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Introduction

Agriculture is a high priority for the
government’s national development
agenda (MAFF 2015). The main
agricultural  activities are  rice,
subsidiary and industrial crops, poultry
and livestock. Rice is the principal crop,
and there are four main rice ecosystems
in Cambodia: rain-fed upland, rain-
fed lowland, dry season irrigated, and
floating and recession rice (Ros, Chhim
and Nang 2011). The near-natural
and formerly predictable nature of the
extensive wet season flooding of the
floodplains in the Mekong River Basin in
Cambodia has supported flood recession
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agriculture. This involves small-scale
farmers producing annual crops like rice as well as
harvesting fish and other wild foodstuffs.

The natural flood flows are changing, particularly
due to the existing and planned construction of
hydropower dams in the basin. The Cambodian
government plans to extensively expand regulated,
infrastructure-based irrigated agriculture to enable
production of two to three rice crops a year and
increase milled rice export. From 2009 to 2013,
the Ministry of Water Resources and Meteorology
(MOWRAM) expanded irrigation coverage to provide
water for an additional 387,907 ha of agricultural
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land. By 2013, the total irrigated area had increased
to 1,485,670 ha (NSDP 2014-18).

We hypothesise that this change may result
in increased production of rice but decreased
production of other foodstuffs important in the diet
of Cambodians. Hence it may favour commercial
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farmers at the expense of the livelihoods and
nutritional security of subsistence farmers. Further,
expansion of irrigated agriculture will require much
greater use of resources such as energy and water
that have not been modelled and may amount to
negative impacts on other values. It will definitely
increase the use of fertilisers and pesticides as the
rice varieties capable of faster and bigger yields
also require more of these inputs.

Therefore, the research question for this study is:
what are the benefits, costs and risks of changing
food production from flood recession to regulated,
irrigated agriculture in Cambodia, considering food
production, land, water, energy and household
nutrition security?

Methodology

The research used a combined quantitative and case
study approach. Scenario analysis synthesised and
interpreted secondary data from many sources to
estimate and compare food and nutritional supplies,
yields, input (water, energy, fertiliser, labour,
pesticide) requirements, and the benefits, costs
and risks of one double rice and two integrated
rice-fish farming systems. The quantitative results
were supplemented with research evidence and
observations from extension projects and case
studies in Cambodia of when farmers can access
good support, training and best practices or new
technologies, namely system of rice intensification
(Tech 2014; Anthofer 2004) and community fish
refuges (Brooks and Sieu. 2016; Thouk 2009).
Data on model vegetable farmers was not available,
so the study used data on the highest vegetable
yields attained in 2015 (MAFF 2016) based on the

assumption that farmers were able to achieve high
yields as a result of training and special support.
The quantitative approach comprised several steps,
as follows:

Food and nutritional supply calculation. The
following formula was adapted from FAO (2001)
based on available data to determine supplies of rice,
bovine meat, ricefield fish, other aquatic animals
(OAA) and vegetables. Food supply was divided by
harvest/pasture area to determine food supply per
hectare.

food supply = production + import — export +/- stock -
feed - seed - food manufacture - waste - other use

Supplies of paddy, vegetables and bovine meat
were calculated using FAOSTAT data (2016).
Ricefield fish and OAA supplies were calculated
based on data from six studies in Cambodia
(Gregory, Guttman and Kekputhearith 1996; Nesbitt
1997; Guttman 1999); Troeung et al. 2003; Hortle,
Troeung and Lieng 2008; Thouk 2009).

The study relied mainly on FAO’s (1953, 1981)
food composition tables to estimate nutritional
supplies of protein, calories and lysine per hectare
of rice, bovine meat, ricefield fish, OAA and
vegetables (Table 1).

Potential production area projection. Using Arc-
GIS and crop area maps (IRRA 2010; ODC 2015,
2016), the current irrigated single-crop rice area
was chosen as the potential area for irrigated double
rice cropping (see Figure 1).

Table 1: Average protein, calorie and lysine content per 100 g by food type

et (1008 (s 1008) (man00g)
Ricefield fish (all fish, unspecified) 18.80° 132° 17132
Other aquatic animals 16.00¢ 103® 1262¢
Bovine meat (excl. kidney fat [1.8%]) 17.70° 256° 1573
Rice (husked or brown) 7.50° 357° 2992
Vegetables 2.03¢ 27° 1004

Sources: * FAO 1981; ®* FAO 1953; © Nurhasan et al. 2010; ¢ Pittock, Dumaresq and Orr 2015



CAMBODIA DEVELOPMENT REVIEW

VOLUME 21, ISSUE 2, June 2017

Production/yield estimation. MAFF annual reports
provided data for both-season paddy yield (1980-
2011), dry-season paddy yield (1980-2015), wet-
season paddy yield (1980-2015), ricefield fish
production (2008-2015), wet-season rice harvest
area (2008-2015), vegetable yield (1996-2015), and
milled rice supply (2008-09). This data was used to
calculate protein, calorie and lysine production.

Input estimation. Data was compiled from several
sources to estimate water consumption (Abrams
2015), energy consumption for rice (Islam et al.
2011), vegetable production (Canakci et al. 2005),
fertiliser use (Theng et al. 2014), pesticide and
labour costs (World Bank 2015).

Scenario modelling. Three scenarios were designed
to compare current food supplies, projected protein,
calorie and lysine production, water use, fertiliser
use, energy consumption, labour and pesticide costs
in the potential production area under three farming
systems:
e Scenario 1: double rice cropping (wet- and
dry-season rice)
e Scenario 2: wet-season rice / ricefield fish /
OAA / bovines

e Scenario 3: wet-season rice / ricefield fish /
OAA / vegetables

Scenario 1 was chosen to reflect conventional
agricultural intensification. The other two were
selected to reflect integrated farming systems that
might be more sustainable for farmers: after harvest,
the rice fields are either used to graze cattle or grow
vegetables. All three scenarios were run a second
time to compare the same criteria with and without
the adoption of best practices and new techniques.

Key results
Table 2 presents the current food supply per hectare
estimates for each scenario. As expected, scenario
2 produces less than the other scenarios. Although
ricefield fish, OAA and meat provide more nutrition
than rice, production combined with wet season
rice is relatively low. Scenario 1 produces the most
calories of all three because rice provides a lot of
calories. However, scenario 3 is best in terms of
protein and lysine, and produces almost double the
lysine of scenario 2.

The current rice areas with potential for irrigated
double rice cropping amount to 125,724 ha (Figure
1). Table 3 presents the projected trends for food

Figure 1: Potential area for irrigated double rice cropping
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Table 2: Total annual supply per hectare of protein, calories and lysine by food type
Scenario 1 Scenario 2 Scenario 3
Food type Protein Calories Lysine Protein Calories Lysine Protein Calories Lysine
) (kcals) (v (t) (kcals) ®) ®) (‘000 )
kcals)
Rice 0.12 5880 0.005 0.060 (2940 0.0020 0.060 (2940 0.0020
Bovine meat - - - 0.009 0.136 0.0010 - - -
Fish - - - 0.020 0.150 0.0020 0.020 0.15 0.0020
OAA - - - 0.004 0.030 0.0003 0.004 0.03 0.0003
Vegetables - - - - - 0.100 1.35 0.0050
Total 0.12 5880 0.005 0.093 |3256 0.0053 0.184 (4470 0.0093
Table 3: Scenario modelling results for the potential area (125, 724 ha)
Scenario 1 Scenario 2 Scenario 3

Projected annual food production, water, energy and fertiliser use, pesticide and labour costs

Protein (t) 29475 15363 29898

Lysine (t) 900 729 1398

Calories (kcals million) 1403 559 751

Water use (mcm) 3017 1508 2451

Energy use (MJ million) 6726 3363 11059

Fertiliser use (t) 39176 13484 43938

Pesticide cost (USD) 2.0l m 503000 10.81 m
Labour cost (USD 4.56/day) 43.59m 1591 m 113.28 m
Projected annual food production, with training, technology/best practice adoption

+SRI +CFR +CFR + high veg yield

Protein (t) 90521 170976 192842

Lysine (t) 2764 14908 15939

Calories (kcals million) 4309 1652 1942

Note: SRI = system of rice intensification; CFR = community fish refuges.

production in terms of protein, calories and lysine
in the entire potential area.'

Discussion

Benefits, costs and risks

Scenario 1: The benefits of double rice cropping
are income from rice export, the highest food
supply and production of calories, and the second
highest food supply and production of protein
and lysine. However, water costs are the highest
and energy, fertiliser, and labour costs the second
highest among the three scenarios.

1 In projection, we only estimate food production because
we cannot project export and import needed for food
supply calculation.

The very high water requirement in this scenario
poses the greatest risk, especially given the adverse
impacts of hydropower dams and climate change
on the quantity and quality of water resources.
Ensuring a stable water supply and mitigating water
supply risk in irrigated agriculture is costly as it
requires irrigation infrastructure and institutional
mechanisms.

Operating an irrigation system/water pumps also
consumes a substantial amount of energy, although
total energy requirement is lower than in scenario
3. Alternative energy sources would need to be
considered.
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High fertiliser use associated with conventional
intensive cropping can alter soil chemistry, damage
soil structure and disrupt soil ecology. However,
increased use of inorganic fertilisers in scenario
1 carries less risk than in scenario 3. Similarly,
higher pesticide use stands to contaminate the
environment (water, soil, air), degrade soil, harm
non-target vegetation and organisms, and adversely
affect human, animal and ecosystem health.
Emissions of the greenhouse gases methane (CH*)
and nitrous oxide (N,O), potent greenhouse gases
in terms of their global warming potential (GWP),
would increase under double paddy cropping.
GWP would be higher than in scenario 3 with the
application of fertiliser, or the same as in scenario
3 without the application of fertiliser.

If farmers were to adopt system of rice
intensification (SRI) methods, double rice cropping
could produce more food in terms of protein, calories
and lysine, but using 50 percent less water. Also,
energy costs would be lower, inorganic fertiliser
use minimised, soil quality enriched and soil water
conserved.

Scenario 2. Based on current per hectare food
supply estimations, scenario 2 provides more lysine
than scenario 1 but less than scenario 3. Projected
lysine production in scenario 2 is slightly less than
in scenarios 1 and 3, and projected protein and
calorie production is much lower. Costs are the
lowest among the three scenarios. The types of
risks are the same but the degree of risk is lower
than in the other two scenarios because scenario 2
has the lowest water and energy requirements and
the lowest fertiliser and pesticide usage. If farmers
were to adopt community fish refuges (CFR), the
projected production of protein, calories and lysine
in the potential area would increase.

Scenario 3. Integrated wet-season rice/fish/
OAA/vegetables provides the highest food supply
and projected protein and lysine productions, and
the second highest food supply and projected
calories production. The four sources of protein can
contribute to reducing stunting and underweight
in Cambodia. The gross margin of vegetables in
scenario 3 is higher than that for wet-season rice
and dry-season rice, and vegetable production in
this scenario can help meet domestic demand.
However, scenario 3 has the highest energy,
fertiliser, pesticide and labour costs, and the second
highest water cost.

Water use and energy consumption are also
high, so scenario 3 has similar risks as scenario
1. But the level of risk is lower because scenario
3 requires less water. Even so, scenario 3 is the
biggest energy user. The implications of high-
energy agriculture in the potential area are an
important consideration.

Fertiliser and pesticide use in scenario 3 carry
the same risks as in scenarios 1 and 2, but the level
of risk is higher because vegetable crops require
higher rates of fertiliser and pesticide application.
Similarly, increased CH, and N,O emissions from
wet-season paddy and vegetables pose the same
risk as from the farming systems in scenarios 1
and 2, but the level of risk is higher. However, if
no inorganic fertilisers were applied, there would be
no difference in risk between the scenarios. Finally,
if farmers were to adopt CFR and produce high
vegetable yields, scenario 3 would produce more
food in terms of protein, calories and lysine.

Comparison of technology and best practice
adoption in the three scenarios

In this section we compare the results for scenario
1+SRI, scenario 2+CFR, and scenario 3+ CFR+high

Table 4: Ranking of scenarios with and without training, best practice and technology adoption

Protein production Calorie production Lysine production
Scenarios . Training and . Training and ’ Training and
No adaptation technology No adaptation technology No adaptation technology
adaptation adaptation adaptation
Scenario 1 2 3 1 2 3
Scenario 2 3 2 3 3 2
Scenario 3 1 1 2 1 1
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vegetable yield. Projected annual production of
protein and lysine in the potential area is highest
in scenario 3: protein production is about 102,321
tonnes higher than in scenario 1 and about 21,866
tonnes higher than in scenario 2; lysine production
is about 13,175 tonnes higher than in scenario 1
and about 1,030 tonnes higher than in scenario 2.
Scenario 3 produces about 289 million kcals/year
more than scenario 2 but about 2,367 million kcals/
year less than scenario 1.

This study cannot compare water and energy
requirements between the three scenarios with
and without training and new technology adoption
because such data is not available. However, the
study does show that SRI adoption in scenario 1 can
help reduce water use by up to 50 percent, and that
SRI adoption in scenarios 2 and 3 can help conserve
water and energy because this method reduces
flooding in the wet season and saves water in the
dry season.

Conclusion

Comparison between the three scenarios with
and without support, training and best practice/
technology adoption shows that: (1) projected
protein production would be highest in scenario 3
both with and without training/technology adoption,
while scenario 1 would drop to third and scenario 2
rise to second ranking; (2) the ranking for projected
calorie production would remain unchanged, with
scenario 1 ranked first followed by scenario 3; and
(3) projected lysine production would be highest
in scenario 3 with and without training/technology
adoption, while scenario 2 would rise to second and
scenario 1 drop to third ranking. Overall, scenario
3 has the highest potential for improving food
production in terms of protein, calories and lysine
in the potential area.

Different future agricultural development
scenarios/policies have different implications. If the
primary objectives are generating export income
from rice and increasing calorific supply, these are
maximised by scenario 1 — double rice cropping. If
the primary objectives are to maximise profits for
farmers and improve the supply of more nutritious
foods (to reduce child stunting, for instance) then
scenario 3 (rice - fish - vegetables) is best. In the
future, with upstream dam development and climate
change, water supply is likely to become less
reliable. In this situation, scenario 1, which requires

the most water, is most risky, whereas scenario 3 is
moderately risky. The major drawback of scenario
3 is that it requires much more energy than the other
two scenarios.

This research has outlined the costs and
benefits of three different options for agricultural
development in Cambodia. CDRI stands ready to
support Cambodian agencies who wish to better
understand these options to enhance governmental
policies and on-ground programs.
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