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2- Temperature of air
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2- Soil Moisture Content
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1-Crop Water Stress Index
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Modeling the Amount of Soil Moisture using Crop Water Stress Index
(CWSI) in Maize Planting

Reza Saeidi', Mohammad Mahdi Zarrabi*? and Abbas Sotoodehnia®

Abstract

In order to estimate the amount of soil moisture by the Crop Water Stress Index (CWSI), research was
performed on the maize (SC 704). The experiment was a factorial and in format of randomized complete
block design. In the control, treatment was done full irrigation and in other treatments, was applied
water stress in the stages of 6-leaf, 12-leaf, flowering and seeds milking. The meteorological
parameters, stomata resistance and leaf surface temperature were measured daily. At different growth
stages, the stress low line had a slope of 0.09 to 0.14. The amount of the stress up line was estimated
between 3.3 and 4.2°C. In the period of stress, the CWSI index was calculated and the amount of soil
moisture was measured. According to the results, between soil moisture and CWSI index values, the
inverse relationship was established with good correlation. Therefore, regression models with linear,
exponential, logarithmic, polynomial and power forms were fitted between the above (two) parameters.
The best and worst models for estimating soil moisture were the polynomial (R?:0.987) and the power
(R2:0.65) models, respectively. The results showed that the critical values of CWSI index (at the time
of increasing leaf surface temperature compared to air temperature), determined the irrigation time.
Also, by indirectly estimating the amount of soil moisture, was calculated the soil moisture deficiency
and water requirements for irrigation.
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Abstract

In order to estimate the amount of soil moisture by the Crop Water Stress
Index (CWSI), research was performed on the maize (SC 704). The
experiment was a factorial and in format of randomized complete block
design. In the control treatment was done full irrigation and in other
treatments, was applied water stress in the stages of 6-leaf, 12-leaf,
flowering and seeds milking. The meteorological parameters, stomata
resistance and leaf surface temperature were measured daily. At different
growth stages, the stress low line had a slope of 0.09 to 0.14. The amount
of the stress up line was estimated between 3.3 and 4.2°C. In the period of
stress, the CWSI index was calculated and the amount of soil moisture
was measured. According to the results, between soil moisture and CWSI
index values, the inverse relationship was established with good
correlation. Therefore, regression models with linear, exponential,
logarithmic, polynomial and power forms were fitted between the above
(two) parameters. The best and worst models for estimating soil moisture
were the polynomial (R”2:0.987) and the power (R"2:0.65) models,
respectively. The results showed that the critical values of CWSI index
(at the time of increasing leaf surface temperature compared to air
temperature), determined the irrigation time. Also, by indirectly
estimating the amount of soil moisture, was calculated the soil moisture
deficiency and water requirements for irrigation.
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1. Introduction

Due to delay in crop irrigation, water stress is applied on the crop and crop yield is reduced. Irrigation
time can be determined, based on the crop reactions to soil moisture deficiency. Lack of soil water
causes the crop water absorption is decreased, the crop transpiration is reduced and the crop stomatal
begin to close. In these conditions, the leaf surface temperature is more than the air temperature, and
water stress is applied on the crop. Crop water stress index (CWSI) is a suitable criterion for
understanding the water stress situation in crops. Therefore, a regression relationship can be fixed
between the soil moisture content and CWSI index. The objective of this study was to estimate the
amount of soil moisture based on the CWSI index value (at different growth stages).

2. Materials and Methods

The research site was located in the farm of Imam Khomeini International University in Qazvin, Iran.
The studied crop was maize with cultivar of S. C 704, and was planted in plots with dimensions of 3 x
3 m. In the control treatment (DC), full irrigation was performed before the end of soil readily available
water. In other treatments, water stress was applied up to the threshold of crop temporary wilting (partial
closure of leaf stomata), in four growth stages of 6-leaf (D1), 12-leaf (D2), flowering (D3) and seeds
milking (D4). The experiment was performed factorial in a randomized complete block design, and
with three replications. The values of stomatal resistance and leaf surface temperature were measured
by AP4 porometer (Delta-T Devices Ltd, UK), and infrared thermometer, respectively. The amount of
stomatal resistance was measured at 7 am and the leaves temperature were measured from 7 am to 2
pm. Soil moisture amount was measured by time domain reflectometer device (TDR). Crop water stress
index (CWSI) was calculated based on the amounts of air temperature, relative humidity, stomatal
resistance and leaf surface temperature. By using of regression models (functions of linear, exponential,
logarithmic, polynomial and power), the amount of soil moisture (dependent variable) was modelled
based on the CWSI value (independent variable).

3. Results

The crop's response to water stress was varied at different growth stages of maize. In sensitive growth
stages, the stress low line had a greater slope. Therefore, the maize flowering stage was the most
sensitive stage of crop growth. For the stress low line, the values of "a" (width of origin) and "b" (line
slope) parameters were estimated to be between 2.64 to 3.75 and 0.09 to 0.14, respectively. In the
growth stages of 6-leaf, 12-leaf, flowering and seed milking, the CWSI index values were estimated in
the range of 0.16-0.6, 0.21-0.6, 0.4-0.7 and 0.24-0.55, respectively. The point of (Tc-Ta) > 0 in the
stress low line, was the threshold for applying the water stress on the crop. These conditions showed
the depletion of readily available water in soil, and the need to irrigation. The critical values of CWSI
index in the mentioned growth stages were equal to 0.37, 0.54, 0.63 and 0.47, respectively. The different
values of CWSI index showed the different effect of water stress, on the maize transpiration amounts
at growth stages. The increasing of CWSI value was associated with the soil moisture amount
decreasing. In this study, the maximum allowable depletion of soil moisture at the growth stages of 6-
leaf, 12-leaf, flowering and seeds milking, were estimated equal to 45%, 66%, 61% and 70%,
respectively. The modeling results showed that the polynomial model was the optimal model for
estimating the soil moisture amount, based on the CWSI index value. Therefore, the soil moisture
amount was estimated indirectly.
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4. Discussion and Conclusion
Reaching to the critical threshold value of the CWSI index was indicated the end of readily available
water in the soil, and the need to irrigation. The results showed that the soil moisture amount could be
estimated by the regression models, and the CWSI index value. Therefore, irrigation scheduling was
done based on the CWSI critical values. At this time, due to the lack of soil moisture (up to FC), the
volume of irrigation water was calculated.
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