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Figure 1- A view of the water uptake reduction function (Feddes et al., 1978)
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Table 1- Experimental soil properties

C s Oy o yd . i w0 43 .
B Cly o2 Tond Bwc®h)  Bwwr()  pu@em’)  ECe(@sim)  pH
oil texture percent ilt percen percent
S oy 09
sandy clay 24.4 28 476 24 13 14 2.15 7.86
loam
Sl Of (S Slaogas Y Jgua
Table 2- Characteristics quality of irrigation water
slosd Mgt Kt Na* cat cL- HCO;  NO3 pH EC
Treatment
(meg/lit) (dS/m)
5 1.65 0.04 1.91 0.5 0.4 3.75 0.025 8 0.5
;prmdbb)l@u el
Drought stress treatment 7 EBO
Destructive pots
Jshilss

First repetition

OO

P9 11,55

Second repetition

pow LSS
Third repetition

il b Slond aids - UG

QOO0
OO
OO

Figure 2- Schematic map of experimental design
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Figure 3- Soil moisture characteristic curve
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Figure 4- Measured relative transpiration against daily moisture content of treatments under stress
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Figure 5- The measured relative transpiration against the absolute value of the matric potential of treatments under stress
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Table 3- Parameters used in water uptake reduction models under drought stress and statistical criteria for each model

aslee hyorh” hy hso By P &y R? r
Equation  (cm) (cm)  (cm)  (cm) - - - -
6a -1000  -17000 - - - - 0.69 0.83
6b -1000  -15000 - - - - 0.68 0.83
6c -1000  -10000 - - - - 0.66 0.81
6d -1000 -5000 - - - - 0.63 0.79
6e -1000 -3500 - - - - 0.56 0.75
7a - - -8000 - 1.14 - 0.67 0.82
7b - - -9000 - 1.15 - 0.54 0.73
7c - - -10000 - 1.08 - 0.63 0.79
7d - - -14000 - 1.07 - 0.66 0.81
Te - - -12000 - 0.9 - 0.78 0.68
Tt - - -15000 - 1.05 - 0.67 0.82
9a -1000 - -8000 - 1.14 - 0.66 0.82
9 -1200 - -9000 - 1.15 - 0.67 0.82
9c -800 - -10000 - 1.08 - 0.68 0.83
a9d -1000 - -14000 - 1.07 - 0.65 0.81
9e -1200 - -12000 - 1.11 - 059 0.77
of -800 - -15000 - 1.05 - 0.67 0.82
10a -1000 - - -7000 0.88 059 0.67 0.82
10b -1200 - - -10000 1.36 0.58 0.59 0.77
10c -800 - - -13000 1.06 0.53 0.68 0.82
10d -1000 - - -7000 0.64 059 0.70 0.84
10e -1200 - - -10000 0.82 0.58 0.59 0.77
10f -800 - - -13000 056 053 0.71 0.84
10g -1400 - - -15000 1.10 051 0.63 0.79
1.0
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Figure 6- Linear fit on the measured relative transpiration data (.:T‘) in comparison with the matric potential | h | using Feddes
T

et al., (1978) and the parameters presented in table 3
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Figure 7- Non-linear fit on the measured relative transpiration data (") in comparison with the matric potential | h | using
g

Van Genuchten (1987) and the parameters presented in table 3
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Figure 8-Non-linear fit on the measured relative transpiration data (%) in comparison with the matric potential

|h| using the Dirksen et al., (1993) and the parameters presented in table 3
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Figure 9- Non-linear fit on the measured relative transpiration data (7)) in comparison with the matric potential | h | using
v

Homaee (1999) and the parameters presented in table 3
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Table 4- The best parameters used in water uptake reduction models under drought stress

dslee  hgorh’ hy hso - p oty
Equaton (€M) (cm)  (cm)  (cm) - -
6a -1000  -17000 - - - -
7e - - -12000 - 09 -
9 -800 - -10000 - 1.08 -
10f -800 - - -13000 056 0.53

®exp

M Feddes et
al.(1978)
Van
Genuchten.(1987)

< Dirksen et
al.(1993)

By | { Homaee.(1999)
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Figure 10- Fit to measured relative transpiration data (%) in comparison with the matric potential |h| using the best proposed
v

models and statistical analysis, table 3
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Table 5- The statistical measures calculated to compare the performance of different models in estimating daily relative
transpiration with measured data

Jae ME R? RMSE EF CRM
Model
(VAVA) o) Sos 5 potd 0.39 0.43 16.46 0.18 -0.05
Feddes et al.(1978)
(VAY) oS 5 55555 39 0.15 0.51 8.62 0.77 0.01
Van Genuchten.(1987)
(VAAY) o)lSa 5y ol 022 048 125 0.4 -0.02
Dirksen et al.(1993)
(1444) loa 0.14 0.96 9.14 0.67 0.02
Homaee.(1999)
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Introduction: when the loss of water from the leaves by transpiration process exceeds the water in the root
zone, water stress occurs. If water uptake reduction functions can predict the flow of water to the roots properly,

with no need to field measurements, it is possible to determine the time of irrigation for maximum yield with the
help of chemical and physical properties of water and soil and specific plant parameters. From a conceptual point
of view, two main approaches of water uptake modeling exist, which differ in the way they predict the
volumetric rate of root water uptake. The microscopic models describe the water flow towards the single root.
Macroscopic models are based on the principles of energy and mass transfer and described water uptake by the
entire root area, regardless of the impact of individual roots. In general, macroscopic models have been
considered in plant growth and soil-plant-atmosphere models. The most important models of macroscopic water
uptake can be referred to the model of Feddes et al. (1978), the Van-Genuchten model (1987), the Dirksen et al.
(1993) and Homaee (1999). Saraei Tabrizi et al. (2015) with an evaluation of the water uptake reduction
functions under water stress conditions on basil plant showed that the Homaee (1999) model was more suitable
than other models. The purpose of the present study is to evaluate the four macroscopic water uptake reduction
functions of Feddes et al., (1978), Van Genuchten (1987), Dirksen et al., (1993) and Homaee (1999) in order to
predict water uptake by lettuce root and determining the most suitable model to predict the reduction of water
uptake of lettuce under water stress conditions.

Materials and Methods: The experiment was conducted in a completely randomized design with three
replications in 2017 in the research greenhouse of Agriculture Faculty, Shahid Chamran University of Ahvaz.
The experiment consisted of irrigation water at three levels (1;:100%, 1,:80% and 15:60% of crop water
requirement). The soil texture was medium. The cultivation was indirect (seedling) in pots of diameter 22 and
height 30 cm. For this purpose, 9 pots were used. The plant's growth period was about 70 days. The irrigation
was done by the manual method and by the graduated bushel. During the growing season, treatments were
irrigated fifteen times. The volume of water used for treatments I3, I, and I; were respectively 792, 1055 and
1320 (mha™). The weighted method was used to determine the time of irrigation and the soil moisture

characteristic curve was used to measure the matric potential. 12 pots were considered as destructive ones for
measuring plant weight as it was not possible to measure the weight of plants per day. In order to evaluate the
water uptake reduction functions, relative transpiration was plotted against the absolute value of matric potential
and the best model was determined by fitting them, to the measured data. For this purpose, the statistical
indicators of the Maximum Error (ME), coefficient of determination (R?), Root Mean Square Error (RMSE),
modeling efficiency (EF) and Coefficient of Residual Mass (CRM) were used.

Results and Discussion: Based on the results, the model of Homaee (1999) and the model of Van
Gennuchten (1987) had the best fit on the whole range of measured data, respectively. Then, the model of
Dirksen et al. (1993) and, the model of Feddes et al. (1978) were ranked. In addition, in models that |h| was
smaller than 8000 cm, like Feddes et al. (1978), Van Gennuchten (1987), Dirksen et al. (1993) showed good fit
and proximity to each other. Babaazadeh et al. (2017) in studying the effect of salinity and drought stress on the
uptake of root water of basil, concluded that the Homaee (1999) model had the best agreement with
experimental data and increasing drought stress reduced the potential of water uptake by roots. Also Saraei
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Tabrizi et al. (2015) concluded that the Homaee (1999) model had the best fit with the measured data and the
results were in accordance with the results of this study. Based on the results of this study, for simulation of
water uptake, the models of Feddes et al. (1978) and Dirksen et al. (1993) are slightly overestimated and Van
Gennuchten (1987) and Homaee (1999) models have slightly underestimated. Homaee (1999) in his research
was conducted that in treatment of 70% water requirement supply for alfalfa, Feddes et al. (1978) model was
overestimated and other models were underestimated which are close to the results. Homaee (1999) model was
more consistent compared to other water uptake models because of considering two thresholds for the model.

Conclusion: According to the results, Homaee (1999) model was better than other models (RMSE=9.14 and
R? =0.96). The results of the models of Feddes et al. (1978) with R? =0.43 and RMSE = 16.46, Van
Gennuchten (1987) with R? = 0.51 and RMSE = 8.62 and Dirksen et al. (1993) with R” = 0.48 and RMSE = 12.5
were closely related to each other.
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