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ABSTRACT. The relation between the applied irrigation water, plant
water consumption and plant yield production are having the interest
of most investigators especially in arid regions such as the Kingdom
of Saudi Arabia, where water resources are limited. In this study, field
experiments were made to study the relationship between the applied
irrigation water, alfalfa plant (Hassawi cultivar) water consumption
by evapotranspiration (ET), alfalfa yield production (fresh and dry),
and water use efficiency during two successive seasons, summer 1997
and winter 1998. Four irrigation treatments were considered based on
four different soil moisture depletion ratios 9, 18, 36, and 55%,
respectively. The irrigation scheduling was designed for these four
treatments where, the different irrigation frequencies (1, 2, 4, and 6
days) and the corresponding water application rates were calculated.
A total of seventeen plant cutting was followed during the different
plant seasons, where these cuttings were illustrated as affecting factor
in crop ET and yield. The statistical analysis was made by considering
the irrigation treatments and plant cutting number as main effects
whereas the studying variables were plant ET, plant yield (fresh and
dry), and water use efficiency. The mathematical functions that  fit for
the dry yield production (Yd) obtained during the summer with the
amount of applied irrigation water were linearism whereas, the func-
tion during winter was linearism but relatively low. The function of
fresh yield production (Yf) with the amount of irrigation water during
summer was linearism but relatively low, and the function of fresh
yield and the amount of water applied during winter season was a
second-degree polynomial. The results showed that during summer
season, cut number has a significance effect on evapotranspiration,
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the amount of irrigation water (W) and the Irrigation Water Use Ef-
ficiency (IWUE). On the other hand, during winter season cut number
has a significant effect on all variables while irrigation treatment has
only significant effect on plant ET and the water use efficiency
(WUE).

1.  Introduction

Water is the only solution that has the ability to exist in the solid, liquid, and
vapor phases at the same time within the variation of earth’s  temperature. Only
a small amount of water is available as fresh water for terrestrial life (Rosenberg
et al., 1983). To manage with the limited water for agricultural practices, it is
essential to adopt water-saving agriculture countermeasures. In the Kingdom of
Saudi Arabia, alfalfa is one of the most important irrigated forage crop used for
animal feeding and is cultivated in different agricultural regions in the Kingdom
with an estimate of 2 million tons (Ministry of Water and Agriculture, 2002).

Efficiency is one of the important criteria for measuring the performance of
the irrigation systems. The term efficiency is used in many ways, sometimes as
an index of performing a task with a minimum waste effort or as a ratio of the
results actually obtained compared to results that could be obtained theo-
retically. On occasion, irrigation efficiency is not rigidly defined and may have
different interpretations. The term efficiency is frequently modified to assure
specific interesting interpretation, i.e. application efficiency, conveyance ef-
ficiency, required efficiency, water use efficiency, runoff ratio, and deep per-
colation ratio. Numerous investigators have researches in estimation and iden-
tification of the different kinds of irrigation efficiencies, among them are:
Stewart and Hagan (1973), Keller (1992), Bos (1980), Jensen (1983), Kiwan
(1992), Kiwan and Soliman (1993). They divide the system into three levels,
i.e., the reservoir system, the delivery system and the on-farm system, and find
three types of water efficiencies i.e. on farm irrigation efficiency, conveyance
efficiency over irrigation network, and storage efficiency. Martin et al. (1984)
developed a practice to assess irrigation efficiency based on the relationship
between evapotranspiration, yield, and irrigation, with the hypothesis that at lit-
tle irrigation level all the water applied as irrigation goes toward ET. The Water
Use Efficiency (WUE), is defined as the ratio between economic yield and total
growing season evapotranspiration and irrigation water use efficiency (IWUE)
is defined as the relation between crop yield to the volume of applied irrigation
water.

The limited irrigation water in a dry and semi dry environment such as the
Kingdom of Saudi Arabia means that the soil water deficit is controlled at cer-
tain stages of crop growth. Decline in WUE and IWUE can result from factors
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such as inadequate fertilization, pest control, planting date, soil water storage,
deep percolation, runoff, and extreme evaporation from soil (Howell et al.,
1995; and Howell, 2001). Many studies have been conducted on the effects of
limited available water for different irrigated crop. For example, in New Valley
Agricultural Research Station in Egypt, Sayed et al. (1996) found that alfalfa
water consumption was 229.671 cm and 276.556 cm during the 1994 and 1995
growing years, respectively and the WUE were 0.427 and 0.437 ton/cubic meter
during the two growing years, respectively. Li (1982), Fapohunda et al. (1984),
and Sharma and Alonso Neto (1986) showed that crop yield and product quality
could be largely improved with a limited irrigation volume. Aggarwal et al.
(1986) concluded that the ratio between grain yield and total growing season
evapotranspiration for wheat decreased with increasing evapotranspiration.
However, Musick et al. (1994) showed that water use efficiency showed no
changes with seasonal evapotranspiration.

A field experiment at the Hada Al-sham Experimental Station, King Abdul-
aziz University, Saudi Arabia was therefore conducted for alfalfa to study the
effect of different irrigation treatments on crop yield and evapotranspiration.
The results of this study should provide tools to farmers and irrigation managers
in the region on how to minimize crop evapotranspiration and irrigation water
use, while maintaining high yield productivity.

2.  Materials and Methods

2.1  Experimental Site

The field experiments were conducted at the Hada Al-Sham Agricultural Ex-
perimental Station of King Abdulaziz University, Jeddah, Saudi Arabia. The
station occupies an area of 1,000,000 m2 located about 125 km northeast of Jed-
dah at an elevation of about 100 m above sea level (latitude 21º45'N, longitude
39º39'E). It has an average annual rainfall of less than 50 mm, and groundwater
table lower than 40 m beneath soil surface. The climate is arid with a mean
monthly maximum temperature during summer of 43.5ºC and means monthly
minimum temperature during winter of 17.6ºC.

2.2  Planting and Land Preparation

Before site planting, the land was tilled perpendicularly two times using
moldboard plow at depth 25-30 cm. Then the land surface was leveled two
times: in dry condition and after wetting by initial irrigation water. The experi-
mental area was divided into sub-basins, each having 5 m by 5 m dimension.
The Alfalfa cultivars was (Medicago Sativa L.) (Hassawi), where the seeds
were distributed randomly by hands. The fertilization types and rates for each
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basin were fixed where the illustrated treatments were the irrigation treatments
only. The applied fertilizers before planting were potassium sulphate (50%) by
a rate of 400 kg/ha and superphosphate (46%) by a rate of 400 kg/ha. After
planting, nitrogen (urea) fertilizer was added by a rate of 150 kg/ha during the
crop cutting.

2.3 Design of Irrigation Scheduling and Data Collection

The field experiments were conducted during the period from July 1st, 1997
to July 28th, 1998, were Alfalfa crop was cultivated and a total of seventeen-
crop cuttings were made. The total area of the site was 432 m2 12 m by 36 m.
The experiment was designed by using the Complete Randomized Block De-
sign method where four different irrigation treatments (regimes) with three rep-
lications were considered.

The different agriculture and irrigation treatments were designed and fol-
lowed continuously at every crop cut. Four irrigation treatments (I1, 12, 13 and
14) were followed to study the effect of irrigation frequency and soil-moisture
stress on the crop water consumption and crop productivity. The other ag-
riculture treatments were fixed during the experiments, i.e. fertilization, plant
population, pesticides, cultivar, etc. The applied irrigation system was the sur-
face flood (small basin) method.  The basins area was divided into three replica-
tions; each had four basins with 5 m by 5 m dimension. Each replicate had four
irrigation treatments (I1, I2, I3 and 14). The irrigation water delivery system
was a PVC pipe network having 2-inch diameter, while the main pipe was a
P.E. having 3-inch diameter. Different pipefitting and gate valves were allocat-
ed through the network to control the water flow (volume and time) into each
basin. A flow meter, 2-inch inside diameter, was installed at the network inlet to
measure the delivered water volume at each water application. At each replica-
tion, the four basins were irrigated by four pipe exits (P.E. pipes) having four
gate valves.

The moisture depletion ratio method was applied for designing the irrigation
scheduling and estimation of irrigation regimes. The method assumed a con-
stant rate of water losses by evapotranspiration during the decided irrigation fre-
quency, while the available water in soil was assumed as the main factor for
scheduling process. Following  this method, the total quantity of applied water
for irrigation over the season was considered the same under the different irriga-
tion treatments. Only, the frequency and the applied rate of irrigation water
were the variables in the scheduling process.

Based on the depletion ratio method, four different irrigation treatments (fre-
quency and application rate) were followed. The four considered irrigation fre-
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quencies were 1, 2, 4, and 6 days, respectively. The corresponding application
water was calculated as the equivalent water depths (cm) for each irrigation in-
terval (I1, I2, I3, and 14).

The steps for calculating the irrigation water treatment can be described as
follows:

Where, TAW is the total available water (cm) in soil-root depth (cm), FC and
WP are the percentages of soil moisture at field capacity and at permanent wilt-
ing point (based on weight), B.D. and ρw are the soil bulk density and water
density (gm/cm3), and dr is the soil-root depth (cm).

The net water depth Dn (cm) required for irrigation can be calculated by
knowing priori the irrigation frequency f (days) as follows:

Dn  =  f  ETr (2)

Where ETr, is the crop (reference) potential evapotranspiration (cm/day) during
irrigation interval as shown in Table (1). The gross irrigation water depth Dg
(cm) required for application at each irrigation frequency can be calculated by
knowing the different irrigation water losses/or the farm irrigation efficiency
Ea, as follows:

Dg  =  Dn / Ea (3)

The corresponding depletion ratio R for each irrigation application can be cal-
culated by using the following ratio:

R =  Dn / TAW (4)

The crop evapotranspiration, which was applied in these calculations, was
calculated by using the modified FAO method for the Blaney and Criddle meth-
od and the climatic data of 1996 were applied for this calculation. The reference
ETr of 1996 was applied in the irrigation scheduling calculation as shown in
Table (1). An assumption was made for plant ET estimation is that the evapo-
transpiration during each crop-cutting interval (a fixed number of 20 days) was
assumed constant. Then during each crop cutting, irrigation frequency, and water
depths (net and gross) were considered for each irrigation treatment. The gross
water depth Dg (cm) was converted to the total gross water volume (m3) for each
cultivated basin of irrigation treatment (5 m by 5m). The calculation was made
for each crop cutting. The rooting depth dr was estimated from previous studies
and experiments in the same experimental station, there was a gravel and boulder
near the soil surface, blocking the extension of plant root downward.

    
TAW

FC WP B D
dr

w

   
.= −

100 ρ
(1)
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TABLE 1. Daily evapotranspiration ETr (mm/day) of Hada Al-Sham Experimental Station (1996).

Day no.
Daily ETr (mm/day)

Jan. Feb. Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. Dec.

1 2.34 2.86 4.225   3.185 8.06 8.84 5.85 12.09 6.11 4.29 2.86 1.69

2 2.99 2.6  4.81 3.38 8.58 7.54 6.5    7.54 4.94 6.37 3.64 1.82

3 2.99 4.29 5.2  2.99 2.34 6.5  5.85   9.23 5.2  7.41 4.16   2.275

4 2.34 3.12 4.81 4.81 6.63 5.72 5.07   5.98 5.85 9.49 4.29   2.145

5 2.34 4.16 3.38 4.03 5.98 5.07 6.5  12.74 4.81 6.89 3.25 1.43

6 4.55 2.99 1.69 4.94 4.81 7.8  6.5    9.49 4.29 5.85 4.03   1.105

7   2.665 4.29 4.42 4.42 3.64 4.68 5.33   2.99 5.2  5.72 4.81   0.715

8 2.21 4.16 4.81 2.99 5.85 8.58 5.98   6.63 4.68 5.07 4.29   0.975

9   2.145 2.86 0.78   5.915 2.47 11.96    6.565   5.85 5.33 4.81 4.29 1.56

10   2.275 3.51 4.03 5.07 4.03 9.75 11.7      8.19 4.55 6.5  4.29 1.95

11 3.25 4.68 3.9  4.03 8.06 7.28 9.36   9.75 4.16 5.33 4.55 1.69

12 2.99 2.86 0.65 5.85 6.5  3.51 2.99   9.23 4.55 5.85 5.98 1.43

13 3.51 2.6  2.86 3.25   5.915 8.45 8.32   6.63 1.17   1.755 3.77 0.91

14 2.34 2.99 3.64 5.85 8.58 3.38 8.71   5.33 6.5  4.81 4.16 1.43

15 2.21 4.29 4.55 3.12 5.85 7.15 6.24 7.8 8.32 4.81 5.2  2.86

16 3.51 1.3  1.69 3.38 5.85 6.5  6.89   6.89 6.76   4.225 4.42 1.82

17 2.99 2.99 5.59 3.51 6.11 5.33 7.15   8.06 2.99 4.94 4.55 1.3  

18 2.6  2.86 4.16 3.64 7.41 4.16 6.63 7.8 5.85 3.9  4.03 1.69

19 3.25 2.73 1.69 1.56 4.94 4.29 5.72   7.15 3.9  3.77 4.55 1.43

20 2.47 4.81 3.64 4.81 6.76 5.59 10.92  7.8 2.6  4.55 4.29 1.95

21 1.95 4.16 4.81 3.9  5.59 2.47 11.18    5.59 5.85 4.55 4.16 2.08

22 2.21 10.4 1.43 4.55 6.76 8.71 6.63   4.81 6.89 4.94 3.77 2.94

23 4.29 1.82 2.99 3.9  5.33 7.54 7.02   5.07 6.76 4.55 5.98 5.33

24   3.705 3.9  4.55 4.29 6.5  8.06 6.89   5.46 2.73 5.2  3.12 2.08

25 8.19 2.99 2.86 5.2    2.145 4.94 4.81   4.42 7.15 6.37 4.29 1.43

26 3.64 3.25   4.335 1.3  7.54 6.76 6.76   8.06 7.02 6.89 3.38 2.08

27 4.68 3.12   3.185 4.55 6.11 6.24 7.41   2.99 2.34 6.89 2.6    2.145

28 3.51 3.77 5.07 3.9  5.85 8.19 8.45   5.33 2.34 6.5  2.47 2.08

29 2.73   3.445 4.42 1.95 6.5  8.06 8.32   7.67 5.85 5.07 2.08 3.38

30 3.25 2.6  5.2  9.1  4.81 9.36   3.38 4.68 4.68 1.95   2.015

31 3.12   2.925 8.97 10.725    4.745   4.615 2.21
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The depletion ratios corresponding to each irrigation treatments were cal-
culated. The ratio varied from 5% to 13.8% for irrigation treatment I1, from 7%
to 30% for irrigation treatment I2, from 15% to 59% for irrigation treatment 13,
and from 22% to 89% for irrigation treatment 14. The average depletion ratios
for the four irrigation treatments were, 9%, 18%, 36%, and 55% respectively.

2.4  Plant Growth and Yield Measurements

Different plant characteristics were measured during the growing season in
order to calculate plant yields (fresh and dry), and evapotranspiration has been
related to the crop growth and yield.  The plant yield here however includes the
fresh and dry weights of all plant after each plant cutting.  Three-square meters
planting area was collected during crop cutting of each irrigation treatment,
where the fresh and dry weights of plant (kg/m2), were measured. The three
square meters were chosen randomly using a square wooden frame having 1 m
by 1 m dimension and throw it randomly. 

     The actual water consumption by plant as ETr was calculated by using the
water balance concept over the soil-water control volume corresponding to the
soil-root zone.  Continuous measurements (two times daily) for soil water con-
tent using the Neutron Probe device were made during the seasons.  These soil
water contents were applied as one component for the water balance equation
where the exifiltrated water from soil as evapotranspiration was calculated as-
suming no water percolated downward. Then the actual water losses and
evapotranspiration were calculated as the soil moisture stress changes cor-
responding to the four different depletion ratios in the irrigation treatments. The
water use efficiency (WUE) and the irrigation use efficiency (IWUE) were cal-
culated based on the crop yield production (fresh yield), plant ETr, and the ir-
rigation water use.  These efficiencies were calculated as follows:

and

2. Results and Analysis

The one-year experiments covered the four different seasons of the year for
the period from July 1st, 1997 to July 28th, 1998.  However, for better repre-
sentation of the data, they were classified into summer and winter seasons and
the different ststistical analysis were processed based on this classification. The

    
WUE

Yf
ETr

  
Fresh crop yield (kg/m )

Evapotranspiration (m /m )
   (kg/m )

2

3 2
3= = (5)

    
IWUE

Yf
ETr

 
Fresh crop yield (kg/m )

Irrigation Water Use (m /m )
   (kg/m )  

2

3 2
3= = (6)
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TABLE 2. Analysis of variance for all illustrated variables during summer.

Source
Dependent Type III sum

Df Mean square F Sig.variable of squares

  Corrected model YF 8999106.481   8 1124888.310 1.674 .136

YD 17182.407   8 2147.801 .678 .708

ET 15558.409   8 1944.801 3.537 .004

W 47073.499   8 5884.187 41.151 .000

WUE 418.531   8 52.316 1.487 1.194  

IWUE 1.62   8 2.026E-02 2.727 .017

Intercept YF 84093425.926   1 84093425.926 125.150 .000

YD 3787505.787   1 3787505.787 1196.048 .000

ET 902188.404   1 902188.404 1640.964 .000

W 1497795.354   1 1497795.354 10474.766 .000

WUE 4785.844   1 4785.844 136.002 .000

IWUE 1.763   1 1.763 237.281 .000

analysis of variance for the summer and the winter seasons are shown in Tables
(2) and (3), respectively, where the two factor analysis was followed by using
the (SPSS) software package.  The main effect factors in the analysis were the
cutting number (CN) and the irrigation treatments (T).  The dependent variables
were the fresh yield (Yf),  the dry yield (Yd), the evapotranspiration (ET),  the
irrigation water applied (W), the water use efficiency (WUE), and the irrigation
water efficiency (IWUE).  Two separated seasons analysis was followed in the
analysis.  Table (2) shows the analysis of variance for the whole summer season
data, where all dependent variables (Yf, Yd, ET, W, WUE, and IWUE) and the
different statistical parameters (sum of squares differences, degree of freedom,
mean squares, f-value, and the level of significance are included).  It can be no-
ticed that cutting number (CN) has a significant effect on the ET, W, and IWUE
(0.4%, 0.0%, and 1.1% respectively) but has no significant effect on the fresh
and dry yield and water use efficiency (10.4%, 47.3%, 11.4%, respectively).
The irrigation treatment (T) has a significant effect on the ET (7.5%), while
does not affect significantly the other variables (Yf, Yd,W, WUI,and IWUE).
Table (3) shows the analysis of variance for winter season, where the (CN) has
a  significant effect on all the dependent variables Yf, Yd, ET, W, WUE, and
IWUE with values of 1.3%, 5%, 0.1%, 0.0%, 0.5%, and 0.0%, respectively.
The irrigation treatment (T) has a signifcant effect on the ET, and WUE with
values of (0.0%) for both of them, while has no significant effect on the other
variables, Yf, Yd, W, and IWUE.
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T = treatment, Cn = cut number, YF = fresh yield, YD = dry yield, ET = Evapotranspiration, W = irrigation
water applied, WUI = Water Use Efficiency, IWUE = Irrigation Water Use Efficiency.

CN YF 6631349.074   5 1326269.815 1.974 .104

YD 14709.491   5 2941.898 .929 .473

ET 11454.826   5 2290.965 4.167 .004

W 47069.448   5 9413.890 65.836 .000

WUE 337.273   5 67.455 1.917 .114

IWUE .128   5 2.560E-02 3.447 .011

T YF 2367757.407   3 789252.469 1.175 .332

YD 2472.917   3 824.306 .260 .854

ET 4103.583   3 1367.861 2.488 .075

W 4.051   3 1.350 .009 .999

WUE 81.258   3 27.086 .770 .518

IWUE 3.404E-02   3 1.135E-02 1.528 .223

Error YF 26205667.593 39 671940.195

YD 123500.694 39 3166.684

ET 21441.874 39 549.792

W 5576.642 39 142.991

WUE 1372.394 39 35.190

IWUE .290 39 7.428E-03

Total YF 119298200.000 48

YD 3928188.889 48

ET 939188.687 48

W 1550445.495 48

WUE 6576.768 48

IWUE 2.214 48

Corrected total YF 35204774.074 47

YD 140683.102 47

ET 37000.283 47

W 52650.141 47

WUE 1790.925 47

IWUE .452 47

TABLE 2. Contd.

Source
Dependent Type III sum

Df Mean square F Sig.variable of squares
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TABLE 3. Analysis of variance for all illustrated variables during winter.

Source
Dependent Type III sum

Df Mean square F Sig.
variable of squares

Corrected model YF 612688.492   9 68076.499 2.467 0.22

YD 62974.058   9 6997.118 2.106 .048

ET 43105.860   9 4789.540 8.569 .000

W 27385.975   9 3042.886 61.481 .000

WUE 259.825   9 28.869 6.037 .000

IWUE .526   9 5.843E-02 22.274 .000

Intercept YF 103958750.000   1 103958750.000 3768.055 .000

YD 4099517.907   1 4099517.907 1233.971 .000

ET 1044363.234   1 1044363.234 1868.585 .000

W 498579.350   1 498579.350 10073.701 .000

WUE 6236.977   1 6236.977 1304.323 .000

IWUE 8.210   1 8.210 3129.550 .000

CN YF 508819.444   6 84803.241 3.074 .013

YD 45872.718   5 7645.453 2.301 .050

ET 15472.057   6 2578.676 4.614 .001

W 27228.080   6 4538.013 91.690 .000

WUE 105.634   6 17.606 3.682 .005

IWUE .518   6 8.638E-02 32.926 .000

T YF 103869.048   3 34623.016 1.225 .301

YD 17101.339   3 5700.446 1.716 .177

ET 27633.803   3 9211.268 16.481 .000

W 157.895   3 52.632 1.063 .374

WUE 154.191   3 51.397 10.749 .000

IWUE 7.627E-03   3 2.542E-03 .969 .415

Error YF 1269117.063 46 27589.501

YD 152821.925 46 3322.216

ET 25709.673 46 558.906

W 2276.686 46 49.493

WUE 219.962 46 4.782

IWUE .121 46 2.624E-03
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Total YF 105840555.556 56

YD 4315313.889 56

ET 1113178.766 56

W 528242.010 56

WUE 6716.764 56

IWUE 8.857 56

Corrected total YF 1881805.556 55

YD 215795.982 55

ET 68815.532 55

W 29662.660 55

WUE 479.787 55

IWUE .647 55

T = treatment, Cn = cut number, YF = fresh yield, YD = dry yield, ET = Evapotranspiration
W = irrigation water applied, WUI = Water Use Efficiency
IWUE = Irrigation Water Use Efficiency.

The best curve fitting among some of the dependents variables are repre-
sented from Figure (1) through Figure (4) for summer and winter seasons.  As
shown in Figure (1), the linear fitting is strongly recommended between the ir-
rigation water and dry yield for summer season, where the coefficient of de-
termination was 53.26%.  Moreover, during winter season, Fig. (2) shows that
the linear fitting between the W and Yd has a coefficient of determination
reaching 20.4% which is relatively smaller than the summer fitting.  Fig. (3),
shows that the power fitting is the best fitting between the irrigation water and
the wet yield  where, the coefficient of determination was 23.9% during sum-
mer season whereas a coefficient of determination of 44.4% during winter time
as shown in Figure (4).    

4. Conclusions

It can be concluded that the actual water consumption as evapotranspiration
is affected significantly by the irrigation treatments and the irrigation cutting
numbers of alfalfa, where the same conditions were obtained for the applied ir-
rigation water, while it differs significantly between irrigation cutting and treat-
ments. The correlation coefficient was relatively low between the variables 

TABLE 3. Contd.

Source
Dependent Type III sum

Df Mean square F Sig.variable of squares
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FIG. 2. Dry yield and irrigation water relationship during winter season.

FIG. 1. Dry yield and irrigation water relationship during summer season.
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FIG. 3. Fresh yield and irrigation water relationship during summer season.

FIG. 4. Fresh yield and irrigation water relationship during winter season.
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fresh yield, dry yield, ET, W, while the high correlation was between fresh and
dry yield.  The mathematical fitting failed to represent the relationship between
the illustrative variables.
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ÁUO*« Â«b���« …¡UH�Ë WO�U��ù«Ë Í—UOF*« `�� − d���« 5� W�öF�«
·U'« ŒUM*« w� WHK��� Í—  ö�UF� X% rO�d��«  U�M�

ÍœuLF�« ÊUL�� bL�√
e�eF�«b�� pK*« WF�U� , W�U'« o�UM*« W�«—“Ë W�O��«Ë œU —ô« WOK� , œU —_« r��

W�œuF��« WO�dF�« WJKL*« − …b‡‡‡�

„öN?��«Ë Íd�« w� W?�b��?�*« ÁUO*« WO?L� 5� W?�öF�« Ê≈ ÆhK�?��*«
o�UM*« w� ÎU? u?B� ,5�?�U?��« ÂUL?��« —«b?� ‰uB?;« W?O�U?��≈Ë  U?�M�«
Ác� w�  ÆW?OzU*« œ—«u*« W�œËb�?� YO� W�œu?F��« W?O�dF�« WJK?L*U� W?�U'«
WJKN?��*« ÁUO*« W?OL?� 5� W�öF�« œU?��ù WOKI?� »—U& ¡«d?�≈ - W�«—b�«
WO?�U��ù«Ë ©ÍËU?�� nM ® Í“U�?(« rO�d?��«  U�M� Íd�«  U?OKL� w�
5L?�u?� ‰ö?� ÁU?O*« Ác?N� Â«b?�?�?�ô« …¡U?H?� p�c?�Ë ,W?�U?'«Ë W?��d�«
oO?I�?��Ë  ÆÂ±ππ∏ ÂU?� ¡U�?�Ë  Â±ππ∑ ÂU?� nO  ,5O?�U�?�?� 5HK��?�
·«eM�??�« V�M� W?H?K�?�?� Í—  ö??�U?F?� W??F�—√ X�b?�??�?�« b??I?� p�–
l� ©w�«u??��« vK� %µµ Ë %≥∂ ,%±∏ ,%π® W�d?�K?� w�u�d�« Èu?�?�??LK�
,±® Í—  «d�?H� W�b�?��*«  ö�U?F*« s� WK�UF� qJ� ÁU?O*« WOL?� W�Ëb�
qJ� W??�b?�?�?�*« ÁU??O*« W?O?L??� »U?�?� l� ©w�«u??��« vK� ÂU�√ ∂ Ë ,¥ ,≤
Ã«—œ≈ - YO� ,WA?� dA� WF?�� c�√ - w�«—e�« r�u*« ‰ö�  ÆW?K�UF�
Ë `��−d?�?��« w?� d�R?� q�U?F?� W?OzU?B?�ù« qO�U??�?��« w�  U?A?(« Ác�
—U?�?�?�U� p?�–Ë W?OzU?B?�ù« qO�U?�??��« X�d?� Ï√  Æ‰u?B?�?LK?� W?O?�U?��ù«
Âb���« ULMO� ,ÊU?O�U�√ Ê«d�RL�  UA(« œb�Ë W?HK�<« Íd�«  ö�UF�
Â«b�?��« …¡U?H�Ë ,©·U?'«Ë V�d�«®  U�M�« W?O�U?��≈Ë ,`��−d�?��« WO?L�
WOD� W?O{U�— W�ö� œu?�Ë W�«—b�« XMO� b�Ë  ÆW�«—bK�  «d?OG�L?� ÁUO*«
‰ö?� W?�b�?�?�*« ÁU?O*« W?OL?�Ë ·U?'« ‰u?B;« W?O?�U?��≈ 5� j�d� W�u?�
Æ¡U�A�« r�u� ‰ö� ÎUO��� WH?OF{ W�öF�« Ác� X�U� ULMO� ,nOB�« r�u�
‰ö� U?O��� W?HO?F{ WOD� W?O{U�— W�ö?� œu�Ë W�«—b�« X?��M��« U?L� 
W?�b�?��*« ÁU?O*« W?OL?� Ë  U�?MK� V�d�« ÃU��ù« 5?� j�d� ÎnOB�« r�u?�
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ÎUO��� WCH�M�Ë WO�U��« W?�—b�« s� œËb(« …œbF�� W�öF�« Ác� X�U� ULMO�
ÍuMF?� d?O�Q� œu�Ë nO?B�« r�u* ZzU?�M�« XMO� U?L?�  Æ¡U�?A�« r�u?� w�
…¡U?H�Ë, W�b?��?�*« ÁUO?*« WO?L�Ë, `��−d?���« —«b?I� vK�  U?A(« œb?F�
vK� Î«d? U?� ÍuMF*« d?O�Q?��« ÊU� ¡U?�?A�« r�u?� w� U?LMO� ,ÁU?O*« Â«b�?�?�«
Ê√ W?OzUB?�ù«  öOK�?��«  d?N�√ Èd�√ W?O�U� s?�  Æ`��−d�?��« —«bI?�
Íd�«  ö�UF� U?LMO� , «dOG�*« q� vK�  UA(« œb?F� ÎU�uMF� Î«dO�Q� „UM�

     ÆjI� Íd�« …¡UH�Ë W�b���*« ÁUO*« WOL� vK� ÍuMF� dO�Q� UN� ÊU�




