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Abstract The SWATRER (Dierckx ef al, 1986) soil water and
CERES-Millet (Godwin ef al., 1984; Jones ef al. 1984) growth models
were evaluated for millet (Penniseturn americanum) during the 1989
growing scason at Tara, Niger (300 km, south of Niamey). The
required minimum data sets for the plant and soil components of
each model were cither field determined or obtained from the
literature. A field experiment was carried out in order to validate
the soil water balance and plant growth subroutines. Soil water
content, leaf area and dry mntter (DM) were measured weekly.
Good ag and soil water
content was obtained with SWATRER The CERES-Millet
model overestimated leaf area index (LAI), DM and yield by 46%,
40% and 101% respectively. The CERES-Millet model

consistently overestimated soil water by 5% througt
the growing scason. The SWATRER model showed good
promise for i tilizer i

Once the CERES-Millet model is calibrated, it can be utilized to
evaluate new production zones, new cultivars and numerous
cultural practices.

INTRODUCTION

The drylands are a collection of ecosystems that are an interaction of physical
and bi d to social, political and institutional factors.
They can be mamsed and modified within limits; and are lble to mpport n
sustainable yield without a system breakd As
towards the drylands, specifically the Sahelian zone, it is evuienl that the
ecosystems are not in a state of dynamic equilibrium. An overall decline in
agricultural and pastoral output, not only for the Sahclian zone but also for
the drylands in general, has occurred.
Stabilizing and improvi ving  agr | P ducti in the Sahel are
ible if the {ati I
water) and plant growth can be more thoroughly quantified. Dancette & Hall
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(1979) analysed the water budget for millet in Scnegal. They determined the cro
water requirements for 75 day millet and developed a risk probability map. Ble
(1990) used a calibrated soil water model (SWATRER) (Dierckx er al., 1986) t
identify potential millet zones from southern Mali to Niamey, Niger. The recen
availability of the CERES-Millet model (Godwin ef al., 1984; Jones et al., 1984
offers the opportunity to not only evaluate the soil water balance but also mille
growth potential. A project was initiated in 1989 to evaluate the SWATRER an

CERES-Millet models for Niger. The objectives were:
(a) to ct ize the physical and chemical composition of the soil &
Tara, Niger,

(b) to validate the water balance model, SWATRER at Tara,
(c) to validate the CERES-Millet model at Tara,

METHODS AND MATERIALS

Plant, soil and weather data for the two models were obtained from
cropping system research project that was conducted at the INRAN Researc
Substation at Tara, Niger (300 km southwest of Niamey) during the 198
growing season. The soil at the experimental site was classified as a luvi
Arenosol (Bleich ef al., 1989). A summary of the laboratory determined so
physical and chemical properties is given in Tables 1a and 1b. The long ter:
rainfall data were obtained from the nearest weather station, Gaya (30 ki
from Tara). The onset of the rainy scason for this region is on or before
June (80% probability). The average annual rainfall is 840 mm and is we..
distributed throughout a 126 day rainy season.

Millet (Pennisetun americanum L. cv CIVT) was planted on 25 June 1989
(day 175) in a randomized complete block design with six replications. The row
spacing was 0.75 m and the millet spar.mg in the row was 0.8 m. Nitrogen fertilizer
was applied at a rate of 40 kg ha™l as calcium ammonium mtrate 20 and 40 days
after sowing and phosphorus fertilizer at a rate of 45 kg ha as P,05 bcforc
sowing. The experimental area was weeded and sprayed for d as X

Leaf area and dry matter were measured weekly by sampling a 7 mi. area in
each treatment. A 5000 cm? subsample was used for the leaf area determination.
Leaf area was measured with a leaf area meter (Li-Cor). The plants were
separated into stems, leaves and heads and dried at 70xC for 48 h for the dry
matter determination. Soil water content was measured weekly throughout the
growing season from 30 to 180 cm with a neutron probe (Troxler). The surface
horizon (0 to 20 cm) soil water content was determined gravimetrically. Weather
data required for the simulation models were collected hourly with an automatic
weather station (Campbell Scientific) close to the experimental area. Millet was
harvested on 5 October 1989.

Mode! description

SWATRER The simulation of the soil water balance is divided into the
three routines: ETREF, ETSPLIT, and SWATRER (Fig. 1). ETREF calculates
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Table la Some soil physical properties for the Tara experimental research site

Depth Volumetric water content: Dulk Hydraulic + Sand Silt Clay
Upper limit Lowcr luml density conductivity .

(cm) (emem®) (emPem?)  @em?)  mdt) (%) (R (W)
00-10 158 26 158 2.86 828 13 67
10-20 182 56 1.65 325 818 86 9.6
20-40 159 55 150 4.50 0 109 100
40-60 188 [ %4 153 786 929 120
60-80 194 69 1.53 788 85 129

00 194 69 1.50 78.8 83 129
120-140 178 70 1.54 784 7.0 146
140-160 - - 4.2 116 141
160-180 733 128 139

Table 1b Some soil chemical properties for the Tara experimental
research site

Depth PpH(KCL) Bray-P c N C/N Ratlo

(em) (opm) (% (%)

0010 37 588 023 0018 128

1020 37 32 018 0014 125

2040 39 276 015 ool 138

40-60 ‘0 153 0.12 oor1 109

60-80 40 098 009 <00l0 -
00 .0 0.60 008 <0.010

100-120 0 058 005 <0.010

120-140 41 080 <0.05 <0.010

140-160 40 040 <008 <0.010

160-180 €0 040 <005 <0010

the potential evapotransplrauon (ET,) based on a reference crop evapotrans-
piration (ET,) using a modified Penman equation (Doorenbos & Pruitt, 1977).

ETSPL[T separates ET, into potential transpiration (T) and potential
evaporation (E ) The cstlmatc of E is obtained from:

e f o€ LAI

E,=f¢ ET ¢ opm (1)

where f and ¢ are rcgresslon coefficients 1 and 0.6 respectively, E is the
ial crop evap jon and is calculated by multiplymg Z?‘P by a

crop coefficient K, (Doomnbos & Pruitt, 1977) and LAI is the Icaf area
index. TP is calculated as the difference between ET, and E

The SWATRER routine calculatu changes mmme soil water storage
(8W) as:

W= @+ U)-(R+F+ T+ E +D) )

where P is precipitati pward capillary flow, R the surface runoff
loss, F the water fraction nuemptcd by the leaves, T the actual transpiration,
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Fig. 1 Flow chart for the SWATRER model.

E the actual evaporation and D the soil drainage.
The soil moisture flow is calculated using the Richards equation (Dierckx

et al., 1986). The actual piration (Ta) is calculated using a sink variable
given by the mtcgrated root water uptnke. which is a function of the soil
water The ion of the actual cvaporation (E,) is

based on the Ritchie method (Ritchie, 1972). Dierckx et al. (1986) provndc
a detailed description of the model and the required inputs. The SWATRER
model was calibrated for the soil and weather conditions at the ICRISAT
Sahelian Center, Sadoré, Niger, during the 1986, 1987 and 1988 growing
seasons (Bley, 1990).

CERES-Millet CERES-Millet simulates the soil water balance
(WATBAL), the nitrogen balance (NTANS), the phenological stages
(PHENOL) and the biomass development (GROSUB) (Fig. 2). Soil water
balance components (7, and E_, soil moﬁle water content and plant
extractable water) are caiculated daily. The ge p t of
CERES describes leachi d flow, mineralizati humus decay,
nitrification, crop demand and uop uptake. Cumulative water and nitrogen
stress indices for photosynthesis and leaf expansion are calculated for five
growth periods.
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Fig. 2 Flow chart for the CERES-Millet model.

The development of the plant is caiculated by using the intercepted PAR
as the driving force for the potential increase in dry matter. The potential dry
matter is calculated as:

Cp = (S PAR/NP) (1 - ¢05 LAL) 3

where Cp is the dry matter gain, NP is the plnnt density, LAI is the leaf area
index and PAR is the incident photosynthetically active radiati

Cp is reduced by a temperature index, a water index, and a nitrogen
index. The estimation of phenological stages is driven by daily thermal time
(DTT) using a base temperature of 8°C during the germination stage and
10°C during the other growth stages. The phenological development of the
millet plant depends on the variety. The model requires genetic coefficient
inputs that define the DTT during the juvenile phase and the grain filling
phase. Additional genetic input parameters are cocfficients for photoperiodism
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and kernal number. Godwin et al. (1984) and Jones et al. (1984) provide a
model description.

RESULTS AND DISCUSSION

The SWATRER model simulates a crop water balance with input weather,
soil and LAI data. Measured and simulated (SWATRER and CERES)
growing scason soil water content in millet is presented in Fig. 3. The
. simulated soil water content (SWATRER) showed good agreement with the

d data througl most of the growing season. The SWATRER
model appears to be sensitive to rainfall, soil surface evaporation and plant
water uptake. There was also a good agreement between simulated and
measured soil water content at other soil depths. The individual components
of the millet water balance are summarized in Table 2. Based on the results
of Bley (1990), simulated values for cumulative T, and E. and deep
percolation at Tara, Niger are assumed to be reasonable. Even though the
growing scason rainfall was only 65% of normal, crop water requirements
appeared to be met during 1989 at Tara, Niger (T /T = 092).

The CERES model is a dynamic crop growth lxodcl simulating both soil
water balance and plant growth components. Table 3 summarizes simulated
and observed phenological, growth and yield data. The CERES-Millet model
overestimated maximum LAI, DM and grain yicld by 46%, 40% and 101%
rcspectwely An accurate simulation of LAl is important since canopy

I and subseq above-ground dry biomass are strongly
dcpendent on leaf area develop Better esti of the genetic inputs
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Fig. 3 Simulated and measured soil water content (0-30 cm
depth) in millet at Tara, Niger, 1989.
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Table 2 Simulated (SWATRER) water balance components for
millet at Tara, Niger during 1989

SWATRER
Cumulative precipitation (mm) 3
Cumulative T, (mm) 165
Cumutarive 7, (mm) 1
Cumulative E (mm) 8
Cumudative 'a (Mm) 168
Deep percolation (mm) d
Change in soif moisture siorage (mm) &

Table 3 Simulated (CERES-Millet) and observed millet yield

components and growth stages

Predicted Observed
Anthesis (Julian day) 25 23
Maturity date (Julian day) 262 278
Grain yield (kg ha™) 2585 1240
Kernel weight (g) 0028 o011
Grains mi ® 9194 1272
Grains panick" 2760 a67
Max. 1Al 21 144
iomass (kg ha™®) 6141 4390

will be made during the 1990 growing season in order to improve the crop
phenology and the growth simulation subroutines. Additionally, the
relationship between light interception and leaf area will be examined.

Soil water content simulated by the CERES model is presented in
Fig. 3. Thc CERF_S model consistently overestimated the soil water content
by 0.05 cm® cm3. Critical to the simulation of the soil water content is the
determination of the drained upper limit (DUL) and lower limit (LL). These
site specific soil properties were estimated from laboratory determined soil
retention curves. A better understanding of the soil water balance component
of the CERES model will be possible after the DUL and LL are field
determined and the plant growth and the phenology subroutines are modified
(after completion of the 1990 growing scason).

Based on threshold levels, water and nitrogen stress indices for
photosynthesis and leaf expansion are calculated in CERES. The stress indices
are summarized in Table 4. It is evident that there was little to no water
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Table 4 Nitrogen and water stress indices for leaf expansion and ph h

during five growth periods for millet s
Stage of growth Water stress index: Nitrogen stress index:
I Leaf expansion Leaf
end juvenile 0.00 000 a07 0.07
End lk panic!t initiation 0.00 002 0.04 0.04
Pay - end leaf growth 0.00 027 0.6 0.63
End leaf pmvlh endgmwm 0.00 0.00 16 016
End panicle growth - maturity 0.00 0.00 0.03 0.03

In the above table, 0.0 represents minimum stress and 1.0 represemts maximuni stress.

growth, however laboratory plant analyses |nd|cated that there were normal
levels of plant nitrogen p Soil | dicated that the test soil was
very acid and low in organic matter (Table 1b), therefore additional plant
nutrients were possibly deficient which affected both simulated and actual
root density; and element availability. Insufficient soil fertility and plant
nutrition data make it difficult to explain the differences in the nitrogen
stress index and the plant analysis data.

CONCLUDING REMARKS

The SWATRER and CERES models can be used to evaluate production
strategies. Good soil water balance estimates were obtained with the
SWATRER model and it can be pled to the Iy ilable general
growth model, SUCROS. The forthcoming changes in the CERES model
should improve not only the soil water balance but also millet growth
subroutines. Using long-term weather data together with site specific soil
properties and millet variety characteristics, a calibrated CERES-Millet
model can be used to evaluate planting date, N fertilizer programmes,
plant population, row spacing and long or short season varieties.
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