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Abstract

Sustainable rice production in tropical wetland systems depends heavily on maintaining
adequate soil chemical fertility, making periodic evaluation of paddy field soils essential for
identifying nutrient status and formulating appropriate fertilization recommendations. This
study aimed to assess soil fertility levels and determine fertilization recommendations for paddy
fields in Andowengga Village, Poli-Polia District, East Kolaka Regency, Southeast Sulawesi
Province. Conducted in December 2025, the research used a purposive sampling survey method
comparing new paddy fields (SB) and old paddy fields (SL). Five sampling points were established
in each field type following a diagonal system, with soil collected in triplicate per point, yielding
thirty subsamples composited for laboratory analysis of organic carbon (organic C), total
phosphorus (P-total), total potassium (total K), cation exchange capacity (CEC), and base
saturation (BS). Results showed organic C in SB was low (1.68-1.77%), while SL was
predominantly medium (1.90-2.44%). P-total at all points was medium (26.96—34.76 mg/100g),
K-total in SB was low (15.50-16.75 mg/100g), while SL was mostly medium (33.69-34.70
mg/100g), except SL.T2 was low (17.30 mg/100g). CEC in SB was medium (17.47-21.74
cmol(+)/kg), while SL was mostly high (27.03—34.21 cmol(+)/kg), except SL.T2, which was low
(15.24 cmol(+)/kg). BS was predominantly low at most points, except SB.T3, SL.T2, and SL.T4,
which were medium. Overall, soil fertility at the study site is categorized as low, indicating a
need for balanced fertilization, particularly potassium and organic matter, to sustain paddy soil
productivity.
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INTRODUCTION

Paddy soil is a strategic natural resource in supporting national food security, particularly
as the primary growing medium for rice (Oryza sativa L.), the staple food commodity of the
Indonesian population. Rice productivity is strongly influenced by the level of soil fertility,
encompassing physical, chemical, and biological soil properties (Maro’ah et al., 2021). Periodic
evaluation of soil fertility in paddy fields is necessary to identify nutrient status and to formulate
appropriate fertilization recommendations, since a deficiency in even a single fertility parameter
can act as a limiting factor for land productivity even when other parameters remain at an
optimal level (Suleman et al., 2026).

Differences in the intensity and duration of paddy field management can significantly
affect soil fertility status (Pan et al., 2024). Old paddy fields, which have undergone repeated
cultivation and flooding over a long period, generally exhibit different nutrient dynamics
compared to new paddy fields that have recently been opened or converted from dryland (Cai
et al., 2025). Hermansyah et al., (2024) reported that cation exchange capacity (CEC) and organic
carbon are the primary limiting factors of soil fertility in paddy fields undergoing land-use
changes, with fertility status ranging from very low to medium depending on land-use history.
The expansion of new paddy field areas is also one of the strategies continuously promoted to
increase rice production in various regions, including Southeast Sulawesi Province, making the
comparison of fertility status between old and new paddy fields important to examine in order
to understand patterns of nutrient change over the course of land management.

Poli-Polia District, East Kolaka Regency, Southeast Sulawesi Province, is one of the areas
contributing substantially to rice production in the province, with East Kolaka Regency recorded
as the second-largest rice-producing regency in Southeast Sulawesi in 2024, supported partly by
the expansion of planting areas and the opening of new land. However, scientific studies on the
chemical fertility status of paddy soils in Southeast Sulawesi remain relatively limited and have
largely focused on other areas such as South Konawe (Sumanta et al., 2023), Konawe Islands
(Febriyansyah et al., 2024), and North Buton (Azza et al., 2025), so baseline data on paddy soil
fertility specifically in Andowengga Village, Poli-Polia District, East Kolaka Regency, still needs to
be established.

Soil fertility evaluation in this study focused on five key chemical parameters: organic
carbon (organic-C), total phosphorus (total-P), total potassium (total-K), cation exchange
capacity (CEC), and base saturation (BS), which are consistently used as standard indicators in
various soil fertility evaluation studies of paddy fields across Indonesia, including in regions with
comparable agroecosystem characteristics (Fang et al., 2026). These five parameters are
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interrelated in determining the soil's capacity to supply and retain nutrients for plants, making a
comprehensive evaluation of soil chemical properties essential for formulating nutrient
management strategies suited to actual field conditions (Wibowo & Kasno, 2021).

The comparison of soil chemical properties between paddy fields of different cultivation
ages can be conceptually framed within a chronosequence approach, in which soils sharing
similar parent material and climatic setting but differing in time since a specific pedogenic event
in this case, the onset of paddy cultivation are treated as space for time substitutes to infer
temporal trends in soil development (Pan et al., 2024). This approach has been widely applied
to elucidate how prolonged rice cultivation and repeated flooding alter soil organic matter,
nutrient stocks, and cation exchange properties over time, from decadal to centennial scales. In
the present study, the contrast between new paddy fields and old paddy fields represents a
localized, twopoint chronosequence of paddy field development, offering a practical basis for
inferring how soil chemical fertility evolves as paddy fields transition from recently opened land
to long-established wetland-rice systems under comparable agroecological conditions in
Andowengga Village.

Based on the above, this study aims to evaluate the level of soil fertility in old and new
paddy fields in Andowengga Village, Poli-Polia District, East Kolaka Regency, and to formulate
appropriate fertilization recommendations for maintaining and improving soil fertility in both
field types. The results of this study are expected to complement baseline soil fertility data for
Southeast Sulawesi and provide useful scientific information for farmers and stakeholders in the
sustainable management of paddy fields.

METHOD
Study Area and Time

This study was conducted from October to December 2025, on paddy fields located in
Andowengga Village, Poli-Polia District, East Kolaka Regency, Southeast Sulawesi Province. Soil
chemical analysis was carried out at the Soil Science Laboratory, Faculty of Agriculture, Halu Oleo
University Kendari.

Materials and Equipment

The primary data source used in this study was a working map of the study area. The
equipment used included a Global Positioning System (GPS) unit for determining sampling-point
coordinates, a hoe and a field knife for soil excavation, a digital camera for field documentation,
and standard stationery for recording field observations.
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Sampling Method

This study employed a free survey method with a purposive sampling technique, in which
sampling locations were deliberately selected based on the length of time the paddy fields had
been under cultivation (chronosequence), distinguishing between old paddy fields (SL) and new
paddy fields (SB). Five sampling points were purposively established in each field type (SB and
SL) following a diagonal sampling system. At each point, soil samples were collected in three
replicates, yielding a total of thirty soil subsamples across both field types. The three replicate
subsamples from each point were subsequently composited into a single representative sample
per point, resulting in ten composite samples (five for SB and five for SL) submitted for laboratory
analysis.

Laboratory Analysis
The composite soil samples were analyzed for five soil chemical fertility parameters:
organic carbon (organic-C), total phosphorus (total-P), total potassium (total-K), cation exchange
capacity (CEC), and base saturation (Sasongko et al., 2022). The analytical methods used for each
parameter are presented in Table 1.
Table 1. Soil chemical parameters and analytical methods

Parameter Unit Extraction / Method
) Walkley and Black (wet
Organic-C % L
oxidation)
Total-P mg/100 g HCl 25% extraction
Total-K mg/100 g HCl 25% extraction
Cation Exchange Capacity (CEC) | cmol(+)/kg | 1N NH4OAc extraction, pH 7
Base Saturation % Basic Cations/CEC* 100%

Data Analysis

Laboratory results for each parameter were classified into fertility categories Low,
Medium, and High, according to standard soil chemical property criteria (Balai Penelitian Tanah,
2023), consistent with the classification approach used in recent regional soil fertility
evaluations. Data were analyzed descriptively, and the fertility status of the SB (new paddy field)
and SL (old paddy field) groups was compared for each parameter to identify differences in
nutrient status between the two field types and to formulate site-specific fertilization
recommendations.
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RESULTS AND DISCUSSION
Soil Chemical Properties

Laboratory analysis of ten composite soil samples, collected from two paddy-field types
(SB, n =5, new paddy field; SL, n =5, old paddy field) in Andowengga Village, Poli-Polia District,
East Kolaka Regency, characterized five key fertility indicators: organic-C, total-P, total-K, CEC,
and base saturation. Table 2 and Figures 1-2 summarize the results, with soil fertility classes
(Low, Medium, High) assigned according to standard soil chemical property criteria.

Table 2. Chemical properties of paddy-field soils in Andowengga Village, Poli-Polia District,
East Kolaka Regency

Unit | Organic-C (%) Total-P TotalK CEC BS (%)
(mg/100g) (mg/100g) | (cmol(+)/kg)

SB.T1 1.68 (L) 29.84 (M) 15.50 (L) 17.47 (M) 26.00 (L)
SB.T2 1.72 (L) 27.38 (M) 16.37 (L) 18.22 (M) 28.00 (L)
SB.T3 1.74 (L) 26.96 (M) 16.34 (L) 21.41 (M) | 33.00 (M)
SB.T4 1.75 (L) 29.36 (M) 16.75 (L) 21.74 (M) 29.00 (L)
SB.T5 1.77 (L) 28.50 (M) 16.57 (L) 21.51 (M) 24.00 (L)
SL.T1 2.02 (M) 31.54 (M) 34.38 (M) 27.33 (H) 32.00 (L)
SL.T2 1.90 (L) 29.77 (M) 17.30 (L) 15.24 (L) 48.00 (M)
SL.T3 2.20 (M) 32.82 (M) 34.01 (M) 34.07 (H) 30.00 (L)
SL.T4 2.15 (M) 30.32 (M) 33.69 (M) 27.03 (H) | 34.00 (M)
SL.T5 2.44 (M) 34.76 (M) 34.70 (M) 34.21 (H) 28.00 (L)

Note: L = Low; M = Medium; H = High; SB = new paddy field; SL = old paddy field unit.
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Soll Chemical Properties of Paddy Fields in Andowengga Village, Poli-Polia,
East Kolaka Regency
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Figure 1. C-organic, P-total, K-total, CEC, and base saturation of individual sampling units

(SB.T1-T5, SL.T1-T5), Andowengga Village, Poli-Polia District, East Kolaka Regency
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Figure 2. Mean (t SD) soil chemical properties compared between the SB (new paddy field)
and SL (old paddy field) sampling groups.
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Organic Carbon and Macronutrient Status

Organic carbon content ranged from 1.68% to 2.44% across the ten sampling units, falling
within the low-to-medium fertility class. Mean organic-C content was higher in the SL (old paddy
field) group (2.14 £ 0.20%) than in the SB (new paddy field) group (1.73 + 0.03%), with SL soils
predominantly rated medium and SB soils uniformly rated low (Figure 1). This pattern suggests
greater organic matter accumulation in long-cultivated SL fields, plausibly linked to prolonged
organic residue incorporation and repeated flooding cycles, consistent with land-use history as
a key determinant of soil organic matter status (Supriyadi et al., 2020).

Total phosphorus was rated medium at every sampling unit, ranging from 26.96 to 34.76
mg/100 g, with the SL group again showing a marginally higher mean (31.84 + 2.01 mg/100 g)
than the SB group (28.41 = 1.24 mg/100 g). The uniformly medium total-P status across both
field types indicates that phosphorus availability is not a major limiting factor at this site,
although the values remain moderate rather than optimal for intensive rice cultivation
(Hernandez-jiménez et al., 2026).

Total potassium showed the most pronounced contrast between the two field types. SB
soils were consistently rated low (15.50-16.75 mg/100 g; mean 16.31 + 0.48 mg/100 g), whereas
most SL soils were rated medium (mean 30.82 + 7.57 mg/100 g), with the exception of unit SL.T2
(17.30 mg/100 g, low). The wide standard deviation within the SL group reflects this single low-
lying outlier and points to spatial heterogeneity in potassium status even within the same field
type, which may relate to localized differences in parent material or leaching (Hermiyanto et al.,
2026).

Cation Exchange Capacity and Base Saturation

Cation exchange capacity (CEC) ranged from 15.24 to 34.21 cmol(+)/kg. All SB units were
rated medium (17.47-21.74 cmol(+)/kg; mean 20.07 * 2.05 cmol(+)/kg), while the SL group
spanned a wider range from low to high, with three of five units (SL.T1, SL.T3, SL.T5) rated high
(>27 cmol(+)/kg) and one (SL.T2) rated low (15.24 cmol(+)/kg). This variability suggests that clay
mineralogy and/or organic matter content both major determinants of CEC differ more
substantially within the SL (old paddy field) group than within the more homogeneous SB (new
paddy field) group (Abshiba et al., 2025).

Base saturation (BS) was predominantly low (24.00-33.00%) across the SB units, while
the SL units ranged from 28.00% to 48.00%, including two units rated medium (SL.T2 and SL.T4).
The overall low-to-medium base saturation across the site indicates a moderate degree of base-
cation depletion, consistent with the humid tropical setting and the intensive wetland-rice
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management typical of Southeast Sulawesi paddy systems (Mesele et al., 2026).

Comparison Between Old and New Paddy Fields

Taken together, the SL (old paddy field) units generally exhibited higher and more
variable values than the SB (new paddy field) units for every parameter except C-organic
variability, where SB was more uniform (Figure 2). This trend may be explained by the longer
duration of organic matter incorporation, sediment deposition, and flooding-driven chemical
transformations in the long-cultivated SL fields, though confirmation would require additional
data on soil texture, drainage class, and fertilizer input history. The consistently low K-total in SB
and low-to-medium BS across both field types point to potassium and base-cation management
as priority targets for site-specific soil fertility improvement, for example through balanced
potassium fertilization and organic amendment strategies suited to local rice-farming practices
(Arunrat et al., 2020).

Interpreted within the chronosequence framework outlined earlier, the SB-to-SL contrast
can be read as a proxy trajectory of soil chemical development along the timeline of paddy field
establishment, rather than merely a categorical difference between two management groups.
This interpretation is consistent with chronosequence-based studies elsewhere, which show
that soil organic carbon, nutrient stocks, and cation exchange properties tend to increase
progressively with cultivation duration before stabilizing once a pedogenic threshold specific to
the local parent material and hydrological regime is reached (Pan et al., 2024). However, because
the present dataset represents a two-point, space-for-time substitution rather than a true
longitudinal record, the observed differences should be interpreted as indicative of a general
developmental trend rather than a precise rate of change; the pronounced within-group
variability at SL, particularly the anomalously low values at SL.T2, further illustrates that
chronosequence-based inference can be confounded by localized site-specific factors that are
not directly attributable to field age alone (Chen et al., 2011).

Overall, the results indicate that paddy-field soils in Andowengga Village are
characterized by low organic carbon and potassium status in the new fields, medium phosphorus
availability across both field types, and low-to-high but spatially variable CEC and base
saturation, with the old paddy fields (SL) showing generally more favorable, but also more
heterogeneous chemical fertility than the new paddy fields (SB). These findings are broadly
consistent with regional studies showing that CEC and organic carbon are common limiting
factors in paddy soils under varying land-use histories and that balanced fertilization directions
specific to local conditions are needed to sustain soil productivity. Framed as a chronosequence,
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the pattern observed here also suggests that fertility gains from prolonged paddy cultivation in
this area are likely to continue accruing over time for organic carbon and potassium in particular,
underscoring the value of periodic re-evaluation as the SB fields themselves mature into longer-
cultivated systems.

CONCLUSION

Soil fertility at the study site in Andowengga Village, Poli-Polia District, East Kolaka
Regency is generally categorized as low. New paddy fields (SB) show low organic carbon and low
potassium status, while old paddy fields (SL) show medium organic carbon and generally higher,
but more heterogeneous, potassium, CEC, and base saturation. Phosphorus availability is
uniformly medium across both field types. Balanced fertilization, particularly targeting
potassium and organic matter inputs together with site-specific management adapted to field
age, is recommended to sustain and improve paddy soil productivity at this location.
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