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INTRODUCTION

The sustainability of global agriculture is in-
creasingly under threat due to the degradation of 
essential soil nutrients. Nitrogen (N) and potas-
sium (K) are critical for plant growth and produc-
tivity, yet they are highly susceptible to depletion 
under conventional intensive agricultural systems. 
These systems, often characterized by continuous 
monoculture and the absence of crop rotation or 
soil resting periods, exacerbate nutrient loss and 

lead to a decline in soil quality. The consequences 
of such practices are far-reaching, impacting not 
only agricultural productivity, but also the broad-
er environmental balance.

Bali, renowned as a popular tourist destination 
among international visitors (Chin et al., 2017), 
faces a unique challenge in this context. The 
demand for vegetables, fruits, and horticultural 
commodities in tourist facilities, such as hotels, 
restaurants, and supermarkets continues to rise 
with the increasing number of both international 
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and domestic tourists (Batt and Parining, 2000). 
The primary sources of horticultural commodities 
on the island are located in highland areas, such as 
Kintamani Sub-district, Petang Sub-district, partic-
ularly Plaga Village, and Baturiti Sub-district (Uta-
ma, 2021; Budiasa and Ambarawati, 2014). These 
regions, situated along highland terrains formed by 
volcanic processes at elevations ranging from 500 
to 2500 meters above sea level, benefit from high 
rainfall that supports the growth of horticultural 
crops (Trigunasih and Saifulloh, 2022).

However, the agricultural practices in these 
regions are predominantly monoculture and con-
tinuous cultivation. This system is implemented 
to meet the supply demands of the tourism indus-
try as well as general public consumption. While 
economically advantageous, such practices can 
disrupt environmental balance and soil health. 
Repetitive cultivation of the same crops depletes 
the soil of vital nutrients faster than they can be 
naturally replenished, resulting in soils that are 
less fertile and more prone to erosion, ultimately 
threatening the long-term viability of agricultural 
lands. Research from diverse agricultural regions 
around the world has consistently shown that ni-
trogen and potassium are among the most affected 
nutrients in intensively farmed soils. For instance, 
studies in both temperate and tropical regions have 
documented significant declines in these nutrients, 
leading to reduced crop yields and increased re-
liance on chemical fertilizers. Such reliance not 
only poses economic challenges for farmers but 
also contributes to environmental problems, such 
as water pollution and greenhouse gas emissions.

Monoculture farming and continuous agricul-
tural activities can negatively impact the chemi-
cal properties of soil. One significant effect is the 
degradation of soil CEC. Research by Loke et al. 
(2014) indicates that intensive farming can reduce 
CEC, subsequently lowering soil fertility and crop 
productivity. Additionally, soil base saturation 
can be affected, indicating soil quality degrada-
tion. The soils subjected to continuous cultivation 
without crop rotation or the addition of organic 
matter experience a decline in base saturation, 
leading to decreased availability of essential nu-
trients, such as calcium, magnesium, and potas-
sium (Alemayehu et al., 2020). Excessive use of 
nitrogen fertilizers can lower soil pH, making the 
soil more acidic. Highly acidic soils can hinder 
plant growth and reduce the availability of certain 
nutrients (Daba et al., 2021). Continuous farming 
practices without the addition of organic matter 

can reduce soil organic carbon content, ultimately 
impacting soil fertility and crop productivity. Be-
sides organic carbon, macronutrients like nitro-
gen (N), phosphorus (P), and potassium (K) are 
also of concern (Page et al., 2020; Y. Wang et al., 
2021). Continuous farming can lead to a decline 
in the levels of these nutrients in the soil. The ag-
ricultural land cultivated intensively without crop 
rotation or the addition of organic fertilizers expe-
riences a decrease in the N, P, and K levels. The 
reduction in these nutrient levels can lower crop 
productivity and disrupt soil ecosystem balance 
(Pervaiz et al., 2020).

Soil degradation due to intensive agricultural 
activities impacts not only crop productivity but 
also environmental stability. Soil erosion is a ma-
jor issue in the areas with intensive cultivation 
(Wuepper et al., 2020). Erosion can strip away 
the topsoil rich in organic matter and nutrients, 
thereby reducing the ability of soil to support 
plant growth and leading to the loss of essential 
nutrients, worsening soil conditions (Alewell 
et al., 2020; Demir et al., 2023). Moreover, un-
sustainable agricultural practices can accelerate 
soil degradation processes and cause irreversible 
damage (Kartini et al., 2023).

Previous researchers have reported that soil 
chemical properties are easily degraded due 
to anthropogenic influences (Bhayunagiri and 
Saifulloh, 2022) and are particularly prone to 
leaching, especially on steep topography (Trigu-
nasih et al., 2023). A study evaluating agricultural 
soil quality in Indonesia by Mujiyo et al. (2021) 
found that all samples indicated low soil quality 
levels due to the low availability of soil nutri-
ents, particularly phosphorus. However, a sub-
sequent study reported differing results, showing 
soil quality levels ranging from high to very high 
(Sumarniasih et al., 2022).

Generally, earlier researchers analyzed com-
plex parameters using a minimum dataset of ten 
indicators, which often resulted in anomalies in 
the physical, chemical, and biological properties 
of the soil. The latest studies, however, indicated 
that soil chemical factors play a significant role in 
soil quality assessment, focusing on such indica-
tors as pH, calcium, carbon, and sodium (Mulyono 
et al., 2019). Overall, their findings have not thor-
oughly addressed nutrient depletion or examined 
it comprehensively. Therefore, the conducted re-
search delves deeper into soil chemical properties, 
as they encompass essential nutrients required by 
plants in large quantities. The authors chose to 
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conduct a case study in the highland horticultural 
centers of Bali Province, where long-term contin-
uous cropping systems have been practiced. The 
hypothesis is that in these areas, nutrient levels are 
significantly depleted due to frequent soil tillage 
and planting without allowing fallow periods.

Considering that previous research focused 
solely on soil quality indices in lowland agricul-
tural areas, this study concentrated on continuous 
farming practices in highland regions. This focus 
represents the novelty of this research and bridges 
the gap left by prior studies that only examined 
lowland agricultural lands with relatively similar 
but less extreme farming activities compared to 
the studied case. This study aimed to investigate 
the chemical properties of soil under continuous 
farming practices in the highland horticultural 
centers of Bali. By analyzing the soil samples 
from these key areas, the authors aimed to quan-
tify nutrient loss and identify the most effective 
strategies for sustainable soil management.

DATA AND METHODS

Study area overview

The Baturiti Sub-district is predominantly 
characterized by dry agricultural land, situated 

at elevations ranging from 300 to 2000 meters 
above sea level (Figure 1). The region features 
undulating to very steep slopes and experiences 
relatively high annual rainfall (Trigunasih and 
Saifulloh, 2022). The horticultural products cul-
tivated here include various vegetables and fruits. 
On the basis of agricultural census data in 2019, 
the seasonal horticultural production in Baturiti 
surpassed 50.000 tons, comprising crops, such 
as cabbage, and tomatoes. The harvested areas 
were 183 hectares for cabbage, 443 ha for Chi-
nese cabbage, 224 hectares for tomatoes, and 
222 ha for chili peppers. Among these, tomatoes 
had the highest productivity at 154.353 tons ha-

1, followed by cabbage at 264 tons ha-1, Chinese 
cabbage at 96.618 tons ha-1, and chili peppers at 
21.489 tons ha-1.

Perennial horticultural crops in this region in-
clude durian and banana plants. Durian had the 
highest productivity, yielding an average of 0.19 
tons yr-1, whereas banana plants produced over 
14.2 tons ha-1. However, in 2020, the seasonal 
horticultural production decreased to 30.000 tons. 
The harvested areas for cabbage were reduced 
to 126 ha, Chinese cabbage to 409 ha, tomatoes 
to 149 ha, and chili peppers to 220 ha. Chinese 
cabbage had the highest productivity in 2020 at 
61,889 tons ha-1, followed by cabbage at 333.33 

Figure 1. The research site is in Bali Province, Indonesia, within a tropical region. The study area is 
situated in the highlands, with soil samples collected from highland horticultural agricultural land. The 

geographic coordinates are 8°17’12.29”S - 8°26’11.87”S and 115°9’53.98”E - 115°11’23.61”E
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tons/ha, tomatoes at 31.617 tons ha-1, and chili 
peppers at 8.122 tons ha-1. The research area is 
a major commodity production center in Bali 
Province, where farmers on small plots of land 
practice continuous cropping systems with syn-
thetic fertilizer inputs, often disregarding proper 
dosage, over an extended period. Although this 
practice can boost production in the short term, it 
leads to the deterioration of soil chemical proper-
ties and nutrient depletion in the long term. The 
land management practices that prioritize eco-
nomic gain without considering environmental 
sustainability result in the exploitation of agri-
cultural land. Long-term observations of horti-
cultural agriculture were conducted, primarily in 
samples II, IV, V, VI, VII, VIII, and IX, which 
involved continuous cultivation practices. In con-
trast, samples I and III, located in the lower lands, 
exhibited different agricultural management pat-
terns, including a crop rotation system.

Soil sampling 

Soil samples for this study were collected 
from a depth of 0–30 cm to assess the chemical 
properties of the soil in intensive horticultural 
farming areas. This depth was chosen because 
nutrients are typically concentrated within this 
range, as supported by previous research (Mu-
lyono et al., 2019; Romadhon et al., 2024). Soil 
sampling was conducted in October 2022, taking 
into account elevation differences and focusing 
on continuous cropping systems. Intensive agri-
cultural land with an area of more than one hect-
are found in the field was selected. Subsequently, 
five points within that area were randomly select-
ed and combined into a composite sample. In this 
study, there was no control soil sample; instead, 
differentiation was based on elevation levels. 
Generally, at relatively low elevations, agricultur-
al practices are better managed with proper crop-
ping patterns, whereas at higher elevations, land 

management is less structured with excessive 
use of chemical fertilizers to achieve high yields. 
Composite soil samples were taken from various 
points within the fields to ensure representative-
ness and to avoid nutrient accumulation or devia-
tion at specific points. Additionally, differences in 
land elevation were considered during sampling 
due to their close relationship with nutrient avail-
ability and leaching processes caused by runoff 
and other natural phenomena (Figure 1). The col-
lected samples were then transported to the labo-
ratory for chemical analysis.

Laboratory soil testing

The laboratory analysis involved seven key 
soil chemical properties. Organic carbon content 
(C-organic) was determined using the (Walkley 
and Black, 1934) method, and soil pH was mea-
sured using the H2O 1:2.5 method. CEC and base 
saturation were extracted using NH4OAc 1 N pH 
7. Phosphorus (P) and potassium (K) were ex-
tracted with the Bray-1 method (Eik and Hanway, 
1986), and nitrogen (N) was analyzed using the 
Kjeldahl method proposed by Bremner (1960). A 
brief summary of soil test methods in the labora-
tory can be seen in Table 1.

Mapping soil chemical properties 

Mapping of soil chemical properties in this 
research used the Kriging method in the Geo-
graphic Information System (GIS) application. 
Kriging is a geostatistical interpolation method in 
ArcGIS used to predict spatially continuous soil 
chemical properties from discrete sample points. 
This method not only estimates unknown values 
but also provides a measure of the prediction 
uncertainty. The process begins with variogram 
modeling, which analyzes the spatial structure 
of the data by quantifying the spatial correlation 
among sample points. This variogram model is 

Table 1. Methods for analyzing soil samples in the laboratory
Parameters Unit Method

Organic carbon % Walkley and Black

pH H2O 1: 2.5

Cation exchange capacity me/100 gr Extraction NH4OAc 1 N pH7

Base saturation % Extraction NH4OAc 1 N pH7
Available phosphorus (P ),

available potassium (K) ppm Bray-1

Total nitrogen (N) % Kjeldahl
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critical, as it influences the weights assigned to 
sample points during interpolation. Using this 
model, Kriging assigns weights to each sample 
point, giving more influence to those closer to the 
prediction location. ArcGIS offers various Krig-
ing methods, such as Ordinary Kriging, which 
assumes a constant but unknown mean across 
the study area, and Universal Kriging, which ac-
counts for data trends. The result is a continuous 
surface map representing the spatial distribution 
of soil chemical properties, enabling researchers 
to identify patterns and make informed soil man-
agement decisions. Kriging is preferred in soil 
science due to its ability to produce accurate and 
reliable interpolations, essential for understand-
ing and managing soil variability effectively.

Determination of soil chemical 
limiting factors

The determination of limiting factors for 
soil chemical properties was based on the rela-
tive weights proposed by Lal (1993) and refined 
by (Larson and Pierce, 1994). Larson and Pierce 
(1994) presented an approach to measure the in-
herent and dynamic dimensions of soil quality 
using minimum data sets and pedotransfer func-
tions, combined with statistical quality control 
procedures and models. Additionally, they ex-
plored designing a sustainable land management 
system integrated with process quality control 
procedures to ensure the system’s quality perfor-
mance. For example, organic carbon content be-
tween 5–10% is considered to have no limiting 
factors, while values below 0.5% are categorized 
as extremely limiting. Soil pH in the range of 6–7 
is considered non-limiting, whereas a pH below 
5 is deemed extreme. A CEC value greater than 
40 me 100 g⁻¹ is considered non-limiting, while 

values below 5 me 100 g⁻¹ are categorized as ex-
treme. Base saturation with values above 70% is 
considered non-limiting, while values below 20% 
are categorized as extreme. Other indicators, such 
as N, P, and K, are similarly categorized, as sum-
marized in Table 2.

Testing soil chemical properties is crucial in 
managing soil fertility and quality, particularly 
in intensive horticultural lands. Organic carbon 
plays a critical role in improving soil structure, 
increasing water-holding capacity, and providing 
essential nutrients. Soil pH affects nutrient avail-
ability and the activity of microorganisms essen-
tial for plant growth. Cation exchange capacity 
and base saturation reflect the ability of soil to 
retain essential nutrient cations, such as calcium, 
magnesium, and potassium. Soil phosphorus and 
potassium levels are direct indicators of the avail-
ability of essential nutrients for plant growth.

RESULTS

Soil chemical properties 

This study observed seven soil chemical prop-
erties: pH, organic carbon (C-organic), cation-
exchange capacity (CEC), base saturation (BS), 
total nitrogen (N-total), available phosphorus (P-
available), and available potassium (K-available) 
are presented in Table 3.

The analysis showed that the CEC values at 
the study locations ranged from moderate to high. 
The CEC values for Samples I to IX were 31.09, 
27.83, 20.68, 28.88, 28.82, 27.88, 22.23, 27.12, 
and 14.98 me 100g-1, respectively (Table 3).
These differences in CEC values were attributed 
to variations in clay and organic matter content 
at each location. The soils with high CEC are 

Table 2. Limiting factors and relative weighting of soil quality indicators
Limiting factors and relative weighting

No. Indicator Without (1) Light (2) Moderate (3) Heavy (4) Extreme (5)

1 Organic carbon (%) 5–10 3–5 1–3 0.5–1 < 0.5

2 pH 6.0–7.0 5.8–6.0 5.4–5.8 5.0–5.4 < 5.0

3 Cation exchange capacity  (me 100 g-1) > 40 25–40 17–24 5–16 < 5

4 Base saturation (%) > 70 51–70 36–50 20–30 < 20

5 Nutrients N, P, and K

6 Total nitrogen (%) > 0.51 0.51–0.75 0.21–0.50 0.10–0.2 < 0.10

7 Available phosphorus (ppm) > 35 26–35 16–25 10–15 < 10

8 Available potassium (ppm) > 1.0 0.6–1.0 0.3–0.5 0.10–0.2 < 0.1
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better at absorbing and providing nutrients com-
pared to soils with low CEC. High organic mat-
ter or clay content increases CEC, thus reducing 
nutrient leaching (Tahir and Marschner, 2017). 
Base saturation (BS) values for Samples I to IX 
were 38.71%, 58.01%, 53.06%, 69.17%, 82.44%, 
65.12%, 87.62%, 47.62%, and 38.71%, respective-
ly (Table 3). These varying BS values indicate dif-
ferences in the availability of base cations at each 
location. Samples I, VII, and IX had lower BS val-
ues, possibly due to base loss from leaching during 
the rainy season. Samples II, III, IV, and VI had 
high BS values, while Samples V and VII had very 
high BS values, indicating sufficient base cation 
availability for plant needs (Chaganti et al., 2021).

The soil pH values for Samples I to IX were 
6.72, 6.90, 6.74, 6.79, 6.75, 6.77, 6.86, 6.54, and 
7.05, respectively (Table 3). All pH values were 
neutral, optimal for nutrient absorption by plants. 
Neutral soil pH (6–7) facilitates nutrient dissolu-
tion in water and reduces the presence of toxic 
elements for plants (Penn and Camberato, 2019). 
C-organic values for Samples I to IX were 1.56%, 
3.72%, 2.07%, 2.54%, 2.14%, 3.37%, 1.65%, 
3.36%, and 2.96%, respectively (Table 3). Sam-
ples II, VI, and VIII had high C-organic content, 
possibly due to the addition of organic fertilizers, 
such as manure. The soils with high organic mat-
ter content can improve physical, chemical, and 
biological soil properties, increase CEC, and pro-
vide optimal conditions for plant growth (Ozores-
Hampton et al., 2011).

The N-total values for Samples I to IX were 
0.14%, 0.38%, 0.14%, 0.16%, 0.16%, 0.32%, 
0.10%, 0.28%, and 0.22%, respectively (Table 3). 
Moderate N-total values were found in Samples 
II, VI, VIII, and IX, while low N-total values were 

found in Samples I, III, IV, V, and VII. These 
variations were due to differences in soil manage-
ment patterns and farmers’ practices of returning 
crop residues to the land (X. Wang et al., 2020). 
The P-available values for Samples I to IX were 
169.93 ppm, 105.25 ppm, 17.17 ppm, 37.97 ppm, 
5.31 ppm, 14.96 ppm, 303.30 ppm, 1.84 ppm, and 
323.96 ppm, respectively. Samples V and VIII had 
very low P-available values, while Sample VI had 
low P-available values. Samples I, II, IV, VII, and 
IX had very high P-available values, attributed to 
the use of NPK Phonska fertilizer and intensive 
land management (Finalis et al., 2021). The K-
available values for Samples I to IX were 202.62 
ppm, 198.62 ppm, 121.36 ppm, 150.89 ppm, 
104.48 ppm, 117.78 ppm, 252.95 ppm, 91.48 
ppm, and 251.62 ppm, respectively (Table 3). The 
available K content in all locations was very high, 
indicating the high ability of soil to retain potas-
sium and reduce leaching (Alfaro et al., 2004).

Soil chemical limiting factors

The weighting results showed that intensive 
agricultural land in each sample had limiting fac-
tors ranging from light to extreme, as shown in 
Figure 2. The cation exchange capacity indicator 
had light to moderate limiting factors. Samples I, 
II, IV, V, VI, VIII, and IX had light limiting fac-
tors with a relative weight of two, while Samples 
III and VII had moderate limiting factors with a 
relative weight of three. The high CEC values at 
the study locations were due to high clay content, 
which increases CEC because nutrients in clay 
soils are harder to leach. Finer soil textures have 
more clay and organic colloids, thus increasing 
CEC (Khaledian et al., 2017).

Table 3. Summary of soil chemical property analysis and limiting factor results

Sample CEC (me 100g-1) BS (%) pH C-Organic (%)
Nutrients

N-Total (%) P-available (ppm) K- available (ppm)

I 31.09(2) 38.71(3) 6.72(1) 1.56(3) 0.14(4) 169.93(1) 202.69(1)

II 27.83(2) 58.01(2) 6.90(1) 3.72(2) 0.38(3) 105.25(1) 198.62(1)

III 20.68(3) 53.06(2) 6.74(1) 2.07(3) 0.14(4) 17.17(3) 121.36(1)

IV 28.88(2) 69.17(2) 6.79(1) 2.54(3) 0.16(4) 37.97(1) 150.89(1)

V 28.82(2) 82.44(1) 6.75(1) 2.14(3) 0.16(4) 5.31(5) 104.48(1)

VI 27.88(2) 65.12(2) 6.77(1) 3.37(2) 0.32(3) 14.96(4) 117.78(1)

VII 22.23(3) 87.62(1) 6.86(1) 1.65(3) 0.10(4) 303.30(1) 252.95(1)

VIII 27.12(2) 47.62(3) 6.54(1) 3.36(2) 0.28(3) 1.84(5) 91.48(1)

IX 29.78(2) 38.71(3) 7.05(1) 2.96(3) 0.22(3) 323.96(1) 251.62(1)

Note: limiting factors (1) none, (2) light, (3) moderate, (4) heavy, (5) extreme.
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On the basis of the spatial distribution pat-
terns, each chemical property of soil exhibits 
distinct variations. Low values of soil chemical 
properties are indicated by red, while high values 
are shown in blue (Figure 3). The largest horticul-
tural farming centers are primarily located in the 
central part of the study area, extending towards 
the upstream highlands around Lake Beratan. The 
spatial patterns indicate that the three nutrients 
in the study area tend to be lower in the central 
horticultural centers, which utilize a continuous 
monoculture system. Additionally, other chemi-
cal properties, such as base saturation and cation 
exchange capacity, were found to be relatively 
low, with values of 43.44 and 25.72, respectively.

The BS of the soil showed variations from 
moderate to light limiting factors to no limiting 
factors. Samples I, VIII, and IX had moderate 
limiting factors with a relative weight of three. 
Samples II, III, IV, and VI had light limiting 

factors with a relative weight of two. Samples 
V and VII had no limiting factors with a relative 
weight of one. The high BS values at the study 
locations were due to high base content in neutral 
pH soils. Soil pH analysis showed that the soil at 
the study locations in each sample had no lim-
iting factors with a relative weight of one. The 
soil pH was neutral, which is important for nu-
trient absorption by plants (Huang et al., 2017). 
The C-organic weighting showed that the soil at 
the study locations had moderate to light limit-
ing factors. Samples I, III, IV, V, VII, and IX had 
moderate limiting factors with a relative weight 
of three. Samples II, VI, and VIII had light lim-
iting factors with a relative weight of two. The 
high C-organic content was influenced by the soil 
texture, which was dominated by clay fractions, 
increasing C-organic content because clay holds 
water and affects air exchange (Hassink, 1994; 
Spohn and Stendahl, 2024).

Figure 2. Graph of limiting factors for soil chemical properties; limiting 
factors (1) none, (2) light, (3) moderate, (4) heavy, (5) extreme

Figure 3. Spatial distribution of soil chemical properties in the study area
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The N-total weighting showed heavy and mod-
erate limiting factors. Samples I, III, IV, V, and VII 
had heavy limiting factors with a relative weight 
of four. Samples II, VI, VIII, and IX had moderate 
limiting factors with a relative weight of three. The 
low N content was due to highly mobile nature of 
nitrogen and tendency to volatilize, especially in 
high rainfall areas (Mathers et al., 2007). The P-
available weighting showed extreme, heavy, mod-
erate, and no limiting factors. Samples V and VIII 
had extreme limiting factors with a relative weight 
of five. Sample VI had a heavy limiting factor with 
a relative weight of four. Sample III had a moder-
ate limiting factor with a relative weight of three. 
Samples I, II, IV, VII, and IX had no limiting fac-
tors with a relative weight of one. The K-available 
weighting showed that the soil at the study loca-
tions in each sample had no limiting factors with 
a relative weight of one. The high potassium val-
ues were due to the large CEC of the soil, which 
increases the ability of soil to hold K and reduce 
leaching (Das et al., 2022).

DISCUSSION

The chemical properties of soil are dynamic 
aspects crucial in determining soil fertility and 
supporting plant growth. This study examined 
the impact of continuous and monoculture hor-
ticultural farming on soil chemical properties in 
highland areas with high rainfall, loose soil tex-
ture, and susceptibility to erosion. These condi-
tions make the soil vulnerable to degradation and 
becoming critical land, especially with long-term 
intensive farming practices.

Soil organic matter is primarily found on the 
soil surface and is greatly influenced by climate, 
land use type, landform, and human activity (Ning 
et al., 2022). Loss of organic matter significantly 
impacts crop production. Decomposed organic 
matter produces humus, which can improve the 
C-organic content of soil, as well as increase soil 
pH, cation exchange capacity (CEC), and nutrient 
uptake. In monoculture farming practices, espe-
cially if crop residues are not returned to the soil, 
organic matter content decreases, resulting in re-
duced soil fertility (Dămătîrcă et al., 2023). To 
prevent this decline, crop rotation and returning 
crop residues as compost are essential practices.

Soil acidity or pH indicates the level of soil 
acidity or alkalinity, which is crucial in determin-
ing nutrient availability and soil microorganism 

activity. Neutral soil pH (5.5–7) supports the 
development of microorganisms essential for or-
ganic matter decomposition and nutrient cycling 
(Jiao et al., 2021). In intensive farming systems, 
changes in pH caused by excessive fertilization 
or improper irrigation can disrupt microorgan-
ism balance and nutrient availability. Therefore, 
managing soil pH through appropriate crop rota-
tion and organic matter use is necessary to main-
tain soil fertility.

CEC indicates the total amount of exchange-
able cations on the negatively charged soil col-
loid surface. The higher the CEC, the better the 
soil’s ion exchange and nutrient storage capacity. 
In intensive farming practices, without proper 
management of organic matter and soil texture, 
CEC values can decrease, reducing the ability of 
soil to absorb and store nutrients (Nguemezi et 
al., 2020). To address this, adding organic matter, 
such as compost and manure, should be done reg-
ularly. In high rainfall areas, such as the study lo-
cations, base saturation (BS) can decrease due to 
leaching processes, especially in intensive farm-
ing systems without proper fertilization manage-
ment. Therefore, good fertilization management 
and the use of organic fertilizers can help main-
tain high BS levels.

Nitrogen is an essential nutrient that eas-
ily leaches and volatilizes from the soil. In high 
rainfall areas, nitrogen tends to leach into ground-
water (Nguemezi et al., 2020). The monoculture 
practices that do not return crop residues can re-
duce the total nitrogen content in the soil, hinder-
ing plant growth and reducing crop yields. There-
fore, crop rotation and returning crop residues are 
crucial practices to maintain nitrogen levels in the 
soil. Phosphorus is an essential nutrient needed 
for plant growth, but its availability in the soil 
is very low. In intensive farming, improper fer-
tilization and poor soil management can lead to 
decreased phosphorus availability, especially in 
highly acidic or alkaline soil conditions. To in-
crease phosphorus availability, the use of organic 
matter and crop rotation is highly recommended. 
Potassium is an essential nutrient for plant growth 
and comes from primary minerals in the soil and 
fertilizers. In farming systems that do not return 
crop residues or use fertilizers improperly, potas-
sium availability can decrease, causing potassium 
leaching, especially in the soils with low pH and 
base saturation (Soumare et al., 2023). Returning 
crop residues to the soil and using organic fertil-
izers can help maintain high potassium levels.
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Continuous and monoculture horticultural 
farming practices have serious implications for 
environmental balance and soil health. In high-
land areas with high rainfall, loose and easily 
eroded soils are prone to land degradation. In-
tensive farming without proper management of 
organic matter, pH, CEC, BS, and nutrient avail-
ability can lead to soil fertility decline, erosion, 
land degradation, nutrient imbalances, and de-
creased crop yields. To address these issues, con-
servation practices, such as crop rotation, organic 
matter use, proper water management, and return-
ing crop residues to the soil are necessary. Crop 
rotation can help break pest and disease cycles, 
improve soil structure, and enhance soil fertility.

The limitations of this study include the small 
number of soil samples tested and the reliance 
on single-point observations, which did not ac-
count for climatic variability. Previous research 
indicates that climate change significantly im-
pacts vegetation stress (Susila et al., 2024) and 
influences carbon stock dynamics (Sudarma et 
al., 2024) as well as soil erosion (Adnyana et al., 
2024). International studies have also shown a 
strong correlation between soil quality indices 
and erosion (Mandal et al., 2023) as well as car-
bon stock levels (Ribeiro et al., 2022).

To address these limitations, future research 
should adopt a time-series approach to evaluate 
soil quality, considering the dynamic nature of 
climatic conditions. This approach would pro-
vide a more comprehensive understanding of 
how continuous cropping and climate variability 
jointly affect soil properties over time. Moreover, 
future studies should expand the sample size and 
include diverse agricultural settings to enhance 
the generalizability of the findings. It is crucial 
to investigate the interplay between soil nutrient 
depletion, erosion, and carbon sequestration in 
various climatic and topographical conditions.

CONCLUSIONS

This study revealed that long-term continu-
ous cropping significantly degrades soil quality 
indicators, particularly soil chemical properties, 
from moderate to extreme levels. Moderate deg-
radation was observed in cation exchange capac-
ity, base saturation, and organic carbon levels. 
Severe and extreme degradation was found in the 
soil samples with poor land management, charac-
terized by monoculture and continuous cropping 

systems. The conducted research identified nutri-
ent depletion, specifically nitrogen and phospho-
rus, in long-term continuous cropping systems. 
Soil nitrogen levels were found to be critically 
low, ranging from 0.10% to 0.16%, and phospho-
rus levels ranged from 1.84 ppm to 5.31 ppm. In 
contrast, soils under crop rotation and fallow sys-
tems exhibited significantly higher nutrient con-
tent. This underscores the importance of adopting 
sustainable agricultural land management prac-
tices to prevent nutrient depletion and maintain 
soil health. The obtained findings highlight the 
detrimental effects of continuous monoculture 
on soil nutrient levels, emphasizing the need for 
practices such as crop rotation and fallow peri-
ods to enhance soil fertility and sustain agricul-
tural productivity. This research contributes to the 
broader understanding of soil degradation and the 
critical importance of sustainable land manage-
ment practices in agriculture.
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