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INTRODUCTION

Abstract. Efficient planning of irrigation systems, especially in rainfed
rice cultivation, depends on accurate estimates of effective rainfall and
crop water requirements. This study evaluated the effective rainfall,
crop water requirements, and irrigation requirements of FARO-59 rice
cultivated on two contrasting soils—loamy sand (Auchi) and silty loam
(Agbede) in Edo State—using four CROPWAT estimation methods for
effective rainfall (fixed percentage, empirical formula, United States
Department of Agriculture, and Food and Agriculture Organization of the
United Nations) implemented in CROPWAT 8.0. The characterisation of
soil samples revealed significant differences between the reference
locations, with higher total available moisture (153 mm/m), lower
infiltration rate (17 mm/day), and deeper rooting depth (24.3cm)
recorded for silt loam soil at Aghede compared with loamy sand soil at
Auchi. The effective rainfall varied significantly among the methods,
with FP and EF (488.30 mm and 482.70 mm, respectively) the highest,
while USDA estimated the lowest (383.40 mm). Across all methods and
locations, the crop water requirements were similar, ranging from
316.30 to 317.30 mm, indicating that the seasonal rainfall distribution
adequately supported the crop water demand of FARO-59 rice. A
minimal or zero irrigation water requirement for most methods was
estimated, except for a slight increase in supplemental irrigation need
(12.20 mm) estimated by FAO. This study revealed that the choice of
method significantly affects the estimation of effective rainfall with little
or no influence on the crop water requirements of FARO-59 rice under
intense rainfall conditions in Edo State, Nigeria. The results of this study
provide a helpful baseline for optimising FARO-59 water-use efficiency
and a valuable guide for informed irrigation scheduling in similar
agroecological zones.

Keywords: FARO-59; crop coefficient; wilting point; CLIMWAT 2.0;
CROPWAT 8.0.

[4]. Optimising irrigation strategies requires un-
derstanding variations in rice water require-

Due to population growth, competition for food
production is increasing alarmingly, necessitat-
ing a practical approach to managing water, es-
pecially for rice cultivation [1, 2]. Rice is one of
the most crucial staple grains worldwide, provid-
ing nutritional value to half of the global popula-
tion [3]. However, rice cultivation is character-
ised by high water requirements, with most of
the cultivation period requiring substantial water

Section “Agriculture”

ments; this will be useful in dynamic climates
where fluctuations in humidity, temperature, and
rainfall drastically affect crop yields.

The total water required by crops to grow well in
the field is called crop water requirement and is
expressed as ETc. It accounts for the total
amount of water released by plant bodies and the
soil surface. Across the different growth stages of
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rice, such as germination, tillering, flowering, and
ripening, water requirements differ [5]. The pe-
riods of peak water demand are critical for stem
and grain development and typically coincide
with the tillering, jointing, and booting stages. In
contrast, a reduction in water level may occur at
maturity [6]. Inadequate water supply during
these stages can severely affect rice yield; ap-
proximately 165 mm is required during the tiller-
ing stage, and about 170 mm during the heading
stage [7]. About 4,000-6,000 m3/ha of water is
needed annually for rice production; this de-
pends on factors such as soil type, local climate,
management practices, and cultivar selection [8].

Over the past three decades, researchers have
developed several advanced and novel methods
for irrigation scheduling. Despite these advances,
farmers worldwide have shown low acceptance
of these methods because they lack access to
weather data and soil parameters and have lim-
ited technical know-how. Farmers are confused
about how to make the right decision and do not
understand how to find deep solutions to the
complexity associated with different scheduling
techniques [9]. Also, the failure of researchers to
understand farmers' constraints and the contexts
in which they operate is another challenge [10].
The primary occupations of the people living in
Edo State, Nigeria, are the cultivation of vegeta-
bles, paddy and other crops. Paddies are the most
cultivated crop in this district; rice production
has been their primary source of food and eco-
nomic survival. The erratic rainfall pattern and
scarcity of irrigation facilities and water have se-
riously affected rice cultivation in this region,
thereby affecting rice production, income genera-
tion, and overall life.

Therefore, adopting innovations and improve-
ments in rice cultivation to address water scarci-
ty is crucial to achieving optimal yields. The ac-
cessibility to data on effective rainfall, crop and
irrigation water requirements of upland rice on a
regional scale (Etsako West, Edo State) is scarce
and lacking; hence, this study investigated the
effects of different effective rainfall methods for
estimating the crop and irrigation water needs of
FARO-59 rice in Auchi and Agbede, Edo State, Ni-
geria; this will be a helpful guide for the efficient
use of water through irrigation systems and for
improving the yield of FARO-59 upland rice in
the region in a sustainable manner.
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METHODS

Study area. The administrative headquarters of
Etsako-West Local Government Area of Edo State
is Auchi, about 130 km from Benin City. Geo-
graphically, it is situated between latitude 05° 40'
42"N and longitude 06° 23' 41"E and latitude 05°
43" 18"N and longitude 06° 26' 61"E of the
Greenwich meridian [11]. Auchi has an average
temperature range of 28-32 °C. The region expe-
riences rainfall between April and October; the
rainfall pattern is bimodal, with the first peak in
May-June, a late peak in September-October, and
a brief dry spell in August. The mean annual rain-
fall ranges from 180 mm to 200 mm. Longitude
(06016.3E, 06018.7E) and latitude (06052.2N,
06055.4N) represent the location of Agbede in
Edo State. Surface runoff from streams and rivers
in the neighbouring communities of Auchi,
Warake, Ewu, Ewora, Jagbe, and Idoa creates the
Agbede wetlands [12]. Agbede experiences a
short dry season and a long wet season, with typ-
ical rainforest vegetation. The wet season in
Agbede lasted 7 months, usually from April to
October of each year, with heavy rainfall between
July (462 mm) and August (359 mm). The rela-
tive humidity ranges between 75% and 90% dur-
ing the wet season. The dry season spans five
months, with a reduction in precipitation (from
99.8 to 22.3 mm). Agbede experiences a mean
annual temperature of 25-33 °C, which is high
during the driest period of the season [13].

CROPWAT 8.0. According to FAO, CROPWAT 8.0
is a decision-support system developed for vari-
ous purposes, including the estimation of refer-
ence evapotranspiration (ET0), consumptive wa-
ter use, and the net and gross irrigation water
requirements of other crops.

Study data. Average monthly rainfall, maximum
and minimum temperature, relative humidity,
sunshine hours, and wind speed are the climate
data used in the study. They were sourced from
historical data in CLIMWAT 2.0 for use in
CROPWAT 8.0. The researchers used soil data
collected from the reference locations for analy-
sis and interpretation in CROPWAT, and they se-
lected the FARO-59 upland rice variety for the
study.

Estimation of Rereference evapotranspiration
(ETo). Reference evapotranspiration (ETp) was
determined using climate parameters such as
relative  humidity, precipitation, reference
evaporation, solar radiation, wind speed, and air
temperature (minimum and maximum). These
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meteorological parameters provided the input
data for the estimation of the FAO
Penman Monteith Method (Equation 1), which
was subsequently programmed for the
computation of reference evapotranspiration
(ET,) by the CROPWAT 8.0 interface:

900
0.408A(Rn~G)+Y 5=tz (es—€q)
A+y(1+0.34u,)

(mmday1) (1)

0:

According to [14] and as presented in
equations 1, 2, ad 3, reference
evapotranspiration (mmday ') is represented by
ET,; Net radiation at the crop surface
(Mjm 2day™?) is represented with Ry;
soil-heat-flux density (M]Jm 2day™?) is taken as
zero in daily ET calculations because its
magnitude is negligible at that time scale and is
represented with G; mean daily air temperature
recorded 2m above ground (°C) is represented
with T; wind speed at the same height (ms™) is
represented with U,; the saturation and actual
vapour pressures (kPa) are represeted with e
and e, respectively; vapour pressure was
derived from the difference between (es—e,) in
kPa; A is the slope of the
saturation-vapour-pressure curve with respect
to temperature (kPa°C™); and the psychrometric
constant is represented with y (kPa°C™).

ET:(Crop water requirements)=
=ETox Kcx A (mm/day) (2)

where ETc is the crop coefficient, ETo is the
reference evapotranspiration, Kc is the crop
factor or coefficient, and A is the planting area.
The crop factor for rice was selected in
accordance with FAO recommendations.

IWRyrice = ETcrice - Efﬁ“ainfall (3)

where IWRrice is the irrigation water requirement
of rice; ETc is the crop water requirement;
Effrainfan is the effective rainfall.

TAM=(FC-WP)xD (4)

where TAM in the soil for the crop during the
growing season (mm/m), WP = wilting point
(6wp), D = current rooting depth of the crop (m)
while readily available moisture (RAM) (in mm)
is calculated as:

Section “Agriculture”

RAM=TAMxP (5)

where P is the depletion fraction, mm/m.

Data Analysis. In this study, the water-can sprin-
kler irrigation method for FARO-59 rice was
adopted as a small-scale irrigation system in
Auchi and Agbede towns and used as a reference
for investigating the impact of effective rainfall
on crop and irrigation water requirements using
CROPWAT 8.0. In this study, the researchers
adopted the following procedures and assump-
tions:

1) The researchers selected the FARO-59 upland
rice variety and a common planting date (17
April 2025) for both Auchi (loamy sand) and
Agbede (silty loam soil).

2) Soil types of the selected areas (Auchi and
Agbede towns) for each scheme were used.

3) Following FAO recommendations, the re-
searchers adopted crop coefficients (Kc) of 1.05
for the initial stage, 1.20 for the mid-season stage,
and 0.60 for the late-season stage of rice cultiva-
tion.

4) Critical depletion fraction from initial to mid-
season was (0.45) and harvest (0.50).

5) Yield response factors at the initial stage
(0.20), development stage (0.80), mid-season
(0.60), and late stage (0.20) were adopted [15,
16].

6) To compare the results, the researchers esti-
mated the effects of four built-in effective rainfall
methods in CROPWAT 8.0 (fixed percentage, em-
pirical formula, USDA, and FAO) on the crop wa-
ter and irrigation requirements of FARO-59 rice,
as illustrated by the stepwise approach in Fig-
ure 1.

[ Data Collection |

! ]
| Feasibility Study |
1 i !
[ Climate Data | | Crop Data | Soil Data
CROPWAT 5.0
4
[ Impact Analysis |

4 !

[ Crop Water Requirements | Irrigation Water Requirements
l 1

[ Selection of effective rainfall Formula ]

Figure 1 - Summary of the chart for experimental
procedure
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Plate 4 - Late-season growth stage of rice
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RESULTS AND DISCUSSION

Climate Data. Historical or reference meteorolog-
ical data, including maximum and minimum
temperatures (°C), relative humidity (%), wind
speed (m/s), rainfall (mm), and sunshine dura-
tion (hours), were downloaded from CLIMWAT
2.0 for the CROPWAT 8.0 interface.

Crop Data. When assessing reference evapotran-
spiration from the field, the researchers consid-
ered the crop type and variety, development
stage, critical depletion fraction, yield response
factor, and crop height. As stated earlier, they
based the crop coefficient (Kc) values on FAO
recommendations for rice production [15]. Using
this information, the researchers established the
crop data.

Soil Data. One of the crucial modules for input in
CROPWAT 8.0 is soil data, including parameters
such as total available water (TAW), maximum
infiltration rate, maximum rooting depth, initial
soil moisture depletion, and initial available soil
moisture. Auchi is located in the northern parts
of Edo State, and the predominant soil groups in
this district are loamy sand (LS), sandy loam (SL),
and sandy soil (S), which contain about 82-90%
sand. In this study, the soil texture at Auchi is
loamy sand, with 82-84% sand. Poor nitrogen
levels and soil fertility are characteristics of the
experimental plot, due to its poor nutrient and
water retention capacity. A higher proportion of
silt (62-65%) and improved soil fertility are es-
timated for the silty loam of Agbede compared to
the loamy sand of Auchi soil. The experimental
plot dimensions at the two locations were 10 x
10 m, with a 1 x 1 m allowance for treatment size.
Twenty-five stands of FARO-59 rice were planted
in the plot, with 1 m x 1 m alleyways separating
the treatments and replicates. The researchers
used a spacing of 20 cm x 20 cm for planting up-
land rice [17], and they present the estimated
values for the contrasting soil parameters in Ta-
ble 1.

Table 1 - Estimated soil parameters for Auchi and
Agbede soil

. Loamy sand | Silty loam
Soil parameters (Auchi) (Agbede)
Total available mois- 96.0 153.0
ture (mm/m)
Maximum Infiltration
rate (mm/day) 300 17.0
Maximum rooting 21.0 24.3
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. Loamy sand | Silty loam
Soil parameters (Auchi) (Agbede)
depth (cm)
Initial soil moisture de-
pletion (%TAM) 0.0 0.0
Il’lltl‘al available soil 96.0 153.0
moisture (mm/m)

Trends of Effective Rainfall for FARO-59 Rice for
the Planting Period. In Table 2, the effective rain-
fall estimates for FARO-59 rice showed varia-
tions across the four methods, reflecting differ-
ences in estimation techniques, whereas the ref-
erence locations (Auchi and Agbede) yielded
identical values. The highest total effective rain-
fall (488.30 mm and 482.70 mm) was estimated

for the fixed percentage (FP) and empirical for-
mula (EF) methods, suggesting that both ap-
proaches contribute more rainfall to the crop wa-
ter supply. In contrast, the USDA estimated the
lowest total seasonal effective rainfall (383.40
mm), indicating a more conservative assessment
of rainfall availability. An intermediate value
(421.90 mm) was calculated by FAO, indicating
that the estimated outcome lies between the high
FP/EF values and the low USDA values. General-
ly, rainfall increased from the initial to the late
growth stages. The selected effective rainfall
methods significantly influenced the computed
values, whereas differences in soil texture be-
tween Auchi and Agbede had no significant effect
under the given conditions.

Table 2 - Effective rainfall values for FARO-59 rice for Auchi (loamy sand) and Agbede (silty loam)

DAYS | GS FP (AU) | FP (AG)| EF (AU)| EF (AG)| USDA (AU)[ USDA (AG)| FAO (AU) | FAO (AG)
Apr2 Ini 1750 | 1750 | 18.00 | 18.00 16.20 16.20 14.30 14.30
Apr3 Ini 4510 | 4510 | 4620 | 4620 41.30 41.30 37.10 37.10
Mayl | Dev | 4490 | 4490 | 46.00 | 46.00 41.30 41.30 36.90 36.90
May2 | Dev | 4620 | 4620 | 4710 | 47.10 42.20 42.20 38.20 38.20
May3 | Dev | 53.00 | 53.00 | 53.00 | 53.00 44.80 44.80 45.00 45.00
junl | Mid | 5940 | 59.40 | 58.70 | 58.70 47.90 47.90 51.40 51.40
jun2 | Mid | 6520 | 6520 | 63.70 | 63.70 50.50 50.50 57.20 57.20
Jun3 | Late | 7540 | 7540 | 7270 | 72.70 51.60 51.60 67.40 67.40
Jull | Late | 8160 | 8160 | 77.40 | 77.40 47.70 47.70 74.40 74.40
TOTAL | 488.30 | 488.30 | 482.70 | 482.70 | 383.40 383.40 42190 | 421.90

Notes: GS (growth stage), FP (Fixed percentage), EF (Empirical formula), USDA (United States Department of

Agriculture), FAO (Food and Agriculture Organisation of the United Nations), AU (Auchi), AG (Agbede)

Crop Water Requirements of FARO-59 Rice for
Loamy Sand and Silty Loam Soil. Table 3 presents
the crop water requirement (CWR) for FARO-59
rice at the reference locations. The researchers
obtained similar values across the four methods
used to estimate effective rainfall (FP, EF, USDA,
and FAQ), with no variation in the calculated re-
sults. They consistently recorded higher CWR in
the loamy sand soil of Auchi than in the silty loam
soil of Agbede because the loamy sand has a low-

er water-holding capacity. From the initial to
mid-season stage, CWR increased, then declined
toward maturity. The values of 317.30 mm
(Auchi) and 316.30 mm (Agbede) were recorded
as total CWR, suggesting minor differences for
the reference locations considered. Table 3 re-
veals that soil texture slightly influenced CWR,
whereas the choice of effective rainfall method
did not significantly affect CWR under the given
conditions.

Table 3 - Crop water requirements values for FARO-59 rice for Auchi (loamy sand) and Agbede (silty loam)

DAYS GS FP (AU)| FP(AG)| EF (AU)| EF (AG)| USDA (AU)| USDA (AG)| FAO (AU)| FAO (AG)
Apr2 Ini 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90
Apr3 Ini 41.70 41.60 41.70 41.60 41.70 41.60 41.70 41.60
May1 Dev 41.40 41.40 41.40 41.40 41.40 41.40 41.40 41.40
May?2 Dev 41.40 41.30 41.40 41.30 41.40 41.30 41.40 41.30
May3 Dev 44.60 44.50 44.60 44.50 44.60 44.50 44.60 44.50
Section “Agriculture” 7023
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DAYS | GS FP (AU)| FP(AG)| EF (AU)| EF (AG)| USDA (AU)| USDA (AG)| FAO (AU)| FAO (AG)
junl | Mid 39.60 | 39.50 | 39.60 | 39.50 39.60 39.50 39.60 39.50
jun2 | Mid 3830 | 3810 | 3830 | 38.10 38.30 38.10 38.30 38.10
jun3 | Late | 3410 | 3390 | 3410 | 33.90 34.10 33.90 34.10 33.90
Jull | Late | 1930 | 1910 | 1930 | 19.10 19.30 19.10 19.30 19.10

TOTAL | 317.30 | 316.30 | 317.30 | 31630 | 317.30 316.30 317.30 31630

Notes: GS (growth stage), FP (Fixed percentage), EF (Empirical formula), USDA (United States Department of

Agriculture), FAO (Food and Agriculture Organisation of the United Nations), AU (Auchi), AG (Agbede)

Irrigation Water Requirements of FARO-59 Rice
for Loamy Sand and Silty Loam Soil. Minimal irri-
gation water requirements (IWR) for FARO-f59
rice across all methods were recorded (Table 4),
indicating effective rainfall during the growth
stage. Throughout the planting period at both
locations, zero irrigation was estimated for
FARO-59 rice using the Fixed Percentage (FP)
and Empirical Formula (EF) methods, indicating
that rainfall supply fully met the water needs of
FARO-59 rice. A negligible irrigation requirement
of 0.50 mm (Auchi) and 0.40 mm (Agbede) was
estimated by the USDA. In contrast, the FAO
method yielded the highest IWR value (12.20

mm), especially during the early stage of devel-
opment. These differences suggested that, de-
spite sufficient rainfall, the FAO reported a more
conservative method for estimating effective
rainfall, resulting in slightly higher requirements
for supplemental irrigation systems. Also, the
loamy sand of Auchi and the silty loam of Agbede
consistently yielded identical IWR values across
methods. Across all methods, the results suggest
that cultivation of FARO-59 rice can be practised
under the reference climatic conditions, with lit-
tle to no irrigation required in a well-distributed
rainfall pattern.

Table 4 - Irrigation water requirements of FARO-59 rice for Auchi (loamy sand) and Agbede (Silty loam)

DAYS [ GS | FP(AU)| FP(AG)| EF (AU)| EF(AG)| USDA (AU)| USDA (AG)| FAO(AU) | FAO (AG)
Apr2 Ini 000 | 000 | 000 | 0.00 0.00 0.00 0.00 0.00
Apr3 Ini 000 | 000 | 000 | 0.00 0.40 0.30 4.50 4.50
Mayl | Dev 000 | 000 | 000 | 0.00 0.10 0.10 4.50 4.50
May2 | Dev 000 | 000 | 000 [ 0.00 0.00 0.00 3.20 3.20
May3 | Dev 000 | 000 | 000 | 0.00 0.00 0.00 0.00 0.00
Junl | Mid 000 | 000 | 000 | 0.00 0.00 0.00 0.00 0.00
Jun2 | Mid 000 | 000 | 000 | 0.00 0.00 0.00 0.00 0.00
Jun3 | Late 000 | 000 | 000 | 0.00 0.00 0.00 0.00 0.00
Jull | Late 000 | 000 | 000 | 0.00 0.00 0.00 0.00 0.00

TOTAL | 000 | 000 | 000 | 0.0 0.50 0.40 12.20 12.20

Notes: GS (growth stage), FP (Fixed percentage), EF (Empirical formula), USDA (United States Department of

Agriculture), FAO (Food and Agriculture Organisation of the United Nations), AU (Auchi), AG (Agbede)./

CONCLUSIONS

Despite differences in total available moisture,
rooting depth, and infiltration rates across the
contrasting soils considered in this study, identi-
cal seasonal crop water requirements were ob-
served across locations, suggesting that soil tex-
tural classification has little effect under the pre-
vailing rainfall conditions. Substantial variations
among methods were observed in rainfall ade-
quacy, but rainfall met crop water needs, result-
ing in little or no irrigation for most methods.
These findings highlighted the importance of

Section “Agriculture”

choosing an appropriate, effective rainfall meth-
od for accurate water management planning and
the relevance of using CROPWAT to support irri-
gation decisions in rainfed rice systems. This
study provides a helpful guide for improving wa-
ter use efficiency and sustainable upland rice
production in Edo State and similar agroecologi-
cal zones. Future research should focus on field
validation and assessment of irrigation needs, as
well as on the cultivation of FARO-59 rice under
dry-season conditions.
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