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Bajra or cumbu or pearl millet (Pennisetum glaucum
L.) is the predominant crop in India, which is in third position in
the area under cultivation of small millets around the world. The
most significant non-monetary factor affecting crop yield is sowing
time. By providing an appropriate environment during all growth
stages, sowing at the best time increases productivity. According to
Upadhyay et al., (2001), summer pearl millet (sown on March 15)
produced more grain than when it was sown later. In fact, the right
planting time is crucial for maximizing cereal grain yields since the
best seeding times produce strong and robust plants. Low nitrogen
and soil water management limits the grain and biomass yield of
pearl millet. Grain yield and soil moisture content can be simulated
by using AquaCrop model. Many studies have been conducted
for simulating cotton growth and productivity using AquaCrop
model (Hamid ef al., 2009) and baby corn (Sankar et al., 2023),
respectively. However, there is limited information available on the
usage of the AquaCrop model under various sowing windows and
nitrogen levels in pearl millet. Hence, the current investigation was
carried out with the objectives of simulating green canopy cover
(CC), above-ground biomass and yield of pearl millet through
calibrating and validating AquaCrop model and to evaluate the
influences of sowing windows and nitrogen levels on pearl millet
growth and productivity.

A field experiment was conducted during kharif and rabi,
2020-2021 at Coimbatore, Tamil Nadu (Lat.10° to 11° N, Long. 76°
to 77° E) on pearl millet hybrid CO (9) with three sowing windows
and three nitrogen levels as a main and subplot replicated three
times laid in split plot design. Sowing windows consisted viz., early
sowing — II FN June, mid-sowing - I FN July, and late sowing — II
FN July for Kharif'season and early sowing — II FN September, mid-

sowing — I FN October and late sowing — II FN October for Rabi
season. Nitrogen levels consisted viz., 75% of N, 100% of N and
125% of N. The soil is clay loam and type of soil is black, calcareous
in nature, low in organic carbon (0.42%) and available nitrogen (218
kg ha'), high in available phosphorus (31.2 kg ha") and potassium
(635 kg ha'"). Weather parameters were collected from Agro Climate
Research Centre (ACRC), Tamil Nadu Agricultural University
(TNAU). The prevailed maximum temperature ranged from 26.0 °C
to 34.5 °C, minimum temperature varied from 20.0 °C to 26 °C, total
rainfall was 326 mm, relative humidity varied from 54 % to 84%,
wind speed was in the range between 2.8 km/hr and 9.8 km/hr and
solar radiation varied from 105 to 428.4 Cal cm™min’'.

Five plants in each experimental plots were selected and
tagged to observe biometric observations. The LAI was calculated
through manually measured leaf area (maximal length x width) of
each plant, multiplied by the correction factor (k = 0.75, Watson,
1947) for pearl millet and plant density. LAI was converted to green
canopy cover (CC) using following equation.

CC=1.005[1 — exp (—0.6 LAI)]'? Heng et al., (2009)

Calibration and validation of AquaCrop model

AquaCrop model was calibrated using simulated and
observed canopy cover (CC), biomass, and grain yield at harvest
under different sowing times and nitrogen levels during early
sowing window (D)). For each simulation run, separate input
files were created and simulations were performed. Validation
was performed using mid and late sowing windows (D, and D,)
along with nitrogen levels data, also by considering the calibrated
crop parameters observed in the field. For each of the simulation
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runs, input files viz., weather data, soil characteristics, irrigation
applications, phenological days, and sowing density were entered as
observed values.

Model evaluation

Goodness of fit was found between the AquaCrop
simulated and observed values viz., Canopy Cover (CC), biomass,
grain and straw yield of pearl millet by using four statistical
variables such as coefficient of determination (R?), root mean
squared error (RMSE), Nash-Sutcliffe model efficiency co-efficient
(E) (Nash and Sutcliffe 1970), and Willmott’s Index of Agreement
(d) (Willmott, 1982).
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where, Mi and Si are the measured and simulated values,
respectively; n - the number of observations; M - the mean of n
measured values

Using data gathered from three sowing windows and
nitrogen levels, results of the AquaCrop calibration and validation
were discussed in this section.

Calibration and validation of AquaCrop for pearl millet

Calibration was performed with early sowing window and
nitrogen levels and the key variables used to calibrate the AquaCrop
model for pearl millet growth and production are given in Table 1
along with the default values present in the AquaCrop files.

SATHYAMOORTHY et.al 471

Table 1: AquaCrop default and calibrated values used in pearl

millet simulation.

Parameters Default  Calibrated
Reference harvest index (%) 45 50
Initial canopy cover (%) 0.49 0.44
Canopy cover (CC) per seedling 6.5 5.0
(cm?*/plant)
Maximum canopy cover (%) 90 92
Maximum rooting depth (m) 1.8 1.0

Canopy cover

There was a good agreement between simulated and
observed canopy cover (CC) for calibrated sowing windows
and nitrogen levels throughout the growing season. The overall
goodness of fit was high as shown by low RMSE<8.1 value, good
E >0.95 value, high d value >0.99 and high R’ value >0.87 (Fig.
la). Among the crop growing cycle, the highest deviation (-16.5%)
between simulated and observed canopy cover was observed during
30 DAS canopy closure days in the AquaCrop model and deviation
was reduced to (-) 2.3 % at 45 DAS. Bello and Walker’s (2016)
also found that CC was underestimated early in the crop stage for
full irrigation treatments (W5) and the model was able to accurately
simulate CC during 39 days after sowing. Among the nitrogen
application, 125% of N significantly increased the canopy cover
throughout all stages of the crop and the maximum canopy cover was
obtained 99.1 and 92.3% of observed and simulated, respectively
during 60 DAS. Validation (Fig. 1b) showed high goodness of fit
for CC with low RMSE value <9.0, high E value >0.93, high d value
>0.98 and high R’ value >0.79. By simulating LAI from individual
leaf area, Van Oosterom et al., (2001) successfully reproduced the

LALI a canopy cover parameter, of pearl millet tillers.

1a. Observed vs Simulated canopy cover (%) for
calibration

110

100
- Vertical (Value) Axis "
T oy RMSE=81
z e E=0.95
g 80 d=0.99
@ k=092

" os’e

60

50

70 80 90 100 110
Observed

1b. Observed vs Simulated canopy cover (%) for
% validation
RMSE=9.0
92 o E=0.93 °
d=0.98
2 R=0.79
39 o °
38
=
£ ¢ Y .
n 88 ° °
87 L 0
86
85
9 91 92 93 94 95 9% 97 98 99 100
Observed

Fig. 1: Observed vs simulated canopy cover (%) of pearl millet. (a) calibration dataset and (b) validation dataset
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Fig. 2: Observed vs simulated biomass (t ha') of pearl millet. (a) calibration dataset and (b) validation dataset
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Fig. 3: Observed vs simulated yield (t ha!) of pearl millet. 3a — calibration dataset and 3b — validation dataset

Biomass of pearl millet

Model calibration indicated a good agreement between
simulated and observed biomass throughout the growing season
with low RMSE <3.43 t. ha!, good E >0.64, good d >0.76 and high
R?>0.89 values (Fig. 2a). The performance of the AquaCrop model
was assessed by Jin et al., (2014), showed a good agreement between
actual and predicted in-season biomass levels. It can be observed
that there was a good fit during validation of pearl millet biomass
under various sowing windows with different nitrogen levels which
was confirmed by low RMSE value <3.62 t. ha!, good E value
>0.73, good d value >0.75 and high R’ value >0.83 (Fig. 2b). A
similar result of good agreement with less deviation was also found
in baby corn (Sankar et al., 2023). The biomass was found to be low
in late sown crop with 75 % N application while the early sown crop
with 125 % N application produced the highest biomass throughout
all the stages of the crop. At 60 DAS, the observed biomass was
9.42 t ha! and simulated was 8.28 t ha'! in late sown crop with 75
% N application and early sown crop with 125 % N application had
observed biomass of 10.53 t ha' and simulated biomass of 10.82 t
ha'.

Grain and straw yield of pearl millet

AquaCrop simulated the pearl millet grain and straw yields
with a perfect match to the field condition during both calibration
and validation with acceptable deviations in the grain yield ranged
from -2.4 % to 8.5 % for calibration and from -2.9% to 8.1% for
validation. The deviation was less for the grain yield simulation than
the straw yield simulation in all sowings and N levels. The overall
RMSE =0.79 t. ha'!, E=0.75, d=0.86, R°=0.88 values (Fig. 3a) for
calibration and RMSE =0.55 t. ha'!, E=0.88, d=0.74, R’=0.89 (Fig.
3b) values for the validation dataset were obtained, which indicates
a good prediction efficiency of AquaCrop model under different
sowing windows and nitrogen levels. According to Suman et al.,
(2019), for both the calibration and validation periods, the model
was verified for simulating pearl millet grain yield (R >0.91) for all
moisture conservation measures. Among the sowing and nitrogen
levels, the crop with 125% of N level under early sowing showed
the highest grain (3.6 and 3.81 t ha') and straw yields (5.72 and
7.39 t ha!) in both field and model simulations. In contrast, late
sown crop with 75 % N application showed the lowest observed and
simulated grain yield (3.02 and 2.97 t ha') and straw yield (4.96 and
5.63 tha').
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