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In an agricultural field, the water content and salt content are defined as soil moisture and
soil salinity and have to be estimated precisely. The changing of these two factors can be
assessed using remote sensing technology. This study was conducted by analysing the
Landsat 8 satellite images, soil data of field surveys, laboratory analyses and statistical
computations. Soil properties such as soil moisture and soil salinity were estimated using
soil moisture index (SMI) and soil salinity index (SSI), respectively. The research combined
and integrated the soil data from survey and laboratory with Landsat 8 satellite images to
build two multiple regression equations model named the soil pH Index (SpHI). They are
based on bare soil and paddy leaf models as the explanatory factors of soil moisture and
soil salinity changes. All the computation processes were replicated three times using three
different dates of Landsat 8 satellite images to produce the multi-temporal analysis. Soil
moisture increased after 30 days, while the salt content was only trace amounts. Both pro-
posed models detected 4.49-7.59 of soil pH, 4.66 in bare soil model and 6.62 in paddy leaf
model. During the planting period, the soil pH in bare soil model decreased to 2.12-6.47
while the paddy leaf model increased to 4.49-7.59 with RMSE 1.40 and PRMSE 24% of accu-
racy. The spatial relationship between soil pH, soil salinity and soil moisture are linear but
varied in correlation level from weak, moderate to strong. Based on the bare soil model, the
relationship between soil pH and soil moisture shows a weak negative relationship with R2
8.37% and a strong positive relationship with R2 81.94% in paddy area and bare soil area
respectively, as like as in paddy area based on the paddy leaf model with R2 100%. The rela-
tionship between soil temperature and soil pH shows a weak negative relationship for all
models and a moderate negative relationship of soil salinity and soil pH in bare soil area
based on the bare soil model with R2 34.89%.
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1. Introduction

The information of soil moisture and soil salinity play an
important role in supporting the agriculture sustainability.
Soil moisture and soil salinity are defined as the water and
salt contents in soil. In tropical countries like Indonesia,
understanding the soil moisture and salt concentration are
important as rice becomes the major food source in Indone-
sia. A sufficient amount of rainfall is required to make the
paddy fields receive enough water supply during the rainy
season. During rainy season, salt content tends to be
decreased while during the dry season it tends to increase.
Most of the researchers discuss the importance of monitoring
and assessing the soil moisture in agricultural land [1-4].
They state that soil moisture is very important to control
the plant growth during the planting period and crop.

Paddy phenology is the other important factor that needs
to be considered. Based on De Datta [5], paddy have three
stages of phenology during planting period. The first stage
is vegetative period, the second is reproductive period and
the third is grain filling and maturation period.

The first stage is the vegetative period requires the suffi-
cient water supply in the paddy field to create muddy soil that
acts as the root support. Even though in the end the water will
decrease naturally, the farmers have to maintain the water
content in the soil from drying out during the grain filling
and maturation period and harvesting period. The second
stage is the reproductive period, where the paddy flowers
are produced and slowly turn into grains of rice and ready
to be filled until the maturation stage [6]. The planting period
in all fields does not start at the same time due to several fac-
tors e.g. the difference in water supply, the beginning of the
rainy season and the farmer decision. These factors cause dif-
ferent conditions in paddy phenology. As a result, there is a
difference in the level of soil moisture in the entire paddy field
and changes in soil pH and salinity.

The pH is a chemical term used to describe the condition
of acidity, neutral and alkalinity in a solution. The terms acid-
ity, neutral and alkalinity are based on the range of value of 0-
6, 7 and 8-14 respectively. In this study, the solution means a
soil solution in the paddy field. In the soil, the value of pH is
controlled by soil colloids that are influenced by clay, organics
matter and oxides contents [7]. Soil pH plays an important
role in agricultural activity. It controls the amount and con-
centration of soil mineral required by plants to grow. The con-
centration of Boron, Manganese, Cooper, Zinc and Iron in the
acidity condition are higher than in the alkaline condition [8].
Agreed with Jones (2002) [8], Smyth [9] also explains that the
Hydrogen (H'), Aluminium (Al**), and Manganese (Mn?*)
become barriers, disturb the plant to grow and poison the
plant. At the same time, the concentration of Calcium (Ca),
Magnesium (Mg), Potassium (P) and Molybdenum (Mo) in soil
is decreased. On the other, in the alkalinity condition, the
Iron, Manganese and Nitrogen concentrations are decreased
[10]. Furthermore, according to Goto [11], soil pH gradually
increases at different growth stages of the rice plants when
soil pH is initially 5.5.

According to Al Khaeir [12], the salt content in the soil is
the result of evaporation, rainfall, vegetation clearing, soils

infiltration and irrigation [13,14]. There are many paddy fields
in Indonesia relying on irrigation for water supply but in most
cases the irrigation systems stop the water supply during dry
season. In this season the temperature increases, rainfall
decreases and the rest of the paddy plants are cleaned result-
ing in bare land. This happens just after the harvesting per-
iod, where the salt content exists in the paddy field. This
means that there is a correlation between soil moisture and
salt content in the paddy field and a change in the soil pH.

Paddy is cultivated in both low land and high land areas in
most of the Asian countries. In West Java province, Indonesia,
paddy is cultivated in the low land with alluvial soil [15] and
in the terrace of high land area with volcanic soil (andosol),
and reddish-brown to red soil (latosol) [16]. Although the ter-
minology of paddy soil is used to describe a soil type that is
used to grow paddy plant, but according to the soil taxonomy
provided by USDA, there is no specific name to describe the
paddy soil. However, the physical character of paddy soil is
observed as a muddy, surface water level, high clay and silt
contents soil. Volcanic and alluvial soils have a different type
of source material. Naturally, a volcanic soil has lower pH
[17,18] than alluvial soil [19,20].

In the study area, the paddy field is cultivated on alluvial
soil. This soil is the fertile soil due to a high accumulation
of minerals from erosion and sedimentation process. Most
of this soil has a dark yellowish brown color, weak granular
and sticky [16], high clay content that consists of montmoril-
lonite and kaolinite [21]. The paddy soil with a high content of
montmorillonite tends to crack and is dried and hardened
during the dry season, then expands and becomes sticky in
the rainy season [22]

2. Materials and methods
2.1.  Study location

The study of soil pH and its relation with moisture and salin-
ity was conducted in three areas of Majalaya, Rancaekek and
Ciparay, East Bandung, Indonesia. This area is low land with
an elevation of 600-800 m above sea level. All three areas
are located near the industrial zone and flowed by Citarum
River. These areas are the premium class as they produce
paddy three times a year. Citarum River is a major water
source for irrigation in the area despite the fact that it is
known as the most polluted river in the world. The river is
polluted by the liquid waste from the industry that causes
the paddy field be polluted and decreased the quality. How-
ever the farmers have used the Citarum water for irrigation
for a long time. Fig. 1 shows the paddy fields surrounded by
the factory building that have the wastewater tunnel and
potentially pollute the paddy plants.

It is important to consider the phenology stage of the
paddy plant in the study area. There are two phenology stages
including pre and post harvesting stages. Based on the phe-
nology, the models for predicting soil pH were made by fol-
lowing these stages. Finally, pre-harvesting model is called
paddy plant model and the pro-harvest model is called bare
soil model.



296 INFORMATION PROCESSING IN AGRICULTURE 7 (2020) 294-306

107°21'0.000"E 107°45'0.000"E

S,000°0€,99:9
6°46'30.000"S

S4000°0,00L

KAB. BANDUNG

&

~

5
-
<
o
=}
=)
1S)
<
[

7°10'30.000"S

S,000°CT.Tol

107°21'0.000"E 107°45'0.000"E

107°00.000"E

5,000°42,2oL

$,000°0,+5.9

107°0'0.000"E

107°45'0.000"E

¥

107°43'30.000"E

fA\ 1 0 1 2 3 4 km
N — '

Fig. 1 - Study area is located in the three sub-districts, Majalaya, Rancaekek and Ciparay. The map (right) is overlayed with a
false color of Landsat 8. The green color represents the paddy plant and the purple color represents bare soil in the paddy
field. Soil pH is collected based on the distribution of point sampling used for collecting soil pH (Blue = ICP, Yellow = GCP). The
white objects (left) are the clouds and large black spots are the cloud shadows.

2.2. Data

Satellite images and field surveys were required to under-
stand the estimated soil pH and its relationship with other
properties including soil moisture and salinity. Three Landsat
8 images were obtained in three different times that covered
the study areas in 122 paths and 65 rows. The images were
assessed freely from the USGS website (https://earthex-
plorer.usgs.gov/). The satellite data was required to perform
a multi-temporal analyses including soil pH, moisture and
salinity in the paddy field. All satellite data used in the study
is discussed in Table 1.1.

The field survey was previously conducted to collect 100
soil pH. Soil pH was extracted directly from the soil using a
4 in 1 portable digital soil survey equipment. The tool worked
by injecting the metal probe directly into the soil at 20 cm
depth. In several locations, the soils are hard thus further
analyses were taken to extract the soils. First, one Molar of

Kalium Chloride (KCI) solution was taken to make a soil solu-
tion. Second, 250 g of soil samples from each location were
taken into the laboratory and separated into 10, 100 and
140 g for the analyses of soil pH, moisture and salinity respec-
tively [23]. The soil property was limited to observing only the
soil pH, and other properties such as texture and structure
were not observed. Some geographic information system
(GIS) data, such as the vector map (shape file) of land cover
and point sampling distribution was also required. They were
constructed by performing a digitation on screen from a high-
resolution image from Google Earth. To separate the paddy
field from others (e.g. rivers, roads, residential and industrial
areas) and to minimize the study area, the Landsat 8 images
were used in this study.

The study area was divided into two groups. First is pre-
harvesting paddy field with paddy plant and second is pro-
harvesting period without paddy plant. They were recorded
by Landsat 8 satellite, but some areas were covered by cloud

Table 1.1 - Three of Landsat 8 images used in this study.

No Date Path/Row Function
1 September 29th, 2014 122/65 Estimate soil pH and calculate soil moisture and salinity
2 November 15th, 2014

3 November 31th, 2014
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and shadow. This limitation caused the soil sampling to be
impractical as the covered soil samples by the clouds were
excluded from the estimation process. This step is important
to conduct as the Landsat 8 images should be in the surface
not covered by cloud or shadow. Therefore 8 out of 100 soil
samples were excluded from the estimation process. This
process involved 65 and 17 samples for evaluating the accu-
racy. The method is explained in Fig. 2.

2.3. Paddy leaf model and bare soil model

Both paddy leaf model (Eq. (7)) and bare soil model (Eq. (8)) are
two different multiple regression equations that used to esti-
mate soil pH value in the paddy field. Both models used the
same corrected Landsat 8 band as input parameter and vali-
dated with soil pH from the survey. The soil pH was collected
directly from the soil and laboratory. But in some areas (Fig. 1)
paddy plant that covered the field might cause an error and
influence the pH estimation. To minimize the error, the speci-
fic models were created to accommodate the existence of
paddy plant. The models were built based on soil pH in the
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Fig. 2 - Research scheme in generating soil salinity,
moisture and pH from satellite images, laboratory analysis
and statistical calculation.

paddy plant area and bare area. Both models were separated
from each other. On the other hand, the soil pH of bare areas
was excluded from the model for paddy plant area.

Remote sensing is a common perspective in distinguishing
plant and soil through the reflectance. The plant reflectance
increased from visible light to near infrared and decreased
to short wave infrared [24], while bare soil reflectance is grad-
ually increased from visible light to shortwave infrared [25].
This is a reasonable explanation to describe the origin of
paddy plant and bare soil models. To predict soil pH using
the regression model is easier if the area is all bare soil. How-
ever the harvesting times are not exactly the same, therefore
the relationship between plant reflectance from Landsat 8
against the soil pH from the field are evaluated. Both models
are examined for predicting soil pH in the paddy field. They
were compared to understand the performance of each
models.

2.4.  Estimation of soil moisture, soil salinity and soil pH

All Landsat 8 data has to be calibrated prior to analysis. The
calibration process consisted of radiometric and atmospheric
corrections. The calibration process followed the method by
Zanter [26], that aimed to convert the digital number to top
of atmosphere (ToA) reflectance. The dark of subtraction
(DOS) was also performed using the method by Chavez [27]
to get the reflectance surface, called bottom of atmosphere
(BoA). This procedure was applied only to visible and near-
infrared bands (VisNIR), to minimize the atmospheric influ-
ence in Landsat 8 images especially from the aerosol and
water vapoured soils and finally to improve the accuracy of
estimation and classification [28-30]. For the Landsat 8 ther-
mal band, the digital number had to be converted into radi-
ance and brightness temperature in centigrade using Eq. (2)
in USGS (2016) [26] and Eq. (3) in Planck equation [31]
respectively

There are previous methods to estimate soil moisture
based on satellite data. The study of soil moisture has been
conducted by many researchers [3,32-33]. In this study, the
soil moisture was estimated using the formula proposed by
Pandolfo et al., (2013) [34]. Both Normalized Different Vegeta-
tion Index (NDVI) and Land Surface Temperature (LST) are
required to determine the value of soil moisture

Normalized Different Vegetation Index (NDVI) was calcu-
lated by using a simple ratio of band Near Infrared (NIR)
and Red. The first use of this formula (Eq. (1)) was reported
by Rouse et al., (1974) [35]. The same formula used by previous
authors [36-38|. The NDVI value ranges from —1 to +1. The
value lower than O indicates the bare soils, rocks, clouds or
snows, while the value higher than 0 indicates the vegetation.
However, this situation depends on the characteristic of the
area as the paddy field is a dynamic area where the change
is more likely to occur over time due to its phenological phase
of paddy plant. Therefore, in the same location, there would
be a semi-bare field or paddy field in the different times.
Semi-bare soil occurs after harvesting time where there is still
paddy plant attached in the soil. The farmers use the field
after for different plants including sweet potato and tomato.
Therefore in this type of area is less likely to have a fully bare
area like in the wheat field or desert.
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The land surface temperature (LST) was calculated using
Band 10 (thermal) of Landsat 8. To calculate LST, other param-
eters are provided in the Landsat 8 metadata [26]. Another
study uses the SEBAL, the regression model of thermal and
meteorological data and the integration between the normal-
ized difference vegetation index (NDVI) and thermal data [39-
41]. A study of paddy phenology characteristics using the
NDVI was used to detect multi-temporal variation of paddy
plant from Landsat 8 images. NDVI data was also used to
detect phenology of vegetation especially for other crops
[42-45]. An integration between LST and NDVI created two lin-
ear models named TsMax and TsMin (Eq. (5)), where a and b
are represented as dry edge and wet edge respectively. After
those parameters are clearly defined, the value of soil mois-
ture could be calculated using the soil moisture index (Eq.
(4)). The result of soil moisture index (SMI) gives a clear expla-
nation that the water content always decreases at the end of
the planting period in a paddy field. The alteration of soil
moisture is used to understand the changing in soil pH and
salinity.

To determine the salt content in the soil, an equation
named soil salinity index was proposed by Al Khaeir [12]
(Eq. (6)). This approach used a combination of near shortwave
infrared (SWIR) of Landsat 8 satellite images. Unlike the rea-
son stated before [12], in this study the salt content resulted
from the natural interaction between soil alkalinity and acid-
ity, irrigation, surface temperature that exist in paddy fields in
the tropical region. Most recent studies related to the spatial
distribution of salt [46,47]. The equations includes NDVI
(Eq. (1)), LST (Egs. (2) and (3)), SMI (Egs. (4,5)) and SSI (Eq. (6)).

_ (NIR —red)
NDVI = (NIR + red) @
L;_ = ML * QCG.] + AL (2)
T—_ K (3)
In (% + 1)
where:

L, = radiance value of band 10 (thermal) from Landsat 8
M; = Radiance multiplicative scaling factor for the band
Qca = L1 pixel value in DN

AL = Radiance additive scaling factor for the band

K, and K; = Thermal conversion constant for the band

(TSMax — LST)

M= (Tshax — Tsmin)

TSMax = al « NDVI+ b1l
TSMin = a2 « NDVI + b2

(band6 — band7)

SSI= (band6 + band7)

(6)

To estimate soil pH, multiple regression techniques were
used based on 100 point samples from surveys and pixel
numbers of corrected Landsat 8 reflectance. According to
Knudby [48], the modelling process using remote sensing data
can be performed using the statistical correlation. In this

study, statistics software was used to perform a regression
calculation between the pixel value of Landsat 8 bands and
field data. Based on their R? values, at least four models were
created to estimate the value of soil pH in the study area. The
models were used to estimate soil pH by performing the accu-
racy assessment as shown by previous researchers [49-53]
utilising the RMSE (Eqg. (9)) and PRMSE (Eq. (10)) [54]. Where
X1 represents an observed value, X2 represents an estimated
value, n represents the total data observed, i = lrepresents
the calculation from the first sample to the last sample and
X, represents the average value of the predicted value. The
equation to calculate the root mean square error (RMSE) and
percentage root mean square error (PRMSE) are shown as
follow.

T
RMSE= /-0 (X1 —X,)? 9
PRMSE = < %Zle(xl — X,)? /x2> x 100% (10)
3. Results and discussion

3.1.  Status of soil moisture in paddy field

The soil moisture can be estimated using a combination of
NDVI and LST data. Based on the observation of NDVI from
three Landsat 8 images (Fig. 3), the NDVI value changes over
time showing the variations in 30 days. According to the dis-
tribution value of the NDVI, it has a minimum value of —0.1
and a maximum value of 0.7. In the Northern part of the study
area on 29/09/2014, some of the paddy plant was still growing.
The NDVI value of more than 0.5 indicated that the paddy
existed and was probably at the end of the grain filling stage
or maturation and harvesting stages. But in the Southern part
of the paddy field, no paddy plant existed as indicated by
NDVI of less than 0.4. But it did not mean that the whole area
consisted of bare soil, as paddy trunk was still attached in the
soil.

During 15/10/2014 to 31/10/2014 the whole area was har-
vested, but it was not entirely clean. The NDVI ranged from
—0.1 to 0.4. The paddy field was in the dormant stage (resting
period) and prepared for the next planting preparation. This
situation changed gradually during 30 days.

During that period, the change of NDVI value was fol-
lowed by the change of surface temperature. High NDVI
value was followed by low temperature. This occurred as
the canopy in the paddy plant contributed to reflect the
sun radiation less than bare soil area. This hypothesis cor-
responded with the LST on 29/09/2014 and 31/10/2014,
where the temperature recorded as 15-35°C and the area
with paddy plant on 29/09/2014 was 25 °C. But Fig. 3 shows
another behaviour on 31/10/2014 when the temperature
decreased in the whole area. It was recorded at 10-20 °C.
This situation might be an anomaly since in the next obser-
vation on 31/10/2014, the temperature returned to normal,
similar with 29/09/2014.

In general, based on the maps of estimated soil moisture
shows that the water content in soil has slowly increased in
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during 30 days. The spatial distribution of the estimated
result of soil moisture (Fig. 4) on 29/09/2014 shows that the
water content is probably as much as 4% per meters square
and reach a maximum level at 8% per meters square on
31/10/2014. While taking a look into the map on 29/09/2014,
when the paddy plant is still growing in the lower area of
water content or it has a lower moisture. But in another loca-
tion the area without paddy has a high moisture as much as
4% per pixel or equal to 30 m square. Therefore paddy does
not require a large amount of water before harvested.

Even though the paddy plant is growing in a drier location
(Fig. 4) this was the effect of the drought season in September
when the rainfall is insufficient to provide the necessary
water supply.

In the last observation (31/10/2014), the whole area of
paddy field showed a higher soil moisture level at 8% per
30 m square of Landsat 8 pixel size. During that time, the
water of Citarum river was utilized directly as a preparation
of paddy field cultivation in the next period. Although, using
water from the Citarum river might increase the soil moisture
in paddy field. It possibly changes the chemical content in
soil. However, understanding the relationship between chem-
ical content (pollutant) in water that triggers the changing of

the soil pH were important to gain. Misra [55] explained this
phenomenon. Others factors e.g. the starting period of the
rainy season might be able to raise the soil moisture twofold.

3.2.  Status of soil salinity in the paddy field

The estimation result of soil salinity is showing an increase in
trend (Fig. 5). During 30 days, the salinity level in the soil is
going higher. Physically, salinity refers to a concentration of
salt both in the soil and water. The number of salt content
in the soil is different between the salt content in the water.
It depends on rainfall and other factors such as vegetation
clearing, soils infiltration and irrigation [13,14]. When the
temperature was higher, the level of evapotranspiration and
salt content would be higher. This is interesting to know the
relationship between the information on soil moisture, soil
salinity and land surface temperature, and the effect will lead
into the soil pH change.

The salt content in the paddy field on 29/09/2014 was pre-
dicted at around -2 to 0ds/m per 30 square meters. This
occurred because during the last period of paddy cultivation,
there was no salt content in the soil. However in the first fif-
teen days (10/15/2014), at least ~0.5ds/m per 30 square
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meters of salt content was detected in the paddy field and
peaked on 10/31/2014 at ~0.5ds/m per 30 square meters.
The increasing number of salt content occurred during the
start of the rainy season in October. Meanwhile the salt con-
tent in the soil did not exist during dry season in September.
3.3.  Status of soil pH in paddy field

Statistical calculation from the pixel value of corrected Land-
sat 8 bands and field soil pH is shown in Table 1.2. All visible
light and two short wave infrared bands show a weak correla-
tion due to the low coefficient of determination or R (less
than 0.1), thus classified as the weak band. The short infrared
band is absent from the statistical computation since it has
no relationship with the soil pH. From this coefficient of
determination, there are two multiple regression equations
used to estimate the soil pH in paddy field, called paddy plant
model (Eq. (7)) and bare soil model (Eq. (8)).

All soil pH samples collected from the canopied paddy
field is classified as soil pH at paddy plant area then config-
ured for paddy plant model. Besides that, the soil pH located
in the bare soil area is recognised as bare soil model. Although
all bands performance is weak or almost did not show a sig-
nificant relationship, it might be useful to detect soil pH. This
situation was the effect of the different spatial resolution
between Landsat 8 and the number of soil samples obtained
in the field, which was only 8 per 30 m. The reduced number
of samples due to cloud cover and shadow were showed in
Landsat 8 images.

pH = 6.493 — 35.152 * B2 — 52.380 « B3 + 1.099 * B4

+30.040 « B6 — 8.181 « B7

pH =6.232 — 59.439 + B2 — 89.326 « B3 + 136.721 « B4
+5.612 « B6 — 25.603 * B7
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Table 1.2 - Landsat 8 bands classification based on coefficient of determination (R?) vs. soil pH in the paddy plant area (left)

and bare soil area (right).

Paddy leaf area Bare soil area

B2 B3 B4 B6 B7 B2 B3 B4 B6 B7
pH 0.010 0.020 0.011 0.053 0.045 0.010 0.010 0.010 0.005 0.030
Sensitivity Weak Weak

Table 1.3 — Comparison of estimated result of soil pH using three different data of Landsat 8 images.

The estimation result of soil pH produces by Egs. (7) and
(8) gave a good range value of soil pH. Basically the soil pH
will be around 0-14, and those models performance are
very impressive when it was applied to the first Landsat
8 image (29/09/2014) shows the soil pH in bare soil area
around 4.49-7.59 and 5.07-6.62 based on bare soil model
and paddy leaf model respectively. In paddy leaf area the
soil pH is around 5.91-7.24 and 4.66-6.00 based on bare soil
model and paddy leaf model respectively. The first impres-
sion is address into the model capability and performance
since it successfully give a good estimation result, at least
it located in a good range of pH measurement in the labo-
ratory and in the field using measurement equipment. It's
very reasonable by looking at the other result of the second
also given soil pH in bare soil area around 5.07-6.62 and
2.12-6.26 based on bare soil model and paddy leaf model
respectively. In paddy leaf area the soil pH is around
4.66-6.00 and 5.26-6.47 based on bare soil model and paddy
leaf model respectively. At the third Landsat images in
Table 1.3 in bare soil area around 2.12-6.26 and 4.49-7.59

Paddy field without paddy | MIN | MAX | MEAN | RMSE | PRMSE 29/09/2014
29/09/2014 449 7.59] 6.34] 1.13 18% Bare soil 4.49 to 7.59 Bare soil area
= 15/10/2014 5.07| 6.62] 5.76] 1.00 17% model
3 31/11/2014 2.12| 6.26] 5.49] 1.36 25% 5.91to07.24 Paddy leaf area
_E Average 1.17 20%
Q | Paddy field with paddy | MIN| MAX | MEAN [ RMSE [ PRMSE| | Paddy 5.07-6.62
% 29/09/2014 591 7.24] 6.60[ 2.12 32% leaf
“ 15/10/2014 4.66| 6.00] 5.45| 1.27 23% model 4.66 to 6.00
31/11/2014 5.26| 6.47] 5.81] 1.52 26%
Average 1.63 27% 15/10/2014
Bare soil 5.07 t0 6.62
Paddy field without paddy [ MIN | MAX | MEAN | RMSE | PRMSE model
29/09/2014 5.07] 6.62] 5.76] 1.00 17% 4.66 to 6.00
E 15/10/2014 2.12| 6.26] 5.49] 1.36 25%
g 31/11/2014 4.49] 7.59| 6.34] 1.13 18% Paddy 2.12-6.26
4 Average 117  20% leaf
41 Paddy field with paddy | MIN | MAX | MEAN | RMSE | PRMSE model 5.26t0 6.47
§ 29/09/2014 4.66| 6.000 545 127 23%
o 15/10/2014 5.26| 6.47] 5.81] 1.52 26% 31/10/2014
31/11/2014 591 7.24] 6.60] 2.12 32% . 2.12 10 6.26
Bare soil
Average 1.63 27%
model =
5.26t0 6.47
Total accuracy | RMSE | PRMSE
Bare soil model 1.40 24% Paddy 4.49-7.59
Paddy leaf model 1.40 24% leaf
model 5.91to07.24

based on bare soil model and paddy leaf model respec-
tively. In paddy leaf area the soil pH is around 5.26-6.47
and 5.91-7.24 based on bare soil model and paddy leaf
model respectively.

All models result the soil pH ranging from 2 to 8. All esti-
mation produced from paddy plant model and bare soil model
in paddy plant area is higher than in bare soil area. The soil
pH in the bare soil area tends to decrease during 30 days while
it decreases in paddy plant area (Fig. 6). As described above,
the presence of paddy plant in paddy field might become a
barrier for Landsat 8 reflectance to receive the soil character-
istics. It makes a comparison between two values of soil pH.
The difference between estimated soil pH in paddy plant area
and in bare soil area was conducted by taking a sample from
29/09/14 and 31/10/14 resulting the difference of 0.7. This
means that if the soil pH in the paddy plant area is 5.5, the soil
PH in bare soil area is 4.8.

Completing the estimation result, the accuracy level is
required. Based on the RMSE and PRMSE, the two models have
accuracies of 1.40% and 24%. This result however still
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Fig. 7 - Estimation result of soil pH from both bare soil model (top) and paddy leaf model (bottom). The solid red color in the
map indicates cloud covered and cloud shadow. (a = 09/29/2014, b = 10/15/2014, c = 10/31/2014).

excludes the soil pH factors from the field surveys, cloud
cover and shadow modelling.

Soil pH is spatially distributed in an irregular pattern (Fig. 7).
Two main rivers are the primary sources that pollute the paddy
fields. The soil pH in bare soil area decreased in 30 days. Fig. 1
shows that the middle to southern part of paddy field is domi-
nated by bare soil while northern part is covered by paddy

plant. This verifies that the soil pH decreases during the start
of rainy season in bare soil area. For example, in the centre part
of each image shows that the soil pH in the bare soil area
decreases and is acidic. The blue color changes gradually, then
turns to be yellow. This occurs in the southern part of each
image where yellow turns into blue at first then changed to yel-
low. This also occurs in the upper side of paddy field (leftimage)
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Fig. 8 - Regression model describes relationships between soil pH with temperature, moisture and salinity.

that is located in northern part of the river. Here, the soil pH is
almost neutral (blue) then slowly decreased (centre image) and
back to neutral (right image).

Other factors such as land surface temperature, moisture
(soil moisture index) and soil salinity (soil salinity index) are
taken into account in determining the soil pH dynamics [56],
and the available amount of crops. Therefore the relationship
between soil pH and crops can be recognised as well. When soil
pH changes, the paddy field lose the capacity to produce the
crop [5,57]. The crop production study in Bandung is needed

to verify the crop annual report by the Central Bureau of Statis-
tics (BPS) of West Java. The paddy production from 2013 to 2015
decreased from 11,538 ton to 10,508 ton. McDole [58] stated that
the production can be increased if the soil pH is neutral (7).

3.4.  Relationship between soil moisture, soil pH and soil
salinity in paddy field

The relationships between soil temperature, moisture and
salinity vs. soil pH were explained using the scattered plots.
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Fig. 8 shows twelve pairs of scatter plots that explain the soil
pH changing and the relationships in nature.

The plot of soil pH vs. soil temperature using the paddy
plant model (Fig. 8 first column) shows weak negative rela-
tionships with R? 11.52% and 4.83% in the paddy area and bare
soil area respectively. The bare soil model results a weak pos-
itive relationship with R? 3.05% and 12.37% in paddy area and
bare soil area respectively. This shows that no more than 12%
of the soil temperature triggers a changing in soil pH. This
occurs as the temperature ranges from 20 to 25 °C, the soil
PH reaches <4 and possibly affect the CO, supply for photo-
synthesis [59]. Considering the climatic factor for paddy
plant, this range of temperature is suitable for the low land
area (<750 m above sea level) [5]. In most cases in Indonesia,
there are no paddy fields above 750 m although the hilly areas
are also suitable for paddy field development.

In the second column of Fig. 8 (the second column), there
are moderate to strong positive relationships between soil pH
and soil temperature. Based on the paddy plant model, the
soil pH in paddy area and bare soil area have R? 100% and
18.13% respectively. Based on the bare soil model, soil mois-
ture has a weak negative relationship against soil pH with
R? 8.37% in the paddy area. Furthermore the soil moisture
has strong positive relationship with R* 81.94% in bare soil
area. In general, the soil moisture triggers the change in soil
PpH up to 100%.

The soil water content also can increase the soil pH. In
some areas with a periodical flooding event, the flood turns
the soil pH become alkaline [9,19-20,55]. This allows the root
mass to increase and triggers various diseases in plants [60].
Although the physical properties of soil (e.g. soil texture and
structure) were not observed in this study, the relation of soil
pH and soil moisture was explained in Fig. 6. Agreed with
Guriveth et al,, [61] in McCauley [62] that the amount of water
in soil is also observed by the variation of soil texture. The
high clay soil retains more water than the sandy soil. Since
the paddy plant in the study area is cultivated on alluvial soil,
the clay content in the paddy field is very high.

Those relationships vary according to their regression line,
but this is possible to explain other relationships. At the same
time, soil pH is increased by increasing salt content. The tem-
perature maintains the water content in the soil to be stable
or gradually change and controls soil pH into an acceptable
range to support the plant. Although the salt contents are
increased, the water content stays in low level. The situation
is applied in tropical areas where paddy fields on alluvial soil
only. Another research on the same topic but in different soil
type mention in Tan [16] is suggested to conduct.

Linear regression models result both positive and nega-
tive relationships between soil pH and soil salinity (Fig. 8
third column). Both paddy plant model and bare soil model
in paddy area show a weak positive relationship with R?
5.59% to 8.85% while in the bare soil area it has a weak
to strong negative relationship R? 5.48% to 34.89%. In paddy
area, the soil pH decreases as the soil salinity increase at
34.89%. But in bare soil area, 8.85% of soil pH also changes
by the increasing salt content in the soil. Salinity defined as
the amount of salt content in the soil and produced by a
chemical reaction between alkalinity and acidity. For
instance, the NaCl (Natrium Chloride) has an acid natrium

and an alkaline chloride. This paper does not address the
source and type of salt. However, the hypothesis indicates
that the soil undergoes as chemical reaction called cation
exchange capacity (CEC), where cation always changes
due to contamination by industrial waste.

As soil pH estimation and its relationship with other
properties were conducted every 30m? from Landsat 8,
the usage was limited to paddy fields. The variations are
found as the geographic characteristics, soil type and struc-
ture are variable between areas. Therefore, other studies
have to be conducted using another size of pixel and/or
using an aerial photograph from UAVs for better precision
and accuracy. A basic configuration of UAV photo has a
standard sensor with RGB band including a green band
attached on it. As long as it is applied to estimate the soil
pH, the result will be more precise than ones obtained from
30 m of Landsat 8 pixel.

4, Conclusion

Soil pH was successfully estimated by SpHI with an appro-
priate range of result (2-7.59) and an accepted estimation
accuracy. The blue, green, red shortwave infrared bands of
Landsat 8 satellite images are the most suitable bands to
detect soil pH in paddy field. The soil pH based on bare soil
model is useful to detect the soil pH in the preparation
stage of the paddy field. The soil pH based on paddy plant
model is useful to detect the soil pH in the planting season.
The soil pH has linear relationship against soil temperature,
soil moisture and soil salinity ranging from weak to strong
relationships.

A further study is necessary to produce better estimation
results by improving the extraction method and explaining
the relationship uncertainties of soil pH vs. soil moisture, sur-
face temperature and salinity.

As Landsat 8 satellite images have limited spectral and
spatial resolutions, other remote sensing data with better
spatial and spectral resolution have to be considered to
solve this limitation. The same techniques have to be
applied to other soil types with various physical properties.
As such, the improvement of soil moisture (SMI), soil salin-
ity (SSI) and soil pH (SpHI) and its relationship can be
obtained with more detail. The negative
between short infrared reflectance of Landsat 8 satellite
and the statistic calculation also need to be studied in the
future and be a main focus.
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