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ABSTRACT

The aim of this study was to systematically evaluate the effect of different seasons on dynamical of nutrients and
the correlation between them in peat soil as a basic for water management plan. This study examined nutrient dy-
namics in peat soil facilitated by effective water management planning, focusing on a case study in Perigi, South
Sumatra, Indonesia. Employing a combination of field observations and laboratory analyses, the research iden-
tified key nutrient fluctuations in various hydrological conditions. The different samples in each season (wet and
dry) were collected based on the fluctuation of water table between 2080 cm to identify the dynamics of nutrients.
Results showed the positive correlation between pH and other nutrients which indicates the influence of ion H+
on enhancing the bond with other chemicals. The significant results of each nutrient between wet and dry seasons
showed that increased rainfall can cause leaching of nutrients like nitrogen, phosphorus, and potassium. This
will support the successful optimization of water management which can significantly increase the availability of
nutrients and soil fertility, leading to improved agricultural outcomes. The findings emphasize the importance of
sustainable water practices in peatland areas to promote ecological health and agricultural productivity, providing
valuable insights for policymakers and land managers.

Keywords: peat soil, nutrients, water table.

peat smouldering can reach maximum tempera-
tures of 700 °C, which gradually deteriorate SOM
Kreye et al., (2011) even though it is lower than
that of flame combustion (1.500-1.800 °C) (Rein,
2009; Rein et al., 2008). Yet, these marginal lands
must be stabilized in order to fulfil growing de-
mand because of the scarcity of land resources.
Nutrient dynamics in peat soil are shaped by the
unique environmental conditions of peatlands,
which include high water content, low oxygen
levels, and acidic pH (Kunarso et al., 2022; Li et
al., 2024). These factors lead to a slow decom-
position process, limited nutrient availability, and
distinctive nutrient cycling patterns.

The water movement in the soil was sig-
nificantly impacted by the high hydraulic

INTRODUCTION

A form of soft soil known as peat is creat-
ed when sedges, trees, mosses, and other tflora
that grows in marshes and wetland incompletely
breaks down and disintegrates, leaving behind a
high concentration of fibrous organic materials
(Andriesse. 1988; Das er al., 2024). Because of its
high-water content, high compressibility, and low
shear strength, this soil is frequently referred to as
problematic (Ashraf er al., 2017; Van der Laan et
al., 2024). Unfortunately, the effects of burning on
peat soils are sporadic because soil organic matter
(SOM) can provide long-term fuel and prolong
the fire process (Moreno et al., 2010; Apori et al.,
2023; Natali er al., 2023). The research states that
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conductivity of peat materials, which was an
anisotropic and heterogeneous porous medium
Rupngam and Messiga, 2024). Peat exhibits
both horizontal (Kh) and vertical (Kv) saturated
hydraulic conductivities, with the Kh value be-
ing greater than the Kv value. Such conditions,
as noted by Widiarso et al., (2020) can hasten
the leaching of nutrients into drainage channels,
a process made worse by excessive rainfall in
tropical regions, which also accelerates the leach-
ing of nutrients. Fertilizers are carried out of the
root zone by water, which prevents plants from
absorbing their nutrients.

The dynamics of water table can directly in-
fluence soil nutrient status, such as ammonium-N,
nitrate-N, and inorganic-N and organic C, as well
as available K and P concentrations (Bai ef al.,
2020; Zhang et al., 2022). The research regarding
the relationship between water table and the sta-
tus of available soil nutrients in plant roots is still
very rare, especially for peatlands. Peatlands with
very porous soil characteristics characterized by
high hydraulic conductivity clearly have a large
influence on fertilization efficiency (Jurasinski et
al., 2020). Nutrient loss through air movement
will be very fast towards water bodies. Therefore,
appropriate water management must be devel-
oped so that the environmental impacts of fertil-
izers and agricultural activities can be controlled
(Imanudin et al., 2024).

The availability of soil nutrients is greatly
influenced by the dynamics of the water table;
flooded and dry conditions have a real influence
on the availability of soil nutrients, especially
mobile nutrients such as nitrogen and potassium.
The construction of drainage canal causes a de-
crease in the water level and soil moisture and ac-
celerates the decomposition process. This condi-
tion causes the composition of nutrient status in
the soil to change (Laine et al., 2021; Anggat et
al., 2024). the water dynamics, which can easily
change, are a factor that influences the nutrient
status in peat soil. Soil with high water conduc-
tivity will speed up the nutrient leaching process,
thereby reducing fertilization efficiency (Anggat
et al., 2024). Apart from that, soil microbial ac-
tivity is also influenced by water level dynamics.
There is a decrease in bacterial populations with
increasing soil wetness, which ultimately also af-
fects nutrient availability (Rupngam and Messiga,
2024; Basuki, 2024). The efforts to control water
levels are an important part of controlling the en-
vironmental impact of land that has already been

reclaimed; interrupted wetting and maintaining
a water level of 20-40 c¢m is the best option to
maintain soil nutrient availability (Van der Laan
et al., 2024; Azis et al., 2022). In the future, it is
very important for farmers to know the dynamics
of soil nutrients, especially for fertilizer applica-
tions. The efforts to reduce the leaching of nutri-
ents in peat soil are the most important part be-
sides the efforts to control the water level (Ngan
et al., 2023; Harpenslager ef al., 2024; Das er al.,
2024). Increasing the water table was followed by
increasing nutrient losses (Hashin er al., 2019).
However, only a few research studies regarding
nutrient dynamics in tropical peat soils have been
conducted. Therefore, studies of nutrient dynam-
ics in wet and dry conditions in peat soils were
very useful for developing recommendations on
how to be maintaining the soil and water manage-
ment for sustainable agriculture.

MATERIALS AND METHODS
Field sampling

This research was carried out in a peat swamp
land in Perigi Village, Pangkalan Lapam District,
Ogan Komering Ilir Regency. Perigi is a village
in Pangkalan Lapam District, Ogan Komering Ilir
Regency, South Sumatra. Perigi Village has an
area of 13.299 Ha. and has a swamp area of 7.000
Ha. The area of Perigi Village, Pangkalan Lapam
District is in the lowlands of 6-7 MDPL (Me-
ters Above Sea Level). On the basis of the study
area, Perigi Village is included in the peat hydro-
logical unit area. The method used in this study
was a survey method with direct observation in
the field. It involved sticking wood into the peat
swamp water to determine the depth of the peat
(Basuki, 2024). Then, samples were taken which
were subsequently tested for peat soil fertility to
carry out pH, N-total, P-available, K-available,
and CEC analyses which were then linked to the
condition of the peat land and water management
planning (Pulunggono er al., 2023).

Treatments

The samples were taken in two periods divid-
ed to wet samples and dry samples; the purpose
was to obtain the fluctuation of nutrients in each
seasons. Four treatments (T) of water table were
established in this experiment during the wet
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season; (i) T1: water table fluctuated at 0—20 cm,
(i) T2: water table fluctuated at 21-—40 cm, (iii)
T3, water table fluctuated at 41-60 cm, (iv) water
table fluctuated at 680 c¢m. Each treatment found
the water tale ranging from 40 to 45 cm below
soil surface.

Data analysis

Soil sample analysis was carried out at the
Soil Science Department, Chemistry and Soil
Fertility Laboratory, Universitas Sriwijaya. The
effects of treatments on soil parameter were test-
ed using Independent Sample T-Test SPSS. Then,
the correlation was tested using Pearson correla-
tion test (Bevans, 2020).

RESULTS AND DISCUSSION

Table 1 shows the descriptive data and Inde-
pendent Sample T-test of soil chemical properties
for each season and treatment whereas Table 2
demonstrates the correlation between variables.

The distribution and concentration of N, P,
and K along the vertical peat profile were affected
by the mixing of aecrobic and anaerobic conditions
through continual saturation, drying, and rewet-
ting, in response to fluctuations in the water ta-
ble in the peat profiles. In this study, soil samples

of peat soil were identified as acidic with a pH
between 3.86-4.77. According to Hikmatullah
and Sukarman (2014); Imanudin et al., (2022),
variations in peatland use have been reported to
impact soil pH, a critical component determin-
ing the biogeochemistry of peatlands. Land use
changes cause organic acids, carbonates, bicar-
bonates, and hydroxides to be released into the
soil solution faster than peat breakdown occurs
(Aziz et al., 2022). This procedure may lower the
pH of the soil, affecting vegetation cover, micro-
biological activity, and nutritional availability of
the ecosystems of peatlands. Due to the high H*
ion content of soil and the presence of additional
organic acids like fulvic and humic acids, which
are products of the decomposition process, the
highly acidic characteristics of peat are entirely
reasonable (Das ef al., 2024). It is expected that
the acidic environment in the peat profile (pH <
4) was the cause of the low concentration of key
nutrients, particularly N, and exchangeable bases
(K, Ca, Mg, and Na). It was widespread in low-
land tropical environment (Jarukas et al., 2021).
Prolonged water interruption caused water
stress and altered the chemical characteristics of
peat soil. Low soil water content made the hydro-
phobic qualities of peat more likely to occur. If so,
its capacity to store water which is largely needed
for metabolic processes and the translocation of
nutrients would be determined by this situation

Table 1. Descriptive data and independent sample T-test of soil chemical properties

Soil properties Treatment Mean Std Dev Min Max F Sig
Wet 445 0.29 4.12 417
pH 003 022
Dry 4.14 .35 3.86 4.64
Wet 019 0.02 0.17 02
Total Nitrogen 8460 002
Dry 1.12 0.67 0.11 148
Wet 12.56 1.57 1095 147
Phospor 002 0.00
Dry 21.83 1.59 2055 24.15
Wet 035 0.03 0.32 0.38
Kalium 865 0.00
Dry 023 0.04 0.19 026
Wet 61.03 1.66 58.73 62.25
CEC 175 0.00
Dry 47.31 3.26 4568 522
Table 2, Correlation between variables
Soil properties Total nitrogen Phospor Kalum CEC
pH 0.33 0457 0231 0.642
Total Nitrogen 0.138 0092 0.045
Phospor 0853 0.95
Kalium (0.823
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(Ngan er al., 2024). The kinetics and absorption
of nutrients are limited by the pH and CEC. Previ-
ous studies usually indicated that COOH and OH
groups were depleted and reduced the ability of
peat soil to retain nutrients and drain them as pH
and CEC decreased (Lucas and Re, 1982).

The amount of N ranged between 0.11-
1.48%, this value is in the range for oligotrophic
peat (1-49%) (Imanudin er al., 2022; Jayasekara ef
al., 2025). The result showed that total nitrogen in
dry season is lower compared to the rainy season,
higher moisture content promotes the activity of
microorganisms responsible for decomposing or-
ganic matter. This can lead to an increase in the
release of nutrients, especially nitrogen. into the
soil. During the dry season, the lack of moisture
reduces microbial activity and slows down the de-
composition of organic matter (Dettmann et al.,
2021). This results in less mineralization, which
means fewer nutrients like nitrogen and phospho-
rus are available for plant uptake. The low concen-
tration of K in this study is indicated to be caused
by the dominance of acidic cations (H' and Al3"),
which is shown by the low pH of the soil, as well
as the high mobility of K, making it easy to leach
in soil solutions. While the latter was demonstrat-
ed by the large amount of K that leached from the
column, the former was validated by the notewor-
thy correlation between pH and K.

The impact of water management on nutri-
ent dynamics on soil fertility conditions during
the rainy season (sample collection) indicates
that soil pH is classified as acidic. There are no
significant qualitative differences at various lev-
els of water table inundation. The land drainage
condition is very poor, with a natural decrease
in water table of only 1 cm/ha in the absence
of rain. The high inundation treatments T1-T4
show that the pH under inundation conditions is
better compared to dry soil conditions. Soil pH
ranges from very acidic to acidic. This is con-
sistent with the research by Lee er al. (2021),
which suggests that soil drying can reduce soil
acidity. Under wet soil conditions, the redox po-
tential (Eh) decreases, which in turn increases
the pH value. Furthermore, according to Imanu-
din er al. (2019), soil drying can sharply increase
exchangeable acidity, such as A13* or H', com-
pared to rewetting. This condition can decrease
soil pH. Similarly, [42] found that soil moisture
and pH decrease as groundwater depth increas-
es. Therefore. amelioration efforts in peatland
cultivation are still necessary.

Cereal crops other than rice require the ground-
water level to be between 30—40 cm, as at this lev-
¢l the groundwater condition remains sufficiently
moist and can meet the plant’s evapotranspira-
tion needs. Water retention in tertiary channels at
a water level of 60-80 cm is adequate to create
groundwater conditions in the root zone at a depth
of -40 cm, in accordance with soil management
requirements. No sulfuric acid layers were found
up to a depth of 1.5 meters in the area due to the
peat thickness being greater than 2 meters. This
condition prevents a sharp decrease in pH during
groundwater level declines to -50 cm (September)
(Zhang et al., 2018). Once the rainy season begins,
some toxic substances are leached out, and with in-
creasing inundation, the soil pH rises again. This is
consistent with Hashim er al. (2019) study, which
found that soil in a reduced state (waterlogged soil)
can raise soil pH, and the pH increases with the
duration of waterlogging, although the increase is
not very high. The reduction process involves the
consumption of H+ ions equivalent to the amount
of Fe* or H.S formed. The overall effect of water-
logging is to increase soil pH, particularly in acid-
ic soils. The significant impact of waterlogging is
similar to liming, achieving an optimal pH range
that allows for the availability of most nutrients.
Reduction is considered most important as it can
raise pH, increase phosphorus availability, and re-
place cations in the exchange sites.

Research shows that under high groundwater
conditions, nutrient leaching occurs, resulting in
lower macro-nutrient values in the soil samples
taken from waterlogged conditions. This is con-
sistent with Imanudin er al. (2022), which states
that under waterlogged conditions, there is a sig-
nificant decrease in soil nutrients due to leaching.
Conversely, when the groundwater level decreas-
es to 40-80 cm, leaching decreases, leading to an
increase in nutrient availability for plants (Da-
manik et al., 2023).

Managing water levels below 30-40 cm will
also significantly affect the availability of sever-
al macro-nutrients in the soil. This is in line with
the research by Zhang et al. (2018), which indi-
cates that groundwater dynamics influence nu-
trient availability in the plant root zone. Figure
1 shows an increase in nitrogen and phosphorus
as a result of the decrease in groundwater level.
Under the conditions where the soil experiences
air accumulation (anoxic) due to an increase in
the ground water level, this will accelerate the ac-
cumulation of nitrogen in the soil. Next, nitrogen
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Figure 1. The soil reaction on peat soil at wet and dry
soil sampling condition

mineralization and nitrification occur in the soil
oxidation layer at the groundwater interface un-
der submerged conditions. Denitrification and
ammonia evaporation are the main mechanisms
resulting in the loss of nitrogen in the topsoil in
an alkaline environment. In addition, tidal wa-
ter cycles from river basins and surface runoff,
will carry large amounts of suspended material
as well as carry plant waste, which can affect ni-
trogen retention (Hashim er al., 2019). The avail-
ability of nitrogen macronutrients mostly hangs
in the soil with a thickness of the top 20 cm. Ac-
cording to Striling er al. (2020); Imanudin et al.
(2022), maintaining ground water table under 50
cm is the optimum operation for providing nu-
trient availability, and crop growth environment.
Consistent with the research by Imanudin et al.
(2022), experiments with oil palm seedlings show
nutrient loss occurs at shallow groundwater lev-
els (0-25 cm) and at levels greater than 75 cm.
The optimal nutrient absorption value is found at a
depth of 50 em (Kassim and Yaacob, 2019).

Soil phosphorus content is also influenced by
fluctuations in groundwater level (Figure 2). Anal-
ysis results show that phosphorus levels are low
under wet conditions and moderate under dry con-
ditions (groundwater level -40 cm). This is con-
sistent with the research by Obour er al. (2011),
which states that phosphorus levels significantly
increase at a groundwater depth of 40 cm below
the soil surface. Similarly, Rupngam and Messiga
(2024), found that fluctuating groundwater levels
during the dry-wet seasons lead to increased phos-
phorus flux from the Bh horizon, enhancing phos-
phorus availability in the plant root zone.

Analysis results show that cation exchange ca-
pacity (CEC) decreases with a lowering ground-
water depth. The CEC value during sampling un-
der wet conditions ranged from 58-62 me/100 g,
while in moist soil (ground water depth 40-45 cm,
representing the water table during the dry sea-
son) the CEC value ranged from 45-52 me/100 g.
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phosphorus under wet and dry conditions
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Although qualitatively, the peat soils in the Perigi
area have very high CEC values. This is consistent
with Becher er al. (2020), exchange capacity. This
is suspected to be due to moisture levels at varying
groundwater heights affecting the organic carbon
content, which shows an increase in organic car-
bon values. Organic carbon values indicate that
the organic matter in peat soils has already decom-
posed. According to Kassim and Yaacob (2019),
soil cation exchange capacity is greatly influenced
by soil organic matter content. Decomposed or-
ganic matter has functional groups (COOH") that
can contribute negative charges, thereby enhanc-
ing cation exchange in peat soils, making the CEC
higher with greater organic carbon content. There-
fore, controlling groundwater levels is crucial for
agricultural practices in peatlands. Maintaining
the water table at -40 cm is the best option for pro-
viding crop nutrients. Nitrogen and phosphorus
are more available at a groundwater level of 40
cm (Suryani et al., 2022) (Figure 3).

The CEC of soil depends on soil texture, the
type of clay minerals, and organic matter content.
The higher the clay content or the finer the texture,
the greater the CEC. Similarly, higher soil organic
matter content results in a higher CEC Hannu et
al. (2024), In agricultural practice, measuring the
actual CEC and pH of the soil can help farmers
determine the appropriate type and dosage of fer-
tilizers for their crops. By understanding the soil’s
CEC and pH, farmers can optimize plant growth
and avoid damage from over-fertilization or
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70 CEC (cation Exchangale Capacity me/100g)

Figure 3. Dynamics of soil cation exchange capacity
(CEC) under wet and dry conditions (groundwater
level -45 cm)

under-fertilization. Measuring CEC and soil pH
helps maintain the balance of soil chemical prop-
erties and ensures optimal plant growth (Chen et
al., 2024). CEC is crucial for plant productivity
because it affects how many nutrients are retained
and available in the soil. Soils with low CEC can-
not retain and hold essential nutrients like ammo-
nium (NH,"), Ca,", Mg_*, K*, and Na* effectively.

CONCLUSIONS

Soil nutrient dynamics show a decrease in pH
values when the soil dries out, it means that the pH
during the rainy season is higher than under the
dry conditions. This is inversely proportional to
the Nitrogen nutrient in the season dry season has
higher levels than the rainy season. Likewise, it is
followed by phosphorus content. Only the CEC
and K-dd values in the rainy season have values
which is higher compared to the dry season.

The data on nutrient dynamics and groundwa-
ter levels is important for farmers to understand
when to apply fertilizer appropriately and plan
land use in the future. Proper water management
by maintaining a water level of 40-50 ¢m can in-
crease fertilizer efficiency.
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