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Abstract

The irrigation system throughout the world is affected by the variations in water
content due to different soil structure, textures and climate change. The irrigation system
supplies sufficient water to the agricultural fields in order to fulfill the prerequisites. The
measurement of soil moisture content (%) is crucial for precision irrigation and sustainable
agricultural system. Site specific agricultural system was utilized to overcome all issues related
to soil water moisture contents (%) in the paddock. Smart technology was utilized to record
GPS signals through the sensors developed by National Aeronautics and Space Administration
(NASA) utilizing the signals reflected on the Earth’s surface. The GPS system was utilized to
analyze dielectric soil properties and moisture content (%) in proposed areas. The main
objective of this study was to determine water content with stimulus soil type, ground cover
and compaction on the irrigation system by utilizing the GPS-based techniques. The result
indicated positive relation between soil moisture content and the signals reflected on the earth
surface. All factors affecting the irrigation system were not related to the reflected signals and
did not affect the soil moisture content. The reflectivity was not reduced by ground cover.
Whereas, comparative relationship was found between soil moisture content and reflectivity
index i.e. soil moisture contents were increased with reflectivity index up to 0.02 %. The results
showed that GPS signals system have significant impact on estimation of soil moisture content
(%) in precise irrigation system.
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1. Introduction
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Agricultural management requires up to need water supplies which is now being
analyzed using a new concept which is Site-specific or Variable-Rate Irrigation (VRI). This
technology is significantly used to reduce water utilization, nutrient leaching and runoff [1].
Soil retains a definable amount of water which is commonly known as moisture content of
soil. A successful site specific irrigation system is obtained through continuous measurement
of moisture content of soil [2]. Behavior of soil is significantly affected by the moisture
content, therefore it is essential to accurately monitor the moisture content of soil.

Water content of soil significantly affects the nutrients and content of moisture and
influence the aeration of soil. Moisture content of soil keep changing the availability of water
through irrigation or rainfall. Availability of moisture in soil is highly significant for effective
growth and efficient functioning of plants. Lack of adequate water content in soil lowers the
crop yield which can lead to root proliferation, reduce growth and stomatal conductance,
impair pigments and reduce protein content in plant [3].

In this modern era, the moisture content of soil can be measured through smart
technologies. Volumetric and percentage water content of soil can be analyzed using modern
techniques. It can be measured using different kind of sensors including TDR, multi-sensor
capacitance probes and tensiometers [4]. A significant number of sensors are required to
provide sufficient data regarding spatial variability of irrigated fields since the sensors in a
production field measure the moisture content of soil at distinct locations [5,6]. Thus utilizing
sensors for determining moisture content for site specific irrigation system can be impractical
and expensive [7,8]. Therefore, advanced remote sensing techniques are required for these
kinds of measurements [9, 10].

The varying dielectric properties of soil are sensitive to frequency ranging from 1 — 2
GHz and this frequency can effectively penetrate through the vegetation [11, 12]. The
dielectric properties of soil are closely related to the moisture content of surface of soil
Civilian-use carrier signal i.e, L-band at a frequency of 1.575 GHz is utilized for measuring
moisture content through remote sensing technology [13].

GPS is satellite based global positioning system which is based on the continuous
transmission of information in coded form. Initially the GPS system was only for military use
but later on it was intended for civilians because of its wide range of applications [14]. The
main objective of this study was to determine water content and influence soil type, ground
cover and compaction on the irrigation system utilizing the GPS-based techniques. The GPS
effectively analyzes the dielectric properties of soil. In addition to the general functions of
positioning and navigation, the GPS can also be utilized for various other functions including
remote sensing, sensing of atmosphere and monitoring of earthquake and surface deformation
[16].

The signals are reflected and directed by the object, which are received by GPS receiver
antenna. GPS receiver antenna is highly sensitive to the moisture content. This system works
by recording the signal to noise ratio (SNR) [16]. The signals are varied as the moisture content
of soil near receiver antenna changes. Thousands of geodetic quality GPS receivers are being
utilized throughout the world. Geodetic quality receivers are highly efficient and cost effective
method accurately determines various geophysical parameters including moisture content of
soil [16].

The geodetic quality GPS antenna collects both reflected and direct signals, which are
further processed by the receiver. This study aims at utilizing GPS signal strength for the
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estimation of moisture content of soil through determining Signal to Noise ratio
(SNR).Multiple regression models are utilized in this paper for determining the relationship
between reflectivity index and moisture content of soil.
Study Area

This study was conducted in Sheikhupura which is a district of province Punjab. By
population it is the 16™ largest city of Pakistan located at 38 km at northern side of Lahore.
This district covers nearly 75 km? of area. The district resides nearly 230km above the sea level.
The climate of this district ranges from maximum ranges of 45 °C in winters to minimum 1
°C in winters. The annual rainfall in this region ranges up to 500mm. the slope doesn’t affect
the distribution of water as the study site is a plain area. The study area is mapped in figure 1.

Figure 1: Site “rnap of study area.

Methodology

Three different types of soils were selected to conduct tests repeatedly these soil types
include Fuquay sandy loam, Lakeland sand and Faceville loamy sand. The study area was a 2.5
ha field located in sheikhupura [17]. Commercially available Electrical conductivity (EC) was
used to obtain electrical conductivity of soil which in turn was used to determine the varying
dielectric properties of soil. The electrical conductivity of 0.3 to 0.9 m of top soil was measured
by using veris-3100 which is similar to small disk harrow which has a width of 2m [18]. Nearly
20 measurements were taken for a 15 m long plot at the rate of 1 Hz. SS tool box was used to
develop a thematic map of electrical conductivity [19].

The faceville soil consists of higher EC and clay content were compared with the
Lakeland soil. The average values of electrical conductivity were observed of Fuquay, Faceville
and Lakeland are 9.2, 12.9 and 4 respectively. Depending upon the electrical conductivity of
soil, the test field was divided into three zones and 21 plots. All plots were supplied nearly 2.5
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cm of water and the reflected signals of GPS were collected for all plots. The average value of
moisture content was recorded within three days is 8.0%, 6.8%, and 2.9%, respectively. There
was no rain within the experimental days [20]. Different soil compactions are created using
tractor over plots. The compactions were created within a day and followed by 2.5 cm
irrigation. GPS based hydraulic penetrometer was used to collect solid data. The resistance to
penetration was quantified using geo referenced data. The values of soil compaction values
were obtained by measuring force and average value of CI was 3.2 MPa.

A DMR from 9-m tower was used to take measurements of ground reflectance from
the center of rectangles. The equation 1 given below, was used to calculate resolution. where
“A” represents footprint of the reflected signal (m?), “h” shows height of receiver above the
surface (m), “A” shows the incoming signal wavelength equal to 19.03 cm, and y is the elevation
angle of satellite signal.

A :n*Jhlsiny*\/hAsiny (1)

(siny)? siny

By changing the angle and height of antennas, the resolution of DMR also changes.
The receiver of the software accepts high elevation to make a specific area of reflection just
below receiver. The angle of elevation changes from 60 to 90 degree at the height of 9 m. The
reliever of GPS located in each plot in such a way that reflected signals cross the middle
portion of plots. The predicted paths were mapped corresponding to the plots. Figure 2
illustrates the top and bottom sides of DMR which are measured using RF power divider.

Measurements of moisture content for soil were taken from each plot using a soil
probe of almost 5 cm. The direct and reflected signals were collected over time using a DMR
receiver on exact locations in each plot. Each core of soil was divided into 5cm thick layers
and the content of moisture is determined. The soil sample was taken from each layer and the
sample is then labeled, weighed and dried at 105°C for 24-hours through standard procedure.

The satellite tracking antenna was used to determine the reflectivity by developing a
ratio of reflected power and power determined. The data of reflectivity was utilized to obtain
soil moisture data by developing simple linear regression model. The slope parameter and
coefficient of determination (R?) of simple linear regression model was determined using
analysis of variance F-Tests. Along the determination of soil moisture the linear regression
model also calculated for soil type, soil compaction and crop biomass.
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Figure 2. RF power divider was used to measure SNR of top and bottom channels of DMR
Significance of parameters are determined using ANOVA F-Tests. The JMP 10.0.0 and tests
were utilized to calculate a significance level of 0.05.
Results and discussion

The reflected index of top 25cm layer of soil was determined 0.788. Moisture content
of soil changed from 1 to 12% during the measurement of reflectivity. The linear model of
reflectivity index is:

RI =0.1389 + 0.0273M (2

In the above stated relationship, M indicates the moisture content. The increase in
reflectivity per moisture content was estimated to be 0.0269. This result showed that the linear
regression model can estimate moisture content of soil from reflectivity.
Figure 3 showed the relationship between the reflectivity index and soil moisture contents
separated by treatments (COM, CROP, NC). The slopes of regression lines were determined
using multiple regression model.
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Figure 3. Effects of soil moisture contents on reflectivity index.

Regression line slopes were 0.03, 0.02, and 0.02 for NC, COM, and CROP,
respectively. Figure 3 shows the relationship between the reflectivity index and soil moisture
contents separated by the three treatments, soil types (Lakeland, Fuquay, and Faceville).
Positive relationship between moisture content and reflectivity index was shown by each
treatment.

RELATIONSHIP OF REFLECTIVITY INDEX AND
SOIL MOISTURE CONTENT
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Figure 4. Relationship of reflectivity index and soil moisture contents separated by-
treatments: compacted (COM), no compaction (NC), and ground cover (CROP).
Table 1. ANOVA results of reflectivity index versus moisture and treatment.

Source DF  Sum of Squares  Mean Square I Ratio

Moisture 1 0.37613275 0.3713275 131.0980
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Source DF  Sum of Squares  Mean Square I Ratio
Treatment (COM, NC,
CROP) 2 0.04995747 0.0249787 8.7061
Treatment by Moisture 2 0.00615571 0.0030779 1.0728
Total 76 0.68676087
Table 2. ANOVA table of reflectivity index versus moisture and soil type.
Source DF  Sum of Squares Mean Square IF Ratio
Moisture 1 0.30355215 0.30355215 82.8923
Soil Type 2 0.01271813 0.006359 1.7365
Soil  Type by 0.00429694 0.0021484 0.5867
Moisture
Total 78 0.77412139
Table 3. ANOVA table of reflectivity index versus moisture and actual compaction measure.
Source DF  Sum of Squares ~ Mean Square I Ratio
Moisture 1 0.40542071 0.40542071 131.4979
Compaction 1 0.00093599 0.00093599 0.3036
Compaction by 4 19865725 0.00865725 2.8080
Moisture
Total 52 0.58067948
Table 4. ANOVA table of reflectivity index versus moisture and actual crop biomass measure.
Source DF Sum of Mean Square F Ratio
Squares
Moisture 1 0.56627584 0.56627584 157.4121
Biomass 1 0.00571571 0.00571571 1.5888
Biomass by 0.00058714  0.00058714 0.1632
Moisture
Total 78 0.84252875

The relationship of moisture and reflectivity were found consistent according to the
results, two multiple regression models were developed to analyze the relationship. One of
these models illustrate the soil compaction and moisture while the other model shows the
measure of crop biomass. Table 3 and Table 4 presented the ANOVA F-test results for these
models. The regression lines were not different for different biomass and compaction
measure.

The analyses showed that changing the depth of sample the sensitivity of L.-Band
towards the soil moisture content is also changed. The figure 5 shows relation of R*and
sampling depth.
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Figure 5. Relationship of R* and sampling depth.

The R? value is for the coefficient of determination of the reflectivity index and
moisture linear relationship at a particular depth. The strongest relation of moisture content
and reflectivity index was observed in first 5 cm of soil sample. The value of R*decreases as
the depth of soil increases. This decrease in value is due to less penetration of GPS signals
into the soil.

A positive relation between moisture content of soil and signals reflected by soil on
the earth surface is observed. The GPS signals neither affect the moisture content of soil nor
changes the irrigation system. While the reflectivity index is affected by the depth of soil. The
ground cover did not reduce the reflectivity. While, a comparative relationship was found
between soil moisture content and reflectivity index i.e. soil moisture contents were increased
with reflectivity index up to 0.02 %.

Conclusion

A comparative relationship was found between moisture content and reflectivity index, when

the soil moisture is increased the reflectivity index is also increased up to 0.02 %. The results

showed that technology plays a significant role in estimating moisture content of soil in the

management of site specific irrigation.
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