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Abstract

This study estimated soybean crop evapotranspiration from weather data using the cropwat model. The effects of reference
evapotranspiration, crop coefficients, and yield response factor were quantified for three different agroecological zones in
Cameroon. The evapotranspiration of soybean was observed to be 281.03 mm in the farming district of Ambam, 387.7 mm
in Bamenda and 605.3 mm in Garoua, indicating pronounced differences in the agro-ecologies. Across the three regions
studied, rainfall pattern determines soil water reserves and crop water uptake. In the farming zones of Bamenda and
Ambam, water requirement for soybean are met by the rainfall. In the northern region of the country, irrigation needs are
high. As a consequence, actual crop evapotranspiration is greatest in the hot dry zone of Garoua and lowest in the cool
humid region of Bamenda. From this study it could be concluded that coping with climatic variations and future climate
change will require complementary irrigation as well as improved crop management practices.
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1. Introduction

In Cameroon a variety of arable crops are grown,
including soybean (Glycine max, Leguminosae) a
dicotyledonous annual oil crop that is photoperiod
sensitive, whose economic importance for
household and industrial use is increasing.
Climate variability is an important source of risk in
soybean production since it affects yield variation
and often leads to vyield losses. Increased
frequency of climate is expected to be associated
with future climate change [1]. Climate change will
therefore enhance farm risks by influencing crop
growth and development, resulting in yield
reduction [2]. The stability of soybean production
systems in the country will therefore have to
depend on adaptation strategies and mitigation
measures in relation to water control. Crop water
control is primarily a question of management that
depends on strategic choices which must be
considered well before the farming season. This
may involve issues that border on choice of
cropping plan according to farm constraints, e.g.
which crops to irrigate and income margin
objectives, and provisional irrigation programme.
These strategic choices are determinant for the
tactical decisions made during the cropping
season.

Cameroon, characterized by two climatic types in
terms of the relative duration and intensity of the
wet and dry periods in different parts of the
country, is an interesting location for such a study.
The climate has a pronounced wet period from
May to November, and a dry period from
December to April. Climate variability conditions
affect the spatial and temporal distribution of
rainfall in tropical soybean-growing areas. More
importantly, the interactions of precipitation
occurrence can impact the health of crops and
land productivity, as unstable climate affects
important parameters on crop reproductive and
vegetative growth. This may include water stress
during critical growth periods which could reduce
yield and quality of crops. These are important
because crop water use is weather dependent as
well as soil, water and plant dependent [3,4].
Farm proprietors now periodically check soil water
at different depths within the root zone and at
different growth stages to avoid stressing the crop
during critical growth stages.

Of all the climatic variables, precipitation is a
leading factor affecting land value through crop
yields [5,6,7]. Some other studies reveal that
water deficit treatments reduced the overall
biomass of soybeans [8]. Equally, temperature
changes affect crop productivity [9,10]; by
influencing respiration and transpiration rates
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[11,12,13]. For instance, flowering may be
partially triggered by higher temperatures, while
low temperatures may reduce energy use and
increased sugar storage. Yields have been shown
to increase in proportion to other variable changes
such as solar radiation and temperature with
increased amounts of COz [14]. Generally,
significant changes in yield result when the
precipitation factor was altered.

Several studies using temperature gradient
tunnels, crop simulation models, and field
experiments have been conducted to evaluate the
effects of climate change on soybeans crop
growth and development, particularly temperature
increase and increased or double CO2
concentration [15, 16, 17]. In general, simulation
analyses and field experiments have shown a
reduction in soybeans yields. The same studies
have also shown that soybeans varieties respond
nonlinearly with increased CO2 concentration [18,
19, 20]. This paper thus analyses the effects of
climate  variaion on  soybean  crop
evapotranspiration in different ecological zones in
Cameroon, in order to highlight the implications for
adapting to potential climate change.

2. Methods

This study employs the methodologies from the
FAO Land and Water Development Division on
crop water management at the farm level to
calculate crop water requirements and crop water
productivity in irrigated and rainfed agriculture [21,
22, 23, 24]. Crop water requirement allows us to
simulate the effect of climate and soil crop
performance. Using monthly averages of the
climatic parameters (minimum and maximum air
temperature, rainfall, relative humidity, sunshine
duration, wind speed and geographic coordinates
i.e. altitude, latitude, longitude) obtained from
CLIMWAT [26], the Cropwat software was
employed to calculate reference
evapotranspiration  (Eto), effective  rainfall,

maximum  evapotranspiration, crop  water
requirements (CWR) and irrigation needs. The
tool uses the Penman-Monteith method for
calculating the reference crop evapotranspiration
[6, 24, 25]. The cropping patterns consisted of the
planting date, crop coefficient data (including Kc
values, stage days, root depth, depletion fraction)
and the area planted (0-100% of the total area).
The crop coefficient data are provided in the
software. Effective rain is estimated to be 80 % of
rainfall amount. Irrigation is applied when 80% of
easily useable reserve is exhausted and has 70 %
efficiency. The maximum crop root zone depths
(z) is 100 cm.

For comparative analysis, as shown in table 1, we
select the farming district of Ambam in the humid
moist forest zone, the farming community in
Bamenda in the high savanna zone and farms in
the sahel savanna zone in Garoua. These study
areas offer diverse information on temperature,
rainfall, sunshine and wind speed that allows for
the examination of their influence on the cropping
patterns and specific crop requirements.

As shown in figure 1, temperature in all regions
are very high with an average of 28°C, with the
month of April having 40 — 42°C maximum, 40°C
in average, and January having the minimum
average of 26°C. Average annual temperature is
close to 25°C with small ranges of 1-3°C. The 12-
month average rainfall totals about 500mm with
constant humidity of more than 80% especially
during the period of precipitation that brings along
cloudiness and constant humidity of over 85%. In
Garoua, for instance, average annual rainfall
ranges between 900-1000 mm. December,
January and February experience no rainfall (0
mm) while August is highest with 209 mm of
rainfall as revealed in figure 2. Sunshine (see
figure 3) is associated with the low humidity,
slightly above 10%.

Table 1: Geographic description of study zones

district Long. Lat. Alt. Ecology Soil Type

Ambam 11.27°E, 2.34°N 602m Humid Moist Forest Vertisols

Bamenda 10.15°E  5.97°N  1609m High Savanna Ferralsols

Garoua 13.38E  9.33°N 244m Sahel Savanna Ferruginous, hydromorphic-
fluvisols
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Figure 1: Mean Monthly Temperature Distribution in the Study Zones
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Figure 2: Mean Monthly Precipitation Distribution in the Study Zones
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Figure 3: Comparative Distribution of Sunshine in the Study Areas

3. Empirical Results

3.1 Farming and Cropping Practices

While soybean will grow on nearly all types of soil,
they are more productive on fertile loams. In the
farming districts studied, soybeans are grown
year-round in well drained soils that are neither
too acid nor too alkaline. In the absence of
modern inputs of Lime and fertiliser, most farmers
apply composts or manure to improve the soil
condition and fertility. For maximum vyield,
Soybeans are planted directly into seedbeds at a
depth of 2.45 to 3.81 cm, with spacing between
rows of 45 cm; and 8-10 cm between plants within
the rows. Some producers use narrower rows
254 or 50.8 cm. The seeding rate is
approximately 8-12, 6-8, and 4-6 plants (per
30cm) in 75, 50, and 25 cm rows respectively.
Early weed control is needed as the early growth
of soybean is relative slow.

An important requirement for vegetative and
reproductive growth is regular irrigation so that
there is ample moisture supply for the plants at all
times. However, insect and disease attack
constrain vegetative growth. The insects that most
commonly attack soybeans are beanflies, beetles,
red spider mite and stink bugs. These could be
controlled by a regular insecticide spray program
starting from the time of seedling emergence.
However, optimal agricultural production is
constrained by farmers’ inability to timely secure
much needed inputs: pesticides, fertiliser and
improved seeds. Problems thus arise when
conditions are favourable for disease organisms,

such as the Rhizoctonia root rot that affects young
plants during wet weather or when the soil
becomes waterlogged. Foliage diseases are a
problem during wet weather. Under favourable
climatic conditions, vegetable soybeans are ready
for harvest about 65-70 days after planting. The
most efficient harvesting is when the moisture
content drops to 12 percent. Late harvesting
increases pod shattering. Most losses are caused
by shattering in the field during cutting, threshing
and separating. Because of the higher oil content,
beans must be stored at lower moisture content
(10 to 12 percent) than cereals.

32 Crop Selection and Agronomic
Development

The soybean is a versatile crop that can be used
for many purposes. Planting on time is necessary
to obtain enough plant growth and development
for good yields. If planting is delayed beyond the
optimum date, yields are reduced. Likewise,
planting too early can reduce yields. Like other
crops, soybeans are more likely to reach their
yield potential on soils with no rooting restrictions,
high fertility and adequate moisture. As shown in
table 2 the intervals between the development
phases are not equally sensitive to water and
temperature.  Soybean overall development
averages 135 days. The initial period (stage 1) of
shooting and root establishment following sowing
is 20 days long. Stage I, the consolidation and
vegetative development of the plant requires 30
days. The mid development period (Stage IlI) that
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embodies flowering requires another 60 days. The
late stage (Stage IV) for maturation and ripening
is about 25 days long. The crop coefficient (Kc)
values of 0.4, 0.79, 1.15 and 0.5 for stages I, Il , lll
and IV respectively indicate increasing water
requirements for the crops, with a peak demand at
stage lll. This correlates with the yield response
factor (Ky) values of 0.4, 0.8, 1.0, and 0.4 for
stages 1-IV respectively, highlighting that water
stress peaks at vegetative growth. This therefore

implies that the risk associated with climate
variability of soybeans production in general
depends mainly on the growth stage of the
soybeans crop. Table 3 captures the regional
differences for evapotranspiration and field water
supply. The reference  evapotranspiration
averages 29.5 mm in Ambam, 40.7 mm in
Bamenda and 63.6 mm in Garoua, with
corresponding average field water supply of 0.009
I/sfha, 0.016 I/sfha and 0.41 l/s/ha, respectively.

Table 2: Soybean Crop Development

Requirements and Indicators

I I 1l IV Total
Stage lengths (days) 20 30 60 25 135
Kc 040 079 1.15 050
Ky 040 080 1.0 040
Rooting depth (m) 030 050 1.00 1.00
Depletion levels (p) 050 0.55 0.60 0.90

Notes: Ky (Yield Reduction factor), Kc (crop coefficient).

Table 3: Regional Differential for Evaportranspiration and Field Water Supply

Ambam Bamenda Garoua

ETo FWS ETo FWS ETo FWS
Days Kc  (mm/period) (l/stha) (mmiperiod) (l/sl/ha) (mm/period) (l/s/ha)
10 0.40 32.74 0.00 46.64 0.00 69.77 0.32
20 0.40 32.63 0.00 46.24 0.00 70.03 0.32
30 0.54 32.42 0.00 45.7 0.00 69.93 0.42
40 0.79 3211 0.00 45,02 0.00 69.51 0.55
50 1.04 31.73 0.00 44.24 0.04 68.81 0.66
60 1.15 31.28 0.01 43.4 0.07 67.91 0.67
70 1.15 30.81 0.02 4251 0.05 66.85 0.60
80 1.15 30.32 0.02 41.6 0.04 65.70 0.55
90 1.15 29.84 0.02 40.72 0.02 64.51 0.50
100 1.15 29.39 0.03 39.88 0.00 63.34 0.45
110 1.15 28.97 0.03 39.11 0.00 62.24 0.41
120 1.01 28.62 0.00 38.43 0.00 61.24 0.27
130 0.75 28.33 0.00 37.86 0.00 60.38 0.05
140 0.55 14.08 0.00 18.76 0.00 29.92 0.01

Estimates simulated from Cropwat 4 Windows Version 4.3.

3.3 Crop Water Use and Irrigation Water
Requirements

The Reference Evapotranspiration (ETo) under
soybean are 413.3 mm, 570.1 mm and 890.1 mm
in Ambam, Bamenda and Garoua, respectively.
Table 4 shows that the average crop coefficient
(Kc) for soybean is 0.68, and the yield reduction
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factor (ky) is 0.85. The Evapotranspiration of the
crop (ETc) is 281.03 mm in Ambam, 387.7 mm in
Bamenda and 6053 mm in Garoua. The
estimated maximum yield for small farms in
Cameroon is 2500 kg in Ambam, 2000 kg in
Bamenda and 1500 kg in Garoua. However, the
average actual yields in the farming zones are
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1200 kg, 1500 kg and 800 kg for Ambam,
Bamenda and Garoua, respectively. The
computation of this information given the moisture
stress factor (Ks) reveals that the actual crop
evapotranspiration per growing season or the
quantity of water that is actually removed from soil
by soybean due to the processes of evaporation
and transpiration is 25.3 mm, 15.5 mm and 48.4
mm in  Ambam, Bamenda and Garoua,
respectively. The average field water supply
(FWS) for soybean is 0.01 litres per second per ha
during the growing season in Ambam, 0.02 I/s/ha
in Bamenda and 0.43 lis/ha in Garoua. The
finding shows that a significant proportion of pan
evaporation is drawn from the soil by the mature
crop. There are clear implications for coping and
adapting to crop water requirements across the
different agro-ecologies.

Figures 4, 5 and 6 illustrate the water
requirements for soybean compared to the
climatic potential in the study zones. Effective
rainfall i.e. the amount of rainwater actually used
by the crop increases steadily from planting time
in Bamenda and Garoua farming districts, while it
is almost constant in Ambam. However, between
50 and 100 days of planting, crop water
requirements exceed effective rainfall in all the
three  zones, highlighting the need for
complementary irrigation services. The irrigation
water requirement per day for soybean in mid-
cropping season in Garoua exceeds effective rain
(see figure 6), revealing that the farming district
suffers the effect of water deficits, and irrigation
being a must. This contrasts unfavouraby with
Ambam and Bamenda (see figs. 4 & 5) with more
than average effective rain at the peak of cropping
season

Table 4: Crop Water Use for Soybean

Farming ETo Kc ETcrop Ky Ya Ym Ks CWR ETa FWS IWR
District (mm) (mm) ® (® (mm) (mm)  (l/s/ha)

Ambam 41328 068 28103 085 12 25 009 36723 2529 0.01 11.14
Bamenda 57011 0.68 38767 085 15 20 0.04 50469 1551 0.02 20.31
Garoua 890.12 068 60528 085 08 15 008 79205 4842 043 501.05

Notes: ETo (Reference crop evapotranspiration), ETc (Evapotranspiration of the maize crop), Ky (Yield Reduction Factor),
Ya (Actual Yield of Soybean Crop per farm), Ym (Maximum Yield of Soybean Crop per farm), Ks (stress factor), CWR
(Crop Water Requirement), ETa (Actual Evapotranspiration), FWS (Field Water Supply), IWR (Irrigation Water

Requirement).
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Figure 4: Water Requirement for Soybean in Ambam
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Figure 6: Water Requirement for Soybean in Garoua

4. Discussion and Implications for Adaptation
to Climate Variation and Change

Results from the present work reveal that regional
climatic conditions, as wells as crop growth
phases, influence crop water requirement. Both
evaporation and transpiration occur in response to
regional climate demand, with actual crop
evapotranspiration greatest on hot dry zones as
Garoua and lowest on cool humid regions of
Bamenda and Ambam. While this has implications
for arable crop farming in the face of climate
change, complementary irrigating to provide crops
with the water needed for evaporation and
transpiration will reduce plant water stress at
critical stages of crop development. Inasmuch as

climatic aberrations are inevitable, soybeans
production systems must be able to adapt to
climate variations to minimize their negative
effects. Observed crop management measures
employed to stabilise the effects of water
availability shown in figures 4, 5 & 6 include a
range of possible strategies such as: (1) adjusting
the cropping calendar to synchronize crop
planting and the growing period with soil moisture
availability, (2) changing the soybeans variety to
plant (i.e., planting a drought-tolerant or early-
maturing variety), (3) varying planting density, and
(4) optimizing water-use efficiency by introducing
water-saving techniques. Observations in Garoua
indicate that producers’ adaptation to climatic
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variation is limited to their existing resources and
ability. As well as in Bamenda and Ambam, much
of the methods employed are on soil and crop
management. These are insufficient in the face of
probabilistic climate variation. Risk coping and
adaptation must be aided and abetted with
governmental actions, policies and programmes.
In this guise, crop improvement strategies should
include the breeding of drought-tolerant varieties
and lodging-resistant cultivars in national breeding
programs. Drought-tolerant soybeans varieties
involves the screening and testing of soybeans
germplasm collections that are sources of
tolerance of water stress or that require less water
for crop growth. Risks associated with yield losses
caused by climate variability can be partly
alleviated by providing appropriate crop insurance
coverage. Although crop insurance has been
recognised as an effective coping strategy, it is
nonexistent for subsistence agriculture and less
popular among farmers because of the usually
unaffordable insurance premium. Promotion of
crop insurance requires not only the provision of a
more reasonable insurance premium but also
attractive crop insurance coverage schemes or
options such as insuring not only the cost of crop
establishment but also (i) the expected crop yield
or (i) the expected revenue based on harvestable
crop. This must be coupled to reliable forecasts of
seasonal climate. This information is important to
an early warning system that supports crop
production and recommends appropriate farm
management measures. More important, effort
must be put for seasonal climate forecasts made
at a regional level, to be downscaled to specific
locations to provide useful information to farmers,
extension workers, traders and planners.

5. Conclusion

Cameroon’s rain-fed agriculture has the potential
to be negatively influenced by the random
behavior of rainfall, causing intermittent dry spells
during the cropping season and especially at
critical growth stages coinciding with the terminal
growth stage. The changing climatic and
accompanying economic conditions lead farmers
to modify their production systems. The
vulnerability of soybeans to climate variability in
the different agroecological zones will depend on
its time of occurrence relative to the growth stage
of the crop. However, advances in crop
management and meteorology offer potential for
knowledge-based approaches and strategies to

manage, adapt and cope with climate variability
and change. Supplemental irrigation is a key
strategy, so far underutilised on a regional basis,
to unlock rain-fed yield potentials. Supplemental
irrigation to bridge dry spells in rain-fed soybeans
systems has the potential of increasing yields and
minimising risks for rain induced yield loss.
Enhancing the choices for crop management and
farm level adaptation in the advent of climatic
stress will therefore require promotion of irrigation
to overcome mid-cropping season dry spell and
early cessation of rainfall.
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