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Extended Abstract

Introduction

Water scarcity and the need for optimal water utilization in arid and semi-arid regions, including Iran, have
encouraged water authorities and farmers to adapt modern irrigation systems likedrip irrigation, to make optimal
use of water resources. The most important advantage of drip irrigation over other irrigation methods is its
ability to control the amount of water applied to each plant. New irrigation methods focus on plant irrigation and
not on land irrigation. In arid and semi-arid regions, a drip irrigation system is used to use water optimally and
prevent wastage and evaporation. Factors such as soil texture, type of cultivated plant, amount of available water,
distance of drippers and laterals, the wetted surface, and the dimensions of the moisture bulb under the soil
surface are involved in the design of the drip irrigation system. Due to the variety of soil textures in the earth, the
movement of water under the soil surface is different in all kinds of textures, therefore, knowing exactly how
water moves in the soil and how the moisture bulb is distributed under the soil surface is of particular importance.
The purpose of this study is to investigate the movement of moisture bulbs, check their dimensions under the soil
surface in different soil textures and flow rates, and evaluate the capability of the Moment analysis method to
simulate this process under various conditions.

Materials and Methods

To simulate the moisture bulb in different soil textures, detailed information on the physical properties of the soil,
including the percentage of particles that make up the soil texture, bulk and real density, porosity, and saturated
hydraulic conductivity, is required. In this research, the simulation of the moisture front in different soil texture
was conducted using Rosetta software, which defines 12 types of soil textures. In these tests, the source of soil
power was considered as surface and point. The total feeding volume of each type of soil texture is 24 L, and this
volume was used with different flow rates of two, four, six, and eight L s™!. To numerically simulate the progress
of the moisture front, Hydrus software was used. Then the analytical simulation of the moisture front was done
using the equations of the Moment analysis method. In this study, an ellipse was drawn to represent the moisture
bulb simulated by Hydrus software at different times for the applied flow rates. Coefficient k was used to draw
the ellipse, and its appropriate value was determined by minimizing the difference between the model and
Hydrus results.

Results and Discussion

To calculate the moments, the first step is to obtain the values of Moo According to the applied flow rates of two,
four, six, and eight L s and the amount of volume intended to feed all types of soil texture, i.e., 24 L, the
duration of irrigation is 12, 6, 4, and 3 hr, respectively. The comparison of moisture distribution over all periods
and soil textures showed acceptable results, and the distributed subsurface moisture values were similar. In the
study of clay texture, with time from the start of irrigation, the difference in the total amount of distributed
moisture increased, and the reason for this result is the decrease in the permeability of the clay due to the filling
of fine pores. The results indicated that 6y, values changed with the increase in irrigation duration. The highest
variance was found in sandy clay with a flow rate of 8 L s (1503.3 cm?), while the lowest variance was
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observed in clay texture with a flow rate of 4 L s (368.6 cm?). By increasing the amount of applied discharge,
6, increases and the slope of this increase is different in each soil texture, according to the characteristics of that
texture. Also, the effect of irrigation duration on the value of 6, is evident. In other words, the longer the
duration of irrigation, the more the amount of variance changes.

Conclusion

In this research, the accuracy of the Moment analysis method in predicting moisture distribution from drip
irrigation was evaluated using results from Hydrus and Moment analysis. The Hydrus results demonstrated that
the moisture bulb expanded over time in both the horizontal and vertical directions. The results also indicated
higher flow rates increased the horizontal expansion of the moisture bulb, while the duration of irrigation
affected both horizontal and depth expansions. Using the moment analysis method, the center of mass of water
distribution in the soil and the changes in the moisture front along the x and z axes were determined. By
examining and comparing the dimensions of the moisture front resulting from Hydrus and ovals, it was observed
that there is a suitable compatibility between the two methods. Therefore, the Moment analysis method can be
relied upon to estimate the dimensions of the moisture bulb in drip irrigation. It also provides an efficient and
accurate approach to reducing the time and cost of field experiments.
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Table 2- My, (cm) values for applied flow rates of two, four, six, and eight L hr’'

b mpd Mg cde ey el Glepd b S o ewed e o o cdl/esks
Celo gyl 90 (0
0.81 0.81 0.75 0.69 0.74 0.76 1.05 0.15 0.42 0.78 0.81 0.75 1
1.43 1.50 1.51 1.44 1.47 1.51 2.10 0.45 1.19 1.44 1.47 1.56 2
2.32 2.37 2.34 2.21 2.31 2.35 3.16 0.78 1.71 2.32 2.37 2.38 3
3.15 3.19 3.15 3.12 3.17 3.16 423 1.18 2.34 3.20 3.18 3.16 4
3.92 3.92 3.94 391 3.97 3.95 5.26 1.53 3.03 3.98 3.98 3.92 5
4.59 4.66 4.72 4.70 4.77 4.72 6.29 1.85 3.66 4.78 4.68 4.83 6
5.50 5.63 5.61 543 5.52 5.61 7.34 2.14 4.28 5.48 5.55 5.65 7
6.50 6.46 6.47 6.16 6.29 6.49 8.36 2.39 4.92 6.24 6.50 6.40 8
7.33 7.23 7.28 7.08 7.19 7.30 9.38 2.62 5.52 7.13 7.29 7.12 9
8.07 7.93 8.07 8.05 8.11 8.08 10.40 2.84 6.11 7.96 8.01 7.92 10
8.75 8.66 8.83 8.95 8.96 8.85 11.42 3.05 6.74 8.70 8.68 8.76 11
9.42 9.39 9.56 9.74 9.76 9.58 12.45 3.27 7.41 9.35 9.34 9.52 12
el p 2 e (o
1.04 108 102 089 0.95 103 105 028 091 097 107 1.03 1
1.99 207 204 197 2.12 205 211 084 184 200 2.05 2.09 2
311 315 312 3.03 3.27 314 317 147 281 319 3.6 3.17 3
422 429 426 412 433 427 423 205 391 421 428 426 4
5.26 5.22 5.29 5.21 541 5.29 5.27 2.53 495 5.38 5.33 541 5
6.22 6.35 6.31 6.31 6.45 6.32 6.27 2.90 6.00 6.40 6.29 6.52 6
Celbo ) Gib (2
1.05 1.40 1.32 1.24 1.42 1.34 1.38 0.35 1.05 1.42 1.43 1.31 1
2.20 2.69 2.66 2.45 2.66 2.67 2.74 1.06 2.09 2.66 2.65 2.70 2
3.79 4.11 4.06 3.92 3.85 4.07 4.10 1.83 3.08 3.85 4.10 4.13 3
5.08 5.44 5.47 5.30 5.13 5.48 5.45 2.53 4.39 5.13 5.52 5.38 4
Celo p ol cutn (0
147 154 147 138 149 149 156 041 129 147 155 147 1
2.78 2.96 2.93 2.71 291 2.93 3.05 1.26 2.37 2.80 291 2.99 2
4.37 4.46 4.45 4.30 4.26 4.46 4.55 2.19 3.58 4.54 4.48 4.51 3
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Figure 3 - Comparison of M, values (centimeters) over time with applied flow rates of two (a), four (b), six (c), and eight (d) L hr™
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Table 3- Zc values for applied flow rates of two, four, six, and eight L hr'

o P 5 py el ) s P9 e U o) oy p) oy o lesls
o8 e e e o5 9 <l
el gyl 9 (2
-5.56 -5.56 -5.56 -5.55 -5.55 556  -10.78 324 550 -5.56 -5.56 -5.60 I
-7.40 -7.80 -7.55 -6.11 -6.20 758 -17.53 354 559 -6.29 -7.34 -8.54 2
-9.57 -9.75 -9.09 -8.39 -8.31 -9.18 2324 371 -6.34 -8.85 -9.29 -10.66 3
-1128  -11.76  -10.71  9.83 959  -10.82 2869 -397 778  -10.08  -10.97  -12.51 4
-12.76 -13.08 -11.92 -11.03 -10.85 -12.05 -33.64 410 -9.03 -11.44 -12.40 -14.14 5
-13.62  -1451  -12.89  -1221  -11.98  -13.00 3848 419  -10.12  -12.62  -1327  -16.16 6
1533 -1646  -1431  -13.08  -12.78  -1446 4329 429 1115 -1336  -1467  -17.62 7
-16.94 -17.67 -15.46 -13.85 -13.58 -15.66 -47.71 -4.45 -12.09 -14.21 -16.18 -18.84 8
-18.02 -18.80 -16.40 -15.10 -14.78 -16.60 -52.13 -4.67 -12.83 -15.38 -17.19 -20.06 9
1897 -19.77  -17.22 -1636  -1590  -1743 5646 -496  -13.56  -1637  -18.05  -21.66 10
-19.77 -20.94 -17.92 -17.34 -16.76 -18.13 -60.75 -5.36 -14.46 -17.11 -18.78 -23.31 11
2056 2208  -1859  -18.13  -1749  -1878  64.96 -579  -1548  -17.65  -1945  -24.64 12
el p il o (o
538 537 535 539 3537 535 886 337  -5.38 339 537 540 T
-7.10 -7.44 -7.21 -5.80 -5.86 725 -1498 387 575 -6.01 -7.01 -8.25 2
-9.55 -9.80 -9.13 -8.06 -7.93 -9.24 -20.60  -4.13 -7.78 -8.60 -9.33 -10.81 3
-11.79 <1217 1102 9.83 958  -11.19 2584 428  -9.64  -1028 -1145  -12.93 4
-13.29 -13.60 -12.32 -11.48 -11.22 -12.51 -30.75 -4.42 -11.26 -12.05 -12.98 -15.32 5
-14.96  -1595  -13.70  -12.83  -12.53  -13.96 3538  -4.67  -12.64  -1324  -1438  -17.28 6
el p ) b (92
-5.35 -5.25 -5.27 -5.19 -5.19 -5.27 -9.14 -3.46 -5.06 -5.22 -5.24 -5.40 1
-7.06 -8.17 9.13 -6.06 -6.02 777 1589 401 538 -6.07 -7.76 -8.79 2
-9.67 -10.91 -11.45 -8.88 -8.71 -10.04 -22.04 428 -6.98 -9.04 -10.31 -11.79 3
1212 -13.18  -1323  -1079  -10.86  -12.07 -27.84 -444 914  -1136  -12.63  -13.99 4
Celu oy cude o
514 518 5.20 35.09 3.10 520 863 333  5.05 3.10 5.16 .47 T
-7.34 -7.82 -7.52 -5.71 -5.86 -1.57 -15.37 -4.08 -5.44 -6.14 -7.36 2.99 2
-10.18 -10.43 -9.50 -8.57 -8.52 -9.68 -21.61 -4.34 -7.36 -9.20 -9.99 451 3
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Table 4- Values of 62 (cm®) for applied flow rates of two, four, six, and eight L hr

o w
J:;J e ke :L: L:ifj :i o o o el Pl o cél
by 93 (2

106.25 109.16 109.89 108.21 105.41 109.65 134.03 793.91 137.59 103.88 107.85 112.03 1
121.83 127.55 140.00 119.01 119.06 138.75 213.58 811.21 154.49 120.17 126.50 147.22 2
168.26 173.08 181.90 139.37 148.11 183.73 296.71 843.70 178.74 147.28 175.30 186.35 3
208.76 201.08 217.25 178.55 184.99 219.71 370.63 818.54 196.08 192.29 209.62 222.56 4
240.50 234.56  259.38 210.34  212.59 263.15 437.24 822.64 214.00  220.44 246.88 270.66 5
287.33 275.04  310.17 238.19  242.73 316.23 501.69 828.31 23336 25234 294.50  314.22 6
334.54 313.16  350.46 271.83 279.57 357.52 565.57 836.28 255.03 293.44 343.85 354.42 7
372.58 350.19  390.05 314.04  320.79 397.68 630.54 843.02 279.96  341.67 378.66  392.36 8
408.05 383.39  430.09 351.63 354.83 439.16  691.79 847.72 307.44 38192 411.15 426.25 9
439.78 412.88  471.02 381.58 383.04 481.16 751.88 850.73 33397 415.03 44340  452.49 10
472.41 436.91 514.09 408.65 413.21 526.16  811.06 852.94 354.85  448.52 478.38  473.77 11
505.51 458.21 550.88 435.62 443.27 567.51 868.91 854.10 371.76  483.14 517.89 496.95 12

cebo g e @
215.05 1.08 1.02 211.87  220.74 233.35 270.78 836..49 214.41 209.69 221.29 239.99 1
250.20 2.07 2.04 244 .43 285.48 253.56 341.88 942.57 240.85 254.11 25091 257.72 2
283.69 3.15 3.12 260.16 300.88 299.47 412.08 977.61 260.41 262.11 289.09 304.01 3
337.55 4.29 426 293.63 324.53 347.71 479.04 994.30 288.19  310.96 340.57 355.87 4
390.71 522 5.29 341.48 353.71 397.35 540.21 100.79 331.14 358.20 389.24 401.03 5
435.05 6.35 6.31 380.53 384.52 444,01 598.88 1005.19 368.46  400.65 435.89 445.26 6

cebo p gl GBS 2
24597 291.43 302.01 308.55 342.83 299.14 366.09 863.64 381.77 292.96 289.84 308.80 1
332.42 321.54 403.57 314.27 366.29 332.62 431.25 1039.32 378.54 322.62 323.04 341.46 2
412.81 379.04 467.43 340.02 391.87 389.10 506.75 1125.79 399.76 368.95 388.32 390.40 3
440.88 422.70 500.82 39991 429.16 440.77 576.01 1187.01 424,29 42542 437.75 442.63 4

Celo p oy cun o
384.24 407.01 426.15 390.77  431.33 42224  515.44 1131.52 467.70  381.96 397.66  434.19 1
44397 438.13 441.30 430.58 458.69 441.42 570.75 1380.90 471.65 449.15 442.57 451.07 2
483.58 484.57 500.20 44994  484.18 502.66 641.04 1503.30 495.37 457.75 489.61 498.95 3
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Figure 4- Comparison of 62 (cm’) values in different types of soil texture with the mentioned applied flow rates two (a), four (b), six

(c), and eight (d) L hr!
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Table 5- Values of 62 (cm?) for applied flow rates of two, four, six, and eight L hr”

) P9 D) s Py £y o) o [l
" e : e L e o IR Py o cdl
celo 1 9> (0
0.21 0.22 0.26 0.22 0.21 0.24 46.81 0.32 0.24 0.21 0.22 0.57 1
15.14 17.42 16.06 5.44 6.17 16.21 122.05 0.84 1.05 7.00 14.73 21.13 2
25.73 28.76 26.24 20.37 20.14 26.58 206.08 1.03 7.97 22.13 25.15 38.59 3
42.64 47.38 41.15 28.73 28.54 41.66 304.50 1.31 18.19  30.99 40.78 53.74 4
55.22 57.11 51.20 40.68 40.35 51.77 406.46 1.38 2579  44.69 52.89 71.03 5
60.97 74.27 59.50 51.38 50.04 59.67 524.71 1.41 34.18 54.43 58.73 94.72 6
83.92 97.76 77.22 57.47 55.63 77.70 651.80 1.59 43.28 59.06 76.47 109.90 7
101.44 109.59  90.57 65.18 63.69 91.41 777.91 2.54 50.72  68.63 93.86 123.41 8
110.73 121.34  100.87 81.25 78.57 101.64 913.31 4.06 56.02 82.76 104.10 142.52 9
120.97 133.37 11045 95.45 91.04 111.25 1060.80 6.34 63.20  92.66 11494  174.58 10
131.30 15442 118.54 104.36 99.71 119.32  1217.11 9.52 74.87  99.30 124.75  209.06 11
144.17 176.62  127.31 112.21 107.60 127.77 1378.85 12.76 87.92 104.57 13435 234.17 12
celo p il sl (23
0.32 0.35 0.45 0.31 0.32 0.42 30.62 0.55 0.32 0.31 0.34 0.86 1
14.69 16.85 15.55 434 5.27 15.76 96.44 1.23 3.87 6.30 14.11 21.37 2
28.40 31.18 27.73 20.43 20.10 28.31 173.27 1.38 18.99 22.87 27.33 40.85 3
47.35 50.99 43.75 30.99 30.67 44.65 262.62 141 30.29 3443 45.06 56.59 4
57.28 61.55 53.54 44.85 44.07 54.22 360.48 1.63 43.48 49.27 55.59 84.70 5
78.49 93.50 70.28 54.56 53.25 72.03 466.70 3.25 53.67 56.92 72.23 105.88 6
cebo p ) GBS (23
0.32 0.53 0.90 0.40 0.40 0.77 35.31 0.72 0.42 0.40 0.45 1.80 1
14.06 21.33 61.91 7.55 8.33 19.35 109.52 1.37 2.34 8.92 19.29 24.29 2
27.62 39.42 75.27 24.48 34.76 33.87 198.39 1.47 14.74 27.76 33.99 48.03 3
48.03 56.72 85.14 37.65 49.81 50.91 305.17 1.45 25.80 45.69 52.78 69.24 4
Celo p oy cun o
0.43 0.46 0.63 0.43 0.41 0.59 32.72 0.85 0.40 0.43 0.44 1.29 1
16.17 18.88 17.35 497 5.95 17.66 105.67 1.44 2.76 7.83 16.34 22.50 2
29.65 33.27 28.77 22.15 29.75 29.61 195.28 1.51 16.66  24.20 29.10 44.61 3
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Figure 5- Comparison of 6,2 (cm?) values in different types of soil texture with applied discharges two (a), four (b), six (c), and eight (d) L hr!
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Table 6- Comparison of the depth and width of the moisture bulb obtained from Hydrus with the dimensions of the ellipse drawn
from the Moment calculations with an applied flow rate of two L hr”' (in cm)

Ceslo yd HolusS I ol auls Celo gyl | ol gl Ceslo yd HolusS I ol auls Celo gyl | ol gl
sl el el el cél

A o R 39 poye 3985 B shn o et 398 o) 398 B
48.2 38.92 44.33 40 29.32 6.73 27.45 11.1 o)
54.95 43.21 48.41 46.1 25.47 6.7 25 11.56 ) Y
56.89 48.42 51.35 50.7 25.96 6.72 25.22 12.33 ol
55.73 62.89 51.7 62.3 26.45 7.49 25.5 14 o9 o
73.69 157.78 84.3 158 28.94 27.89 20 343 O
73.05 14.71 56.9 17.5 70.44 4.64 48.9 43 5y
56.2 50.57 69.1 52.6 25.76 6.72 254 12.2 b sy P
53.5 55.3 50 57 26.12 6.73 25.9 12.5 s eyl
58.66 46.79 54.36 50.5 26.2 6.83 25.5 12.4 o
52.17 44.61 47 45.1 26 6.71 25 11.7 sl oy
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SR 62208 (23 b ByglidlS Slwlono j1 0l o) (o Sl b gyl 5l ol gb) 5l 1055 9 Sos Amalio Y Jgua
(ool o ) Cesls 2 3

Table 7- Comparison of the depth and width of the moisture bulb obtained from hydrous with the oval dimensions drawn from the
Moment calculations with an applied flow rate of four L hr”' (in cm)
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Table 8- Comparison of the depth and width of the moisture bulb obtained from hydrous with the dimensions of the oval drawn
from the Moment calculations with an applied flow rate of six L hr (in cm)
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Table 9- Comparison of the depth and width of the moisture bulb obtained from hydrous with the dimensions of the ellipse drawn
from the Moment calculations with an applied flow rate of eight L hr” (in cm)
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