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ABSTRACT
Soil mineralization is a crucial soil process that improves soil physical properties,
enhances carbon sequestration, and provides essential minerals and available
nutrients for plant growth. This study was conducted at five vegetation types and
soil depths at Luot mountain area, located in VNUF campus, Hanoi city. Samples

Article info: were incubated in the dark at 25°C and measured at intervals of 1, 2, 5, 10, 15, 25,
Received: 09/08/2024 35, and 40 days in the laboratory to determine C-CO: respiration from soils. The
Revised: 13/09/2024 study showed that CO: emissions were highest in topsoils and decreased with deeper

Accepted: 15/10/2024 soil depths. Mineralized C-CO: decreased from Shrubs > Acacia + Native species (NS)
> Pinus + NS > Native species > Control. COz emissions peaked early in the incubation
period and then stabilized in the 40-day incubation period. Larger aggregates (2
5mm) decreased significantly under most vegetation types, except for Shrubs, where
the reduction was minimal. Aggregate size 23mm increased post-incubation,
notably under Pinus + NS and Native species, with smaller aggregates also
increasing slightly. Organic matter content was highest in the topsoil but decreased
post-incubation due to microbial C mineralization. There was an increase in soil

Keywords: organic matter at 10-20 cm and 20-40 cm layers after incubation, especially under
Available nutrients, Shrubs. Available nitrogen slightly increased in soils post-incubation for most
C-CO: respiration, vegetation types. Phosphorus content increased post-incubation, peaking under
incubation process, Shrubs, while potassium levels were generally poor but increased during incubation.
soil aggregates, The study found that C-CO2 mineralization was strongly associated with soil porosity
soil mineralization. and pH, suggesting that higher porosity and optimal pH enhance mineralization,

with organic matter content being crucial for available nutrient cycles in soils.

TOM TAT

Qud trinh khodng héa la mét qud trinh quan trong caa dét gilp cdi thién cdc tinh
chét vét ly cda dét, téng cwdng s lwu gilt carbon, va cung cdp cdc khodng chét
thiét yéu ciing nhw cdc chét dinh dudng dé tiéu cho sw phdt trién cua cdy trdng.
Nghién ctru nay duwoc thue hién dudi ndm trang thdi thue vat va cde d6 sdu dat khdc
nhau tai ndi Luét, Trudong Pai hoc Ldm nghiép, Ha Noi. Cdc méu dat dwoc 4 trong
diéu kién téi & 25°C va xdc dinh lwong va téc dé hé hdp C-CO: tir dét vao cdc khodng
thoi gian 1, 2, 5, 10, 15, 25, 35 va 40 ngdy trong phong thi nghiém. Két qua cho thdy
Iwong phdt thdi CO; cao nhét & I6p dét mdt va gidm dén & cdc I6p dat séu hon.
! Lwong C-CO2 khodng héa gigm dén tir trang thdi Cdy bui > Keo + CBP (Cdy ban dia) >
COz, khodng héa dit, Théng + CBD > CBD > PBbi chirng. Khé ndng khodng hda C-CO: dat cao nhét & giai
qud trinh 4 ddt. doan dau 4 dét va sau dé 6n dinh trong subt 40 ngay 4. Poan lap dét kich thudc 2 5
mm gidm ddng k€ dudi hGu hét cdc trang thdi thurc vat, ngoai trir trang thdi cdy bui.
Kich thwdc doan lap = 3mm tdng 1én sau qud trinh 4, ddc biét la dudi rirng Théng +
CBD va Cdy ban dia, vdi cdc dodn lap dét nhé hon ciing tdng nhe. Luwong chdt hitu
co cao nhdt & Iép dat mdt nhung gidm sau qud trinh G do khodng héa C do vi sinh
vét. Chat hitu co trong dét tdng 1én & dé sdu 10-20 cm va 20-40 cm sau qud trinh 4.

T khéa:
Dinh duéng dé tiéu,
doan lap dét, hé hép C-
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Lwong Nattdng nhe trong dat sau U & hdu hét cdc trang thdi thuc vét. Liong Pa: tdng
sau qud trinh 4, trong khi mirc Ka: thwéng thép nhuwng tdng Ién trong qud trinh 4.
Nghién ctru cho thdy khodng héa C-CO: lién quan chidt ché dén dé x6p va pH cua
dét. Bdng thoi, lwgng chdt hitu co déng vai tro quan trong trong chu trinh chét dinh

duéng dé tiéu trong dat.

1. INTRODUCTION

Global warming currently caused by
greenhouse gases is of particular concern due
to its significant impact on human life and all
living organisms on Earth. Among these,
carbon dioxide (CO;) is one of the most
influential greenhouse gases contributing to
global warming [1].

The biological systems on Earth, including
forests, have the ability to store and release
CO; into the atmosphere. The biological
growth of plants is one of the primary and
most important pathways for consuming CO;
from the atmosphere. Notably, forests with
their long lifespan and large biomass
continuously store a significant amount of
carbon, not only in the trees themselves but
also in the forest soil. However, the
decomposition of biological materials, such as
organic residues from plants, animals, and
microorganisms in the soil, through microbial
activity, will release CO, back into the
atmosphere [2]. Researchers at the University
of Oregon, 2009 also suggested that “carbon
accounting regulations for forests should
prioritize protecting old-growth forest areas
from external impacts. A large amount of
carbon, including soil carbon, will return to the
atmosphere if these forest areas are
disturbed” such as by logging or wildfires. In
such cases, when the soil has no or only young
regenerating vegetation to absorb CO;, the
amount of CO, emissions from the soil will
exceed the amount of CO; absorbed by plants
from the atmosphere. At this point, soil
respiration plays a vital role in the global
carbon cycle, contributing significantly to the
emission of carbon dioxide into the
atmosphere. This process involves the
breakdown of organic matter by
microorganisms and the respiration of plant
roots, both of which release CO, as a

byproduct [3]. Besides, different plant species
return diverse organic matter to the soil,
which has varying decomposition potential,
thus creating different levels of available
nutrient and CO; emissions from the
mineralization process that had not been
previously studied.

The Luot mountain which is also the
special-use forest has various models of
planted forest tree species that are strictly
protected. This area provides soils on the
forest floor intact organic matter from
different tree species, which helps clarify
several issues: (i) The mineralization capacity
of organic matter (OM) in different forest tree
species and at various soil depths, (ii)
Dynamics of available nutrients after soil
incubation in the laboratory, (iii) The
relationship between soil organic matter and
soil physical and chemical properties.
Therefore, the study results provide a
foundation for studies on C-CO;
mineralization, soil nutrient improvement, and
the proposal of nutrient management
measures for forest floor at the Luot mountain
in the future.

2. RESEARCH METHODS
2.1. Study area

The study was conducted in the Luot
mountain area, located in VNUF campus,
Chuong My district, Hanoi city. This area is
situated at coordinates 20°50° North va
105°30’ East and has an average elevation of
54 — 113m above sea level. Luot mountain is
characterized by a diverse range of vegetation
types, including mixed plantations Acacia,
Pinus and native species (NS), native specices,
and shrubs. This area has an annual rainfall
ranging from 1,300 to 2,300 mm, which is
divided into two distinct seasons: the rainy
season typically begins in April and lasts until
October, while the dry season starts in
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November and continues until March of the
following vyear [4]. The average annual
temperature and precipitation is 22.5°C and
1,700 mm, respectively. The soils in this region
are predominantly Ferralsols on the neutral
magma rock Poocfiarite rock.

The selection of Luot mountain as the study
location is based on its ecological diversity and
the distribution of different vegetation types,
ensuring the representativeness and reliability

of the research results on carbon
mineralization potential and the dynamics of
available nutrients in soil under these

different vegetation types.
2.2. Data collection methods
2.2.1. Composite samples at
vegetation types and soil depths

Five plots with an area of 500 m? (20 m x 25
m) were established under forest and
vegetation types: (1) Mixed forest of Acacia
mangium and Native species (Acacia + NS), (2)
Mixed forest of Pinus merkusii and Native
species (Pinus + NS), (3) Mixed native species
forest (Native species), (4) Shrubs, (5) Bare soil
(Control).

In each plot, soil samples were collected at
five random spots - four at the corners and

different

taken from three depths: 0-10 cm, 10-20 cm,
and 20-40 cm because these layers encompass
both the topsoil and subsoil, where significant
organic matter decomposition and nutrient
cycling occur [5]. Samples were taken from
five random spots - four at the corners and
one in the center - and then combined to
create a composite sample from the same
depth. The individual samples were
thoroughly mixed, stored in plastic bags, and
labeled for soil incubation and available
nutrient content determination.

Soil samples for bulk density analysis were
collected separately, stored in plastic bags,
labeled, and analyzed immediately upon
returning to the laboratory.

2.2.2. Control samples in the bare site

The bare site was characterized by the
absence of forest trees and perennial grasses
to ensure a comparison of soil properties under
different forest plantation conditions. Soil
samples were collected to determine bulk
density, soil incubation, and other physical and
chemical properties, similar to those in the
studied plantation states mentioned above.

The basic physical and chemical properties
of soil samples at the study sites before soil

one in the center. At each spot, samples were incubation were summarized in Table 1.
Table 1. Soil physical and chemical properties of soils before incubation

Positions Depth (g/cDmS) (g/ng) (;) PHa  OM (%) (mgl/ulzlrfgsom (mgiﬁésom (mg/liczm?gsom
Pinus 0-10 1.28 2.7 52,59 5.28+0.01 4.19+0.12 1.09 0.54 8.14
+ 10-20 1.37 2.77 50.54 49+001 28+%0.11 0.81 0.54 6.50
NS 20-40 1.47 2.82 47.87 4.83+0.00 2.78 £0.05 0.73 0.47 5.38
) 0-10 1.3 2.63 50.57 59+0.08 4.27%0.16 1.07 0.67 8.02
Af?\lcga 1020  1.36 274 5036 4.83+0.01 3.06£0.05 0.77 0.66 6.89
20-40 1.4 2.73 48.72 4.67+0.00 2.4+0.10 0.69 0.53 5.28
. 0-10 1.3 2.71 52.03 552+0.11 45+0.12 1.09 0.68 8.17
S':aetc';’ees 1020  1.37 284 5176 508+001 3.82+0.11 0.98 0.68 6.53
20-40 1.51 2.88 47.57 4.76 £0.00 3.57+£0.05 0.89 0.54 5.41
0-10 1.17 2.8 58.21 55%+0.03 49%0.16 1.18 0.77 10.77
Shrubs  10-20 1.23 2.81 56.23 5.18+0.04 4.33%0.16 1.02 0.71 8.06
20-40 1.28 2.82 5461 5.1+0.03 3.99%0.16 0.96 0.67 6.43
0-10 1.4 2.72 48.53 4.91+0.00 2.34+£0.16 0.43 0.43 5.39
Control  10-20 1.47 2.74 46.35 4.83+0.02 1.77+0.11 0.38 0.40 4.30
20-40 1.5 2.77 4585 4.84+0.00 1.76+£0.16 0.37 0.40 427
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2.3. Soil sample analysis methods in the
laboratory

2.3.1. Soil physico-chemical characteristics
analysis

The composite soil samples from 5
vegetation types and 3 different depths were
divided into two parts. One part was prepared
for soil incubation immediately to maintain
the soil's natural condition from the field. The
process and analytical parameters for this soil
amount were described in detail in Section.

The remaining soil was air-dried and
removed stones and litters larger than 2 mm.
Then, the soil samples were ground and
sieved through a 2 mm sieve. This portion was
analyzed for physicochemical properties,
including moisture content, bulk density,
proportion, aggregate distribution sizes, pHkc,
organic matter content, available nitrogen,
phosphorus, and potassium.

Aggregate  distribution sizes  were
determined by the shaker machine with the
intensity of 200 rpm in one minute duration.

pHka were determined by automatic pH
machine. The determination of soil organic
matter (OM) was applied by Tiurin method.
Available nitrogen (mg/100 g soil) was
determined by applying modified Kjeldahl
method (TCVN  6498:1999). Available
phosphorus (mg/100g soil) was determined by
colorimetric method (TCVN 8940:2011).
Available potassium (mg/100 g soil) was
analyzed by the emission spectroscopic
method (TCVN 8662:2011).

There were 3 replicates for analyzing C-CO;
mineralization, pH, organic matter content

250 g
incubational soil

I I
Figure 1. Set up samples for s

parameters were repeated three times. The
total samples for these parameter were 45.
The rest parameters were analyzed with 15
samples in total for each.

All soil characteristics were analyzed at the
Soil Analysis Laboratory, Center for Forestry
Research and Climate Change, Vietnam
National University of Forestry.

2.3.2. Soil incubation experiments in the
laboratory

1.6-liter capacity jars with tightly sealed lids
were used for soil incubation experiments.
Each jar contains 250g of soil at field moisture
content, 20 ml of NaOH 0.1N solution in a 50
ml glass beaker placed inside the jar alongside
the soil. The soil incubation process was
carried out under dark conditions with a black
cloth cover to optimize microbial activity [6].
Soil incubation samples from control and 4
experimental sites were replicated three
times. At intervals of 1, 2, 5, 10, 15, 25, 30 and
40 days, NaOH samples were extracted for
titration to determine soil CO, emissions using
HCI solution and phenolphthalein indicator. At
each titration point, jars were opened for 10
minutes to allow microbial respiration with
access to oxygen. Additionally, distilled water
was supplied to maintain soil moisture
content similar to the initial conditions during
each lid opening which helped to maintain
microbial activity.

Blank samples consisted of jars containing
20 ml of NaOH solution without soil, used to
quantify CO; gas levels present in jars without
soil incubation during each titration.

The position of
20 ml NaOH

oil incubation experiments in the laboratory
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Incubational soil samples were air-dried,
sieved, and analyzed for aggregation size
distribution, pHka, organic matter content,
and available nitrogen, phosphorus, and
potassium contents using the methods
described in section 2.3.1.

2.4. Data processing methods

Parameters of soil physical and chemical
parameters include bulk density, specific
gravity, porosity, moisture content,
concentrations  of  available  nitrogen,
phosphorus, potassium, organic matter
content were calculated by formula [7]. The
amount of releasing CO; released is calculated
according to Isermeyer's method, 1952 [8].

SPSS software version 20 was used to
analyze collected data. Examination of
differences in C-CO, mineralization, organic
matter content between five vegetation types,
three different soil depths as well as between
two different times: before soil incubation and
after soil incubation using linear mixed effect
model and Kruskal Wallis test. The
correlation between the studied parameters
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was analyzed by Principle Component Analysis
(PCA) [9].

The graphs were used to present the
differences of studied parameters between
five vegetation types, different soil depths as
well as between two different times: before
soil incubation and after soil incubation.

3. RESULTS AND DISCUSSIONS
3.1. The mineralization capacity (C-CO:
respiration) of soils at the studied sites

Organic matter mineralization in soil
releases carbon dioxide to the atmosphere as
a result of microbial decomposition of organic
matter in soil. This process is a key component
of the carbon cycle, contributing to the
breakdown of organic materials, which in turn
enhances nutrient availability and soil fertility
[10].

Besides facilitating nutrient recycling within
the soil, it also contributes significantly to the
atmospheric CO; levels [11]. The rate of soil
respiration is influenced by various factors
such as the light intensity, temperature,
moisture, and organic matter content [12].

0.80
0.70
0.60
0.50
0.40
0.30
0.20

0.10

0.00

Incubational time (days)

(c)
Figure 2. Soil carbon mineralization dynamics at depths under different vegetation types
(a) 0-10 cm, (b) 10-20 cm, (c) 20—40 cm

The research results indicated that the
highest amount of C-CO; emissions occurred

36

in the surface soil layer (0-10 cm), was lower
in the 10-20 cm layer, and lowest in the 20-40
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cm layer. This was distinctly observed for the
three states of Fresh Shrub Groundcover,
Pinus, and Acacia with Sig. values < 0.05. In
the native tree state, there was little change
between the surface soil layer and the 10-20
cm layer, while the 20-40 cm layer showed the
greatest reduction throughout the soil
incubation process. Meanwhile, in the control
state, there was little difference in C-CO;
amounts between the three soil layers at most
incubation time points.

In the surface soil layer, C mineralization
decreased progressively from SH > P+NS >
A+NS > NS > C. In contrast, in the 10-20 cm
and 20-40 cm soil layers, the highest C-CO;
emissions were observed in the Shrubs state,
followed by a gradual decrease from NS >
P+NS > A+NS > Control with Sig. < 0.05.

The study by Guo et al. (2023) also
demonstrated that different vegetation types
affected the accumulation of organic matter,
thereby influencing the rate of SOC
mineralization [13]. Additionally, the greater
amount of organic matter originating from
litter and tree roots, along with the diverse
microbial community in the surface soil layer,
was the main reason for the higher
accumulation of C-CO; in the surface soil layer
[14].

Overall, the amount of mineralized carbon
was observed to decrease sharply on the first
and second days of soil incubation across all
soil depths under all studied vegetation types.
After that, it gradually decreased from day 2
to day 15. Then, this amount remained
relatively stable until day 40. In the control
position, this amount was always the lowest,
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and there was almost no CO; emission from
soil mineralization because the organic matter
content in this position was very poor (before
cultivation, the OM content only reached
2.34% in the topsoil, and 1.77% and 1.76% at
the 10-20 cm and 20-40 cm layers,
respectively. This is consistent with the study
by Guo et al., 2023. This study concluded that
the available organic carbon substrates
become depleted over time. As the incubation
progresses, the remaining carbon compounds
are more resistant to decomposition,
requiring more energy and specialized
microbial activity, which slows down the
overall mineralization rate. Additionally,
microbial activity may decline as a result of
reduced nutrient availability and changes in
soil conditions, further contributing to the
decrease in C-CO; emission.
3.2. The comparison of soil aggregates before
and after soil incubation

Soil aggregation plays a crucial role in
maintaining soil health by influencing its
physical structure such as porosity, water
retention, and root growth, which also aids in
erosion control [15]. Chemically, well-
aggregated soils enhance nutrient cycling and
availability by protecting organic matter and
supporting microbial activity. This directly
impacts the availability of essential nutrients
including nitrogen, phosphorus, and
potassium, making them more accessible for
plant uptake while reducing nutrient loss
through leaching [16]. The changes in soil
aggregate size distribution were shown in the
figure below.

Aggregate si
®<0,25mn
+>=0,25m
w>=lmm
w>=2mm
#>=3mm

2>=5mm

Pinus + NS

Acacia + NS | Native species Shrubs Control

(b)

Figure 3. Changes in soil aggregate sizes before (a) and after soil incubation (b)
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The largest soil aggregates (= 5mm) tended
to decrease significantly at all studied depths
under the Pinus + NS, Acacia + NS, and Native
species. In the Shrubs, this trend only occurred
in the topsoil, with little to no change
observed at the 10-20 cm and 20-40 cm
layers. The distribution of aggregates 25mm in
the control position also showed no difference
between before and after soil incubation.
Meanwhile, aggregate size 2 3mm tended to
increase at various depths after soil
incubation, particularly under the Pinus + NS
and Native species conditions. The distribution
of the remaining smaller size classes also
showed an increasing trend after incubation
across all depths under all conditions,
although the differences were not substantial.

Papadopoulos, 2011 demonstrated that soil
aggregates were clusters of soil particles that
bind together, often held by organic matter
such as decomposing plant residues, roots,
and microbial exudates [15]. During the
mineralization process, microorganisms
decompose organic matter within these

aggregates, leading to the breakdown of soil
binders are

structure. As the organic

5.00

0-10 | 10-20 | 20-40 = 0-10
Acacia + NS

0-10
Pinus + NS

10-20 | 20-40 = 0-

consumed, soil aggregates disintegrate into
smaller particles, releasing nutrients and
contributing to changes in soil texture and
fertility.

3.3. The nutrient content dynamics in soil
before and after soil incubation

The process of mineralization in the soil
contributes to the concentration of available
nutrients that plants can absorb [17]. The
nutrient dynamics are influenced by factors
such as organic matter contents, soil texture,
moisture, temperature, and microbial
activity. The rate of nutrient release and
subsequent availability for plant uptake is
critical for maintaining soil fertility and the
plant growth [18].

3.3.1. Soil organic matter content (OM%)

The research results indicated that the
organic matter content at the topsoil was
highest and decreased at the 10-20 cm and
20-40 cm layers in both before and after
incubation. However, in all studied positions,
the values at the depth of 10-20 cm and 20-40
cm did not show significant differences, with
Sig. > 0.05.

2 = After incubation
, w
wy
W
é | //| 4///|
10 10

10-20 = 20-40 = 0-

7 Before incubation

10-20  20-40 Soil depth
(cm)

Native species Shrubs Control

Figure 4. Comparison of organic matter content in soil before and after soil incubation

After the soil
research results showed that the organic

incubation process, the

matter content in the topsoil at the study
sites reached an average level (ranging from
3% to 5%) [19]. This content tended to
decrease compared to before the soil was

composted at the topsoil. This is because a
portion of the carbon within the organic
matter is released as CO; by microorganisms,
leading to a decrease in the overall organic
content of the soil. This reduction is

particularly noticeable in the topsoil, where
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organic matter is most concentrated and
where microbial activity is typically highest.
As a result, the topsoil becomes less rich in
organic material over time [17].

On the other hand, at the 10-20 cm and 20-
40 cm layers, the organic matter content
increased after soil incubation compared to
before soil incubation. The highest organic
matter content after composting was found in
the Shrubs, followed by Native species, Acacia
+ NS, Pinus + NS, control. In the Native species
and Shrubs conditions, the organic matter
content in the two lower layers was the
highest and showed less variation. These two
vegetation types recorded a thick soil layer,
less variation in soil porosity between layers,

1.40 -

1.20 -

NH,* (mg/100g soil)

0-10 N
0-10
0-10 \

10-20 &
20-40 2\
10-20 &
20-40 |

Pinus + NS | Acacia + NS

ative species|

1020 3

and an increased 1 to 3 mm aggregates sizes
This
release of organic matter

after soil incubation period. also
enhanced the
available for the mineralization process.
Additionally, litters from species Eupatorium
odoratum and Mimosa pudica in Shrubs was
easily decomposed by microbial activities.
3.3.2. Auvailable nitrogen content in soil
(NHs*)

The available nitrogen content at all soil
depths after soil incubation at the study sites
was consistently at a poor level. This is
because nitrogen is stored in organic matter,
which
mineralization processes specially in forest soil

[18].

is slowly released through

# Before incubation

m A fter incubation

Soil depth
(cm)

0-10
0-10

20-40 B
10-20 B
20-40
1020 i
20-40 \

Shrubs Control

Figure 5. Comparison of available nitrogen content in soil before and after soil incubation

The research results revealed that the
highest available nitrogen content was at the
topsoil at all study sites. There was little
difference in the nutrient content between
the 10-20 cm and 20-40 cm soil layers. In the
topsoil, the nitrogen content after soil
incubation was highest under Shrubs (1.22
mg/100 g soil), ranging from 1.10 to 1.11
mg/100 g soil under Acacia + NS, Native
species, and Pinus + NS, and lowest in the
control (0.42 mg/100 g soil). Compared to
before soil incubation, the available nitrogen
content tended to increase slightly in most
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vegetation types, except for Shrubs. In this
type, the cycle of returning organic matter
from plants might be faster and also more
quickly decomposed so that nutrient content
returned effectively. This led to the humus
and available nitrogen content in this type
being generally higher than
vegetation types.
3.3.3. Available phosphorus content in soil
(P20s)

The available phosphorus content in the
soil after soil incubation at the research sites
reached a poor level. This is also a common

in other
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assessment found in forest soils [19]. The
indicated that, at all
vegetation types and depths studied, the
phosphorus content after soil incubation
tended to increase compared to these values

research results
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before incubation, except at the control site.
After soil incubation, the trend of available
phosphorus typically shows an initial increase
due to the mineralization of organic
phosphorus compounds [17].

# Before incubation

m After incubation

Soil depth
(cm)

2020 Rl
5020 Ll

0-10 &
10-20
0-10 &
10-20 N\
20-40 |

Shrubs Control

Figure 6. Comparison of available phosphorus content in soil before and after soil incubation

The available phosphorus content in the
soil was highest in Shrubs after soil incubation,
followed by Native Trees, Acacia + NS, Pinus +
NS, and finally the control. The difference in
available phosphorus content between the
topsoil and the 10-20 cm soil layer was not
significant. In the 20-40 cm layer, this nutrient
content tended to decrease. In many forest
areas, phosphorus availability is generally low
due to high rates of phosphorus fixation and
low soil pH (about 4.6 to 5.2) in study sites.
3.3.4. Avadilable potassium content in soil
(K20)

The available potassium content in the soil

14.00

after incubation at the study sites was at a
poor level (< 10 mg/100 g soil), except for the
topsoil layer under Shrubs, which reached a
medium level (10.91 mg/100 g soil) [19]. In all
vegetation types, the available potassium
content in the soil tended to decrease with
increasing soil depth. This trend normally
occurs in forest soil because potassium is
more concentrated in the upper layers due to
the accumulation of organic matter, root
activity, and nutrient cycling processes. In the
deeper layer of the soil profile, potassium
levels often diminish due to reduced organic
matter and less root activity [18].
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Figure 7. Comparison of available potassium content in soil before and after soil incubation
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The available potassium content in the soil
after soil incubation at the research sites
tended to increase during the 40-day
incubation period. This was most evident in
the topsoil of vegetated areas, with the
highest increase observed in Shrubs, followed
by Native species, Acacia + NS, Pinus + NS, and
lastly, the control. The nutrient content also
increased after incubation at depths of 10-20
cm and 20-40 cm in all vegetation types,
except at the control position. There was no
significant difference in available potassium
content at the deeper layers. This was due to
potassium being primarily derived from the
mineral components of the maternal rock
Poocfiarite rock that forms the soil in Luot
mountain.

3.4. The relationship between
mineralization capacity
physicochemical properties

Soil mineralization capacity is closely linked

C-CO;
and soil

to soil physical properties, such as texture and
structure, which influence aeration and
moisture levels, as well as chemical properties
like pH and OM content. These factors, in
turn, might determine the availability and
mobility of essential nutrients like nitrogen,
phosphorus, and potassium [3].

The results from Principal Component
Analysis (PCA) biplot showed that: the soil
respiration have a notable association with
soil porosity, as higher porosity can enhance
aeration, which is crucial for microbial activity
involved in the mineralization process.
Conversely, soil density and the proportion of
certain soil components appear to have a
weak or negligible direct relationship with C-
CO; mineralization, indicating that these
physical properties may not significantly
influence the rate at which C-CO; is released
during mineralization.
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Figure 8. The relationship between C-CO, mineralization capacity and physicochemical properties

Besides, C-CO, mineralization capacity is
strongly influenced by soil chemical
properties, particularly pH. A close
relationship with pH suggests that optimal pH
levels are critical for efficient mineralization.
Organic matter content also plays an essential
role in providing the necessary substrate for
the mineralization process to release available
nitrogen, phosphorus and potassium in soils.
4. CONCLUSIONS

The highest C-CO, mineralization were

observed in the topsoil layer (0-10 cm),
particularly under Shrubs, followed by
Pinus+NS, Acacia+NS and Native species. The
control site, with minimal organic matter,
exhibited the lowest CO; emissions. The
amount of CO, emiss from soils decreased in
deeper soil depths: 10-20 cm and 20-40 cm.
This underscores the critical role of vegetation
in influencing soil CO; release and highlights
the varying decomposition rates of organic
matter across different vegetation types.
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Larger soil aggregates decreased after
incubation under Pinus+NS, Acacia+NS and
Native species conditions. In contrast, Shrubs
showed minimal change in aggregate size
distribution at deeper layers. Organic matter
content decreased in the topsoil post-
incubation, while the available nitrogen,
phosphorus, and potassium contents varied by
vegetation type and soil depth. Notably,
Shrubs  demonstrated higher available
nitrogen and phosphorus levels, while
potassium levels increased in vegetated areas
over time, highlighting the complex interplay
between organic matter decomposition and
nutrient release.

The Principal Component Analysis revealed
that soil respiration was closely associated
with soil porosity and pH, suggesting that
these factors are crucial for efficient
mineralization. Organic matter content was
identified as a significant driver of nutrient
availability, influencing the release of available
nitrogen, phosphorus, and potassium in soils.
Future studies might consider extending the
soil incubation period to better assess nutrient
dynamics in the soil. Additionally, litter should
be collected to observe differences in the
decomposition of organic carbon on the
surface among different vegetation types.
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