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ABSTRACT

Malaysia is facing food security issues as it struggles to supply adequately the population’s staple food,
namely rice. The conventional rice planting method is observed to be ineffective in increasing the nation’s
rice production, compounded further by the frequent occurrence of various diseases, pest infestations and
weather uncertainties. The long term practice of using high chemical inputs has adversely affected the
country’s natural resources such as water, soil and air. Rice farmers, who once were self-sustaining by
having their own rice stock supplies, now need to purchase rice to fulfill their family’s needs. Farming
transformation is much needed in order to address the nation’s food security. This transformation can be
done via the involvement of small-scale farmers. System of Rice Intensification (SRI) is a method that has
the potential to give a big positive impact on the rice sector and food security. Research based on field trials
by farmers show that SRI gives satisfactory results and high economic productivity. This method can be
used by small farmers in fulfilling their family’s rice needs and contribute to the nation’s food security.

Key words : SRI, Rice, Economics transformation, Agroecology, Small scale farmers.

Introduction

Rice is the staple food for the Malaysian population
of approximately 29 million. In 2005, the per capita
rice consumption for Malaysian population is about
82.5 kilogram per year (Malaysia, 2006). Rice con-
sumption is expected to increase in line with the
population growth of about 2.3% per annum. Based
on the said population growth, rice consumption
will increase from 1.8 million tons in 1995 to 2.3 mil-
lion tons in 2010. Having said that, rice production
has been hovering at 2.13 million tons since 1995

and only slightly increased to 2.46 tons in 2006. This
development disrupted the domestic rice supply
and in the long term poses a threat to the security of
the nation’s food supply.

Malaysia’s rice needs are fulfilled through two
main mechanisms, primarily from domestic produc-
tion and secondarily from import activities. About
65-70% of the need is fulfilled from domestic pro-
duction while the remaining 30-35% is imported
from neighboring countries. About 70% of domestic
productions are produced within eight main rice
schemes while the balance of 30% are produced out-

*Corresponding author’s email : doni@siswa.ukm.edu.my



1152

side the main schemes (Malaysia, 2006). Compared
to the main rice schemes, the plantation areas out-
side of the main rice schemes face many problems
such as poor irrigation system, lack of service for
growth, poor soil fertility, pest infestations and
many more. This situation results in low rates of
productivity among the farmers. For example, rice
production outside the Muda irrigation scheme is
between 2.3 to 3 tons per hectare compared to 4.5
tons per hectare in Muda irrigation schemes
(Rospidah, 2012). These low production rates put
pressure on the farmers’ livelihoods. Most of them
are small-scale farmers working on leased land
(Chamhuri, 1995). Meanwhile, more than 65% of
these farmers cultivate rice on land of less than 3
hectares.

Since the 1970s, the plantation system practiced
has been intensive monoculture where rice is
planted twice in a season with the support of mod-
ern infrastructure like modern irrigation systems,
farm mechanization, using advanced rice processing
facilities, field roads, and other modern facilities
(Fadzim, 1992). Farmers have been encouraged to
use chemical inputs such as fertilizers and pesticides
to control diseases. Meanwhile, mechanization has
taken over the role of field laborers. The practice of
continuous use of chemicals have led to serious im-
plication on the paddy sector and negatively affect-
ing the environment causing soil degradation, water
pollution, reducedmicrobiota and decreased the
numbers and biodiversity of wildlife.

At the international level, FAO (2011a) recom-
mended a farming model named Sustainable Crop
Production Intensification (SCPI). This model is said
to have the potential to intensify crop and food pro-
duction in an environmentally sustainable manner.
SCPI empowers the role of small farmers in food
production and conserves natural resources. There
is, therefore, a need for a true agricultural transfor-
mation in order to guarantee the nation’s food secu-
rity. This transformation can be done through the
involvement of small farmers (Altieri and Toledo,
2011). According to FAO (2011b), UN Special Rap-
porteur on the Right to Food (2011), and UN-DESA
(2011), System of Rice Intensification (SRI) is a
method that can play a significant role in sustainable
agriculture that supports a green economy. In com-
parison, the conventional farming model that em-
phasize on the role of large-scale farming is unsus-
tainable, in the long run.

UN Special Rapporteur on the Right to Food
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(2011) emphasized that it is better for investments to
be concentrated on small farmers as multiple posi-
tive impacts are more apparent in terms of growth
when these farmers’ income increases, which in turn
stimulates the demand of goods and services from
local suppliers. Conversely, a large portion of a big
estate’s income is spent on input purchases and im-
ported tools. This does not give a positive effect to
the local suppliers” economy.

This paper discusses the potential of SRI to in-
crease rice production and to improve the economic
situation of small farmers. For this purpose, we use
experiences gathered from Malaysian small-scale
farmers who have applied the SRI method in their
farming practices.

Materials and Methods

This research uses primary and secondary data. Pri-
mary data was obtained from the farmers’ pilot trial
in using SRI completely organic in land area of 1,000
square meters in Sik, Kedah and in Tunjung,
Kelantan. Both these areas are outside the irrigation
schemes. They both adhere to all of SRI principles
and practice. The result is measured for 5 to 7 sea-
sons.

The method for the yield calculation in Tunjung
Kelantan is based on yield component calculations
such as the amount of panicle per meter, weight of
1,000 rice grains at the humidity of 14% and the
amount of grain per panicle. Casanova et al., (2002)
observed that calculations based on produce compo-
nent are closely related to the amount of panicle, rice
grain, existence of weeds and planting uniformity.
In these farmers’ trials, the plantation was very well
taken care of (meticulous weeding and exact plant-
ing with 20-30 centimeters distance). Therefore, this
yield component calculation showed the best pos-
sible result. To ensure the farmers’ family food stock
security, data based on yield and yearly consump-
tion per family was used. Malaysia’s annual rice
consumption per capita is estimated at 86.5kg for
2014 (OECD/FAOQO, 2013). This calculation is done
by assuming that average family size is 4.2 people
(Department of Statistics Malaysia, 2010). Therefore,
the rice consumption for each household is sup-
posed to be at 363 kg annually.

Results and Discussion

System of Rice Intensification and its Practice
Sharing
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System of Rice Intensification (SRI), a climate-smart,
yield-increasing methodology practiced by more
than 10 million small farmers in over 55 countries.
SRI method includes several changes in the current
conventional rice planting system. It emphasizes on
the health of plant roots. The method consists of five
core principles: (1) to select healthy seedlings only
and to transplant them to the rice field at the age of
5-7 days. (2) The seedlings are planted at a distance
of 25-30 cm to encourage healthy root growth by
reducing competition for nutrients. (3) Soil aeration
through mechanical weeding to eliminate weed, as
well as to aerate the soil, (4) Instead of permanent
flooding, SRI rice is flooded only occasionally. This
enables better aeration and growth of microorgan-
isms, (5) Using organic fertilizers instead of chemi-
cal fertilizers. Besides supplying nutrients to plants,
organic fertilizers bring about the right conditions
such as soil structure, organic matter, oxygen, tem-
perature, humidity and fertility to encourage micro-
bial activity and faunal diversity (Uphoff et al.,
2005).

The SRI method does not only increase the pro-
duction of the rice harvest but also increases
biodiversity (Norela et al., 2013), giving resistance to
plants against pest infestation and reduces the pres-
ence of toxic metalssuch as arsenic (Lauren and
Duxbury, 2005). The increase in biodiversity means
that the farmers are now more inclined to try plant-
ing local rice varieties that has been facing extinc-
tion. Furthermore, the quality of soil and air is im-
proved by the reduction of agrochemical materials
(Uphoff, 2013). According to UN-DESA (2011) the
practice of SRI method is an example of creative in-
novation and presents a major impact on farming
preservation.

Several researches have pointed out to the suc-
cesses of SRI practices. Rice plantings using SRI
method have increased the rice yield in Cambodia
(Channthla, 2009; Koma, 2011), Indonesia (Sato et
al., 2011), China (Chen et al., 2013; Zhao et al., 2009),
India (Thiyagarajah and Gujja (2013), Phillipines
(PNA, 2013) and Sri Lanka. Thiyagarajan and Gujja
(2013) mentioned that the increase in productivity of
SRI practitioners in areas with no irrigation in India
has encouraged the farmer families to start planting
rice for their own consumption. This research also
shows the increase of food security to 41.8% or 217
days of sustenance for farming families who prac-
tice the SRI method on land areas of 0-1 acres, and
an increase of 126.4%, equivalent to 738 days for ar-
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eas of more than 2 acres (NABARD 2011). In the dis-
trict of Damoh, Uttar Pradesh, India, farmers in-
creased their rice yield from 2 tons per hectare to 8.5
tons per hectare. Bihar (India) is the most advanced
SRI practice area. The size of SRI plantation has in-
creased from 30 hectares in 2007 to 135,000 in 2012
(Editor in Corps, 2013) In Indonesia, SRI had
reached a total area of 178,055 hectares in 2013
(Rahman, 2013). The SRI farmers were able to gain
yields of up to 22 tons per hectare (Diwakar et al.,
2012). Tech and Rattana (2005) reported that 120
farmers in Cambodia who have been using the SRI
method for 3 years are able to obtain twice the origi-
nal yield. In total, some 200,000 farming families
practicing SRI with a yield increase between 50 per-
cent to 100 percentwere reported.

SRI planting was started on a pilot scale by a
Malaysian farmer in 2004 in BalikPulau and resulted
in a production of 6 tons per hectare. Then in 2008,
Sabah farmers (Alab Lanas and Penampang) started
using this method. It was then followed by the farm-
ers in Kelantan (Tunjung) in 2009 and in Kedah (Sik)
since 2010. The spread of planting by way of SRI is
still in its infancy; nevertheless it has started to at-
tract the interest of some farmers in Rompin, Pahang
and Mersing in Johor (Anizan et al., 2012).

Increase of Rice Yield through System of Rice
Intensification

Rice productivity research was conducted in
Tunjung, Kelantan and Sik, Kedah in 2012. Table 1
shows the result after harvesting for the amount of
panicle in the range of 30.14 — 77.57, amount of rice
grain per panicle (105.88-131.64) and weight of 1.000
rice grains (28.80 -34.22 gr). Based on these estima-
tions, the potential rice yield is between 7.5 and 19.4
tons per hectare. The high values achieved corre-
spond to other research done on SRI. This research
was supported by Anizan et al., (2012), where the
farmers in Sawah Sempadan in Tanjung Karang
Selangor obtained rice yields of 12.4 tons per hect-
are. The implication from this research alluded that
with well-managed SRI, farmers are able to obtain
outstanding yields.

The positive performance of SRI can be under-
stood from the level of plant interactions with the
soil’s microbes as well as its association with the
plants’ parts themselves. Anas et al., (2011) had
shown that SRI management can positively influ-
ence soil microbial population, increase enzyme ac-
tivities in the roots (rhizosphere).
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Table 1. Rice Yield with different rice varieties, locations, planting pattern, soil type, panicle numbers, filled grain number and 1000-grain weight

Source

Filled 1000-grain Yield
grains potency
number

Panicle

Soil type

Plants

Planting
pattern

Location

Rice

(ton/ha)

number weight (g)

density m?

variety

This
research
n=235

29.93 19.4
This research

131.64

9.26 Silty 53.06

30 cm x 30 cm
Legowo 5**

Tunjung *Kelantan—

Season 7,

MR219

Clay, pH

6

April 2012

Silty Clay 38.14 105.88 34.22 12.8

9.26

30 cm x 30 cm
Legowo 5**

Tunjung?®,

MR253

n=235

Kelantan— Season
7, April 2012

Tumpat,

This
research
n=235

133 27.2 16.8
Jabatan

41

Silty Clay,
pH 74

11.11

30 cm x 30 cm

MR219

Square pattern

Kelantan

27 7.5
Pertanian
Titi Serong,

98.9

Sandy 34
loam,
pH 5.33

8.16

35 cm x 35 cm
Squere pattern

Kg. Lintang,
Belantik, Sik,
Kedah Season 6

MR263

Perak
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(2015)

110.37 22.8 7.58

Sandy loam, 6.5 27
pH

30 cm x 30 cm
Square Pattern

Ledang, Johor

MRQ 74

Notes: *Sunnah Tani Sdn Bhd

** Legowo 5-Planted in rows of five then skipping one row before the next set of five

refers to total sample

n=
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Food Security for the Small Farmers

The high yield potential of SRI means a
farmer can support the daily rice con-
sumption for the whole family based on
the yield produced from a small plot of
land. Farming productivity can be calcu-
lated as output per input (cost/benefit
ratio). Table 2 shows that, based on an
estimation of rice yield of 10 tons per
hectare, equivalent to 6.8 tons rice per
hectare per season. If a family farmer is
able to plant rice using SRI organically
on a plot of 1.000 square meters (0.25
acres) for two seasons, they would be
able to yield 1,360 kg. This is a surplus of
997 kg of rice when an annual consump-
tion of 363 kg is assumed. This surplus
can be sold at RM2.60 per kg. The said
family is also able to sell the surplus
byproducts such as rice brans and bro-
ken rice that is normally rejected at mill
stage to be sold at the value of
RM2,718.00 annually. Input cost is very
low at RM1.25 only. If the management
cost were to include overall wage, then
the production cost is only RM778.50. It
is clear, therefore, that the productivity
of SRI based farming activity is high as
demonstrated by the high cost/benefit
ratio of 4.71. According to Ghee-Thean
and Ismail (2013); Malaysia’s rice pro-
duction efficiency is low (ratio of 51.7%
to 63%). Research by Khai and Yabe
(2011)shows that technical efficiency
depends on intensive labor use in rice
plantation, irrigation and education.
Bagchi and Shunbo (2013) found that
small sized rice field is more efficient
technically compared to the large
schemes/large-scale. In terms of value
distribution efficiency, as SRI depends
on the use of a small quantity of seeds,
less water, self-made fertilizers from lo-
cal natural waste, the component distri-
bution efficiency of SRI can turn out to
be very high. All these research supports
the assumption that the small-scale
adoption of SRI can potentially raise
economic efficiency.

Rice production also can be inte-
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grated with other farming activities such as fish
farming or duck rearing in paddy fields, and veg-
etable farming (FAO, 2000) to increase farmers’ in-
come. SRI enables farmers to produce and sell fur-
ther organic products such as fish or ducks. These
also can be sold at a higher price compared to con-
ventionally driven farms. For example, 1 kg of
snakehead fish can fetch RM 34 per kg in the local
market.

Opportunities and Challenges to Promote
System of Rice Intensification in Malaysia

There are many lessons that Malaysia can learn from
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the experience of other countries that have been
practicing SRI. SRI spread can be effectively carried
out through the participation of three different
stakeholders, namely (i) the farmers, (ii) the officers
and (iii) the government. Farmers benefit from low
seed input, low water usage, more productive
panicles, reduction of pest and disease infestation,
ability to generate own seeds, high grain weight and
high seed quality. On the other hand, the factors that
often hinder the farmers from practicing SRI is the
long duration needed to aerate the soil while weed-
ing, transplanting of young seedlings, water control
for alternate wet and dry conditions, absence of or-

Table 2. Productivity of 1000 meter square SRI plot for two planting seasons

NoUnit Amount per Price Total in two
season (RM*) seasons (RM)
Land preparation
i) Plowing with small machine hour 3 8.00 24
ii) Levelling and irrigation preparation hour 2 8.00 32
Sowing 0
i) Seed Kg 0.5 1.50 0.75
ii) Seedlings preparation hour 0.5 8.00 4.00
iii) Maintaining the seedlings hour 0.5 8.00 4.00
Marking hour 0.5 8.00 4.00
Planting the rice seedlings hour 7 8.00 56
Organic fertilizers
i) Molasse Kg 0.2 2.50 0.5
ii) Kitchen waste Kg 1 0.00 0
Manual weeding and organic fertilizer application hour 5 8.00 40
Water maintenance hour 2 8.00 16
Herbicide and pesticide application hour 0 8.00 0
Harvesting hour 10 8.00 80
Rice processing hour 8 8.00 64
Postharvest process hour 8 8.00 64
Land rental m? 800 0.00 0
Total cost per season 389.25
Total cost in two seasons 778.50
Yield (per season) Kg 1000
Rice (per season) Kg 680 2.60 1768.00
Rice (per two seasons) Kg 1360 2.60 3536.00
**Profit and cost ration 4.71
Surplus for selling Kg 997 2.60 2592.20
Revenues (Hired workers) 1813.70
Revenue (own work) 2589.70
**Side product (two seasons) 128.00
Incomes (own work) rice and side product 2717.70

Note: Revenues is based on assumption of rice yield is 10 tons/ha

Source: Field observation.
*1 RM = 0.23 USD

**Profit-cost ratio according to side product (bran and broken rice)
**measurement of Profit-cost ratio according to side product is according to measurement done by

PaddytechSdnBhd and Lian Tong SdnBhd, Kelantan.
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ganic materials, requirement of experienced work-
ers and lack of proper tools. Malaysia faces acute
labor issue in comparison to other countries.

Thiyagarajan and Gujja (2013) also mentioned
that low understanding of SRI principles and the
requirement for detailed attention and monitoring
are also among the main causes that contribute to
farmer’s low interest in SRI. Like the other new
farming methods, the farmers may try on this
method for a while and then possibly discontinue
for some reasons. Therefore, technical support and
continuous encouragement for several seasons are
needed to change the farmers” ways of managing
rice planting.

In 2014, the UN recognised the importance of
family farming by declaring it the year of Interna-
tional Family Farming. This hopefully will lead to
further encourage governments to support small-
scale farming and to motivate farmers to take up
SRI.

Conclusion

This research highlights the potential of the SRI
method for small-scale farming in Malaysia. SRI of-
fers many benefits for farmers in terms of economy
and environment. Farmers are able to secure their
food supply and to produce a surplus of high-qual-
ity organic rice and other products that can be sold
at a high price.

Acknowledgments

This researchwas financially funded by grant
FRGS/2/2014/STWNO03/UKM/01/1 from the Min-
istry of Higher Education Malaysia.

References

Anas, I, Rupela, O., Thiyagarajan, T. and Uphoff, N. 2011.
A review of studies on SRI Effects on Beneficial
Organisms in Rice Soil Rhizospheres. Paddy Water
Environ. 9 : 53-64.

Anizan, I., Ahmad, A., Rosenani, A.B. and Jamil, H. 2012.
SRI Rice Crop Establishment. Trans Malaysia Soc
Plant Physiol. 20: 11-16.

Altieri, M.A. and Toledo, V.M. 2011. The Agroecological
Revolution in Latin America: Rescuing Nature, En-
suring Food Sovereignty and Empowering Peas-
ants. | Peasant Stud. 38 : 587-612.

Bagchi, M. and Shunbo, Y. 2013. Impact of Farmer’s Man-
agement Characteristics on Technical Efficiency of

Eco. Env. & Cons. 22 (3) : 2016

Rice Farm in Bangladesh. Metalurgia Int. 18 : 142-148.

Casanova, D., Goudriann, J. and Forner, M.M., and
Withagen, J.C.M. 2002. Rice Yield Prediction from
Yield Components and Limiting Factors. Eur |
Agron. 17 : 41-61.

Chamhuri, S. 1995. PengeluaranPadidan Beras Negara:
Beberapa Isudan Masalah Kelestarian
Pembangunan. In: Pembangunan Pertanian Lestari.
Mustapha, H.H., Jani, M.F.M. (Eds). Bangi:
Universiti Kebangsaan Malaysia Press.

Channthla, A. 2009. SRI Takes Hold. Econ Today. 2 : 14-17.

Chen, S.,Zheng, X., Wang, D., Xu, C. and Zhang, Z. 2013.
Influence of the improved System of Rice Intensifi-
cation (SRI) on Rice Yield, Yield Components and
Tillering Characteristics under Different Rice Estab-
lishment Methods. Plant Prod Sci. 16 : 191-198.

Department of Statistics Malaysia. 2010. LaporanCiri-ciri
Isi Rumah 2010,SiaranAkhbar.http://www.
statistics.gov.my/portal/images/stories/files /Lat-
est Releases/population/Web_Release_Ciri_IR
2010.pdfAccessed 12 November 2012

Diwakar, MC., Kumar, A., Verma, A. and Uphoff, N. 2012.
Report on the World Record SRI Yields in Kharif
Season 2011 in Nalanda district, Bihar state, India.
Agri Today. http://www. independent
sciencenews.org/wp-content/uploads/2012/11/
India-Bihar-Paddy-Record-Yield-SRL.pdf Accessed
15 February 2013

FAO. 2000. Small Ponds Make a Big Difference: Integrat-
ing Fish with Crop and Livestock Farming. FAO,
Rome. http:/ /www .fao.org/docrep/003/x7156e/
x7156e00.htm Accessed 2 October 2014.

FAO. 2011a. The State of Food and Agriculture 2010-2011
Part II: 2010-2011World food and agriculture in re-
view. http://www.fao.org/docrep/013/i2050e/
i2050e07.pdf Accessed 20 December 2013

FAO. 2011b. Save and Grow: A Policy Makers Guide to
Sustainable Intensification of Smallholder Crop
Produc-tion, Chapter 2.Farming Systems. Rome:
FAO. http://www .fao.org/ag/save-and-grow/
en/2/index.html. Accessed 20 December 2013

Fadzim, O. 1992. Development in the Rice Sector: Issues
and Challenges. In: Regional Development in Ma-
laysia. Johari MY (Ed). Sabah: Konrad Adenauer
Foundation and Institute Development Studies.

Ghee-Thean, L. and Ismail, M.M. 2013. Efficiency Perfor-
mance of Paddy Farming in East and West Coast of
Peninsular Malaysia. Int |. Agric Res. 8 : 42-48.

Khai, H.V. and Yabe, M. 2011. Technical Efficiency Analy-
sis of Rice Production in Vietnam. [ ISSAAS. 17 : 135-
146.

Koma, Y.S. 2011. Building Experiences with SRI Develop-
ment and Dissemination in Cambodia (2000-2011).
http://www.cedac.org.kh/Accessed 7 February
2014

Lauren, J.G. and Duxbury, ].M. 2005. Management Strat-



DONI ET AL

egies to Reduce Arsenic Uptake by Rice. InBehavior
of Arsenic in Aquifers, Soils and Plants.Conference
Proceedings. International Symposium,
Dhaka.http:/ /arsenic.tamu.edu/pub/pubpres/
DHAKA /dhakall.pdf Accessed 7 February 2014.

Malaysia. 2006.BukuPerangkaanPertanian 2006.
Putrajaya: Kementerian Pertaniandan Industri Asas
Tani.

NABARD. 2011. Report on System of Rice Intensification
(SRI) in Jharkhand. Ranchi: Jharkhand Regional
Office.

Norela, S., Anizan, 1., Ismail, B.S. and Maimon, A. 2013.
Diversity of Pest and non-pest Insects in an Organic
Paddy Field Cultivated under the System of Rice
Intensification (SRI): A case study in Lubok China,
Melaka, Malaysia. | Food Agric Environ. 11: 2861 —
2865.

OECD/FAO. 2013.0ECD-FAO Agricultural Outlook
2013-2022 Meta Data: OECD-FAO Agricultural
Outlook 2013-2022, by country.http:/ /stats.oecd.
org/viewhtml.aspx?Queryld=48183&vh=0000&
vi=0&l&il=&lang=enAccessed 7 July 2014

PNA. 2013. Farmers of two Zambo Sur towns undergo
management training. Bus MirrorDec. 2. 2013.

Rahman, M.T. 2013. Sawah Baru Diyakini Sumbang Padi
1 Juta Ton. http://industri.bisnis.com/read/
20131031/99/184013 /sawah-baru-diyakini-
sumbang-padi-1-juta-ton Accessed 1 May 2014

Rospidah, G. 2012. Sustainability of Paddy Sector in the
Integrated Agriculture Development Area of North-

1157

west Selangor. Dissertation, University Malaya,
Malaysia.

Sato, S., Yamaji, E. and Kuroda, T.T. 2011. Strategies and
Engineering Adaptions to Disseminate SRI Methods
in Large-scale Irrigation Systems in Eastern Indone-
sia. Paddy Water Environ. 9 : 79-88.

UN-DESA. 2011. World Economic and Social Survey
2011.http://www.un.org/en/development/desa/
policy /wess/index.shtmlAccessed 12 June 2014

Tech, C. and Rattana, H. 2005. Annual Activities Report of
the System of Rice Intensification (SRI) Secretariat

Thiyagarajan, T.M. and Gujja, B. 2013. Transforming Rice
Production with SRI (System of Rice Intensification)
Knowledge and Practice.

Uphoff, N. 2005. The development of the System of Rice
Intensification. In: Participatory Research and Develop-
ment for Sustainable Agriculture and Rural Develop-
ment, Gonsalves et al (Eds). Ottawa: International
Potato Center-UPWARD and International Devel-
opment Research Centre.

Uphoff, N. 2013. New approaches are needed for another
Green Revolution, SciDevNet, 16 Oct 2013. http://
www.scidev.net/global/food-security/opinion/
new-approaches-are-needed-for-another-green-
revolution.htmlAccessed 15 May 2014

Zhao, LM., Wu, LH,, Li, Y., Lu, X,, Zhu, D.F. and Uphoff,
N. 2009. Influence of the system of rice intensifica-
tion on rice yield and nitrogen and water use effi-
ciency with different N application rates. Exp Agri.
45 : 275-28.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


