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Table 1) Some chemical and physical properties of the studied soils

pH ECe RBD BD CaCO; oM o o o oslads
dsm? Mgm?3 - L 0[0] J————— Sl
7.83 0.67 0.650 1.23 9.7 0.76 24.3 33.9 41.9 1
7.93 0.72 0.768 1.44 12.3 0.56 25.0 34.9 40.1 2
7.86 0.60 0.826 1.59 11.7 0.40 23.3 31.2 454 3
7.78 0.62 0.817 1.57 10.7 0.36 22.3 31.7 46.1 4
8.24 1.47 0.751 1.53 8.7 0.36 15.1 20.8 64.1 5
8.15 0.69 0.805 1.63 8.1 0.16 13.8 194 66.8 6
7.75 0.95 0.796 151 15.9 0.60 25.6 32.8 41.6 7
7.89 0.82 0.816 1.52 13.7 0.65 26.1 315 42.4 8
8.12 1.72 0.784 151 12.1 0.74 22.6 30.8 46.6 9
8.15 0.71 0.841 1.60 11.3 0.28 21.9 29.1 49.0 10
8.08 0.53 0.772 1.39 14.0 0.65 25.1 52.3 22.6 11
8.19 0.42 0.803 1.50 15.0 0.32 26.0 39.4 34.5 12
8.15 0.47 0.743 1.29 8.2 0.72 21.2 64.2 14.6 13
7.94 0.65 0.779 1.34 5.2 0.46 33.1 57.9 9.0 14
8.03 0.69 0.802 1.32 9.2 1.14 38.1 48.4 135 15
8.25 0.46 0.911 1.61 13.0 0.42 29.9 48.0 22.0 16
7.80 0.60 0.806 1.42 9.8 1.10 29.8 47.4 22.8 17
8.15 0.44 0.801 1.44 16.6 0.32 26.6 49.2 24.1 18
7.85 0.48 0.782 1.30 7.2 0.82 39.4 47.2 134 19
8.01 0.40 0.934 1.58 11.6 0.39 42.0 42.7 15.3 20
8.01 0.71 0.799 1.47 11.3 0.56 26.6 39.7 33.8 oSk
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Table 2) Parameters of van Genuchten model for water retention curve and modified van Genuchten model for
the soil penetration resistance curve for the studied soils in the proposed method

R? Ngoy aQo Qury Quet R? n o 0 O oyles
cm®cm® MPa hPa?! cm®cem?® Sk
1.000 9.305 5.862 2.176 0.176 1.0 1.389 0.046 0.533 0.089 1
1.000 8.226 4810 3.874 0.000 1.0 1.256 0.040 0.444  0.073 2
0.996 7.403 5.376 6.645 0.000 1.0 1.287 0.036 0.419 0.074 3
0.989 11.946 5.749 8.925 0.824 1.0 1.297 0.042 0.415 0.094 4
0.998 4.024 22.243 15.000 0.773 1.0 1.459 0.036 0.413 0.079 5
0.907 7.844 8.376 15.000 0.389 1.0 1.504 0.038 0.379 0.094 6
0.978 6.693 8.386 15.000 1.428 1.0 1.279 0.042 0.439 0.101 7
0.987 15.000 4.302 3.132 0.745 1.0 1.268 0.038 0.427 0.091 8
1.000 15.000 4,959 3.395 0.733 1.0 1.313 0.039 0.438 0.098 9
0.941 15.000 4.465 4,081 0.000 1.0 1.365 0.046 0.418 0.130 10
0.994 11.093 3.785 3,513 0.067 1.0 1.243 0.017 0.473 0.050 11
0.904 6.560 5.049 4,385 0.000 1.0 1.351 0.034 0.438 0.093 12
0.931 3.806 5.323 4,019 0.000 1.0 1.312 0.015 0.530 0.042 13
0.991 3.646 9.104 15.000 0.337 1.0 1.236 0.016 0.491 0.043 14
0.957 5.587 6.755 15.000 0.579 1.0 1.202 0.038 0.500 0.096 15
0.989 7.214 4524 15.000 0.000 1.0 1.123 0.042 0.394 0.100 16
0.996 15.000 3.978 4894 0.699 1.0 1.204 0.035 0.461 0.085 17
0.921 6.666 4212 4,160 0.000 1.0 1.223 0.026 0.453 0.067 18
0.982 3.331 6.621 6.188 0.000 1.0 1.194 0.049 0.510 0.098 19
0.956 10.413 3.932 15.000 0.190 1.0 1.118 0.041 0.403 0.089 20
0.971 8.688 6.391 8.219 0.347 1.0 1.281 0.036 0.449 0.084 Sle
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Table 3) Values of SAW calculated by different approches for the studied soils in the proposed method

IWC LLWR339 LLWRg0 PAW33 PAW;q o5keds
------------------------- 0010 1 Sk

0.233 0.107 0.191 0.118 0.202 1
0.101 0.052 0.114 0.118 0.180 2
0.072 0.026 0.088 0.111 0.173 3
0.078 0.035 0.091 0.098 0.155 4
0.165 0.085 0.156 0.088 0.158 5
0.075 0.010 0.071 0.068 0.128 6
0.093 0.056 0.114 0.105 0.164 7
0.065 0.028 0.085 0.108 0.166 8
0.100 0.045 0.107 0.105 0.167 9
0.058 0.010 0.064 0.079 0.133 10
0.085 0.059 0.130 0.162 0.232 1
0.092 0.028 0.096 0.108 0.176 12
0.186 0.118 0.215 0.198 0.295 13
0.117 0.093 0.145 0.174 0.246 14
0.127 0.093 0.152 0.128 0.187 15
0.000 0.000 0.000 0.079 0.109 16
0.067 0.044 0.094 0.122 0.177 17
0.077 0.054 0.104 0.134 0.195 18
0.148 0.108 0.165 0.124 0.181 19
0.000 0.000 0.000 0.082 0.113 20
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Table 4) Coefficientes of linier relations between SAW values calculated by the the reference method
(independent variable) and proposed method (dependent variable)

b+, a# ao R? o) et @ Toss 5| oyt SAW
ns ns 0.817 1.212 -0.006 PAW,qo
ns ns 0.833 1.223 -0.011 PAW;3,
ns ns 0.968 1.080 -0.001 LLWR g9
ns ns 0.910 0.890 -0.001 LLWR339
ns ns 0.994 1.024 -0.002 IWC
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Fig. 1) Linear relations between relative bulk density (RBD) and SAW values: (a) PAWqq, (b) PAWS33q, (C)
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Abstract

A laboratory method was proposed and its capability was evaluated for quick and reliable
determination of soil available water (SAW) for plant using concepts of plant available water (PAW),
least limiting water range (LLWR) and integral water capacity (IWC). Water retention (6) of 20
agricultural soils was detemined at 13 matric suctions (h) using sand box and pressure plate
apparatuses. These data were fitted by the van Genuchten model and considered as the reference
method. We used the soil water retention at h values of 0, 330 and 15000 hPa for the model fitting in
the proposed method. Penetration resistance (Q) was measured on 10 undisturbed cores at different
water contents for each soil using a lab micropenetrometer. Except for PAW (with h of 100 hPa
considered as field capacity), there were not significant differences between the mean values of SAW
determined by the reference and proposed methods. Strong regression lines were obtained between
corresponding SAW values calculated by the two methods. Therefore, it is not needed to measure soil
water retention and penetration resistance curves at several h values; instead water retention
measurement at h values of 0, 330 and 15000 cm and quick measurement of penetration resistance at
different water contents could be used for determination of different quantities for SAW. The PAW,
LLWR and IWC were negatively and significantly regressed with relative bulk density (RBD) in the
studied soils. These findings show that the SAW values calculated by the proposed method are
susceptible to soil structure and might be considered as soil physical quality indices. The results
showed suitability of the proposed method for quick and reliable determination of soil available water
quantities which are useful for applied purposes and irrigation scheduling.

Keywords: plant available water, least limiting water range, integral water capacity, water
characteristic curve, penetration resistance
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