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Abstract

[bookmark: _GoBack]Qualitative and quantitative restrictions on water resources have given rise to large water stress on land and plants. The recognition of such stresses can be of help in crop management. Due to the large impact on yield, water stress plays an important role in planning proper irrigation, the timing, and amount of water needed by plants. Crop Water Stress Index (CWSI) is one of the key factors for monitoring and quantifying water stress as well as for irrigation scheduling. Maize is the most widely produced crop in the world. This study was conducted in the crop year 2013 for the purpose of Maize (SC-701) irrigation scheduling under climatic conditions of nortern part of Isfahan (i.e., Borkhar) through temperature of leaf, with five irrigation treatments of 35, 65, 75, 85, 100 % Total available water (TAW), in four replications. The results indicated the decline in Total available water from 35 to 100%, and the differences of around 4 ° C in leaf temperature. CWSI increased about three. It is of note that CWSI index in the day before the irrigation for the treatment of T1 to T5 of was about 0.12 to 0.46, respectively. The results revealed that non-stress equation for corn in the treatment T3, was  and stress equation was completely fixed and is equal to 2.3. Crop Water Stress Index is based on irrigation planning and it was 0.24. Examining yield results revealed that irrigation scheduling in this area should be done by treatment of 75% Total available water. 
Key words: Deficit irrigation, leaf surface temperature, Crop water stress index (CWSI), Soil Water deficit;


Introduction
Nowadays, the world is facing with increasing population and demand for food as well as shortage of fresh water supplies (Zhang et al., 2016). Deficit irrigation (DI) and urban wastewater utilization are two management solutions for the purpose of reducing fresh water consumption in agriculture. Farmers in northern part of Isfahan employ these strategies due to shortage of irrigation water resources, decline of groundwater level in the area and for the purpose of increasing in the area under cultivation. Precise irrigation planning could be helpful 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). The intensity of water stress rides on the time and duration of the irrigation. In view of this, proper methods are needed to classify the water needed by plant in a spatially and temporally manner, and to consider the economic and environmental benefits (Herwitz et al., 2004; Taghvaeian et al., 2013).
Irrigation scheduling methods can be pigeonholed into three categories, namely, the use of water billing, the use of soil profiles, and the use of plant profiles. In this method, water balance is taken into account. Above all, irrigation is usually done when an acceptable amount of available soil water (i.e., readily available water) is used by the plant. Identifying the amount of available soil water for use rides on a variety of factors, such as plant type, physical, and chemical features of the soil. Along these lines, researchers have tried to employ methods that use all the parameters affecting evapotranspiration and water absorption to select a more proper management method. In this regard, the water stress of plants with several indices has been investigated. To compute these indices, it seems necessary to measure the temperature of the leaf surface and air.
Since 1970, Canopy temperature has been accepted as an indicator of water stress because the plants under stress, close their stomata for preserving the water and reducing stomata conduction, decreasing transpiration, and increasing leaf temperature (Ballester et al., 2013; Grant et al., 2006; Idso et al., 1977; Jones, 1999; Leinonen and Jones, 2004; Rodriguez et al., 2005). The relationship between air and canopy temperature has become more variable under water deficits (Mahan et al., 2012; Jackson et al., 1981). In this way, the use of canopy temperature to assess plant growth and development in a limited water context may be more reliable than air temperature alone (Mahan et al., 2014).
Critically, Tc can deviate significantly from Tair (Siebert et al., 2014; Rezaei et al., 2015). For instance, when soil is wet, as after a rainfall or irrigation, Tc may be several degrees cooler than the air. In opposition, with a dry soil profile, canopies can be several degrees warmer than the air owing to the shrinkage of transpiration rates associated with stomatal closure under water deficit (Clawson et al., 1989; Wall et al., 2006). However, low transpiration rates can also take place when soils are wet, to be precise, when the air-canopy vapor pressure deficit (VPD) is low as it is the case in humid-cool conditions. In addition, weather variables such as amount of incident solar radiation and wind speed (which drives advection) can exert a large direct impact on Tc through the heat balance of the cropped surface (Monteith & Unsworth, 1990), and also indirectly through their influence on crop water use.
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 were calculated from the difference in vapor pressure for different irrigation treatments in soybean and watermelon plants. And sorghum in different irrigation systems was studied by O'Shaughnessy et al. (2010) and the crop water stress index (CWSI) was calculated.
Alderfasi and Nielsen (2001) examined the use of water stress index on wheat in Colorado, USA, and concluded that the plant water stress index is a useful tool for evaluating the condition of winter wheat. The water stress index of plants is also employed to identify the irrigation time and evaluation of water status in plants. Zang 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 is higher and the plant uses the most energy for cob growth and thus transpiration from the plant shrinks. Their results indicated that reduced transpiration and water absorption gave rise to an increase in temperature of leaf surface. Mention should be made that in the previous research, the use of the CWSI in irrigation treatments, as well as measuring relative humidity and temperature of the leaf area of the plant is less. Measuring the potential of water in the planting environment due to factors such as root conditions and lack of steam pressure, the presence of water at any potential cannot guarantee the water absorption by the plant. To this end, the use of available water in leaf and leaf surface temperature were considered as an indicator.
According to the aforementioned studies, the this study sought to compute the water stress index (CWSI) of the plant using the Idso method and plotting the lower and upper base line for maize (SC-701) under irrigation treatments in the North climate of Isfahan and use it to identify Irrigation time.


Materials and method
Experiments were carried out in the area of Borkhar, north of Isfahan during the crop year 2013-2012. The area was 32 ° 47 'longitude and 51 ° 45' longitude. The altitude of the area is 1950 m (Fig.1). The climate of this region, like Isfahan, is warm and dry, and the moisture content in the air is 35(%). the maximum evapotranspiration (ETO) is 7 (mm/day) in June. The weather conditions of the area during the growing season of corn are expressed in Table (1). A randomized complete block design along with five irrigation treatments (T1-T5) and four replications was integrated as the design of the study. The treatment and height of irrigation water during the months of June to October are tabulated in Table (2). T1 and T5 treatments have minimum and maximum water intake. The treatments were selected on the basis of the irrigation time and water stress intensity, which both affect the yield of the product. T1, T2, T3, T4 and T5 treatments consisted of 100, 85, 75, 65, and 35% Total Available Water (TAW). Irrigation was done when volumetric moisture content reached the values in each treatment. Different percentages of moisture content were measured by TDR. TDR measures soil moisture at a depth of 35 cm. When the TDR in different plots showed moisture content equal to the amount of water in the desired treatment, irrigation was carried out Fig.3 (a). In tandem, three tensimeters at a depth of 35 cm were installed in three blocks (block 1, 3 & 5) in different parts of the earth and soil moisture was read by them Fig.3 (b). The relationship between the moisture content calculated from the tensiometer and the moisture content was calculated by the equation of Van Genuchten Fig.2. 
The area of each experimental block was 25 m2, and in each block six rows of maize were planted at a distance of 0.75 m between the rows. The blocks were irrigated via an irrigation system stack. The wheat was harvested, then the blocks were cut. A plumbing system was drawn across the farm surface and each piece was irrigated through a separate valve of diameter 32 mm and the main pipe was connected to a meter and then connected to the major pipe of the farm. Irrigation was manually controlled.
Experimental plant was selected Maize (SC-701). The growth period of corn was 125 days, which was planted on June 27, in the crop year 2013, was harvested on October 29. Some of the physical and chemical features of the sampled soil are displayed in Table (3). The soil from ground to depth (0-30 cm) is clay with pH of 7.3 and EC of 3 dS m-1 and the depth (30-60 cm) is silty clay and with pH of 8.2 and EC 3.5 dS m-1. According to soil testing, it was necessary to have 8 to 10 kg/ha triple phosphate fertilizer (46% phosphorus) manually in each plot at planting time.
Fifty kg ha-1 of ammonium nitrate was fed to the ground with irrigation water. Ammonium nitrate was blended into irrigation water in the first of September first and third with the second irrigation to the field. Cruise herbicide 4 lit/ha on 29 beams and Lasso herbicide at 20 lit/ h on August 26.
When the leaf size reached to a degree that could be used to measure the surface temperature of the leaves, it was done from August 23 to the time of harvesting the plant. Peripheral parameters, including leaf area temperature (TL), measured daily, at a distance of 30 cm from the leaf surface, were measured by an infrared thermometer (Germany's testo 625 model with a precision of 0.1 ° C) Fig.3 (c). The leaf temperature of the leaves in the days before and after irrigation was measured every hour from 8 am to 6 pm via infrared thermometer using four directions of the upper, lower, left and right side of the leaf, and the average was recorded. The temperature of the air (Ta) was measured by a digital thermometer (model Test 625 with 0.5 ° C accuracy) instantaneously Fig.3 (d). Finally, the difference between the temperature of the air and the leaf area (Ta-TL) was also calculated. The digital humidity meter (model Test 625 with 2.5% accuracy) was employed to identify relative humidity (RH) Fig.3 (d). Moisture meter (model Test 625 with 2.5% accuracy). Moisture meter was placed at a distance of 1 to 2 cm from the leaf surface at which the temperature was measured and its relative humidity was identified. The Steam Pressure Deficiency (VPD) of equation (2) was determined after computing the air temperature and relative humidity. Using these data, the regression line was drawn between the difference of the temperature of the leaves and the air as well as the air vapour pressure deficiency. Soil Moisture (SM) was measured by the TDR 100 model (USS Scott Field) and used to estimate it with water potential in the medium using a Tensiometer whose graduation ranged from 0 to -600 in mill bar Fig.3 (a,b).
The water stress index of CWSI plant was based on the linear relationship, during daytime and under homogeneous conditions (daylight or cloudy) between leaf surface temperature and temperature (TL-Ta) and VPD steam shortage for a well-irrigated product with the rate of potential transpiration is (Idso et al., 1981). The shortage of VPD vapor pressure was identified by equation (1), after calculating the air temperature and relative humidity (Monteith & Unsworth, 2013). The difference in temperature between leaf and air was measured by the VPD saturation vapor pressure deficiency of more than 100 W / m2 in the solar radiation. The deficiency of VPD saturation vapor pressure is defined in equation (1).
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Ta: Temperature (° C), RH: Relative humidity (%), VPD: Vapor pressure deficiency (kPa) 
The shortage of VPD saturation vapor pressure was used to calculate the NWSB water stress baseline. The bottom line (without water stress NWSB) is a special feature of each plant and represents the conditions in which the plant has no limitations in terms of water supply from the root zone, and evapotranspiration is within the maximum range. AIDS has introduced the lower-tension line as follows (Idso et al., 1982):
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In this regard,  the difference between the surface temperature of the leaf and the air in the lower base line conditions (° C), a width from the origin and b: the linear gradient. Experimental coefficients of non-stressed basal line were measured using temperature of leaf area in five irrigation treatments Table (2).
The highest water stress line (full stress) is computed irrespective of the vapor pressure shortage and is derived from Equation (3) (Idso et al., 1982).
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h: constant value in degrees Celsius, (Tl-Ta) ul: difference between the surface temperature of the leaf and the air in the upper base line conditions (° C).
Previous studies suggest that for the empirical determination of the non-stressed baseline and water stress baseline, be used directly from pure radiation, stomata resistance, and micro-climatic conditions of the product, and this is an influential technique for the identification of CWSI (Ballester et al. 2013). The CWSI actual temperature was computed using Equation (4) (Idso et al., 1981; Jackson et al., 1981).
	
	(4)


(Tl-Ta) m: Leaf and air temperature difference is the day the CWSI target is set for that day.

Results and discussions
Based on the equations presented in the previous section and the field data, in the days after irrigation, the bases without water stress were calculated in real conditions of the farm Fig. 4, 5.
The regression curve for data was fitted in each treatment and the lower and upper base line equations were tabulated in Table (4). The greatest number of data in the range of 1 to 6 kilopascals is the lack of air vapor pressure.
Days after irrigation with increasing air temperature from morning to evening, with increasing air pressure and increasing evaporation and transpiration, water flow from root to leaf is always maintained and the plant is kept cool. This process continues until the plant can absorb water from the soil. But when the plant cannot absorb soil moisture, it becomes watery and the irrigation time is reached, especially at noon hours, with the increase in the lack of air vapor pressure and the increase in air temperature, the temperature difference between the leaf surface and air decreases and the leaf temperature increases. Base lines based on stress and non-stress conditions for T5 to T1 treatments were used to calculate CWSI. The amount of R2 in Fig. 4 and Table 4 shows the correlation between the temperature difference of the air and the leaf area against the difference in vapour pressure. The lowest amount of R2 (0.665 and 0.652) was observed in both T1 and T2 treatments. As a result of the decline of water absorption and transpiration, the leaf surface temperature is higher and the difference in leaf and air temperature is positive. The highest amount of R2 (0.70 & 0.74) was related to two T4 and T5 treatments, which increased the water absorption and transpiration. As soon as the leaf surface temperature decreased, and the difference between the surfaces temperature of the leaves and the air was negated and the yield of the product increased. The results of Idso et al., 1977, showed that when the plant does not have water deficit, the difference between the plant's green cover (Tc) and the temperature (Ta) is negative. When the plant is under intense tension, the difference between the temperature of plant and air green cover somewhat positive.
The data in Table 4 and Fig.4 indicate the position of the upper base lines under each treatment and Fig.5 indicates that with increasing water stress, the upper and lower base lines are displaced. As a result of increasing the stress of irrigation water from T5 to T1, the linear gradient tilt (Tl-Ta) and VPD has fallen 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 has also risen from 1.3 to 5. Mangus et al. (2016) obtained the water stress base line at different stages of corn growth, equal to 5. Alderfasi and Nielsen (2001) presented the low-level wheat line equation at Colorado State University (Collins) (Tc-Ta) l.l = 0.41-1.5 VPD. Mangus et al. (2016) presented the base-line equation as follows. Empirical leaf canopy and air temperature deficit versus VPD during (a) germination and seedling stage (Tc-Ta) l.l = 2.9491-3.3865 VPD, (b) rapid growth stage (Tc-Ta) l.l = 3.5164 -3.3981 VPD, (c) reproductive stage (Tc-Ta) l.l = 4.2097-2.7815 VPD, and (d) Maturity stage (Tc-Ta) l.l = 4.2337-2.7367 VPD.
The results showed that the line equations for the minimum stress of different products are similar in appearance, but the angle and width coefficients are not similar at the source. It is of note that even under different irrigation conditions and different irrigation treatments, a single equation cannot be proposed for a particular plant. Comparing the bottom line of corn in different treatments suggests this discussion. Based on the slope changes of the bottom lines and their relative position, the reduction (Tl-Ta), for increasing the unit VPD in each of the irrigation treatments and the variation in the temperature difference between the leaf and air temperature, can be reduced to a value deficiency of steam pressure. For instance, for the lack of steam pressure of 3 kPa, the variation in leaf and air temperature difference variations was presented in Table 5. Negative numbers indicate that the air temperature is higher than the surface temperature of the leaves, as well as for the reduction of the drainage allowed the humidity rises from 35% to 100% (TAW), the difference in leaf and air temperature is around 4 °C. The (CWSI) was calculated on the basis of the lower and upper base line equations in equation (4), and the value of CWSI was calculated on the day after irrigation under each treatment. The average leaf and air temperature, as well as the CWSI for each treatment and recurrence, are displayed in Table (6). Data from Table 6 disclose that with decreasing soil moisture, surface irrigation temperatures are rising in irrigation treatments, resulting in differences in leaf and air temperature. Because of irrigation at each turn, the irrigation is based on the desired treatment, so the stress produced as a result of shortage of irrigation water increases leaf area temperature and CWSI. According to the results of analysis of variance in Table (8), the effect of experimental treatments on CWSI is discussed in detail below. The results of Table of analysis of variance revealed that irrigation treatments have a significant effect on the CWSI at a one percent probability level. Comparison of CWSI meanings by Duncan test Table (9) for different irrigation treatments showed that there is a significant difference between treatments. By decreasing the acceptable drainage from 37% to 100%, the CWSI increased from 0.07 to 0.44. Irmak et al. (2002) and Greaves and Wang (2017) reported similar observations in CWSI trend in cases of water deficit stress. For irrigation scheduling, the actual stress before irrigation, leaf area temperature changes (each of the treatments under stress) were used. The average leaf and air temperature and CWSI for the days before irrigation in each of the treatments and replicates are displayed in Table (7). According to the results of variance analysis of Table (8), the effect of experimental treatments on CWSI in the days before irrigation is discussed in detail below. The results of analysis of variance show that irrigation treatments have a significant effect on the CWSI at a one percent probability level. Comparison of CWSI meanings by Duncan test (9) for different irrigation treatments showed that there is a significant difference between treatments. As a result of decreasing drainage volumes from 37% to 100%, the CWSI increased from 0.12 to 0.46. the crop water stress index (CWSI) is closely related to extractable water in the root zone, making it an effective parameter for identifying the severity of crop water stress. For the purpose of this study, the following threshold was adopted to indicate the severity of water stress imposed by the irrigation treatments: CWSI values ≤ 0.2 little to no water stress, 0.2 < CWSI values ≤ 0.4 mild to moderate water stress and CWSI > 0.4 severe water stress. The threshold values adopted in the previous studies were appropriate for the severity (Irmak et al., 2000; Candogan et al., 2013).
The results of analysis of variance of yields of irrigation treatments are displayed in Table 10. Results showed that there was no significant difference between yields of T3 to T5 treatments. The results of comparison of yields in irrigation treatments for corn are presented in Table (11). In this research, the highest grain yield was 9.6 ton h-1 for T5 treatment and the lowest grain yield was 7.1 ton h-1 for T1 treatment. Table (11) shows the results of variance analysis for grain yield between treatments and different years, which has a significant difference at 5% probability level Table (10). Corn plant is relatively tolerant in vegetative stage and its handling of water shortage, but the highest losses take place owing to blue stress during flowering period. Plant height was measured at the end of vegetative growth stage. The maximum height of 178 cm, belonging to T5 treatment and the lowest height of 165 cm, went well with T1 treatment. Table (11). The results of analysis of variance showed that the effect of irrigation treatments was not significant at 5% probability level Table (10). Comparison of yield of treatments showed that the best irrigation time needs to be based on T3 treatment, which in addition to maintaining the optimum performance of water saving in irrigation. Also, the water stress index of the plants in the days before irrigation in T1 T4, T3, T2 and T5 treatments was 0.12, 0.21, 0.24, 0.30 and 0.46 respectively. As a result, the best irrigation time is when the CWSI is less than 0.24. Irrigation scheduling based on the equation Idso (1981) states that the maximum stress does not exceed 0.24. To identify the irrigation time, the surface temperature of the leaf is measured at 12 to 15 hours, and then, according to equation 1 to 4, the value of the CWSI is calculated. If the calculated value is greater than 0.24, irrigation should be carried out. These findings bear testimony to those reported by Yazar et al. (1999) who observed that minimal biomass yield reductions occur at a threshold CWSI value of 0.33 or less for maize. Significant reductions in biomass due to crop water stress have also been reported in other studies (e.g., Omidi et al., 2012; Djaman et al., 2013; Greaves and Wang, 2017). The high productivity associated with DI in maize production, as long as water application amount is adequate to keep soil moisture below the stress threshold and irrigation timing cannot impose stress during the critical growth period, can be attributed to the stimulated physiological response of the crop after soil drying episodes leading to compensation or overcompensation in plant growth and grain yield (Yi et al., 2010).

Conclusions
The decline of air vapour pressure during the growing season varies from 1 to 6.2 atmospheres. The low-base equation in irrigation treatments indicated that with increase of VPD, the difference between leaf surface temperature and air temperature widened. The results of this study showed that reducing irrigation water increased the surface temperature of the leaf, increasing from 35% to 100% TAW, and the leaf surface temperature difference increased to about 4 °. In this study, the CWSI was calculated in the days before irrigation in T1, T2, T3, T4 and T5 treatments, respectively, 0.12, 0.21, 0.24, 0.30 and 0.46, respectively. The results also showed that with soil moisture change from 26 to 36 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 based on T3 treatment and when CWSI is less than 0.24, in addition to maintaining optimum performance of water saving in irrigation. The results also showed that with soil moisture change from 26 to 36 percent, the CWSI was about 3.5 times higher. As a result, the CWSI can be used to plan irrigation. Comparison of yield of treatments showed that the best irrigation time based on T3 treatment and when CWSI is less than 0.24, in addition to maintaining optimum performance of water saving in irrigation.
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	Table 1. Weather during the maize growing periods in 2013

	Month (Year)
	Rainfall (mm)
	Temperature (ºC)
	Relative Moisture (%)

	
	
	Maximum 
	Minimum
	Maximum 
	Minimum

	Jun,             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
	5.0



	Table 2. Date and depth of irrigation water (mm) for different irrigation treatments (T1-T5) in 2013

	year
	treatment
	Jun
	July
	August
	September
	October
	Total

	2013
	T1
	105
	180
	315
	70
	0
	670

	
	T2
	105
	180
	315
	70
	70
	740

	
	T3
	105
	180
	315
	140
	70
	810

	
	T4
	105
	180
	385
	140
	70
	880

	
	T5
	105
	180
	385
	140
	140
	950

	
	
	
	
	
	
	
	




	Table3 .Physical and chemical properties of texted of soil 

	Depth  (cm)
	Physical Tests
	EC
	N
	P
	k
	PH

	
	%Clay
	%Silt
	%Sand
	Text.
	Ds m-1
	%
	Mg/kg
a.v.a
	Mg/kg
a.v.a
	

	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



	
	Table 4. Estimation of leaf and air temperature difference versus saturated vapor pressure

	R2
	Bottom line equation
	The base line equation above
	treatment

	0.66
	

	

	T1

	0.65
	

	

	T2

	0.67
	

	

	T3

	0.70
	

	

	T4

	0.74
	

	

	T5




Table 5. Leak and air temperature difference calculated from the equations (Table 4) for steam pressure deficiency 3 kPa
	T5
	T4
	T3
	T2
	T1
	treatment

	-8
	-7.3
	-6
	-4.9
	-3.7
	Leaf and air temperature difference (Cº)






Table 6. Information needed to calculate CWSI on the day after irrigation under each treatment
	Repeat
	T5
	T4
	T3
	T2
	T1

	
	TL-TA
	CWSI
	TL-TA
	CWSI
	TL-TA
	CWSI
	TL-TA
	CWSI
	TL-TA
	CWSI

	First Repeat
	-11.7
	0.06
	-10.4
	0.07
	-5.7
	0.13
	-3.5
	0.16
	-2.6
	0.39

	Second Repeat
	-11.5
	0.08
	-10.2
	0.09
	-5.6
	0.14
	-3.2
	0.19
	-2.4
	0.45

	Third Repeat
	-11.4
	0.08
	-10
	0.10
	-5.5
	0.15
	-3
	0.21
	-2.2
	0.49

	fourth Repeat
	-11.4
	0.07
	-10.1
	0.07
	-5.6
	0.14
	-3.3
	0.18
	-2.5
	0.43

	Average
	-11.55
	0.07
	10.2
	0.09
	-5.6
	0.14
	-3.25
	0.19
	-2.4
	0.44



Table 7. Information needed to calculate CWSI on the day before irrigation under each treatment
	Repeat
	T5
	T4
	T3
	T2
	T1

	
	TL-TA
	CWSI
	TL-TA
	CWSI
	TL-TA
	CWSI
	TL-TA
	CWSI
	TL-TA
	CWSI

	First Repeat
	-6.3
	0.11
	-4.5
	0.23
	-3.5
	0.24
	-1
	0.34
	-0.2
	0.43

	Second Repeat
	-6.0
	0.14
	-4.4
	0.20
	-3.3
	0.26
	-1.4
	0.29
	-0.0
	0.45

	Third Repeat
	-6.2
	0.12
	-4.1
	0.29
	-3.7
	0.21
	-0.8
	0.27
	1.0
	0.52

	fourth Repeat
	-6.1
	0.13
	-4.2
	0.22
	-3.4
	0.25
	-1.1
	0.30
	0.16
	0.47

	Average
	-6.16
	0.12
	-4.33
	0.21
	-3.5
	0.24
	-1.06
	0.30
	0.26
	0.46



Table 8- Analysis of the variance of the CWSI in the experiment
	After irrigation
	Before irrigation
	d.f.
	Sources of changes

	Average of squares
	
	

	CWSI
	CWSI
	
	

	0.07**
	0.049 **
	4
	soil moisture

	0.003**
	0.00 ns
	3
	Repeat

	0.00
	0.001
	9
	Error


ns, ** and *, respectively, are meaningless and meaningful at the probability level of 1 and 5%.

Table 9 - Comparison of CWSI meanings before and after irrigation, using Duncan test
	After irrigation
	Before irrigation
	treatment

	CWSI
	

	0.45 d
	0.47d
	T1

	0.19 c
	0.30c
	T2

	0.14b
	0.24b
	T3

	0.09a
	0.21b
	T4

	0.08a
	0.12a
	T5


The meanings of the alphabets do not differ significantly from each other.* Treatments were introduced in the materials and methods.


	Table 10. Analysis of variance of yield and grain yield of corn (ANOVA)

	Year
	Source of
	 
	 
	
	Mean squares
	 
	 

	
	Variation (SOV)
	d.f.
	Wet  yield
	
	Dry  yield
	plant height
	grain yields

	2013
	block
	3
	161.82
	
	16.68
	31.95
	1.18

	
	treatment
	4
	315.00n.s
	
	23.05**
	97.18n.s
	4.21*

	
	Error
	12
	50.15
	
	6.13
	54.74
	1.4

	
	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.


	Table 11. Average Different treatments in Duncan
	
	
	
	

	Year
	treatment
	Wet  yield
	
	Dry  yield
	plant height
	grain yields

	 
	 
	(ton ha-1)
	
	(ton ha-1)
	(cm)
	(ton ha-1)

	2013
	T1
	77.8 c
	
	22.0 c
	165 ab
	7.1 b

	
	T2
	80.3 bc
	
	25.2 ab
	176 ab
	7.3 b

	
	T3
	91.0ab
	
	26.8 a
	171 ab
	9.2 a

	
	T4
	97.2 a
	
	28.0 a
	171 ab
	9.3 a

	
	T5
	95.8 a
	
	27.4 a
	178 a
	9.6 a

	
	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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Fig.1. area of study



Fig.2. Relationship between volumetric soil moisture and TDR for calibration
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Fig.3. Measurement devices
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Fig. 4. Position of the upper base lines under each treatment





Fig. 5 - 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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