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INTRODUCTION 
      

In recent years, water resources instead of 
rainfed approaches have been used for water bal-
ance models to evaluate the soil water use by 
crops and the stabilization of crop production.  
The models apply soil water content and actual 
evapotranspiration as two important variables for 
water balance determination in the agricultural 
land (Moroizumia et al., 2009).  While soil mois-
ture content determines the amount of water re-
maining in the soil profile, the actual evapotran-
spiration indicates how much water leaves the 
profile following the evaporation from the bare 
soil and the transpiration from the plant.  Most of 
the water loss from the soil profile occurred 
through the evapotranspiration process especially 
when the plant covers are under the maximum 
growth condition.  The actual evapotranspiration 
can be calculated from the microclimate data or 
water loss from the soil profile when the loss by 
other processes, such as drainage including per-
colation and lateral movement of water (Peng et 
al., 2015), is negligible.    

Water loss from the soil profile as a method of de-
termining actual evapotranspiration can be calcu-
lated from differences in the temporal soil moisture 
at a certain period.  Soil water content can be deter-
mined directly by calculating the weight ratio be-
tween water and dry soil, therefore called the gravi-
metric method (Gardner, 1986).  All alternative in-
direct methods should be calibrated to the standard 
gravimetric method.  Despite its accuracy, the gravi
-metric method in soil water content determination 
has several disadvantages, such as time and labour 
consuming to provide certain data.  Many studies, 
therefore, have been conducted to develop the al-
ternative indirect methods for soil water determina-
tion by measuring the water-related variables in-
cluding the neutron absorption (Gaze et al., 2002), 
spectral data measured from reflected radiation 
(Nagy et al., 2014), and time domain reflectometry 
(Pan et al., 2012) at the soil profile.  In these stud-
ies, the behaviour of neutron particles, radiation, 
and electricity in the ground are used to determine 
the soil water content.  Indirect methods of measur-
ing soil water content have some advantages, such 
as instantly released data and the in situ  
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measurement technique without using laboratory 
works.   

Dielectric characteristics such as the electrical 
resistivity, capacitance and impedance have in-
creasingly been adopted in engineering, environ-
mental and agricultural studies.  Electrical resistivi-
ty, for example, is capable of determining the depth 
of waterfront in the soil profile which is useful to 
increase the efficiency on the land management 
practices in terms of cost, time and environmental 
sustainability (Abidin et al., 2017).  Similarly, elec-
trical impedance, which is the measure of the oppo-
sition that a circuit presents to the passage of a cur-
rent when a voltage applied, has strong relations 
with the amount of water in the soil profile and is 
capable of calculating plant water use in repacked 
soils grown with palm oil nursery (Hermawan et 
al., 2017).  The electrical impedance increases 
when the amount of water in the soil pore space de-
creases and replaced proportionally by air.  Howev-
er, the degree of the impedance increase per a unit 
change in soil water becomes more significant 
when the soil water content is less than 30 percent. 
Other researchers found that the relations between 
dielectric and soil water characteristics are influ-
enced by soil types and temperature at the time of 
measurements (Seyfried and Murdock, 2004). 

The amount of water loss from the soil pro-
file by evapotranspiration depends on the propor-
tion of plant cover as indicated by the growth phase 
and density of plant above the ground surface.  Re-
lations between the rate of evapotranspiration and 
the plant characteristics may be due to the leaf area 
index as a parameter usually used to predict the 

photosynthesis process, so that is responsible for 
the use of soil water by the plant (Hu and Mo, 
2014).  The rate of evapotranspiration increases at 
higher leaf area index and photosynthesis processes 
and decreases at the lower index as usually found 
in the plant water stress regions.  The leaf area in-
dex is related to the plant biomass, while the bio-
mass production requires a lot of water for the pho-
tosynthesis processes.  The dependency of plant bi-
omass production on the availability of soil water 
has been reported elsewhere (Saia et al., 2014).  In 
terms of water use efficiency, the production of 
plant biomass is expected to uptake more water 
from the soil, therefore water loss through the plant 
transpiration should be much greater than that by 
the evaporation from the soil surface.  Increasing 
water availability to the plant by applying an ap-
propriate irrigation technique may be a good strate-
gy to increase the water uptake by the plant and at 
the same time to reduce the amount water loss from 
the soil surface (Šimunek et al., 2016). 

Soil texture, classified by the fractions of soil 
separates including sand, silt and clay has long 

been known to be an important factor affecting soil 
water characteristics in relations to the plant water 
availability and its distribution in the soil profile 
(Saxton and Rawls, 2006).  Coarse and fine-
textured soils have lower plant water availability 
compared to medium textured soils.  Sandy soils 
are dominated by larger draining pores but less wa-
ter-holding smaller pores, while most waters in clay 
soils are trapped in the micropores and difficult for 
the plant roots to uptake.  Medium textured loamy 
soils, on the other hand, is dominated by pore spac-
es that capable of storing water for the plant needs.  
The proportion of soil separates is of great im-
portance for agricultural and environmental appli-
cations such as the landfill and reclamation practic-
es as well as responsible for the presence of water 
table (Li et al., 2014).  Particle size distribution of 
soil also controls the soil water movement as 
shown by changes in the wetting pattern size, there-
fore, is important for the irrigation water efficiency 
and evapotranspiration needs (Naglic et al., 2014).   

This study aimed to apply a technique for 
measuring the soil dielectric properties, represented 
by the soil electrical impedance, to calculate the 
amount of soil water loss by actual evapotranspira-
tion from upland rice grown in two contrasting tex-
tured soils.  It was assumed that soil water loss by 
other processes such as vertical and lateral water 
movement in the soil was neglected in this study.  
Therefore, temporal changes in soil water content 
in the planting medium would be responsible for 
the loss of soil water from the soil surface and plant 
canopy.  The importance of this study is to provide 
a quick method of measuring soil water content and 
plant water use in the field by using the easily read 
data of the electrical impedance. 
 
MATERIAL AND METHOD 
 

In the current study, the daily actual evapotran-
spiration from upland rice grown in the polybag was 
calculated from daily changes in soil water content.  
Changes in soil water content were determined us-
ing a technique of measuring the soil electrical im-
pedance.  When subject to water addition by sprin-
kling, the difference in the soil water content was 
calculated between the content under the field ca-
pacity condition just after the sprinkling and that at 
the field condition in the next measurement day.  
Effects of environmental factors such as sunshine 
hours and wind speed on evapotranspiration as re-
ported by Wang et al. (2014) were negligible in this 
study since the experiment took place in a tropical 
region and was conducted in the greenhouse.    

The study was conducted in the greenhouse lo-
cated at the University of Bengkulu, Indonesia   (S 
03o 45’ 58”; E 102o 16’ 20”), from February to 
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 May 2016.  Loamy sand and sandy loam top soils 
were used as the growing media for upland rice in 
the polybag.  The compositions of sand and silt frac-
tions were 71.29 and 11.48% for loamy sand and 
39.70 and 20.97% for sandy loam soils, respectively.  
Ten kilograms of 0-10 mm aggregates (oven-dry 
equivalent) were put in the polybag and set in such a 
way to get the bulk density of about 1.0 g.cm-3, 
seeds of upland rice were then sown.  A pair of wire 
was inserted into the soil at the depth of 10 cm, the 
lowest 5 cm parts were left uncovered so that enable 
them to transmit the electrical current through the 5
-10 cm soil layers.  Therefore the instrument was 
set to measure the electrical impedance values at 
the depth of 5-10 cm.  The schematic installation of 
the dielectric-measuring instrument in the  experi-
mental  polybag was presented in Figure 1. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Scheme of instrument installation  
                for the dielectric measurements  
 
The instrument used to measure the electrical 

impedance was first calibrated by relating the im-
pedance values to measured soil water content.  
Prior to the seed plantation, the electrical imped-
ance (Z, in kΩ)) values were measured and the soil-
containing polybags were weighted to calculate 
the actual soil water content (θ, in g.g-1) in the pol-
ybags.  The soils were left to evaporate for about 
24 hours, Z values were measured and the polybags 
were reweighted as conducted in the day before.  
The actual soil water content was calculated as a 
proportion of the weight of water and oven-dry soil 
at the time of measurements.  Pairs of Z and θ data 
were regressed to determine the equation models 
relating Z to θ.  The models were then used to con-
vert the measured Z values to soil water content. 

The first Z measurements were conducted for 
the water loss calculation one week after the up-
land rice germination.  The soils in the polybags were 
saturated by adding water to the surface of the soil, 
the measurements were taken when added water 
stopped to drain from the bottom of the polybag 

or when the soil water content in the polybag was 
in the field capacity condition.  The electrical impedance 
was measured by connecting the upper ends of paired 
wires to the probes at the impedance-measuring in-
strument called impedance meter.  The instrument 
generated the direct electrical current at a frequen-
cy of 3 Hz, traveling across the 5-cm soil thickness 
at the depth of 5-10 cm from the surface.  The val-
ues of Z were read from the LCD screen of the im-
pedance meter. 

The Z values measured using the proposed in-
strument were converted to the gravimetric soil wa-
ter content, showing the weight proportion of water 
and dry soil in the polybag.  When multiplied by 
the weight of oven-dry equivalent soil (10 kg), the 
calculation resulted in the weight of total soil water 
in the polybag at the time of measurements.  The 
measurements were repeated in the next day, de-
creases in the weight of water in the soil polybag 
between two consecutive days of measurements in-
dicated the loss of water by the evapotranspiration 
for a period of 24 hours.  The loss of soil water was 
then accumulated for 90 days of the measurement 
period until the crops were in the early stage of 
generative growth.   

 

RESULT AND DISCUSSION 
 

The first variable to evaluate in this study was 
the electrical impedance values of two study soils 
that were measured daily.  Results of the electrical 
impedance measurements in two-texture contrasting 
study soils were presented in Figure 2.  Temporal 
variations in the electrical impedance of two study 
soils were relatively similar in the first 30 days of 
measurements, the impedance values were less 
than 5 kΩ for both soils.  However, the differences 
in the electrical impedance were much higher under 
the finer sandy loam soil compared to the coarser 
loamy sand after 30 days of measurements.  Since the 
soil media consisted of solid, liquid and gaseous 
phases, the magnitude of the impedance values de-
pended on the resistances in the solid phases as well 
as in the air and water inside the pore spaces.  There-
fore, variations in the electrical impedance values 
in the soil media indicated the characteristics of 
solid, liquid and gaseous phases. 

Since the proportions of solid phases in study 
soils were constant during the temporal measure-
ments, differences in the electrical impedance shown 
in Figure 2 could be related to the variations in the 
proportion of air and water occupying the pore spac-
es.  In other words, the temporal changes in the soil 
electrical impedance during measurement periods 
were likely related to changes in the water content 
of study soils.  In this case, increasing differences 
in the electrical impedance between two soils after 
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 30 days of measurements indicated greater differ-
ences in the wetness of two study soils during this 
period.   

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Daily electrical impedance values as  
                measured in the loamy sand (T1) and  
                sandy loam soils (T2 ) 

 
Our previous studies on lowland Ultisol and 

highland Inceptisol found a nonlinear relation be-
tween the electrical impedance and water content 
in the soil (Hermawan et al., 2017).  The values of 
soil water content decreased with increasing val-
ues of the electrical impedance, but the slope of 
the decreased water curve declined at the higher 
impedance.  In the present study, relations between 
two variables followed the nonlinear exponential 
equation as follow 

 θ = a.ebZ     (1) 

where θ was soil gravimetric water content (in g.g-

1), Z was the electrical impedance of soil (in kΩ), 
a and b were constants.  The regression analysis 
on twelve replicates of measurements on two tex-
ture-contrasting soils resulted in the equation con-
stants a and b of 0.50 and -0.16 for sandy loam 
and of 0.55 and -0.06 for loamy soils, respectively.  
Therefore, Equation (1) was written as 

 θ = 0.50.e-0.16Z  (2) 

for loamy sand and 

 θ = 0.55.e-0.06Z    (3) 

for sandy loam. 
 

The next step of the study was to apply the 
measured impedance values for the calculation of 
temporal soil water content as well as the amount 
of water loss from the soil media.  The application 
of Equations (2) and (3) resulted in the predicted 
gravimetric water content as a base in calculating 
the weight of water presenting in the polybags of 
two study soils.  As shown in Table 1, during the 
three-month growing period of upland rice, the use 

of water for the sandy loam soil was about 46 per-
cent higher than for the loamy sand soil.  Sandy 
loam soil seemed to become drier much more 
quickly compared to the loamy sand; therefore, the 
earlier required more water during the plant growth 
period.  When compared to the electrical imped-
ance data presented in Figure 1, the quick drying 
processes in the loamy sand was the main reason 
for highly fluctuating values of the electrical im-
pedance of this soil.  The results indicated that the 
close relations between the electrical impedance 
and water content of soils as reported earlier 
(Hermawan et al., 2017) were proved in the current 
study when the measurement technique for the 
electrical impedance was used to calculate the plant 
water use of soils. 
 
Table 1. Daily loss of water (g) in the polybag for  
              two study soils as calculated using Equa- 
              tions (2) and (3)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The results of this study suggested that changes 
in the soil electrical impedance following the con-
secutive 24-hour period of water discharge were more 
significant when the growth of crops was in the 
highest growing phase as found in the 60 to 90 
days of measurements.  Daily changes in the elec-
trical impedance were small in the early stages of 
crop growth, as shown in the first 30 days of meas-
urements, as well as at the ends of growing periods, 
probably due to less water consumption by young 
crops and when the crops were in the generative 

Days Loamy Sand Sandy Loam 

1 0.34 0.03 

2 0.50 0.02 

3 0.42 0.11 

4 0.78 0.24 

5 0.66 0.26 

6 0.75 0.33 

7 0.73 0.26 

8 0.23 0.09 

9 0.32 0.09 

10 0.34 0.08 

…. ….. …. 

60 0.53 2.59 

61 0.23 1.21 

…. …. …. 

84 0.16 0.60 

85 0.21 0.46 

86 0.10 0.40 

Total 20.18 30.58 
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phase, respectively.  The results indicated that the 
electrical impedance had a close relation to the amount 
of water in the soil media during the growing peri-
od of upland rice. 

The electrical impedance measurement tech-
nique has been successfully applied to calculate the 
water loss from the two-texture contrasting soils 
used to grow upland rice.  The cumulative water 
loss from different soil media grown with the upland 
rice, as calculated using the dielectric measurement 
technique, was presented in Figure 3.  The amount 
of daily water loss by the evapotranspiration pro-
cesses were up to 2.5 L plant-1 as recorded during 
the maximum growth rates of upland rice in the 60 
to 90 days of measurements.  During this measure-
ment period, the biomass production of upland rice, 
represented by crop height, number plants as well as 
number of panicles per polybag, increased signifi-
cantly compared to the first month of measurements 
as shown in Table 2.  Results indicated that the 
amount of water loss by the evapotranspiration pro-
cess proportionally increased with the biomass pro-
duction of crops.  

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Daily water loss during a growing period  
               of upland rice as measured in loamy sand  
               and sandy loam soils  
 
The final step of the study was to evaluate the abil-
ity of the impedance measuring technique to calcu-
late cumulative water loss from the sandy loam and 
loamy sand soils.  The application of the dielectric 
measurement technique was able to calculate accu-
rately the differences in the water loss between two 
texture-contrasting soils.  As shown in Figure 4, the 
cumulative soil water loss from the coarse loamy 
sand was higher than from the medium sandy loam 
in the first 60 days of measurements.  The coarser 
soil required up to 4.0 L of the cumulative soil wa-
ter higher than the finer soil in the first 30 days of 
measurements.  This finding might be related to the 
fact that less soil surface area for sandy soils could 
result in soil water repellency, therefore easier to 
evaporate compared to loamy soils (Nadav et al., 

  
2013).  The trend existed when the soil surface was 
less covered by the young upland rice in the polybag.  
However, the differences in the soil water loss de-
creased with the growing period and the loss from 
both soils was equal in the 60th day of measurements.  
After 60 days of measurements, and most of the soil 
surface has been covered by the plant, the opposite 
trend was found where the finer sandy loam soil re-
quired much more water than the coarser loamy 
sand soil.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Cumulative water loss during a growing  
                period of upland rice as measured in  
                loamy sand and sandy loam soils  
 

In the first two months of the upland rice 
growth, the biomass production was low as indicat-
ed by the plant height in Table 2.  Both soils had a 
relatively similar height in the second month of 
measurements, but in the third month of the study 
the plant height for the sandy loam soil increased 
significantly to about 10 cm higher than for the loamy 
sand soil.  A study by Tilly et al. (2015) showed 
that plant height had a very strong relation to bio-
mass production of rice (R2: 0.72 to 0.91) and rec-
ommended the variable as a non-destructive esti-
mator for biomass of paddy rice.  In particular, the 
plant height influenced the aboveground biomass 
significantly as reported by Lou et al. (2016), while 
this biomass could be responsible for evapotranspi-
ration, therefore the plant height presented in Table 
2 might explain the variations in soil water loss be-
tween two study soils.  

Higher upland rice growth in the sandy loam 
compared to the loamy sand soil was probably due 
to differences in the availability of soil water be-
tween the two study soils.  Dodd and Lauenroth 
(1997) found that the plant water availability in the 
0-30 cm layers was higher in the sandy clay loam 
and sandy clay soils than in the loamy sand soil.  
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They also proved that when the water availability in 
the coarse soil was added, the biomass production 
increased significantly indicating the effects of wa-
ter availability on the crop biomass production.  Soil 
water availability also influenced the carbon storage 
as an indicator of biomass production in the non-
agricultural land as found by other researchers else-
where (Álvarez-Dávila et al., 2017).  The soil water 
and the plant biomass production seemed to have two 
directional relations; the biomass production re-
quired the available water in the soil but at the same 
time promoted the loss of water from the soil. 

 
Table 2. The temporal growth of upland rice in the  
               loamy sand and sandy loam soils  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results of the current study suggested that the 
application of the proposed electrical impedance tech-
nique to calculate the proportion of water in the soil 
media were beneficial for monitoring the soil wet-
ness quickly and environmentally friendly.  While 
the conventional technique for measuring soil mois-
ture required a lot of works, including the field sam-
pling and the laboratory analysis, the new technique 
developed in this study offered a simple work to de-
termine the amount of water in the soil.  The appli-
cation of dielectric properties to predict other soil 
characteristics and deposits has been used by many 
researchers from various fields of interest.  Octava 
and Yulhendra (2016), for example, have used geo-
electric data to determine the deposits of iron ore in 
the soil (Octova and Yulhendra, 2016), while Paillet 
et al. (2010) reported good relations were noted be-
tween the electrical resistivity with texture, wetness, 
and cation exchange capacity of the forest soils.  There-
fore, the application of the proposed dielectric meas-
urement technique could be useful for the calcula-
tion of the soil wetness and the soil water loss at vari-
ous fields of interest. 

Months Loamy Sand Sandy Loam 

Crop height (cm) 

1 77.33 69.67 

2 90.67 92.00 

3 110.33 122.00 

Number of plants 

1 30.67 34.00 

2 30.00 40.00 

3 22.33 38.33 

Number of panicles 

1 2.33 0.33 

2 20.33 28.00 

3 22.67 33.33 

CONCLUSION 
 
A technique for measuring the electrical im-

pedance has successfully been applied to calculate 
the water loss from the loamy sand and sandy loam 
soils grown with upland rice.  The calculation of 
soil water content θ from the electrical impedance Z 
followed the nonlinear regression model of θ = 
a.ebZ where a and b were constants.  The values of a 
were 0.50 and 0.55 and those of b were -0.16 and -
0.06 for loamy sand and sandy loam soils, respecti-
vely.  Cumulative water loss from loamy sand was 
about 4 L plant-1 higher for the coarse loamy sand 
in the first 30 days of the measurement period, but 
about 10 L plant-1 higher for finer sandy loam on 
the 90th day of the rice growth period.  At the end of 
growing period, higher biomass production of 
upland rice in the sandy loam soil could increase 
the evapotranspiration rates and be the main reason 
for higher water use in this soil. 
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