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ABSTRACT

Indonesia is the third largest cacao producer and exporter in the world after Ghana and Ivory Coast. Cadmium (Cd)
is one of the metal elements that is often found contained in cacao plants which usually accumulates in cacao bean.
Excessive accumulation of Cadmium (Cd) can cause harmful effects on soil, plants, microorganisms, and humans. Soil
properties such as texture and pH closely related to Cd elements transportation from soil to cacao bean through plant
uptake. The purpose of this study was to determine the value of metal cadmium (Cd) in cacao plantation soil in Kulon
Progo, Yogyakarta and its correlation with soil properties. Soil samples in Banjarharjo village were taken from 10
location of different cacao farm and then divided into two types: disturbed with 2 different lengths (0 — 10 cm and 10 -
20 cm) and undisturbed. Land conditions and farm management (tree age, treatment, other type of trees, and
environment) was recorded from interview to the farmers. The soil texture (silt, clay, sand), particle density, bulk
density, organic content, and soil pH ranging between silt (26,82 %), clay (22,26 %) and sand (11.96 %) until silt (39.24
%), clay (52.09 %) and sand (49.04 %); 1.85 g/cm® until 2.52 g/cm3; 0.66 g/cm? until 1.08 g/cm?; 0.48 % until 5.76 %;
and 5.85 until 7.68, respectively. The AOAC method was used to measure the Cd content with instrument using ICP-
MS. Cd content in soil ranging between 0.105 mg/kg until 0.27 mg/kg with The highest concentration of Cd in cacao
farm soil 0 — 10 cm were found in location 6 and cacao farm soil in 10 — 20 cm were found in locations 6 and 9. This
result showed that 10 sites of cacao farms in Banjarharjo were below the critical limit of Cd in agricultural soil based
on EU (3 mg kg!) and US EPA (0.43 mg kg™!). Concentration Cd in soil at depth 0 — 10 cm positively strong correlated
with organic matter (r = 0.83, P < 0.01). Concentration Cd in soil at depth 10 — 20 cm negatively correlated with clay
percentage in soil (r =-0.68, P < 0.05).
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1. INTRODUCTION

types of farm commodities such as tea, clove, coconut,
coffee and cacao. The use of cacao land is spread in
various villages such as Temon, Wates, Panjatan,
Sentolo, Pengasih, Kokap, Grimulyo, Nanggulan,

Kulon Progo is one of the districts in Yogyakarta
Province with an area of 58,630 ha consisting of 12 sub-

districts and 88 sub districts. Total population in Kulon
Progo district is 445.655 and those who work in
agriculture, forestry and fishery are 5.56 % of the total
working population. Land usage in Kulon Progo district
consists of moor (26.56%), rice fields (17.5%), farms
(11.49%), not agriculture (23.95%) and others (20.5%)
[1]. From the total use of farm land, there are several
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Kalibawang and Samigaluh with total productivity of
1371,02 tons/year and contributing 69,78% cacao farm
land in Yogyakarta province [1]. The high productivity
of cacao fruit mainly came from Kokap, Kalibawang and
Girimulyo villages.

Cacao (Theobroma cacao L.) is an important
agricultural commodity for chocolate production which
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could be cultivated in tropical countries such as
Indonesia. World Cacao Production by Country reported
the biggest Cacao production countries are Ivory Coast
(Africa), Ghana, Ecuador, Indonesia, Cameroon, Nigeria,
Brazil, and Papua New Guinea [2]. Ivory Coast produced
2,01 million ton of cacao bean in 2016 to 2017 and it was
recorded as the highest production. Indonesia produced
260 ton of cacao bean and it was listed in fourth position
of Cacao production in the world.

Heavy metal contamination is highly avoided in
agricultural products, especially in cacao products. The
accumulation of heavy metal content that enters the
human body can make deterioration in human health.
Cadmium (Cd) is one of the metal elements that is often
found contained in cacao plants which usually
accumulates in cacao bean. The major sources of Cd
pollution in the environment can be originated from
natural and anthropogenic/human activities [3].
Geological weathering of parent materials is a natural
source which controls the amount of Cd in soil. Cd in the
Earth’s crust usually has a low concentration with range
between 0.1 to 0.41 mg kg-1, besides Cd is released from
sedimentary rocks generally has value of 0.3 mg kg-1 and
mostly mineral contains high concentration of Cd can be
found in greenockite [4][5].

Anthropogenic sources such as mining, smelting,
metals ore processing (occurs in all types of Cu, Pb, and
Zn ores), landfills, wastewater irrigation, industrial and
combustion emissions, and manufacturing (rubber and
textile) have significantly increased the total
concentration of Cd both in soil and plants [4]. The
application of agriculture inputs, for example phosphate
fertilizers, pesticides, and bio solids or sewage sludge
also lead to the accumulation of Cd in soil [6]. Other
sources of Cd enrichment are from the improper use of
several household products such as detergents and
refined petroleum products [3]. In addition, Cd content
may also be added to soil adjacent to major roads which
is emitted from tires of vehicular and lubricant oils [7].

Cd can be adsorbed by plants via direct contact of
their certain organs such as roots, shoots or leaves.
Availability of Cd in soil is a primary indication of the
amount available for plant uptake than in air through
foliar uptake. Once Cd is accumulated in soil, ultimately
they will retain in the roots and easily transfer to other
parts of the plant, with minimal translocation to the
leaves and fruits [8]. In the root, absorption of Cd occurs
as inorganic complexes (Cd2+SOs, CdCl+, and CdCl2) or
organic forms [9]. Subsequently, Cd is transferred
through ascent of sap and can be easily transported
through shoots in the form of metallo-organic complexes
into vascular bundles, namely phloem and xylem [10].

Cadmium contamination in the field can correlate
with the soil properties that could increase or decrease
Cadmium chemical reaction, such as physical properties
and chemical properties. Cadmium contamination can be

carried on from the cacao fields into the cacao beans,
even into the processed cacao product such as cacao
powder and chocolate bar. It is not an exception to the
cacao fields in Banjarharjo Village, Kulon Progo.

In view of the above, the main objectives of this study
are to determine the amount and the level of cadmium
content and contamination in the soil and identify the
relationship between the cadmium content and soil
properties. This study can be used to find out whether
amendments are needed to the soil and the environment
if the cadmium content in the soil or cacao plants exceeds
a predetermined standard. This study can also be used as
a reference on the value of cadmium content in cacao
fields in Banjarharjo Village, Kulon Progo.

2. MATERIALS AND METHOD

2.1. Time and Location

This study was conducted in Banjarharjo Village,
Kulon Progo Regency. Banjarharjo Village is located
between 7°40°15.1098” to 7°42°15.372” South Latitude
and 110°13°35.9934” to 110°16°15.1752” East
Longitude. The soil analysis was carried out in two
Laboratories (LaPitaya and Saraswanti) and some of the
parameters were also analyzed in Soil Laboratory of
Faculty of Agricultural Technology, UGM. This study
started on February 2022 until May 2022. Banjarharjo
Village was chosen as the sample location because it is
one of the largest cacao-producing region in Kulon Progo
Regency.

2.2. Materials and Equipment

2.2.1. Soil Sampling

The soil sample is divided into two parts, disturbed
and undisturbed soil. Undisturbed soil samples were
taken using a hammer and ring sampler with a diameter
of 5 and height of 5 cm, while disturbed soil samples were
taken using auger. Disturbed soil samples were taken
with two depth variations, namely 0-10 cm and 10-20 cm.
Soil samples were taken under a live cacao tree, with a
distance in the middle between the tree trunk and the tip
of the branch farthest from the cacao tree.

Soil samples were taken at least three times on each
land with the direction diagonal to the land (Figure 1).
Soil samples were labelled and stored into plastic bags
and tightly sealed. GPS tracker is used to determine the
coordinate (longitude and latitude) of each location that
soil and plant samples were taken (Figure 2).
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Figure 1 Illustration of soil sampling method
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Figure 2 Soil sampling activity

2.2.2. Soil Analysis

Soil samples were oven-dried at temperature of 60°C,
pound using mortar and pestle, hereafter sieved through
2 mm size. Dried soil samples were properly labelled and
stored into plastic bags. All points of undisturbed soil
samples (A, B, and C) of each location at depths 0-10 cm
and 10-20 cm were combined together for further soil
physical and chemical analysis. Dried soil samples of all
depths were analyzed for particle size distribution (sand,
silt, and clay), particle density, bulk density, organic
matter, and pH. All soil physical and chemical properties
with exception of soil organic matter were analyzed at
Laboratory of Land and Water Resource Engineering,
University of Gadjah Mada (UGM). Dried soil samples
were shipped to the Laboratory of La Pitaya to determine
soil organic matter (SOM) and were also shipped to the
Laboratory of Saraswanti to determine the concentration
of Cd wusing inductively coupled plasma-mass
spectrometry (ICP-MS) with limit detection of <0.0005
mg kg!. The methods and references of soil properties
analysis and the concentration of Cd in soils that were
used in this research are presented in Table 1.

Table 1. Methods of soil properties and Cd analysis

Parameters Method Reference
Soil Texture Robinson Pipette method (USDA, 2004)
Particle Density Picnometer method (Weast and Lide, 1990)

Bulk Density Cylindrical Core Sampler

Walkley and Black

(Blake and Hartge, 1986)

Organic Matter (Hortwitz, 2010)

method
. Suspension 1:5 of (Eviati & Sulaeman, 2012;
Soil pH . ..
soil:H,O Van Reeuwijk, 1993)
Cd Content AOAC (AOAC, 2015)
2.3. Data Analysis

2.3.1. Statistical Analysis

The data were analyzed using JIMP® (version 8.0.2).
Pearson correlation was applied to determine the
relationship between soil properties and Cd content in
soils and plants in order to know which major soil
properties either contribute to available Cd in soils and
Cd uptake by plants. Statistical significance was
established at P < 0.05.

2.3.1. Spatial Analysis

Spatial distribution maps of soil properties (texture,
bulk density, particle density, organic matter, soil pH)
and Cd contamination in soils across sampling sites were
created using geographic information system (GIS)
approach. The software of ArcMap 10.5 was used in this
study. The database that contains of attributes (longitude,
latitude, and laboratory results) of all locations was
prepared using MS Excel and linked into the ArcMap
software for geostatistical analysis. This study used IDW
interpolation as a spatial analyst tool to predict values of
attributes at locations where samples were not collected

[11].
3. RESULTS AND DISCUSSION

3.1. Site Description

This study was conducted in Banjarharjo Village,
Kalibawang District, Kulon Progo Regency. Banjarharjo
Village has a total area of 12.34 km?, with the majority of
its land use is for agricultural purposes. Kalibawang
district located in 200 — 400 msal with weather condition
for the rainfall in 2017 is 3496.1 mm with the highest in
November (622.9 mm) and the lowest in August (0 mm)
[1]. Average temperature in Kalibawang district ranging
between of 26,23°c — 26,5°c, solar radiation ranging
between 19 — 31.63 W/m?/month and humidity ranging
between 81.84% — 85.97% [1].

Soil type in Kalibawang mainly consist of andisol and
alfisol which is ideal type of soil for cacao plants to grow
[12] while according to BPS Kulon Progo consist of
lathosol and grumosol [1] with the soil acidity (pH) has
value from 5,5 - 7 [13]. 10 samples of soil with two
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variety depths (0 cm - 10 cm and 10 cm — 20 cm) and
cacao fruits were taken from 10 sub village, these are
Padaan Kliwonan (1), Padaan Ngasem (2), Mbeku (3),
Padaan Wetan (4), Padaan Kulon (5), Gerpule (6),
Demangan (7), Ngrajun (8), Duwet 3 (9), and Duwet 1
(10) with 2-3 replication as shown in Figure 3.
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Figure 3 Soil sampling locations in Banjarharjo Village

3.2. Plant Management and Land Condition

Plant management and land condition in the study
area was obtained by interview with the farmer and by
visual observation. The result is shown in Table 2:

Table 2. Plant management and land condition of study
area

Table 3. Soil texture (0-10 cm depth) in study area

Location Depth o e Textural Class
(cm) (%)

1 3502 4285 2213 Clay

2 28.72 2825 4303 Clay loam

3 33.78 3094 1527 Clay

4 30.88 3841 3071 Clay loam

3 0-10 3098 2769 4133 Clay loam

] 37.85 4077 2139 Clay

7 38.67 3783 235 Clay loam

2 287 2226 49.04 Loam
3924 2552 35325 Loam

10 38.92 4125 19383 Clay

Table 4. Soil texture (10

-20 cm depth) in study area

Silt Clay  Sand
Location Depth - Textural Class
cm) (26)
1 36.46 3158 1196 Clay
2 2794 4075 3131 Clay
3 2025 4863 12212 Clay
4 3006 4283 2711 Clay
5 ’, 2 3583 3173 - 1o
5 10-20 26.82 3583 3734 Clay loam
6 3475 2910 3615 Clay loam
T 372 4074 2197 Clay
3 28393 2991 411 Clay loam
33.76 32.65 33.59 Clay loam
10 3159 3209 1633 Clay

Plant Profile and Management Land Conditions

Loc I?ac.oa .{ge‘ Agncu.huxe '\\"?51& P?ant Livestock Other Main
Wariety (years) Practices Drainage Litter Crops Foad
1 5-1% v - J - v-’
2 1523 - - v - vy v
3 20-30 V -
4 3-25 - - v vy i
: Forastero 1220 ) : ¢
6 15-20 - v N v b
7 3-13 J vy B
8 10-23 - Vv vy - W T
15-20 N + + v
10 15-20 J V v-’ -

Vv = exist/could be found

Table 2 shows that majority of the cacao plantation
age in the study area are between 10-20 years. Among all
of the sample location, only one farmer did an
agricultural practice to manage the cacao farm, such as
using fertilizer, watering, cleaning, and other
maintenances.

3.3. Soil Properties

3.3.1. Soil Texture

The fraction of soil texture in the study area can be
seen in Table 3 and Table 4. The table also presents the
soil texture class for each sampling point.

Table 3 and Table 4 shows that percentation of silt,
clay and sand that are classify the soil texture in the soil
is differ in two different depths with the range of
percentation between silt (26,82 %), clay (22,26 %) and
sand (11.96 %) until silt (39.24 %), clay (52.09 %) and
sand (49.04 %). Soil textural classes in 10 locations were
represented in five type of textural classes namely clay -
clay, clay - clay loam, clay loam - clay, clay loam — clay
loam and loam — clay loam. Clay soils (fine textured
soils) play important role in soil fertility, which have
ability to hold water and have potential to stabilize soil
organic matter in the soils that can be used by the plants
as nutrients.

Agroforestry cacao systems are typically established
on silty and clay loam soils. Cacao plant is well-growth
in clay loamy soil which have the composition of 20 -
45% sand and 27 — 40% clay [14]. These compositions
will influence the soil’s water availability, nutrients, and
aeration [15]. This explained the majority of the soil
locations are ideal for cacao plant growth and indicated
that Banjarharjo’s soil had characteristic of moderate to
high water holding capacity, drains water slowly to
moderate, and low nutrient leaching [16]. In addition soil
texture can affect the amount Cd content residing in the
soil and plant sample due to plant uptake. The cadmium
concentration and mobility are influenced by the
percentage of clay [17].

The spatial distribution of soil texture for each soil
depths are shown in Figure 4:
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Figure 4 Spatial distribution of soil texture in 0-10 cm
depth (A); and 10-20 cm depth (B) in study area

3.3.2. Soil Particle Density

The soil particle density of all sample locations in
the study area can be seen in Figure 5:
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Figure 5 Soil particle density of each depth in the study
area

Figure 5 shows the value of particle density of soil in
10 sites with 2 different depths ranging between 1.85
g/cm® until 2.52 g/cm® with the average value of 2.23
g/cm®. The lowest value of particle density in 0 — 10 cm
depth which is 1.85 g/cm® founded on location 4. The
lowest value of particle density in 10 - 20 cm depth which
is 1.92 g/cm?® also founded on location 4. The highest
value of particle density in 0 — 10 cm depth which is 2.5
g/cm? founded in location 8 while the highest value of
particle density in 10 — 20 cm depth which is 2.52 g/cm?
founded in location 2.

Particle density’s most value more increase the deeper
the soil in Figure 5. Upper soil tends to have lower
particle density value because of the increasing content
of soil organic matter [18]. Soil particle density is an
important soil physical property and depends on the
composition of both the mineral and the organic soil
components. Value for particle density in mineral soil
usually ranges between 2.4 to 2.9 g/cm® which normally
has value of 2.65 g/cm? [19] while for organic soil can
decrease to approximately 1.5 g/cm®. This explained
cacao farm soil in 10 location were consist of mixed
mineral soil and organic soil and acceptable for cacao
plant.

The spatial distribution of soil particle density for
each soil depths are shown in Figure 6:
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Figure 6 Spatial distribution of soil particle density in 0-
10 cm depth (A); and 10-20 cm depth (B) in study area

3.3.3. Soil Bulk Density

The soil bulk density of all sample locations in the
study area can be seen in Figure 7:
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Figure 7 Soil bulk density of each depth in the study area

Figure 7 shows that the the value of bulk density of
soil in 10 sites ranging between 0.66 g/cm® until 1.08
g/cm® with the average value of 0.9 g/cm®. The lowest
value of bulk density which is 0.66 g/cm’® founded on
location 3 while the highest value of bulk density which
is 1.08 g/cm? founded in location 5.

Bulk density of soil is an important factor of soil
physical property that correlated with soil compaction and
other soil properties [20]. Bulk density is also can be an
indicator of soil porosity and moisture content as it is
dependant on soil texture and structure [21]. The higher
value of bulk density, the more compact soil has become
thus resulting in obstructed penetration of plant’s root
[22]. The ideal value of bulk density in soil is lower than
1.4 g/cm? so the plant can properly grow, which explained
bulk density in 10 locations of Banjarharjo village ideal
for cacao plant’s growth.

The spatial distribution of soil bulk density in the
study area is presented in Figure 8:
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Figure 8 Spatial distribution of soil bulk density in study
area

3.3.4. Soil Organic Matter

The soil organic matter content of all sample locations
in the study area can be seen in Figure 9:
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Figure 9 Soil organic matter content of each depth in the
study area

Figure 9 shows that the value of organic matters of
soil in 10 sites with 2 different depths ranging between
0.48 % until 5.76 % with the average value of 2.23 %.
The lowest value of organic matters in 0 — 10 cm depth
which is 0.48 % founded on location 1. The lowest value
of organic matters in 10 - 20 cm depth which is 0.96 %
founded on location 8. The highest value of organic
matters in 0 — 10 cm depth which is 5.76 % founded in
location 6 while the highest value of organic matters in
10 — 20 cm depth which is 2.88 % also founded in
location 6. The presence of litter and fertilizers on the
surface soil will increase the organic matter content, thus
making the organic matter in soil with 10 — 20 cm depth
are mostly lower than in soil with 0 — 10 cm depth.

Organic matter is one of the essential factor to
increase the quality of plant’s growth by maintaining soil
fertility and ecological functions [23]. Increasing organic
matters in soil can be done by using various organic
materials such as animal waste, crop residues, sewage or
sludge [24]. Soil organic carbon (SOC) is one of the
important factor that determined the value of soil organic
matter because contained about 58% SOC [25]. General
operational level of SOC in most agricultural soil under
dryland agriculture are ranging between 0.7% to 3% [26].
Similar study was conducted by Loveland and Webb,
they took a review under critical values of SOM for
agricultural soil and they found a specific threshold value
of SOC and SOM (2% for SOC and 3,4% for SOM) [27].
Below the specific value mentioned the soil were
considered to be low productive capacity.

The spatial distribution of soil organic matter content
for each soil depths are shown in Figure 10:
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Figure 10 Spatial distribution of soil organic matter
content in 0-10 cm depth (A); and 10-20 cm depth (B) in
the study area

3.3.5. Soil pH

The soil pH of all sample locations in the study area
can be seen in Figure 11:
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Figure 11 Soil pH of each depth in the study area

Figure 11 shows that the value of pH of soil in 10 sites
with 2 different depths ranging between 5.85 until 7.68
with the average value of 6.66. The lowest value of pH in
0 — 10 cm depth which is 6.23 founded on location 1. The
lowest value of pH in 10 - 20 cm depth which is 5.85 is
also founded on location 1. The highest value of pH in 0
— 10 cm depth which is 7.64 founded in location 3 while
the highest value of pH in 10 — 20 cm depth which is 7.68
is also founded in location 3.

Soil pH greatly affects the availability of a range of
soil nutrients for plant growth, and normally for many
plants to achieve optimal growth the pH value is

considered between 6 and 7.5 [28]. Soil pH also has an
enormous influence on soil biogeochemical processes as
well described as the master soil variable that can affect
all soil properties [29]. One of the processes including
trace element mobility, causing soil pH to controls the
solubility, mobility and bioavailability of trace elements
which determine their translocation in plants. The
transfer become dependent to the partition of the
elements between solid and liquid soil phases, through
reactions such as precipitation and dissolution.

Low soil pH tends to increase the solubility of trace
elements because of high desorption and low adsorption,
Cd at pH soil 5.3 has adsorption onto a sediment
composite consisting of Al-, Fe-, and Si-oxides was 60%
[30]. Meanwhile that 50% of Cd absorbed onto humic
acids between pH 4.8 — 4.9 [30]. Similar studies were
conducted and concluded that while the pH soil
decreasing, the solubility of most trace elements will
increase [31]. Cacao farms utilize wide variety of soil
with pH value varying from 4 until 7 [32].

The spatial distribution of soil pH for each soil
depths are shown in Figure 12:
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Figure 12 Spatial distribution of soil pH in 0-10 cm depth
(A); and 10-20 cm depth (B) in the study area

3.4. Cadmium Content in Soil

The soil cadmium content of all sample locations in
the study area can be seen in Figure 13:
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Figure 13 Soil cadmium content of each depth in the
study area

Figure 13 shows that the value of cadmium content in
10 sites’ soil with 2 different depths ranging between
0.105 mg/kg until 0.27 mg/kg with the average value of
0.15 mg/kg. The lowest value of cadmium content in 0 —
10 cm depth which is 0.105 mg/kg on location 3. The
lowest value of cadmium content in 10 - 20 cm depth
which is 0.11 mg/kg on location 1. The highest value of
cadmium content in 0 — 10 cm depth which is 0.27 mg/kg
in location 6 while the highest value of organic matters in
10 — 20 cm depth which is 0.19 mg/kg also in location 6
and 9. However, both of Cd content in soil at all depths
in 12 locations of cacao farms in Banjarharjo village were
below the maximum limit for agricultural soil established
by 3.00 mg kg™ [33] and 0.43 mg kg™ [34].

Major contribution of Cd found in topsoil has been
identified come from decomposition of leaves that fall
from the plant and crop residues (containing Cd) within
cultivation plot that return Cd availability content to the
soil [35] and anthropogenic activities [36]. This
explained most upper soil (0 -10 cm) from the farm has a
higher Cd value then lower soil (10 — 20 cm) except
location 3 and 9 because most of the farm let the cacao
leaves decayed and become organic fertilizer, which in
line with similar studies [37,38]. The higher cadmium
concentration within top-soil relative to subsoil may be
caused by the accumulation over the years of cadmium
from leaves and husks [32,39].

In contrast at location 3 and 9 there is higher value in
cadmium content in lower soil than higher soil. This
could be happen because in location 3 the farm is
neglected and located in the middle of the forest, thus
created natural environment with no anthropogenic
activites. The soil derived from igneous or metamorphic
rocks are contain fewer Cd than those derived from
sedimentary rocks [40]. Meanwhile in location 9 the
owner of the cacao farm often clear the leaves from the
cultivation plot and has a relatively low pH value than
other farms. Low pH in soil can make influences Cd
availability in the soil solution [41]. This can cause Cd to
seep down to subsoil as in acidic soil cadmium tends to
be more bioavailable as it is weakly bound to soil
particles [42].

The spatial distribution of soil cadmium content for
each soil depths in the study area are shown in Figure 14:
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Figure 14 Spatial distribution of soil cadmium content in
0-10 cm depth (A); and 10-20 cm depth (B) in the study
area

3.5. Correlation of Cadmium Content with Soil
Properties

Analysis of the correlation between cadmium
concentration in soil with soil properties is presented in
Table 5.

Table 5. Pearson’s correlation between cadmium content
and soil properties

Cd-zoil  Sand Silt Clay FD BD OM pH
0-10 em
Cd-zoil 1 017 0135 0276 0.226 013 0.383%  0.391
Sand 0.17 1
Silt 0.133 1
Clay -0.276 1
FD 0226 1
EBD 0.15 1
OM 0.83%* 1
pH 0391 1
10-20 cm
Cd-zoil 1 0484 0302 -068* 0461 0.547 0.425
Sand 0.434 1
Silt 0.302 !
Clay -0.68* 1
FD -0.061 1
BD 1
OM 0.547 1
pH 0425 1

* P <0.05; ** P <0.01; NS = not significant; PD = particle density; BD = bulk densiy, OM =
organic matter

The correlation between soil properties and Cd
content both in soil were done by using Pearson
correlation analysis. The results of correlation analysis
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differed for each soil depth. The relationship between Cd
concentrations in this study did not significantly correlate
with soil densities and soil textures (except clay) in both
of the soil depths, indicating these soil physical properties
were not the major factors that affect the amounts of Cd
in soil and uptake by plant in the area studied.

For the soil at depth 0-10 cm, Cd content in soil was
strongly correlated to organic matter at 0 — 10 cm depth
(r = 0.83, P < 0.01) which means the higher content of
organic matter in soil at 0 — 10 cm depth leads to the
increasing accumulation of Cd concentrations in cacao
soil at 0 — 10 cm depth. This consistent with study who
reported due to the high amount of organic matter in
surface soil could enhance Cd bound to the organic
particles [43]. Most soil Cd is adsorbed to organic matter
thus promoting the accumulation Cd in soil [40], making
these results different with similar study [39] [44]. This
happen because various organic materials can be used to
increase soil organic matter content, but in this research
most farm used cacao leaves litter while cacao leaves
accumulate a high concentration of Cd, thus piling out the
Cd concentration to topsoil layer [45]. The correlation
graphic can be seen in Figure 15:
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Figure 15 Correlation between cadmium and soil organic
matter content in 0-10 cm soil depth

Where as at depth 10-20 cm, Cd content in soil was
significantly negatively correlated with clay texture (r =
-0.68, P <0.05) which means high clay percentage in soil
texture in soil of the areas studied leads to decrease of the
concentration Cd in soil at 10 —20 cm. Clay content, have
been reported to control the presence of Cd in soil and Cd
uptake by plants [46]. Clay contents may play a crucial
role for retaining the Cd and restricting Cd movement in
soil thereby reducing the absorption of Cd into plant
tissues [47]. Clay particles can bind organic matter thus
protecting it from being decomposed and keep the Cd
content inside [23].

Contrary to these results, while farms with high
percentage of clay tend to have a lower value of Cd
content. Inconsistent results in correlation of cadmium
content and clay percentage were also found in similar
studies [38] [39], so further research is needed to ensure
the correlation between cadmium and clay content in soil.
The correlation graphic can be seen in Figure 16:
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Figure 16 Correlation between cadmium and clay
content in 10-20 cm soil depth

4. CONCLUSION

Based on the results, the following conclusions can be
drawn:

Soil properties that has been analyzed from 10
locations of cacao farm in Banjarharjo village were all
an adequate environment for cacao plants to grow.
Soil texture (silt, clay and sand) ranging from silt
(26,82 %), clay (22,26 %) and sand (11.96 %) until silt
(39.24 %), clay (52.09 %) and sand (49.04 %). Particle
density ranging between 1.85 g/cm? until 2.52 g/cm?3
with the average value of 2.23 g/cm®. Bulk density
ranging between 0.66 g/cm?® until 1.08 g/cm® with the
average value of 0.9 g/cm®. Organic matter ranging
between 0.48 % until 5.76 % with the average value
of 2.23 %. Soil pH ranging between 5.85 until 7.68
with the average value of 6.66.

2. Cadmium (Cd) contamination has been detected in the

soil (0-10 cm and 10-20 cm deep) under cacao
cultivations in the study areas in Banjarharjo village
though at low to concentration. In the areas studied,
Cd concentrations in soil ranging between 0.105
mg/kg until 0.27 mg/kg with an average value of 0.15
mg/kg. The highest concentrations of Cd in cacao soil
0 — 10 cm were found in location 6 and cacao soil in
10 — 20 cm were found in locations 6 and 9. The
concentrations of Cd in all soil of study areas were
below the maximum limit of Cd contents in
agricultural soil, either established by EU (3.00 mg kg-
1) and US EPA (0.43 mg kg-1), indicated no Cd
contamination occurred at soil depths of 0-10 cm and
10-20 cm.

3. Coefficient correlation (r) between Cd in this study did

not significantly correlate with soil densities and soil
textures (except clay) in both of the soil depths as well
indicated these soil physical properties were not the
major factors that affect the amounts of Cd in soil and
uptake by plant in the area studied. Nevertheless, Cd
concentrations in the soil were significantly correlated
with several soil properties. In this study, Cd
concentration in soil 0 — 10 cm was strongly correlated
with organic matter at soil depth of 0 - 10 cm (r=10.83,
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P < 0.01) and Cd content in 10 — 20 cm depth
negatively correlated with clay percentage (r = -0.68,
P < 0.05). Therefore, these results indicated that Cd
concentration in soil (0 — 10 cm depth) affected by
organic matter 0 — 10 cm depth meanwhile in soil (10-
20 cm depth) was only affected by clay percentage.

AUTHORS’ CONTRIBUTIONS

1. Ignatius Jovantheo: Collected the data, performed the
analysis, wrote the paper.

2. Ngadisih: Conceived and designed the analysis,
supervisor

3. Chandra Setyawan: Conceived and designed the
analysis, supervisor

4. Katharina Keiblinger: Conceived and designed the
analysis, supervisor

ACKNOWLEDGMENTS

The authors would like to thank the Program
Kompetisi Kampus Merdeka (PKKM) Universitas
Gadjah Mada, Directorate of Higher Education, The
Ministry of Education, Indonesia for the financial support
of this study. We also would like to thank the local
Government of Banjarharjo Village and all the cacao
farmers for their kind and welcoming treatment to the
authors, therefore this study can be done.

REFERENCES

[1] BPS Kulon Progo. 2017. Kapanewon Kalibawang
dalam Angka. BPS Kabupaten Kulon Progo.
Yogyakarta.

[2] Purba, H. H., Maarif, M. S., Yuliasih, ., &
Hermawan, A. 2018. Product development of
chocolate with quality function deployment
approach: A case study in SMEs chocolate industry
in Indonesia. In IOP Conference Series: Earth and
Environmental Science (Vol. 209, No. 1, p.
012011).

[3] Wuana, R. A. and Okieimen, F. E. 2011. Heavy
metals in contaminated soil: A review of sources,
chemistry, risks, and best available strategies for
remediation. ISRN Ecology. 2011, 1-20.

[4] Khan, M. A., Khan, S., Khan, A. and Alam, M.
2017. Soil contamination with cadmium,
consequences and remediation using organic
amendments. Science of the Total Environment.
601-602, 1591-1605.

[5] Sharma, H., Rawal, N. and Mathew, B. B. 2015.
The characteristics, toxicity, and effects of
cadmium. International Journal of Nanotechnology
and Nanoscience. 3, 1-9.

[6] Chibuike, G. U. and Obiora, S. C. 2014. Heavy
metal polluted soil: effect on plants and
bioremediation methods. Applied and
Environmental Soil Science. 1-12.

[7] Khan, S., Munir, S., Sajjad, M. and Li, G. 2016.
Urban park soil contamination by potentially
harmful elements and human health risk in
Peshawar City, Khyber Pakhtunkhwa, Pakistan. J of
Geochemical Exploration. 165, 102-110.

[8] Stofejova, L., Fazekas, J., & Fazekasova, D. (2022).
Transfer of Potentially Toxic Elements in the Soil-
Plant System in Magnesite Mining and Processing
Areas. Processes, 10(4), 720.

[9] Kubier, A., Wilkin, R. T. and Pichler, T. 2019.
Cadmium in soil and groundwater: A review. Appl.
Geochem. 108, 1-16.

[10] Dong, Q., Fang, J., Huang, F. and Cai, K. 2019.
Silicon amendment reduces soil Cd availability and
Cd uptake of two pennisetum species. IJERPH, 16,
1624, 1-13.

[11] Rithlmann,J., Korschens, M.,Graefe, J., 2006. A
new approach to calculatethe particle density of
soils considering properties of the soil organic
matter and the mineral matrix. Geoderma 130, 272—
283.

[12] Muchlis, D. R., Sobirin, S., & Damayanti, A. 2017.
Wilayah Keterpaparan Erosi Akibat Hujan di
Kabupaten Kulon Progo, DI Yogyakarta.
In Prosiding Industrial Research Workshop and
National Seminar. Vol. 8: 722-730.

[13] Manistasari, 1., & Nurhadi, N. 2013. Usaha
peningkatan produktivitas tanaman kakao di Desa
Banjarharjo Kecamatan Kalibawang Kabupaten
Kulon Progo. Geo Media: Majalah Ilmiah dan
Informasi Kegeografian, 11(1).

[14] Quiroz, J., & Agama, J. 2006. Programa de
capacitacion en la cadena de cacao. Modulo
Produccioén. Unidad, 2.

[15] Karmawati, E., Mahmud, Z., Syakir, M., Munarso,
S.J., Ardana, K. I. and Rubiyo. 2010. Budidaya dan
Pasca Panen Kakao. Pusat Penelitian dan
Pengembangan Perkebunan. Bogor.

[16] Jaja, N. 2016. Understanding the Texture of Your
Soil for Agricultural Productivity.

[17] Bravo IS, Arboleda CA and Martin FJ. 2014. Efecto
de la calidad de la materia orgénica asociada con el
uso y manejo de suelos en la retencion de cadmio en
sistemas altoandinos de Colombia. Acta
Agrondmica 63(2): 164-174.



Study to Determine Level of Cadmium in Cacao Plantation Soil and Its Correlation to Soil 273

[18] Schjenning, P., McBride, R. A., Keller, T. and
Obour, P. B. 2017. Predicting soil particle density
from clay and soil organic matter contents.
Geoderma. 286, 83-87.

[19] Shahid, M., Dumat, C., Khalid, S., Niazi, N. K., &
Antunes, P. M. C. (2016). Cadmium Bioavailability,
Uptake, Toxicity and Detoxification in Soil-Plant
System. In P. de Voogt (Ed.), Reviews of
Environmental Contamination and Toxicology
Volume 241 (pp. 73-137).

[20] Han Y Z, Zhang J W, Mattson K G, Zhang W D,
Weber T A. 2016. Sample sizes to control error
estimates in determining soil bulk density in
California forest soil. Soil Sci Soc Am J. 80: 756—
764.

[21] Casanova M, Tapia E, Seguel O, Salazar O. 2016.
Direct measurement and prediction of bulk density
on alluvial soil of central Chile. Chilean J Agric Res.
76:105-113

[22] Sutono, S., Haryati, U. and Agus, F. 2018. Soil
Characteristics and Rehabilitation Strategies of
Abandoned Tin-Mining Area in Bangka Belitung
Islands Province. Journal of Land Resouces. 12, 2,
99-116.

[23] Weil, R.R., Brady, N.C., 2016. The Nature and
Properties of Soil (15th ed.). Pearson, Columbus.

[24] Yuan, C., Li, Q., Sun, Z., & Sun, H. 2021. Effects of
natural organic matter on cadmium mobility in
paddy soil: A review. journal of environmental
sciences, 104, 204-215.

[25] Stockmann, U., Adams, M. A., Crawford, J. W.,
Field, D. J., Henakaarchchi, N., Jenkins, M., ... &
Zimmermann, M. 2013. The knowns, known
unknowns and unknowns of sequestration of soil
organic  carbon. Agriculture, Ecosystems &
Environment, 164, 80-99.

[26] Imseng, M., Wiggenhauser, M., Keller, A., Miiller,
M., Rehkdmper, M., Murphy, K., ... & Bigalke, M.
2018. Fate of Cd in agricultural soil: a stable isotope
approach to anthropogenic impact, soil formation,
and soil-plant cycling. Environmental science &
technology, 52(4), 1919-1928.

[27] Van Vliet, J. A., Slingerland, M., and Giller, K. E.
2015. Mineral nutrition of cacao: A review.
Wageningen: Wageningen University and Research
Centre. 57

[28] Pinto, U., Maheshwari, B. L., & Grewal, H. S. 2010.
Effects of greywater irrigation on plant growth,
water use and soil properties. Resources,
Conservation and Recycling, 54(7), 429-435.

[29] Minasny, B., Hong, S. Y., Hartemink, A. E., Kim,
Y. H., & Kang, S. S. 2016. Soil pH increase under
paddy in South Korea between 2000 and
2012. Agriculture, Ecosystems &
Environment, 221, 205-213.

[30] Bradl, H. B. 2004. Adsorption of heavy metal ions
on soil and soil constituents. Journal of colloid and
interface science, 277(1), 1-18.

[31] Kabata-Pendias, A. 2011. Trace elemets in soil and
plants 4 th. CRC Press, Taylor & Francis Group.
USA, 12, 564-577.

[32] Barraza, F., Schreck, E., Lévéque, T., Uzu, G.,
Lopez, F., Ruales, J., ... & Maurice, L. 2017.
Cadmium bioaccumulation and gastric
bioaccessibility in cacao: A field study in areas
impacted by oil activities in
Ecuador. Environmental Pollution, 229, 950-963.

[33] The  European Commission (EC). 2014.
Commission regulation (EU) No 488/2014 of 12
May 2014 amending regulation (EC) No 1881/2006
as regards maximum levels of cadmium in
foodstuffs. Off. J. Eur. Union. 488, 75-79.

[34] United States Environmental Protection Agency
(US EPA). 2002. Supplemental Guidance for
Developing Soil Screening Levels for Superfund
Sites.
http://www.epa/gov/superfund/health/conmedia/soi
/index.htm.

[35] Scaccabarozzi, D., Castillo, L., Aromatisi, A.,
Milne, L., Bullon Castillo, A., & Muiioz-Rojas, M.
2020. Soil, site, and management factors affecting
cadmium  concentrations in  cacao-growing
soil. Agronomy, 10(6), 806.

[36] Reimann, C., Fabian, K. and Flem, B. 2019.
Cadmium enrichment in topsoil: Separating diffuse

contamination from biosphere-circulation signals.
Sci. Total Environ. 651, 1344-1355.

[37] Zhang, Z., Wu, X., Tu, C., Huang, X., Zhang, J.,
Fang, H., Huo, H. and Lin, C. 2020. Relationships
between soil properties and the accumulation of
heavy metals in different Brassica campestris L.
growth stages in a Karst mountainous area.
Ecotoxicology and Environmental Safety. 206, 1-11.

[38] Chavez, E., He, Z. L., Stoffella, P. J., Mylavarapu,
R.S., Li, Y. C., Moyano, B. and Baligar, V. C. 2015.
Concentration of cadmium in cacao bean and its
relationship with soil cadmium in southern Ecuador.
Science of the Total Environment. 533, 205-214.

[39] Gramlich, A., Tandy, S., Gauggel, C., Lopez, M.,
Perla, D., Gonzalez, V., & Schulin, R. 2018. Soil



274 1. Jovantheo et al.

cadmium uptake by cacao in Honduras. Science of
The Total Environment, 612, 370-378.

[40] Smolders, E. and Mertens, J. 2013. Cadmium, In:
Alloway, B.J. (Ed), Heavy Metals in Soil: Trace
Metals and Metalloid in Soil and their
Bbioavailability. Springer Netherlands. Dordrecht.
283-311.

[41] Sarwar, N., Malhi, S. S., Zia, M. H., Naeem, A.,
Bibi, S., & Farid, G. 2010. Role of mineral nutrition
in  minimizing cadmium accumulation by
plants. Journal of the Science of Food and
Agriculture, 90(6), 925-937.

[42] Bravo, D., Pardo-Diaz, S., Benavides-Erazo, J.,
Rengifo-Estrada, G., Braissant, O., & Leon-
Moreno, C. 2018. Cadmium and cadmium-tolerant
soil bacteria in cacao plant from northeastern
Colombia. Journal of Applied
Microbiology, 124(5), 1175-1194.

[43] Chaudhari, P. R., Ahire, D. V., Chkravarty, M. and
Maity, S. 2013. Soil bulk density as related to soil
texture, organic matter content and available total
nutrients of coimbatore soil. International Journal
of Scientific and Research Publications. 3,2, 1-8.

[44] Argiiello, D., Chavez, E., Lauryssen, F.,
Vanderschueren, R., Smolders, E., & Montalvo, D.
2019. Soil properties and agronomic factors
affecting cadmium concentrations in cacao bean: A
nationwide survey in Ecuador. Science of the total
environment, 649, 120-127.

[45]Mite, F., Carrillo, M., & Durango, W. 2010.
Avances del monitoreo de presencia de cadmio en
almendras de cacao, suelos y aguas en Ecuador. XII
Congreso Ecuatoriano de La Ciencia Del Suelo.
Santo Domingo, 17-19 de Noviembre Del 2010.
Santo Domingo.

[46] Pikula, D. and Stepien, W. 2021. Effect of the
degree of soil contamination with heavy metals on
their mobility in the soil profile in a microplot
experiment. Agronomy. 11, 878, 1-11.

[47] Benavides, M. P., Gallego, S., & Tomaro, M. 2005.
Cadmium Toxicity in Plants. Brazilian Journal of
Plant Physiology, 17, 21-34.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, sharing, adaptation, distribution
and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter’s Creative Commons license and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright

holder.





