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Abstract

Rice (Oryza sativa) is planted extensively and plays a major role in the country’'s food
security. This study considers potential to expand rice cultivation with legume rotation,
bambara groundnut (Vigna subterranea) to promote a sustainable system along the
Pahang coast. As water can be a limiting factor for rice cultivation, FAO-AquaCrop, water-
driven model was used to predict rice yields and assess risk of growing rice. Openly available
weather and soil data were obtained from NASA and ISRIC - World Soil Information at 1 km?2
grid. The model used climate data from 1997 — 2014 on two sail types (fluvisols and histosols)
for November and May planting seasons under two water freatments to obtain potential
yields for both crops. Production variations were observed across soil types and water
freatments. Fluvisols soil had less yield variations under irrigation compared fo histosols soil.
Rice vyields were higher with less variations in both seasons when fully irrigated (mean yields:
5.3 — 6.8 t/ha) and were lower with higher yield variation during rainfed conditions (mean
yields: 2.7 — 6.0 t/ha). Bambara groundnut yields varied less compared to rice, however
yields were lower in both seasons (mean yields: 2.5 — 3.4 t/ha) when irrigated and (mean
yields: 1.9 — 3.2 t/ha) under rainfed conditions. Risk analysis indicates lowest risk for irrigated
May planting for both crops (rice yields > 6.0 t/ha and bambara groundnut > 3.0 t/ha).
Highest risk observed was for rainfed November planting for both crops on fluvisols soil (70%
yields > 3.0 t/ha for rice; and 58% yields > 2.0 t/ha). Bambara groundnut however gave
higher gross income compared to rice. Rice rotation cropping with bambara groundnut
could reduce nitrogen ferfilisation amounts required and improve land fertility. Findings
indicate that the combination of irigated rice and bambara groundnut crops grown in
rotation produces the highest gross income.

Keywords: crop productivity, risk analysis , AquaCrop, water requirement, multi-cropping
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1.0 INTRODUCTION

Pahang state has about 10,360 hectares of paddy
planted area, with 68.6% of the area planted during
the main season and 50.7% during off season [1].
However, rice production is similar for both seasons,
with 10,405 metric tonnes produced during main
season and 10,052 metric tonnes during off season
[1]. The Rompin district’'s paddy cultivation area
however is prone to disease attacks which have
destroyed 500 ha and floods destroying 400 ha in
2013 [1]. Therefore, a study on the potential of paddy
cultivation in the area with a diversification option
would allow more sustainable use of the agriculture
area.

This paper aims to predict potential yields and assess
the risk of growing rice and bambara groundnut in a
region of Rompin district, along Pahang coast of
Malaysia using the FAO-AquaCrop model. The paper
also considers the potential income generation for
rural farmers from both crops.

1.1 Rice

Rice is the third major crop planted in Malaysia after
oil palm and rubber [1]. It is an important commercial
crop which confributes significantly to income
generation for the rural farmers as well as to national
food security. In 2013, a total area of 688,207 ha of
paddy rice was harvested in Malaysia [2]. The annual
average yield is between 3 — 5 tha! with potential
yield of 7.2 tha'! [3]. According fo Abu [4], yields
higher than 8 tha' have been achieved under
certain condifions in a few areas. Although annual
rice yield is increasing, the country is still importing
roughly a third of the rice required due to increasing
population [1]. The main challenges faced are
mainly from shortage in labor, increased production
cost and low quality and productivity of crop [5].

As Malaysia is targeting fo be self-supporting for rice
demands by 2020 [6], the Malaysian government has
infroduced policies, incentives and subsidies aimed
at increasing production, quality of rice and income
generation for rural farmers [7]. The government also
guarantees the rice purchase price for farmers. The
farm gate price for freshly harvested paddy was set
at MYR 1,200 per fon in 2014 [2]. Most paddy farmers
rely only on income generated from cultivating
paddy on a small scale with an average area of 1 ha
per farmer [8]. The average farmer's net income in
Kedah is under MYR 2,000/month [9].

With low agricultural profitability from cultivating
paddy and poor land fertility from mono-cropping,
most paddy farmers in Selangor are moving towards
multi-cropping as a means of exira income and
better land management [10]. Increasing paddy
yield could be through identification of new areas for
cultivation and/or cultivating varieties producing
higher potential yields. However, future production

will need fo optimise production with limited
resources [11], as there are large uncertaintfies with
the effects of climate change on rice productivity.
Vaghefi [12] showed that rising temperature and
declining rainfall could contribute to decreasing
paddy vyields of between 9 - 30%. Therefore, farmers
depending solely on mono-cropping will be
impacted directly when crops produce lower vyields
under future climatic scenarios [10].

1.2 Bambara groundnut

Bambara groundnut (Vigna subterranea) is an
underutilised grain legume native to West Africa [13].
It is known as a drought tolerant crop that can
withstand high temperatures, grow in areas with an
annual rainfall between 600 — 1200 mm [14] and
under poor soil conditions [15]. The crop can be
cultivated in wet or dry ftropical areas, and
subtropical dry summer climate zones, as the optfimal
temperature is between 19°C - 30°C and it can grow
on soils with pH between 4.3 - 7.0 [16]. The crop
usually yields an average of 3 tha [17].

The crop is cultivated in Africa, Indonesia, Thailand
and in Malaysia, where it is found in the northern
region of Peninsular Malaysia in the State of Kedah. It
is cultivated as an intercrop with rubber during an
early stage (CFF, 2015). In Indonesia the price of
freshly harvested bambara groundnut is IDR 6000 —
8000 (MYR 1.7/kg — MYR 2.2/kg) [18]. and in Malaysia
the price is higher at MYR 4/kg [19].

This legume has high nutritional content, as it contains
high amounts of protein and carbohydrate [15], a
good calcium, amino acids and iron content [20].
From studies conducted in the Mpumalanga
Province of South Africa [21], the legume can
confribute from 4 — 200 kg/ha Nitrogen to the soil and
has befter water use efficiency under climate
change scenarios. For farmers, it can provide an
alternative source of income and act as biofertiliser
lowering the nitrogen fertiliser requirement for rice,
according to [22] as about ‘20 kg of N is needed for
the production of 1 tonne of rice‘. The legume could
potentially be instrumental in promoting soil fertility on
land degraded from mono-cropping activities and
reduce potential agricultural risk due to climate
change.

2.0 METHODOLOGY

This suitability study for growing rice and bambara
groundnut along the coast of Rompin district,
Pahang was conducted by estimating yield with
openly available weather and soil data using FAO-
AquaCrop. The crop model used climate data from
1997 — 2014 according to soil types for the planting
seasons under two water freatments to obtain a
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range of potential grain yield. Estimated incomes for
both crops were calculated using farm gate prices.
The potential for cultivating these crops along
Rompin district coast were evaluated using land
cover and soil data.

2.1 Area description
The study area is located within the Rompin district in

the Southern part of the East Coast State of Pahang
in Peninsular of Malaysia (Figure 1). It is one of 2

districts in Pahang located along the coast. The area
is low lying (at an alfitude of less than 70 m above
average sea level) and covered with secondary
regrowth tfropical rain forest and near a designated
wildlife reserve (Endau-Rompin National Park) areaq,
large parts of the park are located in the
neighbouring state of Johor. Apart from agriculture
mainly from oil palm and rice, the state also depends
on tourism.
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Figure 1: Location of study area (reference system WGS84) [23]
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2.2 Climate data
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Figure 2: Daily changes in NASA climate dataset for daily maximum and minimum air temperatures (°C)
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Figure 3: Daily changes in NASA climate dataset for daily precipitation (mm)

Long-term reanalysis climate data (Figure 2 and 3)
was obtained from NASA website [24]. The large-
scale meteorological data (1° latitude by 1°
longitude grid, approximately 110 km) provides
predicted daily climate data of precipitation (mmd-
1), minimum air temperature (°C), maximum air
temperature (°C), relative humidity (at 2m, %), wind
speed (at 10m, ms') and radiation (MJm-2day-!). For
this study, climate data for 17 years from January
1997 until December 2014 were acquired for the
location at 2.87N and 103.257E; elevation 69m.

2.3 Soil data

Soil data for the site was acquired from ISRIC - World
Soil Information at large scale at 1km2 grid [25]. Soil
information includes predicted soil parameters for 6
different soil horizons (0-200 cm) with minimum,
maximum, average and 90% prediction interval

values for organic carbon (fine earth fraction) (gkg');
sand%, clay%, silt% content mass fraction; coarse
fragments >2 mm, pH in H20; catfion exchange
capacity (cmolkg') and bulk density (kgm3) [25]. As
per data from USGS Mineral Resources Data System
[26] the coastal area of Rompin District s
predominantly histosols (peat and muck soils) and
fluvisols (soils developed in alluvial deposits) this study
will examine the vyield potential for these two soil
types. The land cover from MODIS [27] was examined
for accuracy using qualitative method by evaluating
their spatial and category correctness by comparing
with google map images. The map provides good
representation of agriculture area for both soil group
types where rice and bambara groundnut can be
cultivated (Figure 4). Therefore, this study will examine
the yield potential for these two soil types.
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Figure 4: Land use map with classification for Rompin district [23] [27]

2.4 Crop modelling

FAO-AquaCrop (Version 4), used for this study, has
been calibrated using data for paddy rice from Los
Banos, Philippines and bambara groundnut from
Botswana, in Southern Africa. The climate and soll
data derived from public databases required
preprocessing to create climate files for AquaCrop.
Daily evapotranspiration was calculated from FAO-
ETO calculator [28] using FAO Penman-Monteith
equation and data gaps were filed through
interpolation in excel. Soil dataset for AquaCrop was
reduced to 5 layers by combining the top two soail
layers, as the model can only accept 5 soil layers. The
soil  water holding capacity and hydraulic
conductivity were determined using USDA-ARC
Hydraulic Properties Calculator [29]. The input
parameters used for the USDA-ARC Hydraulic
Properties Calculator were sand%, clay%, organic
matter% and gravel% to derive texture class;
saturated hydraulic conductivity; % volume for wilting
point, field capacity and saturation, as input into
AquaCrop soil files. Two planting seasons were
defined for rice where the main planting season is
between August and February, and the off planting
season is between March and July [1]. For this study
the planting dates for rice were selected as 1st
November for main planting season and 1st May for
the off planting season.

2.5 Assumptions

The AquaCrop model used in this study has not been
calibrated nor validated for paddy rice and
bambara groundnut with Malaysian datasets. The
results obtained serve as an indication of the possible
yields, however this requires further validation. As the
soil and climate data used are from publicly
available large scale databases, therefore these
should be considered preliminary results for the study
area.

3.0 RESULTS AND DISCUSSION
3.1 Crop yields

Rice produced higher vyields for each planting
season, soil type and water tfreatment compared to
bambara groundnut which showed less variability
across the cropping seasons and planting conditions
(Figure 5). Both crops planted under irrigated
conditions produced higher yields with less variation,
with slightly higher yields obtained on histosols soil. On
average rice yields were 2.5 — 3.5 tha! higher than
bambara groundnut.
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Figure 5: Rice average yields for May and November planting seasons on fluvisols and histosols soils

Less vyield variation was observed for rice in both
planting seasons under irigated  conditions
compared to rainfed conditions, showing that the
availability of water is critical for stable productivity.
Rice planted in early May on average produced
higher yields compared to the November planting.
Higher yields of 1.5 tha! and 0.7 tha! were achieved
under irrigation for May planting on fluvisols and
histosols soils respectively with less yield variation
compared to rainfed conditions. For November
planting, rice yields were 2.6 tha' higher on fluvisols
soil and 1.8 tha' higher on histosols soil under full
imigation. Although vyields are higher than the
national average of 3-5 tha'! for both seasons under
irigation, yield in the range between 5-8 tha! and as
high as 10 tha! have been recorded in paddy fields
in North-west Selangor area due to good resource
management [10].

Rice cultivated in May produced yields in the range
of 6.0 - 6.8 tha'! (irigated) and 2.4 — 6.4 tha! (rainfed)
on fluvisols soil, and 6.5 — 6.9 tha! (irrigated) and 5.3 —
6.7 tha! (rainfed) on histosols soil. The November
planted rice gave yields between 4.3 - 6.2 tha’
(irigated) and 1.6 — 4.1 tha! (rainfed) on fluvisols sail
and 5.4 — 6.6 tha'l (irigated) and 2.3 — 5.0 tha!
(rainfed). As observed, adequate water availability
shows a direct confribution towards higher rice yield
production, therefore, farmers would be able to
produce higher rice yields under irrigated conditions.
Hence a good irrigation scheduling plan should take
intfo consideration the crop requirement in order to
benefit the farmers.
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Figure 6: Bambara groundnut average yields for May and November planting seasons on fluvisols and histosols soils

Bambara groundnut showed higher yield averages
for May planting season, under both soil types and
water freatments (Figure 6). Although rice produced
higher yields, bambara groundnut showed less yield

variation under rainfed conditions when compared
with rice. Bambara groundnut mean yield of about 3
tha! under irrigation for both planting seasons and
soils. The May planting bambara groundnut
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produced an average of 0.5 tha'l higher vyields
compared to the November planting.

Average bambara groundnut yield for May planfing
on fluvisols soil were 3.0 tha'! (yield range: 2.4 — 3.5
tha!) under irrigation and 2.6 tha! (yield range: 1.7 -
3.3 tha'!) under rainfed conditions, and 3.4 tha!
(yield range: 3.3 - 3.6 tha'') and 3.2 tha'! (yield range:
2.9 — 3.5 tha!) for histosols soil under irigated and
rainfed conditions respectively. November planting
for bambara groundnut gave lower yields with higher
variations, with 2.5 tha'! (yield range: 1.9 — 3.1 tha)
under irrigation and 1.9 tha! (yield range: 1.3 - 2.5
tha') under rainfed conditions on fluvisols s soil, and
3.0 tha'! (yield range: 2.3 -3.6 tha') and 2.5 tons/ha
(yield range: 2.3 -3.6 tha') under irigated and
rainfed conditions.

Although bambara groundnut produced higher
yields with less vyield variation under irigated
conditions, the average yield variations were similar
for both water treatments. Under irrigated conditions,
bambara groundnut yields were ranged between
the yield difference between of 0.3 - 1.3 tha' and 0.6
- 1.6 tha' under rainfed condifions. Rice however

showed higher yield variation, with yield differences
of between 1.4 — 4,0 tha' under rainfed conditions
compared fo 0.5 - 1.9 tha'! under irigated
conditions. Thus, bambara groundnut as an
alternative crop provides more stability to the
cropping system.

The results show that bambara groundnut is less
water dependant and more drought folerant
compared with rice, requiring a minimum of 750 mm
of annual rainfall (Ecocrop, 2015), which is half the
water requirement of rice. Therefore, bambara
groundnut can be cultivated in projected low rainfall
seasons under future climate change scenarios, thus
providing an alternate source of income to farmers
and providing a food security option for the country.

3.2 Crop risks

Both soils show higher yield variation for paddy rice
compared to bambara groundnut (Figure 7 and 8).
Rice grown in May under irrigation has the highest
yield with least variability for both soils. However, rice
grown under rainfed conditions in November has the
highest production risk.
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Rice planted in May shows the lowest production risk
as it has the smallest yield variation with high yields,
always above 6.0 tha!' under irrigated conditions for
both soil types. For fluvisols soil, yields above 6 tha'!
are possible for rice grown under irigation for
November with 60% probability and in May under
rainfed conditions with 50% probability. By making
the baseline for yields at 3.0 tha!, this would mean
that for May planting under rainfed condifions for
fluvisols soil, there is a 12% chance (1 out of 10 years)
which would produce poor yields, thus farmers need
to prepare for this. Rice cultivated in November
under rainfed conditions produced the lowest yield
when cultivated on either soil type. Maximum yields
of 5.0 tha! were achieved on histosols soil with only
35% probability of yields below 4 thal. Lower vyield
were recorded on fluvisols soil for November planting
under rainfed conditions, with maximum yields of 4.1
tha! with 70% probability of yields below 3 tha! with
poor yields.

Bambara groundnut planted in May also shows the
highest yields and lowest production risk, yields are
always above 3.0 tha' for histosols soil and vyields
above 2.5 tha'! for fluvisols soil under irrigation. The
November rainfed combination bambara groundnut
planting for both soils shows the highest risk with
lowest yield. On fluvisols soil, yields lower than 2.0 tha'!
occur 23% (2 out of 10 years) under rainfed
conditions for May planting. For November planting

the risk is 12% (1 out of 10 years) for yields lower than
2.0 tha! occurring under irrigation and 58% (6 out of
10 years). In May, for histosols soil the average yields

are always above 28 tha'! and 20 tha'! for
November planting under both water tfreatments.
Therefore, for farmers who are risk adverse, the

combination of May planting for each crop under
imigation would provide highest average yields which
have the least opportunity for failure. Both crops
cultivated in November also have lower risk under
irigatfion conditions. Therefore farmers would benefit
from higher vyields through cultivating rice and
bambara groundnut under irrigation.

3.3 Gross income

As the farm gate price for bambara groundnut is
MYR 4,000/t which is much higher than the price fixed
for rice which is at MYR 1,200/t, the gross income for
farmers is larger with bambara groundnut despite
yields being lower (Figure 9). The average gross
income for rice planted in May is MYR 7,896 under
imigation and MYR 6,563 rainfed; and in November is
MYR 6,807 and MYR 4,162 under irrigation and rainfed
conditions. The gross income achieved with
bambara groundnut during irrgated and rainfed
conditions are MYR 11,719 and MYR 10,510 for May
planting; and MYR 9,903 and MYR 7,824 for
November planting. The gross income for May
planting is higher compared to November planting
synonymous with the higher production in May.
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Figure 9: Rice and bambara groundnut gross income for May and November plantings

As bambara groundnut can provide addifional
saving fo farmers as it has nitrogen fixing properties, it
would be beneficial for farmers to practice crop
rotation. Rice planted after bambara groundnut
would then require a lower inorganic nifrogen
fertiliser application to achieve similar yields with
lower input costs. In addition, the legume crop could

provide additional income from these alternative
crops especially for farmers who are relying on
income from a single crop.

From the gross income values, the most
advantageous cropping combination of planting
rice and bambara groundnut in rotation under
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different water treatment options can be derived.
Options for gross income for both crops on either
water treatment and combination irrigation is given
in Table 1 and 2. Combination cropping with both
crops cultivated under irrigation provides the highest
gross income for both soils. The gross annual income
is approximately MYR 3,000 — MYR 4,500 higher for

both crops cultivated under irrigation compared to
rainfed, and approximately MYR 1,500 — MYR 2,000
higher in gross income compared with a
combination of irrigated and rainfed condition
cropping system. Befter determination of these
options can be obtained by the farmer when
incorporating labour and irrigation cost.

Table 1: Gross income from rice and bambara groundnut under either irrigation or rainfed rotations

Rice Gross (MYR) Bambara groundnut Gross (MYR) Sum
planting conditions planting conditions Gross (MYR)

Histosols soil

Option 1 May planting, Irrigated 7771.76 Nov planting, Irmigated 10023.06 17794.82

Option 2 Nov planting, Irrigated 6311.36 May planting, Irrigated 12092.94 18404.31

Option 3 May planting, Rainfed 5924.82 Nov planting, Rainfed 7440.24 13365.06

Option 4 Nov planting, Rainfed 3221.79 May planting, Rainfed 10415.53 13637.32
Fluvisols soil

Option 1 May planting, Irrigated 8020.02 Nov planting, Irrigated 11812.71 19832.73

Option 2 Nov planting, Irrigated 7303.48 May planting, Irrigated 13748.00 21051.48

Option 3 May planting, Rainfed 7201.48 Nov planting, Rainfed 9812.24 17013.72

Option 4 Nov planting, Rainfed 5101.55 May planting, Rainfed 12758.82 17860.38

Table 2: Gross income from rotations combining irrigation and rainfed options for rice and bambara groundnut

Rice Gross (MYR) Bambara groundnut Gross (MYR) Combination
planting conditions planting conditions Gross (MYR)
Histosols soil
Option 5 May planting, Irrigated 7771.76 Nov planting, Rainfed 7440.24 15212.00
Option 6 Nov planting, Irrigated 6311.36 May planting, Rainfed 10415.53 16726.89
Option 7 May planting, Rainfed 5924.82 Nov planting, Irrigated 10023.06 15947.88
Option 8 Nov planting, Rainfed 3221.79 May planting, Irrigated 12092.94 15314.73
Fluvisols soil
Option 5 May planting, Irrigated 8020.02 Nov planting, Rainfed 9812.24 17832.26
Option 6 Nov planting, Irrigated 7303.48 May planting, Rainfed 12758.82 20062.31
Option 7 May planting, Rainfed 7201.48 Nov planting, Irrigated 11812.71 19014.19
Option 8 Nov planting, Rainfed 5101.55 May planting, Irrigated 13748.00 18849.55

4.0 CONCLUSION AND RECOMMENDATIONS

Findings indicate the importance of adequate
available water and soil assessment before planting
to ensure continuous high productivity. As rice yields
vary greatly under rainfed conditions, therefore
requiring better irrigation planning and study of local
climate and soil conditions to understand the reasons
contributing to yield variability.

AquaCrop model calibration for Malaysia s
significant as through this initiafive better and more
accurate assessment could be conducted to study
rice and legume rotations for culfivation in Malaysia.
Proper planning of an areaq, including effects of
natural resources on crop production under diverse

agro-ecological zones are essential before a decision
tfo select alternative crops can be made. Therefore
crop models as shown in this study, can provide
indicative potential crop productivity, including for
rotation cropping opfion. It is important to note that
models only provide an estimate, however with long
term field data and monitoring of conditions, befter
decision making and assessment  with  higher
accuracy is possible.
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