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Introduction

Precise estimation of the amount of water consumed, irrigation efficiency and water productivity
of crops are the most important key indicators in agricultural sector planning of Iran. The figures
given for the volume of water used in the agricultural sector are very different and there are serious
doubts as to their accuracy. The average of water use efficiency in the country is 1.32 kg/m? and its
annual growth in the last 11 years has been reported to be 0.041 kg/m*® (Abbasi et al., 2017).
Therefore, it is necessary to carry out an exploratory work that can be used to quantify the volume of
water consumed by various products. Therefore, the main objective of this paper is to measure water
consumption of wheat directly and to compare wheat water productivity in different irrigation
systems under farmers management in Behbahan.

Methodology

The volume of application water for wheat in different farms during one season (2016-2017) was
measured and compared. The measured values were compared with the crop water requirement
estimated by the Penman-Monteith and the national document. To determine the volume of water
consumed, firstly, the flow rate of the selected water sources was measured, with the appropriate
devices (flumes, meter and micro molina). Farm information including cultivated area, soil texture,
soil electrical conductivity, electrical conductivity of the irrigation water used, and farm location with
GPS were recorded. Other field information such as irrigation method, irrigation water sources
(surface, underground), type of irrigation network (modern, traditional) were also recorded. Effective
rainfall was calculated by the SCS method. Crop water requirement using the Penman-Monteith
method was determined from data of current year and 10-year data for Behbahan city from the
nearest meteorological station.
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Results and Discussion

32 wheat farms were selected and evaluated, of which 15 farms were irrigated with surface
irrigation, 10 farms with sprinkler and 7 farms with drip irrigation systems. The results showed that
the yield of wheat varied from 2000 to 6854 kg per hectare. The most water productivity of wheat
occurred in a farm with drip irrigation being 2.79 kg/m?®. Irrigation application efficiency varied from
22.7 t0 99.7%. Updated crop water requirement changed from 373.4 to 517.0 mm. The highest water
consumption was measured to be 4626 m3/ha in the farms receiving water from springs. The results
of the t-Test analyses showed that the yield in drip irrigation farms (average being 5169 kg/ha) was
significantly different as compared to sprinkler and surface irrigation systems with 3574 and 3795
ka/ha, respectively. The results of the comparison of the mean water productivity in the t-Test
indicated that drip system with 1.51 kg/m® of water productivity had the highest values and there was
a significant difference with the two sprinkler and surface systems, which respectively had water
productivity of 0.90 and 0.88 kg/m>. The Pearson correlation coefficients showed that the trend of
changes in the amount of water consumed with the trend of changes in the application efficiency
index and water productivity proved uncoordinated and it was significant at 1% level.

Conclusions

The results of measurements in 32 farms showed that half of the drip irrigation fields were not
cultivated on the recommended date range. Therefore, the growth period in this half was less than
140 days. Despite the decline in growing season and the non-observance of planting dates, yield in
these farms was over 4000 kg ha™. Application efficiency in sprinkler irrigation method was more
than other irrigation methods. The reason for the high application efficiency in sprinkler irrigation
was the backwardness of sowing date on one side and the late harvest of wheat on the other. The
surface system with a growth period of 158 days had the highest growth period and has a significant
difference with two dripping and sprinkler systems. The surface water system with the volume of
water consumed at 4398.7 m*/ha had the highest volume of water consumed and showed a significant
difference with the drip system, but this difference was not meaningful compared with the sprinkler
system. The volume of water consumed by two systems of drip and sprinkler was measured at 3490.5
and 3863.6 m3/ha, respectively. The backwardness of wheat harvesting time in sprinkler irrigation
fields caused the major filling time of the grains to be adjusted to April, which coincided with a
higher increase in the air temperature. This led to increased water consumption at this particular time
point and caused a significant decrease in water consumption despite the lower consumption of water
in the sprinkler system.
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Table |- Characieristics of the studied farms

Farm Irmigation Wiler requircment {mm) Consumed water Leaching Application Growth peniod .. \'ralt.r.. Farms arca
Number method . Penman- {m/ha) requirement (%)  efficiency (%) (day=) Yickd Pmdm":‘.w (ha}
National document Monteith (kz/ha) (kgfm™)
1 Surface 480.0 4603 5066 412 585 166 4778 091 2.0
2 Surface 462.0 463.3 4145 41.5 K5 148 H444 1.04 45
3 Surface 459.0 4618 3684 41.3 991 144 4143 108 70
4 Surface 480.0 3959 4RED 428 359 172 4650 091 15
5 Surface 480.0 3814 2E46 370 608 179 4000 129 1.0
] Surface 480.0 3R6.T HEST 60.0 7 186 3500 038 2.0
7 Surface 496.0 474.0 4030 223 4 153 2083 0.71 24
S Surface 495.0 463.4 4852 218 694 151 i 12 1.02 128
9 Surface 498.0 H15 JRTR 207 1.0 151 3441 083 13
10 Surface 5110 4513 4160 21.2 56.9 172 2925 06T 20
11 Surface 496.0 4323 3263 212 L 150 3008 088 09
12 Surface 498.0 6.l 3323 21.0 959 152 3320 096 27
13 Surface 4E3.0 426.0 JRED 20.0 T7.0 148 4500 112 45
14 Surface 497.0 469.1 4755 220 721 154 346 064 07
15 Surface 492.0 7.7 4363 375 915 149 2941 0635 (LX)
16 Tape 498.0 435.7 3282 332 L 156 4965 1.45 14
17 Tape 423.0 404.7 4655 16.8 453 157 5350 10 12.5
18 Tape 4EB.0 46i6.1 3770 19.6 93.4 137 5101 1.31 0.9
19 Tape 473.0 418.6 4239 19.7 T1.9 133 4543 1.04 4.6
20 Tape 473.0 418.6 3172 19.7 96.0 133 46040 1.39 23
21 Tape 476.0 4138.1 3065 228 s 138 4772 149 6.7
. Tape 473.0 4010 2250 305 9E.4 155 6E54 279 58
23 Sprinkler 491.0 517.0 4437 277 932 124 3500 077 1.0
24 Sprinkler 473.0 492.6 4261 26.4 209 126 3200 0.73 70
25 Sprinkler 476.0 417.6 3206 24 91.7 141 3971 118 17.00
26 Sprinkler 495.0 HIT 3759 6.6 985 144 3071 0.7% 28.0
27 Sprinkler 480.0 492.6 4056 26.4 w5 126 3500 083 14.00
28 Sprinkler 477.0 477.1 3718 255 9E.6 121 3498 091 45
29 Sprinkler 490.0 4707 4173 2532 863 141 3004 070 14
30 Sprinkler 4710 3734 2RE4 44.5 985 123 2000 0.6y 13.00
3l Sprinkler 467.0 505.7 4211 10,7 90.4 168 5000 1.15 28.0
32 Sprinkler 459.0 509.4 3930 108 978 152 500 1.23 220
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Continued Table 1- Characteristics of the studied farms

I A P Average depth of i -
Ve Sl RS e gy e Sosin Ol ottt Sl
1 Shova Loam 204.9 2162 3.04 361 46.1 1 353
2 Chamran Loam 138.0 21.62 3.04 3.61 46.1 9 369
3 Karim Loam 138.0 21.62 3.04 3.61 46.1 8 360
4 Chamran Loam 263.2 40.67 3.61 4.56 69.8 7 78
5 Chamsan Loam 2453 28.46 3.27 7.35 356 5 90
6 Chamranl Clay loam / loam 2453 10.23 497 4 126.5 7 7
7 Chamran| Clay loam / loam 148.3 20.58 1.66 5.02 68.2 5 250
8 Shova Clay loam /fsilt loam 148.3 20.58 1.66 1.85 161.7 3 305
9 Shova Silty clay 148.3 40.67 1.66 2.02 1293 3 315
10 Behrang Silty clay loam 235.8 93.33 1.66 1.47 104.0 4 315
11 Behrang Clay loam 148.3 40.67 1.66 3.87 129.3 3 328
12 Behrang Silty clay loam 148.3 77.68 1.66 221 1108 3 333
13 Behrang clay loam / loam 148.3 95.61 1.66 467 129 3 328
14 Shova Silty clay loam 148.3 29.70 1.66 241 118.9 4 266
15 Chamran Silty clay loam 136.0 10.23 2.59 421 87.3 5 248
16 Dorum Silt loam 148.3 6.84 3.05 291 82.0 4 485
17 D79 Loam 2107 56.90 1.66 0.85 93.1 5 308
18 D79 Silt loam 133.6 56.11 1.68 3.89 16.5 7 345
19 Kuhdasht Clay loam 133.7 24.04 1.88 6.01 84.8 5 307
20 Kuhdasht Clay loam 133.7 25.18 1.88 43 529 6 276
21 Karim Silt loam 135.8 15.89 218 232 61.3 5 342
2 Karim Loam 209.9 44.66 3.04 241 56.3 4 325
23 Dehdasht Loam 1312 37.00 1.88 3.61 34.7 20 377
24 Karim Loam 135.8 74.86 1.88 4 26.6 16 371
25 Chamran2 Loam 146.1 59.90 1.88 116 30.6 10 365
26 Mehregan Loam 138.0 31.08 441 6.1 537 7 310
27 Shabrang Loam 135.8 69.87 1.88 4 338 12 347
28 Shabrang Loam 135.8 69.87 1.88 4 33.8 1 345
29 Karim Loam 135.9 14.49 1.88 3.92 522 8 363
30 Chamran Silt loam / loam 133.7 25.03 3.94 7.11 24.0 12 145
31 Behrang Loam 135.8 69.62 0.77 0.65 28.1 15 375
32 Behrang Loam 135.8 69.62 0.77 1.65 28.1 14 369
(T-Test) (F 99031 30 0 duulomo § (S 57031 S 2> ls S WuSile dwlic— T Jaus>
Table 2 - Comparison of the means of indices measured and calculated in T-test
. Statistical Critical . Statistical Critical
Treatment Tape Sprinkler Surface T T Treatment  Tape Sprinkler Surface T T
. 5169 3574 - 6.528  2.145 i Consumed - 3863.6 43987 -1.387 2.145
(E‘e'd) - 3574 3795  -0.658 2.145 |  water 34905 - 43987 2279 2145
g/ha 5169 - 3795 4.973 2.145 (m*ha)  3490.5 3863.6 - -2.099 2.145
Water 1.51 0.90 - 5.271 2.145 Irrieation 5.1 12.5 - -8.445 2.145
Productivity - 0.90 0.88 -0.251  2.145 vg " - 12.5 53 8.164 2.145
(kg/m’) 151 - 088 4856 2145 i V" 5 - 5.3 0275 2.145
Application 86.0  93.9 - -2.253 2,145 | Depthof 63.9 34.6 - 6.307 2.145
efficiency - 93.9 73.0 3.197  2.145 i irrigation - 34.6 93.9 -5.377 2.145
(%) 86.0 - 73.0 1.779  2.145 | water (mm) 63.9 - 93.9 -2.726 2.145
Leaching 5.5 6.2 - -1.826  2.145 { Leaching  23.2 28.0 - -1.430 2.145
requirement - 6.2 7.2 -0.973  2.145 irequirement - 28.0 314 0.871 2.145
(%) 5.5 - 7.2 -0.818  2.145 (mm) 23.2 - 314 -2.327 2.145
Growth 1441 3367 - 0.257 2.145 National 472.0 4779 - -1.474 2.145
period - 3367 2676 2366  2.145 : document - 4779  487.1  -1.876 2.145
(days) 144.1 - 267.6  3.069  2.145 (mm) 472.0 - 487.1  -3.096 2.145
level 341.1  336.7 267.6 0.257 2.145 Water 4233 4704 - -4.247 2.145
Sealevel " 3367 2676 2366 2.145 irequirement - 4704 4447 1892 2145
(m) 341.1 - - 3.069  2.145 (mm) 4233 - 4447 2377 2145
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Figure 1 - Comparison of some of the indices studied in sprinkler, tape and surface irrigation systems

(t-Test) (5 09057 33 (o diw 3 (2T 55 dwlio - T J3urr
Table 3 - Comparison results of water requirement and national document in t-test

Tape Sprinkler Surface
Water National Statistical ~ Water National . Water National ~Statistical Critical
. . Statistical -
requirement document T requirement document T requirement document T T
(mm) (mm) (mm) (mm) (mm) {mm)
4233 472.0 -14.066 470.4 477.9 -0.766 444.7 487.1 -4.887 2.145

& wgeil 58 (m’/ha) &1 @bo dwlio- £ Jaoo

Table 4 - Comparison of water resources (msf'lla) int test
Marun Statistical Marun Kheyrabad Statistical Kheyrabad Statistical Critical

river Well T river river T river Well T T

4055.5 4185.1 -0.230 40555 39079 0.664 39079 41851 -0.501  2.622
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Table 5 - Pearson correlation coefficient calculated for the indices measured in surface, drip and sprinkler irrigation systems

5 - 2 £ 5 £ 2 > % £
n=32 5. B~ & BT wp 2 53 _ & g E- : <
) 3 5 2 82 EEET 2 S5:F E= 27 & = 2
0.349=5% E7 S8 T 25 9EE B BZE =% 58 28 Z s
=19 ] Z3x 2 &5 &85> % RE~- S E 33 e 2 E
0.449=1% Z E 3 g2 3% 5 837 23 2 2 S E
S = o} = E E : o] =

o - e =
Consumed water (m'/ha) 1000 -0.561"  -0.120 -0.721" 0347 0098 0343 0011 0040 0418 0.074 0.283 20.175  0.052
Water productivity (kg/m’) 1000 0794 0292  -0209 -0.197 -0.193 -0255 -0.274 0.027 -0.199 -0.050 0.043  0.008
Yield (kg/ha) 1.000 0081 0241 -0.114 -0063 -0442° -0.150 0220 0.383" 0.118 0029 0131
Application efficiency (%) 1000 0260 0213 -0404" 009 0416° -0688"  0.007 0.307 0.064 0.160
Leaching requirement (mm) 1.000 0024 -0.067 0064 -0346 0213 0.533 0.964" 0493 0043
Irrigation events 1000  -0.711 0299 0484"  -0.380" 0.008 -0.078 0.184 0514
Depth of irrigation water (mm) 1000 0372°  -0.194 0386 0.221 0.047 0.072 -0.331
National document (mm) 1.000 0.179 0.084 0.122 0.002 -0.061 -0.359
Water requirement (mm) 1000 -0.304 0.304 0.555" 0215 0.188
Growth period (days) 1.000 0.193 0.260 -0.087 -0.083
Soil salinity (dS/m) 1.000 0.538" 0335  -0.195
Irrigation water salinity (dS/m) 1.000 0.516 -0.011
Inflow (lit/s) 1.000 0.184
Farm area (ha) 1.000
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