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INTRODUCTION 
 

Sustainability of soil management practic-
es depends on soil hydraulic properties such as 
the available water content for the plant growth. 
The plant-available water content (PAWC) is a 
very important physical property of soil that con-
trols water and nutrient absorption by the plant.  
It is defined as the difference between soil water 
content at the field capacity where the maximum 
amount of water the soil can hold and at the per-
manent wilting point representing the minimum 
condition the plant can no longer extract water 
from the soil. Several references emphasize that 
PAWC depends on the climate changes that con-
trol the available water supply (Littke et al., 
2018) and soil factors responsible for the water 
holding capacity (Hillel, 1980). The climate change 
factors that influence the amount of available water in 
the soil include monthly precipitation and air 
temperature, therefore, they are used to predict 

the available water supply in the soil profile.  The 
effects of climatic variables on temporal changes in 
the plant-available water are more significant for the 
shallow soils due to the limited capacity of soil profile 
porosity in holding the water. In the steep lands that 
suffered from gully erosion, a combination of storm 
events and slope positions is responsible for spatio-
temporal variations in the available soil water con-
tent as reported by Sadeghi et al. (2019). 

Soil factors play an important role in balanc-
ing water status in the soil profile, storing the water 
during the rainy season and supplying it to the plant in 
the dry condition. Soil physical properties, in par-
ticular, determine the amount of water that remains 
in the soil profile following precipitation or irriga-
tion application, as well as provide the soil water to 
be available for the plant growth. In the water bal-
ance prediction using Richard's equation (Rong, 
2012), soil physical properties are often used to 
calculate water-holding capacity (WHC) as a variable for 
the available water calculation, since the direct 
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measurement of PAWC is very costly. Soil proper-
ties related to PAWC can be grouped into those af-
fecting water loss from the soil surface and plant by 
evapotranspiration and gravimetric forces by deep 
percolation (Blaschek et al., 2019). When combined 
with climatic variables, soil factors will control the 
amount of water remaining in the soil profile during 
the growing season. 

However, soil factors that strongly control the 
PAWC in the soil have not been fully understood 
and fewer studies have been conducted on this issue. 
A study by Román Dobarco et al. (2019), for example, 
used sand, clay, soil organic carbon, and bulk density 
of soils as predictor variables for PAWC but the re-
sults only covered less than half of existing horizons 
in the study area. Better uses of soil factors as PAWC 
predictors were reported by De Paepe et al. (2018) in 
which soil properties at the surface 0-20 cm layer 
provided good estimates of profile PAWC up to the 
depth of 140 cm. The later study could be interpreted 
and applied to minimize the number of sampling and 
laboratory works in calculating PAWC at the deeper 
soil profiles. Therefore, further research is required to find 
out soil properties that strongly related to PAWC and 
use them as predictors in the PAWC model. 

The present study aims to analyze the relations 
between particle-size distributions and organic car-
bon with the PAWC of the soil and to develop a model 
of predicting the availability of soil water.  It is as-
sumed that at least one of the proposed variables will 
strongly be related to and can be used as predictors 
in the model of PAWC calculation in the soil. 

 
MATERIAL AND METHOD 
 
Description of study areas 
 

The research was conducted at young and ma-
ture oil palm and rubber, respectively, as well as hor-
ticultural plantations in North Bengkulu Regency, 
Bengkulu Province, Indonesia during the soil water 
discharged period of April to September 2019. The 
altitudes of five soil sampling and measurement sites 
ranged from 25 to 500 m above sea levels at the geo-
graphical positions of 102009’55.0” to 102027’01.7” 
E and 03027’34.6” to 03036’30.5” S. During the 
study period, monthly precipitation decreased from 
278 in April to 3 mm in September for the lowland, 
and from 843 to 45 mm at the same period for the 
highland sites. Sampling sites were located in five 
plantation areas in North Bengkulu Regency, includ-
ing mature and young rubber, mature and young oil 
palm, and fruit farm.  

The study sites had different soil profile char-
acteristics, the A-horizon thicknesses ranged from 7 
to 50 cm, the B-horizon from 35 to 90 cm, the sur-
face soil structures of granular in the oil palm and 

rubber sites and blocky in the cultivated fruitland. 
Soil colour varied with the land use, ranging from 
yellowish-brown (10 YR 5/8) to dark (5 YR 1/1) in 
the A horizon and reddish yellow (7,5 YR 6/6) to 
brown (7,5 YR 5/3) in the B horizon indicating the 
different distribution patterns of soil organic carbon 
with depth. Soil texture also varied obviously with 
soil depths as indicated by the soil consistency that 
ranged from weak to moderately strong under moist 
conditions. 
 
Model development 

 
In mathematical modeling, the dependent varia-

bles are tested, for example using the regression and 
correlation analysis, to see if and how much they 
vary as the independent variables vary. The independent 
variables refer to input while the dependent varia-
bles to the output of the mathematical model.  In the 
current study, we developed a variable-intervening model 
to predict the soil PAWC as a dependent variable as 
described in Figure 1.  Variable PAWC (Y) was a direct 
product of two soil properties such as water content 
at the field capacity and permanent wilting point 
conditions (Y1, Y2), in which Y = Y1-Y2. Adopting 
variables used by Román Dobarco et al. (2019), 
three soil fractions (sand, silt and clay content) and 
organic carbon content (variables X1, X2, X3, X4, 
respectively) were then correlated with variables Y1 
and Y2.  Strongly related independent variables with 
the water holding indicators of Y1 and Y2 were used 
as the predictors in the soil PAWC model. 

Figure 1. Design of model development to predict 
PAWC from soil variables 
 

Sampling and measurements 

Five soil profiles at different land units were 
dug to the depth of 100 cm then described in the 
field to identify layers of soil horizons as well as the 
basic physical characteristics at each soil horizon 
layer.  Ten undisturbed soil samples were taken 
from each profile using the stainless-made core sam-
pler of 5.0 cm diameter and 4.0 cm height at 10 cm 
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 depth increments.  Undisturbed soil samples were 
used for the laboratory analysis of soil water reten-
tion variables using the pressure plate apparatus set at 
0.35 and 15 bars. Both pressures resulted in the volu-
metric water content under the field capacity and per-
manent wilting point conditions, respectively.  Soil bulk 
density was also measured at a corresponding depth 
to calculate the temporal volumetric based on gravi-
metric water content. A similar number of disturbed 
samples were also provided from the same depths for 
the particle-size distribution (Hydrometer Method) and 
organic carbon analysis (Walkley-Blacky Method). 

Gravimetric water content was measured peri-
odically at each sampling site using the dielectrome-
ter device (Hermawan et al., 2017) at 10 cm depth 
intervals to a total of 100 cm. Soil bulk density data 
were multiplied with the gravimetric water content at 
the corresponding layer to calculate the volumetric 
water content. The proposed model was then applied 
to evaluate temporal variations in the volumetric water 
content in comparison to predicted PAWC of study soils. 

 
Statistical analyses 

 
Relations between independent and dependent varia-

bles will be analyzed using the regression equation and 
correlation techniques. Independent variables that had a 
relatively strong relation (R2>0.35) with PAWC were 
used as the predicting variables in the model. 

 
RESULT AND DISCUSSION 
 
Relations between variables 
 

Sand and clay fractions had strong relations 
(R>0.50) with soil water content at the field capacity 
condition (Table 1) although both variables were less 
related to that at the permanent wilting point status. 
Since the soil PAWC was calculated from the differ-
ence between soil water content at the field capacity 
and the permanent wilting point, both soil fractions 
also had good relations with PAWC. The results 
agreed with other studies that the availability of soil 
moisture to the plant was strongly effected by clay 
content (Sani & Alhassan, 2019) and sand fractions 
(Chertkov, 2010). In the current study, silt and organ-
ic carbon content had weak relations (R < 0.25) with 
water content at the field and permanent wilting point 
conditions hence with the soil PAWC. Overall, soil 
factors only had close relations to the field capacity 
water but not to the permanent wilting point water 
suggesting that the relations occurred in the inter-
aggregate macropores rather than in the within-
aggregate micropores. 
 

 
 

Table1. Coefficient of correlations (R) between four 
independent and two water holding variables. 

Model to predict plant-available water 

Results of regression and correlation analyses 
presented in Table 1 indicated that the coarse sand 
and fine clay fractions could be promoted as the in-
dependent variables in predicting soil PAWC. The 
relations between sand and clay content with soil 
PAWC were used to construct the variable-intervening 
model as proposed in Figure 2. In this model, sand 
and clay were used to calculate the field capacity 
water content and use it to predict the PAWC by 
assuming the value of water content at the permanent 
wilting point was known and constant at different 
texture classes. According to the model, soil PAWC 
increases by 0.0015 cm3/cm3 and decreases by 0.002 
cm3/cm3 following increases in 1% of sand and clay 
percentage, respectively. The proposed texture-based 
model found in the current study was similar to an 
earlier study that the sand-silt-clay combined model 
showed predicted soil PAWC, bulk density, and po-
rosity at several soil textures (Zartman, 2006). 

The model shown in Figure 2 needed further 
studies in other regions of Bengkulu areas since the 
variations in soil PAWC could only be explained by 
about 36 (R2 = 0.36) and 44% (R2 = 0.44) of sand 
and clay content, respectively. There were at least 
20% of variations in soil PAWC that could be ex-
plained by other soil characteristics rather than sand 
and silt fractions. Soil bulk density was a variable 
that could be considered in the future studies of 
modeling soil PAWC. A study by Li et al. (2016), 
for example, included soil bulk density in the texture
-based prediction of soil PAWC in the oasis-dessert 
transect of China. Another study by Qiao et al. 
(2019) discussed more detail about relations of tex-
ture and bulk density to soil PAWC, in which the 
sand fraction was more related to the field capacity 
water while the clay content and bulk density to the 
permanent wilting point.  Before applying the pro-
posed model to a wide range of regions, it required a 
calibration by testing data collected from other sites.  
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The accurate model for PAWC prediction would 
be a solution for cheap and quick determinations in 
many field applications such as the prediction of grain 
yield of crops (Al-Khafaf, 1988) as well calculation 
of water retention for engineering works involving sites 
with high soil suction ranges (Wang et al., 2019). 

 
CONCLUSION 

The plant-available water content (PAWC) of 
soils could be predicted from sand and clay frac-
tions (R>0.59) but not from silt and organic carbon 
contents. The sand and clay relations to soil PAWC 
were pronounced with the field capacity water, as a 
component of soil PAWC, rather than with the per-
manent wilting point. Therefore, we were able to 
develop a model for the prediction of available soil 
water content from the sand and clay parameters. 
The model will help decision makers be able to pro-
pose conservation and management strategies for 
PAWC in agricultural practices as well as for the 
soil moisture retention at civil works. 
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