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Introduction

Nowadays, the world is facing increasing population and demand for food as well as shortage of
fresh water supplies (Mangus et al., 2016). Deficit irrigation (DI) and urban wastewater utilization
are two management solutions for the purpose of reducing fresh water consumption in agriculture.
Due to the shortage of irrigation water resources and the increase of the area under cultivation,
farmers in the northern part of Isfahan (viz., Borkhar), Iran, employ these two strategies. Precise
irrigation planning could be of help in preventing water stress and optimum performance in plants.
Water stress is considered one of the most important plant stresses, which is the most common and
limiting factor for yield (Jackson et al., 1981; Scherrer et al., 2011; Zia et al., 2013).

Since 1970, canopy temperature has been accepted as an indicator of water stress because plants
under stress close their stomata for preserving water and reducing stomatal conduction, decreasing
transpiration, and increasing leaf temperature (Ballester et al., 2013).

One of the most reliable indicators is the crop water stress index (CWSI). Several studies have
been conducted on irrigation scheduling using leaf surface temperature measurements. (Candogan et
al., 2013; Orta et al., 2003). The difference in air temperature and leaf area was calculated from the
difference in vapour pressure for different irrigation treatments in soybean and watermelon plants.
Also, sorghum was studied by O’Shaughnessy et al. (2010) in different irrigation systems and the
crop water stress index (CWSI) was calculated.

Mangus et al. (2016) examined the water stress index of corn in four stages of plant growth; their
results showed that in the third stage of corn growth (i.e., in the flowering stage), the surface
temperature of the leaf was higher and that the plant used the most energy for cob growth and thus
shrinking transpiration from the plant. Based on the aforementioned studies, this study sought to
compute the water stress index (CWSI) under irrigation treatments in the climate of North Isfahan in
order to identify the irrigation time.
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Methodology

This study was carried out in Borkhar, north of Isfahan, Iran, during the crop year of 2013. The
area is located at 32° 47’ and 51° 45’ longitude and latitude. The altitude of the area is 1950 m. The
weather condition of Borkhar is warm and dry, the moisture content in the air is an average of 35%,
and the maximum evapotranspiration (ETO) is 7 mm day-1.
This study was conducted with five irrigation treatments, where the amount of Total Available Water
(TAW) was 37, 63, 75, 87, 100%, respectively, in four replications.
Single Cross maize 701 (SC-701) was selected as an appropriate plant. The growth period of corn
was 125 days. It was planted in the crop year 2013, June 27, and was harvested in October 29.
Regarding the pilot study and the measurement of parameters, each was done in an area of 500 m? in
the farm. The maize crops were cultivated within 0.75 m between rows and 12 cm between the
bushes. When the plants leaves reached a level that could be measured, data collection was started.
Measurements were done between two irrigations (on sunny days) every hour from 8 a.m. to 6 p.m.
Relative humidity (RH), air temperature (Ta), and leaf area temperature (TL) were measured near the
leaf area and Soil Moisture (SM) was measured at the level of the plant shadow. The Vapour
Pressure Deficit (VPD) was determined using air temperature and relative humidity (Monteith and
Unsworth, 2013).

Results and Discussion

The data indicated the position of the upper base lines under each treatment and showed that by
increasing water stress, the upper and lower base lines were displaced. As a result of increasing water
stress from T5 to T1, the linear gradient tilt (TI-Ta) and VVPD fell below the baseline from +0.2046 to
-1.3529. On the other hand, as a result of increasing water stress from T5 to T1, the tensile base line
rose from 1.3 to 5.
The CWSI was calculated on the basis of the lower and upper base line equations and the value of
CWSI was calculated on the day after irrigation under each treatment. By increasing the acceptable
drainage from 37% to 100%, the CWSI increased from 0.07 to 0.44.
The CWSI was calculated on the basis of the lower and upper base line equations and the value of
CWSI was calculated on the day before irrigation under each treatment. As a result of increasing
drainage volumes from 37% to 100%, the CWSI increased from 0.12 to 0.46.

Conclusions

In this study, the CWSI was calculated in the days before irrigation in T1, T2, T3, T4 and T5
treatments, and its values were 0.12, 0.21, 0.24, 0.30 and 0.46, respectively. The results also showed
that with soil moisture change from 100 to 37 percent, the CWSI was about 3.5 times higher.
Accordingly, the CWSI can be used to plan irrigation. Comparison of yield of treatments showed that
the best irrigation time is based on T3 treatment when the CWSI is less than 0.24. In addition, it
maintains optimum performance of water saving in irrigation. Therefore, the CWSI can be used to
plan irrigation.
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Table 1- Climate conditions during the growing season of corn in 2013
Rainfall Maximum Minimum Maximum Minin_1um
Month (Year) (mm) temperature  temperature r_elatlve r_elatlve
(°C) (°C) moisture (%) moisture (%)

June 2013 0.0 40.0 11.8 34.0 3.0
July 2013 0.0 41.1 11.8 43.0 3.0
August 2013 0.0 36.5 8.8 41.0 3.0
September 2013 0.0 33.0 3.0 81.0 3.0
October 2013 0.0 27.0 2.9 87.0 3.0
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Table 2- Date and depth of irrigation water (mm) for different irrigation treatments (T1-T5) in 2013

Tl T2 T3 T4 T5
28 June 105 105 105 105 105
5 July 60 60 60 60 60
26 July 120 120 120 120 120
3 August 115 115 115 115 115
11 August 130 130 130 130 130
20 August - - - - 70
23 August - - 70 70 -
25 August - 70 - - 70
28 August 70 - - 70 -
4 September - - 70 - 70
7 September - 70 - 70 -
20 September - - - - 70
27 September 70 - 70 70 -
4 October - 70 - - 70
9 October - - 70 70 70
Total 670 740 810 880 950
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Fig. 1- Relationship between volumetric soil moisture and TDR for calibration
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Table 3- Physical and chemical properties of soil

Depth orcile o EC N P K

(cm) #Clay  %Silt %Sand  Text. (Dsm-1) (%) (Mgkg-1la.v.a) (Mgkg-1a.v.a) PH

0-30 36 46 29 CL 3.5 0.1 40 423 8.2

30-60 38 46 16 Si.CL 2.6 0.03 6.7 298 8.4
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Fig. 2- Position of the upper and lower base lines under each treatment. (T: treatment number, U-L:
upper base line, L-L: bottom line)
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Table 4. Estimation of leaf and air temperature difference versus Vapor Pressure Deficit (VPD)

Treatment The base line equation above Bottom line equation R?
T1 (T,-T,), =5 (T, -T.),, =—1.3176VPD+0.2064 0.66
T2 (T, -T,), =39 (T. -T.),, =—1.3095VPD—0.9412 0.65
T3 (T, -T.), =23 (T.-T,),, =—1.4101vPD —1.7105 0.67
T4 (T, -T.), =19 (T, —T,),, =—1.9831VPD —1.4081 0.70
T5 (T, -T.), =13 (T. —T.),, =—2.1849VPD —1.35292 0.74
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Table 5- Changes in temperature difference between leaf and air relative to 3 kPa VVapor Pressure
Deficit (VPD) in irrigation treatments

Treatment
VPD (K Pa)
T1 T2 T3 T4 T5
3 | -3.7 -4.9 -5.9 -7.3 -8.0

B sloss 31 g 53 GolT 31 ow 395 38 CWSI dulome (51 9 55 3590 SeMb! -1 Sou
Table 6- Information needed to calculate CWSI on the day after irrigation in each treatment.

Tl T2 T3 T4 T5
CWSI | TL-TA | CWSI | TL-TA | CWSI |TL-TA| CWSI |TL-TA|CWSI |TL-TA Repeat
0.39 -2.6 0.16 -3.5 0.13 -5.7 0.07 | -10.4 | 0.06 | -11.7 | Firstrepeat
0.45 -2.4 0.19 -3.2 0.14 -5.6 0.09 -10.2 | 0.08 | -11.5 | Second repeat
0.49 -2.2 0.21 -3 0.15 -5.5 0.10 -10 0.08 | -11.4 | Third repeat
0.43 -2.5 0.18 -3.3 0.14 -5.6 0.07 -10.1 | 0.07 | -11.4 | Fourth repeat
0.44 -2.4 019 | -3.25 | 0.14 -5.6 0.09 10.2 | 0.07 | -11.55 Average
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Table 7- Information needed to calculate CWSI on the day before irrigation in each treatment

T1 T2 T3 T4 TS5
CWSI | TL-TA | CWSI | TL-TA | CWSI | TL-TA | CWSI | TL-TA |CWSI | TL-TA Repeat
0.43 -0.2 0.34 -1 0.24 -3.5 0.23 -4.5 011 | -6.3 First repeat
0.45 -0.0 0.29 -1.4 0.26 -3.3 0.20 -4.4 0.14 | -6.0 | Second repeat
0.52 1.0 0.27 -0.8 0.21 -3.7 0.29 -4.1 0.12 | -6.2 | Third repeat
0.47 0.16 0.30 -11 0.25 -3.4 0.22 -4.2 0.13 | -6.1 | Fourth repeat
0.46 0.26 0.30 | -1.06 0.24 -3.5 021 | -433 | 0.12 | -6.16 Average

d’..ll.o)T 3o CWSI el il slg @ i-A Jeu
Table 8- Analysis of the variance of the CWSI in the experiment

Before irrigation

After irrigation

Sources of changes d.f. Average of squares
CwsI CWsI
Soil moisture 4 0.049** 0.07**
Repeat 3 0.00 ns 0.003**
Error 9 0.001 0.00

** And * are significantly different at 1 and 5% levels, respectively.
(ns): no significant differences at the 5% significance level.

O8O0 3T 3l odliiwl b (S3kT 3l ax 9 d CWSI (sl 1Sl dwlio -2 Jgo
Table 9- Comparison of CWSI means before and after irrigation using Duncan test

Before irrigation ‘ After irrigation
Treatment
CWSI
T1 0.47d 0.45d
T2 0.30c 0.19¢
T3 0.24b 0.14b
T4 0.21b 0.09a
T5 0.12a 0.08a

Means with the same letters within a season were not significantly different at the 5% significance level.
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Table 10- Analysis of variance of yield and grain yield of maize (ANOVA)

Mean squares
Year | Source of variation (SOV)
d.f. | Wetyield | Dryyield | Plant height |Grain yields
Block 3 161.82 16.68 31.95 1.18
Treatment 4 315.00ns | 23.05** 97.18ns 4.21*
Error 12 50.15 6.13 54.74 14
cv (coeff var) 8.00 9.58 4.27 13.93
** And * are significantly different at 1 and 5% levels, respectively.
(ns): no significant differences at the 5% significance level.
OSS 0g03l 50 B slod (pSbo dwlio -1 Jou
Table 11- Average different treatments in Duncan test
Wet yield Dry yield Plant height Grain yields
Year Treatment (ton ha-1) (ton ha-1) (cm) (ton ha-1)
T1 77.8¢ 22.0c 165 ab 7.1b
T2 80.3 bc 25.2 ab 176 ab 7.3b
T3 91.0ab 26.8a 171 ab 9.2a
T4 97.2a 28.0a 171 ab 93a
T5 95.8a 27.4a 178 a 9.6a
Avg 88.4 25.9 172 8.5

Means with the same letters within a season were not significantly different at the 5% significance

level.
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