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1. Introduction

Abstract. The shifting cultivation system is a traditional farming system that is commonly used by
indigenous communities in Timor Leste until now. Lautem Regency, Timor Leste still has the habit
of implementing a shifting cultivation system, namely by clearing a certain area of land by cutting
down and burning the forest and then planting it with various food crops such as corn, upland rice,
beans, cassava and others. The land will be used for 2-3 years and will be abandoned because the
land is no longer productive and new land will be opened that is still productive. This causes natural
disasters, such as landslides, reduced water sources, floods, reduced biodiversity and micro and
macro nutrients, organic matter, soil pH. So there is a need for research regarding fallowing time
and the chemical properties of soil in shifting farming systems. The aim of this research is to deter-
mine the effect of fallowing time on the nutrient content N, P, K in the soil, the level of soil acidity
(pH), and EC and C-organics in the soil. The research was conducted in Lautem Regency, Timor-
Leste and at the Laboratory of the Ministry of Agriculture and Fisheries of Timor Leste, carried out
for two (2) months, namely in May and June 2022. The research used quantitative descriptive meth-
ods. Primary data collection is based on the needs and objectives of representing soil element data
from each sample. Data obtained from the field is then analyzed in the laboratory to obtain quanti-
tative data from each sample for analysis/comparison. The research was conducted in two differ-
ent areas, namely Lore and Tutuala sub-districts. There are differences in the nutrient content of N,
P and K at each fallow age of the land with the highest results of N, P and K being the fallow age of
the land more than 6 years. The results of the research show that the pH of the land in Lore and
Tutuala Districts is from fallow age 3 to fallow age more than 6 years and months is still the standard
for agricultural cultivation, namely the average pH is 6-7.2, while the EC cation exchange capacity
is still relatively low, but the CEC (EC) is highest at fallow age 6 years, C - organic is classified as
standard for agricultural land with the highest C - organic content at a fallow age of more than 6
years.

Keywords: Shifting Cultivation; Soil Fertility; Land Productivity; Soil Nutrients; Agricultural Sus-
tainability

Timor Leste is one of the countries that has a forest area with 61.94% or about 921.1 thousand of Timor-Leste's
area of 1,500,000 ha according to FAO in 2020. Timor Leste loses 1.1% of land cover vegetation every year. The problem
of degradation and deforestation is increasing from year to year, showing that forest ecosystems in Timor Leste are
under significant pressure from both natural and human-induced factors. In response to these issues, the government
created a general forestry policy in 2017 that emphasizes sustainable management of forest resources as an effort to
reduce environmental damage and improve long-term ecological stability (Kaliman, 2011). One of the factors causing
forest degradation and deforestation in Timor-Leste is the shifting cultivation system in Timor-Leste, especially in

Lautem Regency.

The shifting cultivation system is a traditional farming system commonly used by indigenous communities (Mat-
inahoru, 2013; Rifqi, 2017). This agricultural practice typically involves clearing a selected area of land by cutting and
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burning vegetation, followed by planting various crops for a short period (Febriadi, 2019; Soares, 2017). The people of
Timor Leste also often cut down trees in the forest to make firewood, building materials and animal feed, which further
increases pressure on forest resources (Deus et al., 2016). Over time, continuous clearing without adequate recovery
periods leads to soil nutrient depletion and loss of vegetation cover.

This causes natural disasters, such as landslides, reduced water sources, floods, reduced biodiversity and micro
and macro nutrients, organic matter, soil pH. Changes in soil conditions due to frequent land clearing can also reduce
soil productivity, limiting the ability of local communities to rely on agriculture for subsistence. So there is a need for
research regarding fallowing time and the chemical properties of soil in shifting farming systems. The aim of this re-
search is to determine the effect of fallowing time on the nutrient content N, P, Kin the soil, the level of soil acidity (pH),
and EC and C-organics in the soil. Understanding these aspects is important for evaluating whether fallow periods can
restore soil fertility and for developing recommendations that support sustainable land management in shifting culti-
vation areas.

2. Method
2.1. Place and Time
The research was conducted in Lautem District, sub district Tutuala and Sub District Lore, Timor-Leste and at the

Laboratory of the Ministry of Agriculture and Fisheries, Dili, Timor Leste. The research was conducted over two (2)
months in May and June 2022.

Legend:
Q Location
Road
Border Line

Figure 1. Sampling Location

The research was conducted in a quantitative descriptive manner. Primary data collection is based on the needs
and objectives of representing soil element data from each sample. Data obtained from the field is then analyzed in the
laboratory to obtain quantitative data from each sample for analysis/comparison. The research was conducted in two

different areas, namely Lore sub-district and Tutuala sub-district.

2.2. Research Implementation
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Samples were taken based on the fallow age of the land by direct interviews with land owners. The fallow ages
determined for research are as follows:
1. Agricultural land that is allowed to become forest within a period of 3 months (0.4) years
2. Agricultural land that is allowed to become forest within 1 year
3. Agricultural land that is allowed to become forest within 3 years
4. Agricultural land that is allowed to become forest within 6 years
5. Agricultural land that has been allowed to become forest for more than 6 years

Soil sampling was carried out using a purposive random sampling method on land, sampling was carried out
using a soil drill by inserting a soil drill 20-30 cm deep and then lifting it to take soil samples. The soil samples obtained
were labeled and then put in sterile plastic and immediately taken to the laboratory. Soil samples were taken based on
the fallow age of the land with 3 replications each. The soil samples analyzed were N, P, K, pH, EC and organic Clevels.

Interventionary studies involving animals or humans, and other studies that re-quire ethical approval, must list
the authority that provided approval and the corresponding ethical approval code.

The soil samples that were obtained were analyzed at the Soil Laboratory of the Ministry of Agriculture, Livestock,
Fisheries and Forestry of Timor Leste. This soil sampling aims to measure the levels of nutrients N, P, K, pH, EC and
organic C levels in the soil. These physical data were then analyzed statistically using multivariate analysis of variance
(MANOVA) with a confidence level of 95% (P < 0.05) to see any real differences between each site.

3. Result and Discussion

3.1 Effect of land fallow age on soil quality

Shifting cultivation activities are one of the contributing factors forest areas is reduced, because in basically shifting
cultivation consists of opening a field, planting it, for 2 or 3 years (Mustofa, 2011). Generally, after 2 or 3 harvests, and
after crop yields decrease, the place will be abandoned and the land will become forest again. Usually, fields can be
reused after 7-10 years of fallow, even after 20 - 35 years. This causes rain to become damaged, accelerates the reduction
of nutrients in the soil, and contributes to eutrophication (Akbar et al., 2017). In Timor Leste, land cover vegetation loss
is 1.1% every year. Degradation problems due to shifting cultivation, indiscriminate felling of trees for firewood, build-
ing materials and animal feed

Based on the results of research conducted in Lautem Regency, precisely in the Lore and Tutuala sub-districts in
November 2022, it shows that the age treatment of land has a significant effect on pH levels, ec Ms/cm, organic C levels,
N levels, P levels, and K in each location, namely the results of statistical analysis F-count > from F-table.

From Table 1. it can be seen that the soil pH at each fallow age is included in the acid-neutral category, namely
with an average pH of 6.0-7.06, but the pH value varies at each fallow age with different locations, namely in Lore
District, the pH at the age of 1 year and the age of 3 months of fallow is included in the acid category with a pH value
of 6.2 at the age of 1 year of fallow, the age of 3 months of fallow with a pH of 6.4. While at the age of 3 years, 6 years
and more than 7 years of fallow, the fallow period is included in the neutral category, namely with each pH value being
pH 6.5 (age 3 years of fallow), age 6 years of fallow (pH 6.96) and the higher is the age of 7 years and more than fallow
with a pH value of 7.06. Meanwhile, in Tutuala District, the age of 3 months, 1 year and 3 years of fallow land is included
in the acidic pH category, namely with pH values of 6.0 (age 3 months fallow), age 1 year fallow with a pH value of 6.2
and age 3 years with a pH value of 6.4, but at the age of 6 years fallow (pH 7.0) and the age of 7 years or more fallow
land with a pH value of 7.02 is included in the neutral pH category.

The results of the study showed that EC in Lautem Regency was included in the very low category in each research
location, namely Lore and Tutuala Districts with an average of 0.05-0.08 dS / m. However, the highest EC was at the age
of 6 years fallow, namely 0.08 ppm, while the lowest was at the age of 3 months fallow with a value of 0.05 ppm in Lore
District. The EC value is included in the very low category.

Table 1. pH Level, ec, C-organic, N, P, and K di Lore and Tutuala Village
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Observation Variables

Treament

pHLevel ecMs/cm (pp) Organic
C-Content (%) N Level (%) P Level (%) K Level (%)
L3B 6.04de 0.05¢ 1.21¢ 0.18¢ 5.69bcde 0.23¢
L1T 6.024 0.06¢ 1.524 0.72° 7.98 0.38d
L3T 6.5¢ 0.06¢ 1.85¢ 0.444 7.100 0.45>
Le6T 6.962 0.06° 1.9020 0.67b¢ 6.16b<d 0.562
L7T 7.06° 0.082 2.002 0.792 7.08be 0.44¢
BNT 5 % 0.11 0.00013 0.15 0.05 2.07 0.02
T3B 6.0e 0.06¢ 1.164 0.604 5.56¢ 0.23¢
T1T 6.24 0.07° 1.13¢ 0.892 6.544 0.394
T3T 6.4¢ 0.06¢ 1.57¢ 0.77v 8.402 0.60°
T6T 7.00 0.06¢ 1.82b 0.70¢ 7.98zabe 0.51°
T7T 7.2 0.082 2.142 0.18¢ 8.50° 0.51b¢
BNT5% 0.13 0.00013 0.13 0.02 0.87 0.03

Note: Different superscript letters behind the numbers in the same column indicate a significant difference in the 5%
BNT test. (L3B: Lore 3 months fallow period, L1T: Lore 1 year fallow period, L3T: Lore 3 years fallow period, L6T: Lore
6 years fallow period, L7T: Lore 7 and above fallow period, T3B: Tutuala 3 months fallow period, T1T : Tutuala 1 year
fallow period, T3T: Tutuala 3 year fallow period, T6T : Tutuala 6 years fallow period, T7T: Tutuala 7 years and above
fallow period.

C-organic is higher at fallow age of more than 7 years and above fallow period, namely in the district with an
average of 2.0 in Lore village and 2.14 in Tutuala village, while the lowest C-organic content is 1.16 with a fallow age of
3 months in Tutuala district. The C-organic content is included in the Low-Medium category. The highest N is 0.79%
fallow age of more than 6 years in Lore and the highest N content is 0.89% at fallow age of 1 year in Tutuala village.
While the lowest N content is with a value of 0.18 at age 7 years and above fallow period in Lore and Tutuala sub-
districts. The N content in Lore and Tutuala sub-districts is included in the very low category

The highest P was 7.98% of the 1-year fallow age in Lore and the highest P content was 8.50% at a fallow age of
more than 6 years in Tutuala village. The lowest P content at the age of 3 months of fallow in Tutuala sub-district was
5.56%. The P content in Lore and Tutuala sub-districts is included in the very low category
The highest K was 0.56% of the 6-year fallow age in Lore and the highest K content was 0.60% at the 3-year fallow age
in Tutuala village. The lowest K content at the 3-month fallow age in both research locations (Lore and Tutuala) was
with a K content of 0.23%. The K content in Lore and Tutuala sub-districts is included in the very low category. In
general, the longer the fallow level, the greater the value tends to be, especially C-organic N content K content in two
different locations.

Table 2. Criteria for chemical properties of soil
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No Chemical Properties Mark Criteria
1 pH <5.5 So Sour
55-6.5 Sour
6.5-75 Neutral
7.5-8.5 Slightly Alkaline
>8.5 Alkalis
2 EC > 40 Very high
25-40 High
17-24 Medium
5-16 Low
<5 Vey Low
3 N > 60 Very high
41-60 High
21-40 Medium
10-.20 Low
<10 Very Low
4 p > 60 Vey High
41-60 High
21-40 Medium
10-.20 Low
<10 Very Low
5 K >60 Very High
41-60 High
21-40 Medium
.10-20 Low
<10 Vey Low
6 C-Organik >5,00 Very High
3.01-5.00 High
2.01-3.00 Medium
1.00-2.00 Low
<1,00 Vey Low

3.2. N, P, K Content
3. 2. 1. Nitrogen Content

Nitrogen is an essential element required by plants in large quantities. Meanwhile, soil nitrogen content varies
greatly and is influenced by other factors such as climate, vegetation, topography, and physical and chemical properties
of the soil (Firmansyah & Subowo, 2012). The results of the 5% BNT test showed that the treatment of fallow age had a
significant effect on N content in the soil, this can be seen in table 1 column N, namely the difference in superscript
letters behind the numbers with the highest N content of 0.79% fallow age of more than 6 years in Lore and the highest
N content of 0.89% at fallow age of 1 year in Tutuala village. The increase in N content in the soil is caused by the
remains of vegetation in the surrounding environment that undergoes a natural decomposition process. The addition
of organic matter increases the total N in the soil, although the increase is not striking. This increase in total N in the
soil comes from the mineralization of the organic matter provided (Afandi et al., 2015). The low N content is influenced
by three factors, namely washing with drainage water, evaporation and absorption by plants. This is in line with the
results of research by Nurmegawati et al. (2007), that some N is transported by harvest, some returns as plant residue,
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is lost to the atmosphere and returns again, lost through washing (Nurmegawati et al., 2007). The N element is very
closely related to C-organic, namely if N is high, C-organic will also be high and vice versa if N is low, C-organic/organic
material will be low (Patti et al., 2013). This incident is in line with the results of the study, namely that the C-organic
content in Lore and Tutuala sub-districts is still relatively low to moderate.

3. 2. 2 Phosphor Content

Phosphorus is an essential nutrient needed in the process of cell division, tissue development and growing points
in plants. The results of the 5% BNT test showed that the treatment of fallow age had a significant effect on P levels in
the soil, this can be seen in table 1 column P, namely the difference in superscript letters behind the numbers with the
highest P level of 7.98% fallow age of 1 year in Lore and the highest P level of 8.50% at fallow age of more than 6 years
in Tutuala village. From these results, the P element in the soil is categorized as very low, namely less than 10% of the
P content in the soil in Lore and Tutuala districts. The low P content in the soil is influenced by the results of the de-
composition of organic matter which translocates P from the soil solution. Organic P elements require a mineralization
process first so that they can be absorbed by plants (Rosmarkam and Yuwono, 2012). Organic phosphate comes from
dead animals and plants and is broken down by decomposers into inorganic phosphate, while inorganic phosphate
compounds generally come from groundwater and soil minerals themselves. The availability of P can be increased
through cultivation actions, including the addition of organic materials, liming, fertilizer application, and biotechnology
(Arsyad, 1982). The addition of organic materials produces organic compounds in the soil that can increase the availa-
bility of P through the formation of organophosphate complexes that are easily assimilated by plants, replacement of
H20 anions on the adsorption site, coating of Fe / Al oxides by humus which forms a protective layer and reduces P
adsorption, and increases the amount of organic P mineralized into inorganic P (Tisdale et al., 1993).

Manure, as one type of organic material, is widely used because it always shows a good effect on crop yields for
several planting seasons. Manure is distributed over alonger period than artificial fertilizers (Foth, 1990). Hardjowigeno
(1995) reported that manure can be used as an effort to improve soil fertility even though the nutrient content in manure
is not too high. The provision of inorganic P fertilizer can increase the availability of P through the chemical balance
reactions it causes (Citraresmini, 2009). When the fertilizer is added to the soil, the concentration of P available in the
soil increases. The gradient of P concentration in the soil is different from the gradient of P concentration in plants, so
that P diffusion occurs from the soil into the plants. As a result, the concentration of P in the soil decreases again, and
this is when the release of P elements from the stable pool into the labile pool occurs through chemical and biological
reactions to maintain the balance of P in the soil (Tisdale et al., 1993).

3. 2. 3 Potassium Content

Potassium is used to increase plant resistance to pest and disease attacks that plants need. In fruit waste there are
organic materials such as Potassium (K) which can function to help the formation of proteins and carbohydrates, and
strengthen the plant body so that leaves, flowers, and fruits do not fall off easily. Potassium cannot be directly absorbed
by plants, because it is still in the form of compounds that need to be broken down into K ions that are easily absorbed.
The results of the 5% BNT test showed that the treatment of fallow age had a significant effect on K levels in the soil,
this can be seen in table 1 column K, namely the difference in superscript letters behind the numbers with the highest
K level of 0.56% fallow age 6 years in Lore and the highest K level of 0.60% at fallow age 3 years in Tutuala village.

The high and low levels of nutrients in the soil are influenced by vegetation in the forest, reinforced by the state-
ment of Brearley et al. (2003) that forests in tropical areas have a specific nutrient cycle where nutrient reserves in the
forest ecosystem mostly come from vegetation. Novizan (2002) added that if the planting medium experiences an in-
crease in P levels, this is because the phosphorus in the soil mostly comes from the weathering of natural mineral rocks
and the rest comes from the weathering of organic materials. The composition of plant stands will produce quite large
litter in the form of leaves, stems, twigs which can provide a good response to the chemical properties of the soil with
the presence of organic material content on the soil surface. The nutrient cycle, especially N and P, can run continuously
(continuously) due to the decomposition process of plant litter (Pane et al., 2016).

3.3. Soil acidity level (soil pH)
Soil pH plays an important role in determining how easily nutrients are absorbed by plants. The soil pH value is

measured on a scale of 0-14, pH on a scale <5.5 is included in the very acidic category, pH> 5.5- 6.5, pH> 6.5-7.5 is
included in the neutral category, pH> 7.5-8.5 is included in the slightly alkaline/slightly basic category and pH> 8.5 is

@The Author(s). 2025. Published by CBIORE



Journal of Bioresources and Environmental Sciences, 2025, 4(3),147-155 153

included in the alkaline category is included in the basic category. Neutral acidity of around 7 makes nutrients generally
well absorbed by plants. Soil microorganisms and fungi can thrive at a pH above 5.5 if less then their activity will be
inhibited (Gunawan et al., 2019). From the statement, the results of the study conducted in Lautem Regency, Timor-
Leste showed that the soil pH at each fallow age was included in the acid-neutral category, namely with an average pH
of 6.0-7.06, but the pH value varied at each fallow age with different locations, namely in Lore District, the pH at the
age of 1 year and the age of 3 months of fallow was included in the acid category with a pH value of 6.2 at the age of 1
year of fallow, the age of 3 months of fallow with a pH of 6.4. While at the age of 3 years, 6 years and more than 7 years
of fallow, the fallow period was included in the neutral category, namely with each pH value being pH 6.5 (age 3 years
of fallow), age 6 years of fallow (pH 6.96) and the higher one was the age of 7 years and more than fallow with a pH
value of 7.06. Meanwhile, in Tutuala District, the age of 3 months, 1 year and 3 years of fallow land is included in the
acidic pH category, namely with the respective pH values, including pH 6.0 (age 3 months fallow), age 1 year fallow
with a pH value of 6.2 and age 3 years with a pH value of 6.4, but at the age of 6 years fallow (pH 7.0) and the age of 7
years or more fallow land with a pH value of 7.02 is included in the neutral pH category. The high and low pH of the
soil is influenced by organic materials such as compost plant residues, or animal waste that rots in the soil. This is in
line with the statement of Suntoro (2003) that organic materials can increase soil pH even though the increase is still in
the acidic category. The level of soil acidity due to the provision of organic materials depends on the level of maturity
of the organic materials provided, the expiration date of the organic materials and the type of soil. If the addition of
organic materials that are still immature will cause the slow process of increasing soil pH because the organic materials
are still not decomposed properly and still release organic acids.

The slightly acidic-neutral pH category is still suitable for plants, the same as what was said (Subagyo et al., 2000)
that plants generally require a slightly acidic to neutral soil pH or 6-7.

3.4. Electrical conductivity (EC) in soil

The electrical conductivity (EC) value of a soil indicates the concentration of dissolved ions in the soil solution.
Essential nutrient ions from the soil solution enter the plant roots through the apoplast and symplast pathways. Cation
Exchange Capacity (CEC) is one of the important criteria in assessing the potential for soil fertility. The large number
of cations washed out of the soil system is one sign that the soil is less able to store nutrients. The results of statistical
analysis show that there is a significant difference with the fallow system. In Table 2 of the soil chemical property criteria
table, it can be seen that the EC value in Lautem Regency is included in the very low category in each sampling, namely
Lore and Tutuala Districts with an average of 0.05-0.08 dS/m. This argument is strengthened by the statement of
Prabowo and Subantoro (2017) that EC less than 5 is included in the very low category. Low EC affects ion exchange in
the soil. The low EC value means the dissolved salt content is also low so that it does not cause a salinity effect (Latu-
papua, 2020). The high and low CEC of the soil is determined by the clay and organic matter content in the soil. The
amount of CEC of the soil depends on the soil texture, the type of clay minerals in the soil, and the organic matter
content. The higher the clay content or the finer the texture, the greater the CEC of the soil. Likewise, in the organic
matter content of the soil, the higher the organic matter in the soil, the higher the CEC of the soil (Mukhlis, 2007). Low
soil CEC can be increased by adding organic matter such as compost or manure, the addition of crushed zeolite rocks
can also significantly increase the CEC of the soil (Novizan, 2002). At low soil CEC, for example less than 5 cmol (+) kg-
1, leaching of some cations can occur. The addition of ammonium and potassium to this soil will cause some of the
ammonium and potassium to be leached below the root zone so that plants cannot absorb nutrients optimally (Suryani
2014).

One way to increase soil EC is by adding zeolite. Adding 1% zeolite to the soil can increase soil CEC by 0.62 cmol
(+)/kg and reduce leached K by 0.5917 grams in the range of zeolite additions ranging from 0 - 10% (Setiawan et al.,
2023).

3.5. Organic C content in soil

Carbon is an important element in building organic matter, because most (58%) of dry plant matter consists of
organic matter (OM). Organic carbon (C-organic) in OM has long been known as one of the characteristics of soil fertility
and productive land. On the other hand, soil is the largest carbon reservoir in terrestrial ecosystems that play an im-
portant role in the global carbon cycle (Lailatuz, 2024). Half of the amount of carbon absorbed by plants enters the soil
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through plant residues (litter), dead plant roots and other soil organisms that will undergo decomposition so that they
accumulate in the soil layer (Ruddiman, 2007). Research that has been conducted in the villages of Lore and Tutuala
shows that the age of fallow land has a significant effect on C-organic which can be seen in table 1, namely the different
superscript letters behind the numbers in the C-organic column with a 5% BNT test with a higher C-organic value at a
fallow age of more than 7 yealairs with an average of 2.0 in Lore village and 2.14 in Tutuala village. From the results of
these data, it can be said that the longer the fallow age, the higher the C-organic content in the soil, this is influenced by
the decomposer process of plant residues, compost and animal waste. This C-Organic value is included in the moderate
category (Prabowo & Subantoro, 2017). Low C-organic in the soil needs to be increased so that it can affect the soil
properties to be better physically, chemically and biologically (Butarbutar, 2012). Carbon is a food source for soil micro-
organisms. The presence of C-organic in the soil will stimulate the activity of microorganisms so as to increase the soil
decomposition process and also reactions that require the help of microorganisms, such as P dissolution, and N fixation
(Utami & Handayani 2003). The amount of C-organic in the soil reflects the BO content in the soil which is an important
benchmark for the management of agricultural lands. Even C-organic is believed to be the key to drought resistance
and sustainable food production (Bot & Benites, 2005).

4. Conclusion

The treatment of fallow age at the maturity of lore and tutuala greatly affects the content of N, P, K, and C-organic
nutrients in the soil, namely the longer the fallow age, the more nutrient content and C-organic content in the soil due
to the decomposition process of plant residues. The same is true for pH and CEC (EC), namely the longer the remaining
land, pH and EC will be the higher in the soil.
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