet sterility (Wassman et al., 2009). 
Indeed, temperatures are approaching 
the upper limit for optimal rice yield and 
even survival in some regions (Ingram et 
al., 1995).  Using existing crop models, 
rice production in Malaysia is predicted to 
decline by 0.69t/ha, and giving rise to an 
economic loss of RM299m per year with 
a rise of 2°C and a shift in CO2 from 383 
to 574 parts per million (ppm) (Vaghefi et 
al., 2011). 

MITIGATING THE EFFECTS OF 
CLIMATE CHANGE

Climate shifts in the next 50 years are 
also likely to bring about unpredictability 
in crop production (Sheehy & Mitchell, 
2011). More extreme climatic events such 
as heavier rainfall and drought in certain 
areas have been attributed to the rise in 
temperatures. Other production constraints 
include increased salinity in coastal granary 
areas from seawater intrusion as well as pests 
and diseases such as blast and brown plant 

hopper. Generally, physiological responses 
to climate change are complex because 
of the multiple abiotic factors involved. 
However, a central process in the response of 
plants to climate change is photosynthesis. 
As photosynthesis is intimately linked to 
climate (temperature and CO2) and water, 
this relationship ultimately determines the 
success of agricultural systems as a whole 
across multiple environments (Ainsworth 
& Long, 2005; Murchie et al., 2009). 
Photosynthesis is also the largest sink within 
the plant for nitrogen fertiliser with 50% 
of leaf nitrogen in the chloroplast. A factor 
rarely considered is light: it is essential 
for photosynthesis, but rice grown in the 
tropics is especially exposed to high and 
erratic light intensities. In some cases, very 
high light intensities cause photoinhibition, 
a process that damages the photosynthetic 
apparatus through excessive light absorption 
and photooxidative stress (Murchie & 
Niyogi, 2011). High light exacerbates other 
abiotic stress responses. 

Farmers are therefore being driven 
to confront the inevitable prospect of 
growing under fluctuating and increasingly 
unfavourable conditions due to the 
changing patterns of land use due to climate 
change. With optimisation of other yield 
components, rice is increasingly dependent 
on improvements in biomass production, 
which require increased nitrogen fertiliser 
application (Peng et al., 2000; Murchie et 
al., 2009), and this is particularly strong in 
Malaysia (Fig.1). With the increasing cost of 
fertiliser and unpredictable climate, there is 
a convincing argument that the improvement 
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of crop yield should be achieved from 
the manipulation of photosynthesis at 
the leaf level, and this is consistent with 
available information about rice production 
in Malaysia. Fig.3 compares the responses 
of photosynthesis to suboptimal nitrogen in 
widely grown SE Asian rice cultivars and a 
variety specific to Malaysia. Low N leads to 
high light sensitivity as shown in rice (Chen 
et al., 2003) and spinach (Verhoeven et al., 
1997): reduced photosynthetic capacity 
results in an excess level of absorbed 
irradiance. Interestingly, MR253 shows 
higher leaf photosynthesis at suboptimal 

conditions, demonstrating a potentially 
improved nitrogen uptake, allocation 
or remobilisation dynamics (Foulkes & 
Murchie, 2011) and potentially lower 
susceptibility to oxidative stress under high 
light conditions. Additionally, a higher 
Amax itself is associated with higher 
canopy photosynthesis and productivity 
in cereals (Murchie et al., 2009: Reynolds 
et al., 2012). The data presented supports 
a larger study, which will investigate 
nitrogen–abiotic stress interactions. Table 
1 summarises the agronomic traits of the 
varieties used in this study.
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Fig.3: Light saturated rates of CO2 assimilation in the widely grown IR64, the African cultivar Moroberekan 
and the Malaysian cultivar MR253. Note the reduced difference in Amax between 50% and 25% for MR253. 
Means and standard error of the means are shown (n=4). These three varieties were grown in hydroponic 
solution as in Murchie et al., (2005). The experiment was conducted in an environmentally-controlled growth 
room under three concentrations of NH4NO3: 1.4 mM (100% N), 0.7 mM (50% N) and 0.35 mM (25% N). 
Measurements were made at leaf 11 for the IR64 and MR 253 varieties and leaf 9 for the Moroberekan variety. 
The photoperiod was 12 hours, temperature 28°C, an irradiance of 600µmol m-2 s-1 and RH of 40-50%. In-situ 
light response measurements were made according to Hubbart et al. (2012).
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CONCLUSION

We have briefly discussed the future 
problems of increasing rice production in 
Malaysia in the face of rising demand of 
rice and unfavourable climatic conditions 
and economic uncertainties such as the 
increase in cost of fertiliser. Yield gains in 
Malaysia are associated with unsustainable 
increases in N fertiliser applications. We 
have focused on sustainable approaches for 
genetic improvements in productivity that 
include the optimisation of photosynthesis 
per unit nitrogen and multi-factor stress 
analyses in the field. Inefficient applications 
can result in profoundly catastrophic effects 
on the climate and important ecosystems. 
Curtailing the use of N fertiliser and 
promoting better nutrient management are 
the more immediate cost-effective options, 
but it is vital that we realise the need for 
more sustainable and long-term solutions.
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