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ABSTRACT

The objective of the present study was to calibrate and validate Aquacrop model
under the semi arid condition of central Tunisia. Field experiments from two
consecutive years were considered to test the efficacy of a preliminary
calibration procedure in simulating water contents (Ov), canopy cover (CC) and
transpiration. Statistical indicators for root mean square error (RMSE), Mean
Bias Error (MBE), Nasch coefficient (E) and evidenced that model predictions
were good under non stressed plots and acceptable for stressed treatment in
simulating the temporal dynamic of the canopy cover. Soil water contents and
transpiration varied in the same range of measured values. However, the model
in general underestimated the measured values of cumulative transpiration. This
underestimation was accentuated in the end of the growth season and for higher
values of reference transpiration. Results allowed describing basic calibration
procedure for Aquacrop model in order to determine accurate estimation of the
dynamic of water status on soil and the plant, allowing by the fact to avoid high
sophisticated monitoring and high costly tools measurements.

Keywords: Deficit irrigation, Potato, modeling, semi-arid climate, transpiration,
modeling, water balance.
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RESUME

L'objectif de la présente étude était de calibrer et de valider le modele Aquacrop
sous un climat semi-aride du centre de la Tunisie. Des expériences menées sur
deux années consécutives ont été considérées pour tester l'efficacité d'une
procédure préliminaire de calibration, pour la simulation des teneurs en eau, des
couvertures végétales et de la transpiration. Les indicateurs statistiques pour
I’erreur quadratique moyenne, la marge moyenne d’erreur et le coefficient de
Nasch ont montré que les prédictions du modéle étaient bonnes pour les
traitements non stressées et acceptables pour les traitements stressés. La teneur
en eau du sol et la transpiration variaient dans la méme gamme des valeurs
mesurées. Cependant, le modéle sous-estime généralement les valeurs mesurées
de transpiration cumulative. Cette sous-estimation s'est accentuée a la fin de la
saison de croissance et pour des valeurs ¢levées de transpiration de référence.
Les résultats ont permis de décrire une procédure de calibration basique du
modéle Aquacrop afin de reproduire la dynamique du statut hydrique dans le sol
et le tissu végétal. Cette calibration permet d'éviter des mesures cofliteuses et
complexes pour le suivi de I’état hydrique dans le continuum sol plante
atmosphere.

Mots clés : irrigation déficitaire, pomme de terre, climat semi-aride,
transpiration, modélisation, bilan hydrique

INTRODUCTION

In Most of arid and semi-arid countries, the problem of water scarcity is in a
continuous accentuation since drought events are longer and more frequent
(Douh et al., 2012). Future projections prédict even a deeper effect of water
stress in the coming years (Bhouri Khila et al., 2015). However, irrigation is
compulsory to intensify the production and to meet the food needs of a growing
population (Zella et al., 2007). With the incresing pressures on non agricultural
water, it is crucial to increase water use efficiency of strategic crops (Bhouri
Khila et al., 2016) so to produce more with less water. Because of their
superficial roots, potatoes are quite high sensitive to water stress (Fulton, 1970).
Producing a drought sensitive plant with limited water availability was the
interest of many scientific researches, especially with the increasing scarce
availability of water resources. According to Rijtema and Aboukhaled (1976),
small water deficits lead to a stomata closure, inducing a reduction of the
transpiration. Many reports indicated that the relatively shallow root system of
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potatoes plays an important role in that sensitivity (Van Loon, 1981, Fulton,
1970, Boone et al., 1978). The rooting depth or intensity determines the depth
and the volume in which potatoes can extract water from the soil. In Tunisia,
considerable efforts are implemented to produce more with less water.
However, deficit irrigation was not yet experimentally tested for the semiarid
climate of the Tunisian environment. Moreover, several researchers consider
deficit irrigation difficult to manage because of the rapid effect of water stress
on tuber yield (Eldredge et al., 1996; Shock et al., 1993, Wright and Stark,
1990). In that context, model simulations after being calibrated and validated
could be adopted as a management tool for testing the impact irrigation
strategies, avoiding real field stress effects (Droogers and Hunink, 2012). The
AquaCrop model allows investigating the effect of a biotic stress on
transpiration and crop yield (Farahani et al., 2009). Several researchers have
found satisfactory results with Aquacrop when simulating the effect of different
soil humidity on plant growth and production for many crops like sunflower,
beans, winter wheat and tomato (Karunaratne, 2009). According to Farahani et
al. (2009), Aquacrop is a simple model for calibration and validation.
Therefore, it does not need skilled researchers. This procedure is considered
easier especially with the existing set of default parameters by hsiao et al.
(2009). These default parameters overcome the influence of geographical site
and crop cultivar (Steduto et al., 2009). Some researchers suggested even to not
adjust these parameters since their modulation is dependent on the stress
function. Aquacrop transpiration predection have been used for many crops
including potato. Both Heng et al. (2009) and Hsiao et al. (2009) suggested that
Aquacrop is able to simulate crop development and transpirationss under non
stressed conditions. However, other studies like the one of Katerji et al,
2013concluded that model performance decreases in case of environmental
stress conditions. The main objective of this paper is to assess the calibration
and validation of Aquacrop model to simulate transpiration variability under full
and deficit irrigation. In that context, the values of the input parameters are
retrieved from literature for water stress functions and from measurements for
root dynamic, canopy cover and soil characteristics.

MATERIAL AND METHODS

Field experiments and irrigation management

Field Experiments were conducted at the High Agronomic Institute of Chott
Meriem, Sousse, Tunisia (longitude 10.5632° W; latitude 35.9191° N, altitude

23



Ghazouani H. & al. / Larhyss Journal, 38 (2019), 21-33

19.0 m a.s.l.). The climate of the study area is classified as semi-arid, with hot
and dry summer and mild-rainy winter seasons. In 2014 and 2015, tuber seeds
of the same potatoes cultivar (Solanum Tuberosum L., cv. Safran), were planted
on January, 15" and on January, 22", respectively, at distance of 0.40 m along
the row and 0.80 m between the rows, in an experimental plot, 25 m length and
7 m wide. The experimental plot was divided in two subplots (treatments T1,
T2) subjected to similar seasonal management, except for irrigation doses.
Figure 1 presents the cumulated values of irrigation for treatment T1 and T2 for
the experimental season of 2014 and 2015. This figure shows also cumulated
value of precipitation and reference evapotranspiration. Values of precipitation
were recorded from a climatic station, allowing also the measurements of
maximum and minimum temperature, solar radiation, wind speed and relative
humididty. From these values, reference evapotranspiration ETO were
calculated based on the FAO- Penmen Monteith equation (equation 1).

A(Ry—Go)+ 86400cppa(esr_—ea)
ET = A+ (1+r—5) : (1
v+

Where ET [mm day'] is the evapotranspiration from a vegetated surface , A [MJ
kg] is the latent heat of vaporization , A [kPa °C"'] is the slope of the saturated
vapor pressure curve , R, [MJ m™ day'] represents the flow of net radiation, G,
[MJ m™>d"'] is the flow of soil heat, e.-e, [kPa] is the air deficit pressure, y [kPa
°C’1] is the psychrometric constant of air and, finally, rand r, [s m'l] are
respectively the surface and aerodynamic resistances.

Tuber seeds were irrigated with a subsurface drip irrigation system
characterized by a single 710 distribution pipe per plant row, installed at 0.20 m
depth. Co-extruded drip emitters, spaced 0.40 m, discharged a flow rate of 3.5
1/h at nominal pressure of 100 kPa. Volumetric counters installed on the field
allowing determining the exact provided irrigation doses. During the
investigated growth season, values of water contents in the two treatments were
monitored at different depths and positions from the emitter. Crop agronomic
parameters mainly leaf area index, rooting depth and yield productions, were
measured on three different plants in 2015 collected at different crop stages,
from randomly chosen locations of each subplot, approximately every week and
from one plant every two weeks in 2014. Leaf area index was converted to CC
using the following formula (Heng et al., 2009):

CC = 1.005[1 — exp(—0.6LAI) ]2 )
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Figure 1 : Cumulated values of precipitation, P, irrigation, I, and reference
evapotranspiration, ET0, for the experiments of 2014 and 2015

Calibration Procedure

The performance of Aquacrop for simulating field conditions was assessed
taking into account. No fertility and salinity stress were considered. This late
assumption was considered because the electrical conductivity of the irrigation
water was equal to 1.4 ds.m™'. Hence, simulations were restricted to investigate
on the effect of two irrigation doses on canopy development, water contents and
evapotranspiration fluxes. As sampling was more intensive in 2015, data from
this year was used for Aquacrop calibration. However, data from 2014 was
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considered during the validation. For a first time, the calibration started with a
comparison between simulated and measured canopy cover, CC, and water
content Ov for full irrigation treatment. In a second time, a comparison between
simulated and measured evapotranspiration were examined. For the days on
which water contents were monitored, measured evapotranspiration were
retrieved from the equation of water balance. Finally, the procedure involved a
comparison between simulated and observed CC, ©v and transpiration for the
deficit treatment. In general, measured data of crop growth and conservative
parameters for potato (Hsiao, 2009) were assumed during this first step. An
iterative process of simulations were investigated in order to adjust the most
sensitive parameters, starting by testing the non conservative parameters and to
leave unchangeable as much as the result of the absolute error, conservative
parameters of Aquacrop. Operating as described, it was possible to calibrate the
model mainly on the conservative parameters of Hsiao et al. (2009).

RESULT AND DISCUSSION

Simulation of soil water contents

For soil calibration, soil water characteristics including water content at field
capacity, 6fc , water content at permenant wilting point, Opfp and saturated
hydraulic conductivity, Ks, were introduced into the soil file according to values
indicated on the table 1.

Table 1: Parameters of soil water retention curves according for the entire soil

profile
Prameters Values
fc [em’.cm™) 0.27
Bpfp [em’.cm™) 0.08
Ks [em.h!] 7.06

Figure 2 and Figure 3 present the dynamic of average water contents during the
experimental seasons of 2015 and 2014. These data bases were used for the
calibration and the validation of the temporal dynamics of soil water contents.
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Figure 2: Dynamic of soil water contents for the experimental season of 2015 used
for the calibration for treatments T1 (a) and treatment T2 (b)

As can be observed, simulated values of soil water contents followed the same
trend of the measured ones. When comparing T1 and T2 treatments, it was
observed that greater irrigation doses determined always higher water
availability. However because of the lower atmospheric demand, observed on
2014, water contents resulted quite higher than 2015. In fact, for the first period,
approximately till DAP 90, values ranged between 0.25 and 0.30 cm’.cm™ for
T1 compared to 0.20 and 0.30 cm’.cm™ in the same period of same treatment
during the experimental year of 2015.
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Figure 3: Dynamic of soil water contents for the experimental season of 2014 used
for the calibration for treatments T1 (a) and treatment T2 (b)

Simulation of vegetative growth

Table 2 shows the parameters used for the vegetative growth simulations. These
values were introduced into the crop file in order to reproduce the temporal
dynamic of the canopy cover development. The rest of parameters in this
function were introduced in accord to the default values of Aquacrop.
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Table 2: Parameters for crop phenology

Crop phenology Value Sources
Time to emergence, GDD ¢ 322 m
Time to maximum rooting depth, GDD ¢ 956
Time to start tuber formation, GDDN¢ 553 m
Time to harvest, GDD\C 2324 m
Time to maximum canopy cover GDD® 967 m
Time to tuber formation GDD® 1748 m

m: measured; C: conservative; NC: non conservative; GDD: growing degree days

Table 3 shows the statistical indices of simulated canopy cover development
used for the calibration and the validation process.

Moreover, when analyzing results from statistical indicators of the canopy cover
predetions are presented in table 2. Based on that indicators, it depicts that
simulated canopy cover could be retained to a certain extent acceptable since
RMSE were in general lower than 6%. Moreover, RMSE values were higher
under T2 than it was under T1 showing a better performance under full
irrigation. Results from E were almost equal to one, confirming the aibility of
the model to predict the vegetation development under the study area. These
results are in agreement with the findings of Katerji et al. (2013) who found that
Aquacrop model was able to reproduce field measurement of crop stress.
According to these authors, better predictions were obtained under moderate
stress level than it was under high stress level.

Table 3: Statistical indices of simulated canopy cover development for the
calibration and validation dataset

N RMSE E
CALIBRATION
T1 16 3.84 0.98
T2 16 5.54 0.95
VALIDATION
T1 8 5.86 0.96
T2 8 7.90 0.86

Simulation de la transpiration
Table 4 summarizes used the parameters used for the calibration of the stress

function on Aquacrop. Figure 4 shows the trends of simulated and measured
transpiration during the growth season of 2014 and 2015. As can be observed,
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for both investigated years, the model was able to reproduce the evolution of
cumulated transpiration values with some underestimation. Similar to the
Findings of Katerji et al. (2013), AquaCrop systematically underestimated the
seasonal ET.

Table 4: Parameters for crop water stress

Water stress Value Sources
Upper threshold for canopy expansion © 0.41 CA
Lower threshold for canopy expansion © 0.21 CA
Upper threshold for stomata closure 0.41 CA
Shape factor for stomata closure 3.5 CA
Upper threshold for canopy senescence © 0.41 CA

CA: calibrated, C: conservative
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Figure 4: Simulated and measured transpiration for treatment T1 and T2 during
the experimental years of 2015 and 2014.
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Moreover, it is also remarkable that the deviations between simulated and
measured cumulated transpiration generally increased as during the end of the
vegetative growth. This result could be explained by the fact that, under semi-
arid conditions, atmospheric demand widely increases from mid march till the
end of august, so that the stress levels intensified. This observation is confirmed
by the higher transpiration reduction observed on 2015 compared to 2014, in
which reference evapotranspiration resulted lower. Katerji et al. (2013) reported
that Aquacrop performance in reproducing field conditions is articulated on
three factores; the species the stress level and the output variable. Results from
that authors confirmed that Aquacrop showed poor aptitude in simulating the
daily actual transpiration, when the plant was subject severe stress level. Heng
et al. (2009) concluded also based on a comparison with field measured that
Aquacrop showed good agreement only under fully irrigated treatment.

CONCLUSION

This study investigated on the calibration and validation of Aquacrop model to
reproduce field measurement of canopy cover, soil water contents and
transpiration fluxes. The followed calibration procedure is articulated around a
set of values used as default parameters on Aquacrop. So the aim of the
calibration procedure was to fix values that should be changed from the default
set according either to field measurement or calibration to reproduce field
measurement. Statistical indicators for root mean square error (RMSE), Mean
Bias Error (MBE), Nasch coefficient (E) and evidenced that model predictions
were good under non stressed plots and acceptable for stressed treatment in
simulating the temporal dynamic of the canopy cover. Soil water contents and
transpiration varied in the same range of measured values. However, the model
in general underestimated the measured values of cumulative transpiration.
Results allowed describing basic calibration procedure for Aquacrop to
accurately describing water status on the soil and the plant. This procedure
allows reproducing the temporal dynamic of soil and plant water status resulting
on a better irrigation management.
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