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6- Least Limiting Water Range (LLWR)
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8- Permanent Wilting Point (PWP)

9- Non Limiting Water Range (NLWR)
10- Global Positioning System (GPS)
11- Sand Box

12- Soil Moisture Curve (SMC)

13- Air Capacity (AC)
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1- Penetration Resistance (PR)

2- Air-Filled Porosity (AFP)

3- Integral Water Capacity (IWC)
4- Weighting Functions

5- Soil Quality (SQ)

6- Plant Available Water (PAW)
7- Field Capacity (FC)
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3- United States Department of Agriculture (USDA) system
4- Retention Curve Program
5- Saturated Hydraulic Conductivity
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1- Porosity (POR)
2- Relative Field Capacity (RFC)
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Figure 1- Soil porosity and air capacity
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Table 1- Soil properties and soil moisture curve parameters of studied samples

n a Ovr Ovs Dp Do OC Clay Silt Sand
- (cm?) (cmécm®) (grcm®) %
(Max) sl 1.66 0.74 0.08 0.51 288 1.56 1.05 34 54 66
(Min) Ble  1.16 0.02 0 0.40 261 129 0.26 11 23 17
(Mean) Sl 1.27 0.08 0.01 045 270 145 0.53 25 45 30
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3- Silty Clay Loam
4- Clay Loam
5- Sandy Loam
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1- Loam
2- Silt Loam



WAV OB (58 o Fhrg B b T IS0 Gl sl

f416(f'4(“’a (h) = wk(h))C(h)dh =0.019 (Vo)
f13038é4(wk(h))c(h)dh = 0.055 (%)
f3330090-7 C(h)dh = 0.093 (V)
f3102900(?3(wR (h))C(h)dh = 0.03 (VA)
[0 (o (k) * iy () C(W)dR = 0,002 ()

(¥)
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0.199(cm3cm3)
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Table 2- Soil porosity, air capacity and relative field capacity

RFC ACt ACt PORs POR:. POR:

- (cm3cm3)
(Max) Sl 0.74 0.25 0.30 0.45 0.16 0.52
(Min) sl 0.34 0.06 0.11 0.30 0.01 0.41
(Mean) Ske 0.56 0.15 0.20 0.40 0.06 0.46
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Table 3- Soil sample No. 18 moisture curve parameters
n a Ovr Ovs
- (cm™) (cmécm?)
(Value) s 1.21 0.053 0.006  0.46
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Table 4- Soil sample No. 18 required factors for calculation of integral water capacity index

Cudgdome Jole Cydgaxe Jole
(Limitation) (Factor) (Limitation) (Factor)
by (Sdgyhd colin 5 g: (0).388 (Mpa cm)
b5 (Sdgyhen o —_ — 0197
igh soi Kr (330) = 1.84x10° $909° =25
(High soil (3%0) (Penetration resistance)  hismpa = 3090.7 (cm)

hydraulic conductivity)

hz25 mpa = 41322.8 (cm)

s hio = 46.4 (cm)
N his = 108.4 (cm)
(Soil aeration) A=271

oS Soyn colin

(Low soil d=-2.435

hydraulic conductivity)
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Table 5- Correlation coefficients of soil measured properties with integral water capacity index

swod i o
(Correlation
coefficients)

(Soil properties)

(Correlation
coefficients)

(Soil properties)

(0C) JI o8 -0.05" (V.C. Sand)cas  LLs 055 0.15™

(Db) 6,0l ogasin py> -0.54™ (C. Sand) cusy o5 0.17"
(RFC) oo 4530 o o -0.61 (M. Sand) Lussie oyo 0.12s
(PORY) S s 0.70™ (F. Sand)s, o5 0.10"

(POR¢) cuiys s 0.32" (V.F. Sand) 5, ks o 0.05"
(PORY) 5, Jsdss 0.29m (Sand) 0.14n

(ACY) S ol iabus 0.71™* (Silt)cde -0.07"
(ACH) 3, Bl oloa LioluS 0.58"™* (Clay) v, -0.19™

B A NI N ¥ A P N I A VA< SIS N PP R
. significant (P <0.001), ™": significant (P <0.01), ™: significant (P <0.05), ™: non-significant
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Table 6- Multiple regression analysis between integral water capacity index and soil physical properties

Jole saly o S o ps om0 e apd (I e e
(Factor) (Unit) (Coefficient) (Partial R?) (Cumulative R?) (Signification)

(ACy) JS olsn ilws  (cmcem3) 0.26 0.50 0.50 0.000
(PORy) Js Jxlss (cm cm) 0.50 0.13 0.63 0.005

(Intercept) <l 5l yo,e - -0.09 - - -
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Introduction: Soil is the main source of water retention and availability for plant uptake. The supplement of
water is completely dependent on soil physical properties. The soils with higher values of available water are
generally more productive because they can supply adequate moisture to plants during the intervals between
irrigation or rainfall events. Generally according tothe spatial and temporal distribution of precipitation, Iran has
an arid climate in which most of the relatively low annual precipitation falls from October through April. Thus,
water deficiency along with the lack of organic carbon in the soil justifies the necessity of studying the soil,
water and plant relationships that may improve the efficiency of water consumption in agricultural practices. For
that reason, this research was conducted to investigate the relationship between some soil physical properties and
Integral Water Capacity (IWC) index as one of the soil physical quality indices.

Materials and Methods: This study was conducted in Torogh Agricultural and Natural Resources Research
Station in Khorasan-Razavi province, north-eastern Iran during 2013-2014. This station is located in south-east
of Mashhad city with a semi-arid climate, annual precipitation of 260 mm and mean air temperature of 13.5 °C.
The soil was classified in Entisols and Aridisols with a physiographic unit of alluvial plain that generally had
medium to coarse textures in topsoil. Thirty points with different soil textures and organic carbon contents were
selected as experimental plots. In order to measure different properties of the soil, two soil cores (8 cm diameter
x 4 cm length cylinder for bulk density and 5 cm diameter x 5.3 cm length cylinder for sandbox measurements)
and one disturbed soil sample (for other measurements) were collected from 0-30 cm depth of each plot. After
conducting required laboratory analysis and field measurements using standard methods, the soil moisture curve
parameters (RETC program), Porosity (POR), Air Capacity (AC), Relative Field Content (RFC) and Integral
Water Capacity (IWC) index, were calculated. In this regard, integration calculations were done by Mathcad
Prime 3 software. Finally, the relationship between the measured properties and IWC index were analyzed using
Pearson correlation coefficient and stepwise multiple linear regression by SAS (9.1) statistical software.

Results and Discussion: Laboratory analysis results showed that the soil texture classes of samples were
loam (40%), silt loam (23%), silty clay loam (17%), clay loam (13%), and sandy loam (7%). On average, very
fine sand particles were dominant between five size classes of sand and the lowest values were devoted to very
coarse sand particles. Soil porosity and air capacity calculation results indicated that on average bulk soil
porosity (PORy) and bulk soil air capacity (AC) were 0.46 and 0.20 (cm3cm ), respectively. According to the
results, RFC of 60% of studied soil samples were lower than 0.6, 7% were higher than 0.7 and only 33% were
between 0.6-0.7 (optimal range). IWC index calculations were resulted in 0.13-0.25 (cm®cm®) in different soil
textures. The highest IWC were related to Loam and Clay Loam textures, respectively. Statistical analyses
indicated that there were no significant relationship between soil particles (sand, silt and clay) and organic
carbon content with IWC index. The factors of soil bulk density and RFC were negatively correlated with IWC
index that means decreasing the soil bulk density and RFC would lead to the reduction of the effects of water
uptake limitation factors by increasing the values of weighting functions (IWC calculations), and improvement
of soil physical quality. High significant (P < 0.001) positive correlation coefficients were observed between
IWC index and the factors of soil POR;, AC; and soil matrix air capacity (ACy) in this study. Multiple regression
analysis results showed that IWC index could be estimated by the factors of AC: and POR: with the
determination coefficient of 0.63. The partial determination coefficients indicated that AC; factor accounted for
50% and POR; accounted for 13% of IWC index variations.

Conclusion: The results indicated that in medium to coarse-textured soils, IWC index could be estimated
using the bulk soil air capacity (AC:) and bulk soil porosity (POR;) factors that are derived from soil volumetric
water content at saturation and field capacity points.

Keywords: Air capacity, Integral water capacity, Physical index, Porosity, Relative field capacity
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