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The coffee-pine agroforestry system offers a promising solution to enhance coffee yields and
maintain soil health on degraded lands. This study aims to evaluate the impact of various
agroforestry management practices on coffee yield and soil respiration. The experiment was

Keywords: conducted using a complete randomized block design across five management treatments:
without management, without fertilization, organic fertilization, mixed fertilization, and
Agroforestry, recommended management by Perhutani. The observed parameters included coffee yield,

Coffee Yield,

Soil Management,
Soil Moisture,
Soil Respiration.

soil respiration, soil moisture, soil temperature, litter biomass, canopy cover, and soil
organic carbon (SOC) content. Results indicated that the recommended management (RM)
plot achieved the highest coffee yield (834 kg ha™), attributed to wider planting spacing,
which reduced resource competition between coffee and pine trees. The RM plot also
displayed stable soil moisture and temperature, supporting coffee growth. Meanwhile, soil
respiration showed no significant differences across treatments, though the mixed

Corresponding Author: fertilization (MF) plot exhibited the highest respiration rate, indicating higher microbial
X suprayogo@ub.ac.id activity due to combined fertilizer use. In conclusion, optimal management in agroforestry
(Didik Suprayogo) systems can enhance coffee productivity while preserving soil health.

1. INTRODUCTION

Perum Perhutani, a state-owned enterprise in Indonesia, manages forests that have experienced significant degradation
due to deforestation, illegal logging, unsustainable agriculture, and socio-economic pressures (Rimbawan et al., 2021).
In the period of 2014 to 2019, approximately 450 thousand hectares of forests managed by Perhutani in Java were lost,
primarily due to land conversion for agriculture. This loss led to soil erosion, nutrient depletion, and disruption of the
water cycle (Rudiarto ef al., 2020; Sutarno et al., 2018). Economic pressures drive local communities to exploit forest
resources unsustainably, further exacerbating forest degradation (Azhar et al., 2024).

Agroforestry, the integration of trees and crops, offers a sustainable solution by enhancing biodiversity, restoring
degraded lands, and supporting livelihoods (Bhol et al., 2024). This system improves soil fertility, reduces erosion, and
increases organic matter, supporting ecosystem restoration (Suchewaboripont ef al., 2015). Economically, agroforestry
provides multiple income sources from timber and non-timber products, reducing dependence on forest resources
(Prajapati ef al., 2024). Additionally, agroforestry sequesters carbon, contributing to climate change mitigation (Satish
et al., 2024). Research has shown that agroforestry can enhance productivity, food security, and ecological balance in
degraded areas managed by Perhutani (Afroz ef al., 2024; Siagian et al., 2024).

In Malang, East Java, the coffee-pine agroforestry system managed by the community under Perhutani's supervision
has been in place since 1974 (Mayrowani & Ashari, 2016). According to interviews with local coffee farmers, before
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Perhutani collaborated with Universitas Brawijaya, farmers did not experience sustainable benefits from coffee yields
under pine shade. Profits were only seen in the initial years, with harvests gradually declining. This decline was due to
a lack of knowledge regarding coffee cultivation management under pine shade, making farmers less interested in
continuing coffee cultivation within the agroforestry system. The primary benefits were gained by Perhutani, as they
could maintain forest areas without deforestation (Triwanto et al., 2022).

In 2015, Perhutani and Universitas Brawijaya collaborated to develop a special-purpose forest area dedicated to
research, forest development, forestry training, as well as cultural and religious activities (Kurniawan ez al., 2024).
Farmers received training in forest and coffee-pine agroforestry management, enabling them to continue coffee
cultivation within this system. The management strategies in UB Forest include: (1) no management, (2) pruned coffee
without fertilizer, (3) pruned coffee with organic and inorganic fertilizers, (4) pruned coffee with mixed fertilization
under pine trees spaced at 3 X 2 meters, and (5) to enhance pine growth, Perhutani implemented thinning practices,
removing one row of pine trees after 10 years (Suprayogo ef al., 2020). These management strategies created a complex
interaction between coffee and pine, aiming to balance agricultural productivity with environmental conservation.

Coffee yield reflects agricultural productivity and impacts the economic well-being of local communities. Higher
yields can increase income, reduce poverty, and create job opportunities, facilitating investments in infrastructure,
education, and healthcare (Purwowibowo, 2023; Suarez et al., 2022). Improved yields also encourage value-added
activities like processing and marketing, enhancing market access and economic returns (Podong et al., 2024). Soil
respiration is a key indicator of ecosystem health, reflecting carbon cycling and microbial activiity involved in nutrient
cycling and organic matter decomposition. High soil respiration rates indicate active microbial communities that
enhance nutrient availability (Majumdar ez al., 2024). Soil respiration plays a critical role in the carbon cycle, linking
soil organic carbon with atmospheric CO: and providing insights into carbon sequestration and ecosystem responses to
climate change (Sukhoveeva et al., 2023). Factors like canopy cover, litter biomass, and soil moisture influence soil
respiration, creating conditions for litter decomposition and maintaining a stable microclimate (Zhang et al., 2022;
Badagliacca et al., 2024).

In an effort to balance agricultural productivity and ecosystem health in the coffee-pine agroforestry system, research
is needed to assess the effects of different management practices on coffee yield and soil respiration, considering factors
such as canopy cover, litter biomass, soil organic carbon, moisture, and temperature. Understanding these dynamics will
help balance economic benefits with ecosystem services, thereby enhancing the sustainability of the coffee-pine
agroforestry system.

2. METHODOLOGY

2.1. Study site

This research was conducted from August to December 2022, located in the Forest Area with Special Purpose of
Universitas Brawijaya (KHDTK-UB) or UB Forest, Sumbersari, Tawangargo Village, Karangploso District, Malang
Regency (Figure 1). The study area lies between 7°49°2” S — 7°51°26” S and 112°34°11” E — 112°36°37” E, with an
elevation ranging from 700 to 1100 masl. Laboratory analyses were conducted at the Soil Physics and Soil Chemistry
Laboratories of Universitas Brawijaya. The coffee-pine agroforestry system developed in the UB Forest was depicted
in Figure 2.

2.2. Research design

The experiment was conducted using a Randomized Complete Block Design (RCBD) with five treatments (different
management levels) and three replications. The five research plots are managed by farmers in the UB Forest area in
accordance with traditional practices (Table 1), with a plot size of 20 x 20 m. This study will compare the effects of the
five different management regimes on a range of key variables, including coffee bean yield, soil respiration, canopy
cover, litter biomass, SOC, soil moisture, soil moisture, and soil temperature.
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Figure 1. (a) Location of UB Forest (KHDTK-UB) in Sumbersari, Karangploso District, Malang (East Java).

Figure 2. Coffee-pine agroforestry in UB Forest.

Table 1 Description of the five distinct management strategies employed by the farmers in the UB Forest as a plot of research location.

Plot Management Practices

WM (No Management) 11 years old coffee and 41 years old pine with planting distance 3 x 2 m, no management effort.

WF (No Fertilizer) 11 years old coffee, once pruning, not fertilized with 41 years old pine with planting distance 3x2 m.

OF (Organic Fertilizer) 11 years old coffee, once pruning, input organic chicken manure applied twice a year with dose 1
kg/tree, 41 years old pine with planting distance 3x2 m.

MF (Mixed Fertilizer) 11 years old coffee, once pruning, input organic chicken manure applied twice a year with dose 1

kg/tree and nitrogen fertilizer applied once year with dose 250 kg/ha, 41 years old pine with planting
distance 3x2 m.
RM (Recommended by 11 years old coffee, once pruning, input organic chicken manure applied twice a year with dose 1
Perhutani) kg/tree and nitrogen fertilizer applied once year with dose 250 kg/ha, 41 years old pine with planting
distance 6x2 m.
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2.3. Measured Parameters

The coffee bean yield was measured on three occasions between August and October 2022, with the objective of
harvesting ripe red coffee cherries. Subsequently, the harvested beans were weighed (Wwet toral). A small subsample of
the fresh beans (e.g., 100 grams) coffee plant samples (W et sampic) from each research plot were taken for the purpose
of determining the dry weight after oven drying (W dry sample). The moisture content (%) of the fresh beans was calculated
using gravimetric method with the following formula:

Moisture Content (%) = (%L res“;%’;’;f;:’n‘f;i‘; sampley » 100 (1)

We also determine the dry weight of the entire sample of fresh beans using the formula (Sudharta ez al., 2022):
Moisture Content (%) (2)

Wdryitotal :Wwetitotal X ( 1- 100

)

The soil respiration and moisture was evaluated weekly, from September to December 2022. The soil respiration
was determined using close incubation method (Van De Werf & Verstraete, 1987) using 1IN KOH over two-day period,
and soil moisture using gravimetric method. Initial canopy cover percentage was evaluated using digital photography at
multiple points. Litter biomass was obtained by collecting surface litter within a 50 cm x 50 cm frame, then oven-dried
(70°C) to determine the dry weight. The SOC was measured at two depths (0 - 20 cm and 20 - 40 cm) using the Walkley-
Black method (Walkey & Black, 1934). The soil moisture content was determined by the gravimetric method, with
measurements taken weekly from September to December 2022. The soil temperature was recorded using HOBO
sensors on a daily basis from September to December 2022.

2.4. Data analyst

The data was visualized using box plots to assess the data distribution. Subsequently, an ANOVA with tukey test was
conducted to determine the influence of the variables, followed by regression-correlation analysis to explore the
relationships between them.

3. RESULTS AND DISCUSSION
3.1. Coffee bean yield

Significant variations in coffee bean yield were found among different agroforestry management practices (Figure 3).
The plots with Recommended Management by Perhutani (RM) showed the highest average coffee bean yield, marked
with the notation "d" (834 kg/ha), while the Without Management (WM) plots, which had no intervention, had the lowest
yield, marked with the notation "a" (304 kg/ha). This finding highlights the critical impact of active management on
coffee productivity in agroforestry systems. The RM plots showed a wider interquartile range in yield compared to other
management types, indicating greater variability.

An interesting finding was observed in the MF and WF plots, which both had the same notation, "b," indicating no
significant difference between these plots. However, in terms of management, the two plots were quite different, with
the MF plot receiving chicken manure and nitrogen fertilizer, while the WF plot had no treatment at all. It is suspected
that this lack of distinct difference is due to factors such as the effectiveness of fertilizer in the MF plot not showing
immediate improvement and requiring a longer time to produce quality coffee yields. Research by Ben ef al. (2023),
shows that effective fertilization lasts for 18 months for vegetative and reproductive phases, also influenced by the type
of fertilizer and environmental conditions.

The OF plots produced higher yields than the MF plots. This indicates that organic fertilizers significantly increase
soil fertility, thereby enhancing coffee productivity, supporting previous studies that found that the type of fertilizer
impacts coffee yields. Interestingly, the MF plots, which combined organic and inorganic fertilizers, did not perform as
well as the RM plots. This may also result from the complex interaction between fertilizers and environmental
conditions. RM had wider planting spacing, enabling more optimal nutrient absorption in each plant compared to MF.
Optimally nourished plants can be observed by leaf number, plant height, and yield (Keerthi & Babu, 2017).
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Figure 2. The coffee bean yield in five different agroforestry management system.

The RM plots, with wider spacing of pine trees, significantly outperformed other management types. The wider
spacing reduced competition for light, water, and nutrients between coffee and pine trees, creating more favorable
conditions for coffee growth. In contrast, tighter pine planting (such as in WM, WEF, OF, and MF) increased competition
and lowered yields. Shade tree thinning, a key management practice in the RM plots, significantly contributed to higher
coffee bean yields. The integration of thinning, optimal fertilizer use, and adjusted pine spacing can increase coffee
productivity by optimizing the agroforestry environment. Reduced competition for light and nutrients due to shade tree
thinning directly improved coffee growth, consistent with previous studies (Méndez Rodriguez et al., 2022). The RM
management practice, integrating holistic tree and fertilization management, proved to be the most effective strategy,
underscoring the potential benefits of strategic management in enhancing coffee productivity in agroforestry landscapes.

3.2. Soil respiration

Various agroforestry management practices showed significant differences in soil respiration rates (Figure 4). The
highest soil respiration rate was found in the Mixed Fertilizer (MF) plots (34.50-41.50 kg C-CO: ha! day ). This
indicates that the combined use of organic and inorganic fertilizers enhances microbial activity, accelerates the
decomposition of organic matter, and increases CO- release from the soil, consistent with previous studies (Igbal ef al.,
2019). The Organic Fertilizer (OF) plots had slightly lower respiration rates (27.30-35.26 kg C-CO: ha™" day™") compared
to the MF plots, indicating that inorganic fertilizer can amplify the positive effect of organic fertilizer addition (such as
soil organic matter and microbial activity). The RM plots exhibited lower soil respiration rates (29.70-32.67 kg C-CO:
ha™' day ™). This finding suggests that tree spacing can significantly influence soil respiration by altering microclimatic
conditions (light intensity, soil aeration), affecting nutrient availability and microbial activity (Liu ef al.,2021). The WM
plots had consistent but lower respiration rates, mainly due to the absence of fertilization or other management
interventions. These plots maintained stable respiration rates, reflecting more natural soil heterogeneity rather than
active management.

The variation in soil respiration across management practices highlights the complex interactions between
management inputs and soil processes. The MF plots showed the highest variability, indicating that combined fertilizer
inputs significantly alter microbial activity, while the RM plots had more stable rates, likely due to reduced competition
and improved microclimatic conditions from wider tree spacing. In contrast, the WM plots had respiration rates that
more closely reflected natural variability, with minimal influence from management-induced changes, consistent with
the findings of Schmiege et al. (2023).
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Figure 4. The soil respiration rate in five different agroforestry management system.
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Figure 5. Canopy cover in five different agroforestry management systems.

3.3. Canopy cover

Various management practices show significant differences in the average values of canopy cover percentage (Figure
5). WM has a higher median value compared to the others. WM is a plot without management, so the pine canopy is
denser, covering the land and limiting the sunlight received by the coffee plants below, which affects coffee productivity.
The limitation of sunlight intensity in coffee agroforestry systems hinders the growth of coffee plants (Charbonnier et
al., 2013). Shade above 70% is categorized as "high" shade and results in the lowest coffee bean yield for most coffee
cultivars (Koutouleas et al., 2022). Meanwhile, RM has a lower median, meaning that the canopy cover in the RM plot
is not dense, allowing more sunlight to penetrate and be utilized by the coffee plants. This results in higher photosynthetic
efficiency in the coffee plants below, ultimately enhancing growth and yield (Hao ef a/., 2022). The height and density
of canopy cover also influence soil respiration through their effects on light interception and the microclimate. This
relationship is stronger for canopy complexity than for root complexity, indicating that canopy structure can be a spatial
variation factor in soil respiration (Yang et al., 2023).

160



Rosalynda et al.: Impact of Management Practices on Coffee-Pine Agroforestry...

3.4. Litter biomass

The biomass litter showed statistical differences between the management types (Figure 6). The WM plots exhibited the
lowest biomass of litter due to the absence of management practices (i.e., pruning and fertilization), with reliance solely
on naturally occurring litter. In contrast, other plots, including MF, exhibited higher levels of litter biomass due to active
management practices that returned pruned materials to the ground, enhanced SOM and nutrient cycling. These findings
are consistent with previous studies indicating that fertilizer applications can enhance litter production by supporting
vegetation growth and productivity (Amarille e al., 2023; Hairiah et al., 2006; Yu et al., 2019). In addition, both
aboveground and belowground biomass positively correlate with soil respiration in forest areas (Riutta ef a/., 2021).
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Figure 7. The soil carbon organic in five different management systems.

3.5. Soil Organic Carbon

The SOC levels exhibit significant variation among the various management practices considered (Figure 7). The RM
plots show higher SOC levels compared to other plots (at both depths), indicating that integrated management practices
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(pruning, thinning, and fertilization) have a positive impact on SOC. The high levels of organic carbon suggest an
improvement in soil structure, nutrient retention, and overall soil health. The OF at depth 0-20 cm had low C-organic
content, although this plot received additional organic sources from organic fertilizer, the topsoil did not show high C-
organic content. The possibility is that the quality of organic fertilizer is less supportive of stable carbon accumulation
and even lost due to leaching. The C-organic content in WM (at both depths) was higher than WF, OF, and MF). Natural
organic inputs such as debris tend to accumulate in the upper layers and slowly decompose towards the lower layers.
OF showed moderate variation but remained lower than RM. This finding reflects suboptimal management in
distributing organic matter to the lower layers. These practices contribute organic residues and facilitate soil microbial
activity, thereby increasing organic carbon content throughout the soil profile (Nurcholis ez al., 2024). The level of SOC
is influenced by organic matter contribution, vegetation type, soil moisture, climate, and decomposition rate (Garcia-
Franco et al., 2021; Han et al., 2018; Yu et al., 2019).
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Figure 8. The soil moisture in five different agroforestry management systems

3.6. Soil Moisture

The soil temperature analysis revealed significant differences (Figure 8). The RM had the lowest temperature compared
to other plots, the lower soil temperature in RM suggests that this plot has effective management practices in maintaining
moisture and soil conditions rich in organic matter, which helps keep soil temperature stable. On the other hand, the
wider spacing of pine trees in the RM plot also contributes to creating a balanced microclimate around coffee plants,
emphasizing the role of canopy management in temperature regulation. Soil temperature stability is essential for
maintaining plant growth and aligns with previous findings showing that integrated soil fertility management practices
contribute to stable soil conditions (Devine ez al., 2022). The WM had the highest temperature with an median value of
29.39°C, higher than the other plots. The low soil moisture in WM is one reason for the higher soil temperature in this
plot. Soil temperature is a major driver of soil respiration rates, with higher temperatures generally increasing respiration
rates due to enhanced microbial and root activity (Devine et al., 2022).

3.7. Soil Temperature

The soil temperature analysis revealed significant differences (Figure 9), where WM, WF, OF, and MF have the same
notation, indicating no significant difference, while RM has a distinct notation "e" from the other four plots, indicating
its significant difference. The lower soil temperature in RM suggests that this plot has effective management practices
in maintaining moisture and soil conditions rich in organic matter, which helps keep soil temperature stable. On the
other hand, the wider spacing of pine trees in the RM plot also contributes to creating a balanced microclimate around
coffee plants, emphasizing the role of canopy management in temperature regulation. Soil temperature stability is
essential for maintaining plant growth and aligns with previous findings showing that integrated soil fertility
management practices contribute to stable soil conditions (Devine et al., 2022). Although not significant, WM, WF, OF,
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and MF still exhibit slight differences among them, such as WM, which has a median value of 29.39°C, higher than the
other plots. The low soil moisture in WM is one reason for the higher soil temperature in this plot. Soil temperature is a
major driver of soil respiration rates, with higher temperatures generally increasing respiration rates due to enhanced
microbial and root activity (Devine et al., 2022).
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Figure 9. The soil temperature in five different agroforestry management systems.

3.8. Factors Influencing Coffee Bean Yield

The coffee bean yield is affected by various environmental influences, including SOM, soil temperature, soil moisture,
litter biomass, and canopy cover (Figure 10). Increase in SOM can improve soil fertility and water retention capacity,
which in turn supports plant growth and enhances yield production (King ef al., 2020). This study found no significant
correlation between SOM and coffee bean yield (a), suggesting that SOM is not the only determining factor. Soil
temperature showes a strong negative correlation with coffee bean yield (b), where an increase in soil temperature was
associated with a decrease in coffee bean yield. Coffee plants are unable to flourish at elevated temperatures due to the
reduction in photosynthetic efficiency and the subsequent stress on the plants (Pimentel, 2022). An optimal soil
temperature can enhance enzymatic activity and plant metabolism, which is conducive to coffee growth and productivity
(Souza & Billings, 2021).

In contrast, soil moisture has a positive effect on coffee bean production (c). Optimal moisture is essential for coffee
plant growth and productivity due to water role in photosynthesis and transpiration processes that are essential for coffee
fruit development (Castanheira et al., 2022). However, no significant correlation was observed between soil moisture
and coffee bean production. The correlation between litter biomass and coffee bean yield was not statistically significant
(d). Litter biomass that affects coffee bean yield is that which decomposes readily and is thus readily absorbed by plants
for production. Litter biomass that decomposes slowly can inhibit plant growth by reducing light penetration and
disrupting soil aeration (de Oliveira et al., 2020). A strong negative relationship was observed between canopy cover (¢)
and coffee bean yield. An increase in canopy cover has been observed to result in a reduction in coffee bean yield.
Optimal conditions for coffee plants are temperatures between 18 - 24°C with a relative humidity of 60 - 70% (Chen et
al., 2020). This was also demonstrated by the elevated coffee bean yield observed in the RM plot, which exhibited a 6
x 2 m shade tree spacing, in comparison to the other plots, which had a 3 x 2 m shade tree spacing.

3.9. Factors Influencing Soil Respiration

Soil respiration is a significant indicator of soil health within an ecosystem, with high and low soil respiration rates
exerting a pronounced influence on land productivity. Various environmental factors can influence soil respiration rates,
including organic carbon content, soil temperature, soil moisture, the presence of litter biomass, and canopy cover. Each
factor interacts in complex ways (Figure 11), collectively determining the land sustainability. However, our study
revealed that the correlation between SOM and soil respiration was not particularly robust (a). Based on previous study,
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Figure 3. The correlation between coffee bean yield and 5 influencing factors: (a) soil organic matter (SOM), (b) soil temperature, (c)
soil moisture, (d) biomass litter, and (e) canopy cover.

it can be concluded that SOC and microbial activity impact can only be considered as indicators of soil health in long-
term dynamics (Mabuhay-Omar et al., 2018). Furthermore, there is a weak correlation between soil temperature and
soil respiration (b). An elevated soil temperature can stimulate microbial activity, which in turn elevates soil respiration
rates. However, the impact of temperature on respiration may vary contingent on other environmental conditions
(Hawkes & Keitt, 2015). In addition to the impact of soil temperature on microbial activity, other factors, such as soil
moisture, also influence microbial activity and, in turn, affect soil respiration (c). The graph illustrates a robust
correlation between the two variables indicating that elevated moisture levels markedly enhance soil respiration. Optimal
soil moisture levels facilitate the aeration required by microorganisms and plants, thereby increasing respiration rates
(Zhou et al., 2023). Litter serves as a substrate provider, offering a rich source of organic matter for soil microorganisms
to enhance the decomposition process, which in turn increases the soil respiration rate. This relationship is positively
correlated (d). Coffee-pine leaves, which have a high lignin content, support microbial activity over time by providing
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a stable substrate for continued decomposition (Wang et al., 2015). The decomposition of this litter releases carbon and
nutrients that support soil respiration (Dacal et al., 2021). No significant correlation was observed between canopy cover
and soil respiration (e). The presence of a canopy cover has been demonstrated to reserve soil moisture and provide litter
biomass that supports microbial activity and soil respiration.
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Figure 4. The correlation between soil respiration and 5 influencing factors: (a) soil organic matter (SOM), (b) soil temperature, (c)
soil moisture, (d) biomass litter, and (¢) canopy cover.

3.10. Correlation of Soil Respiration and Coffee Bean Yield

Soil respiration is an important indicator of soil health, but the graph demonstrating the relationship between soil
respiration and coffee bean production indicates that soil respiration has no significant impact on coffee bean production
(Figure 12). This is due to the intricate interrelationships between the various factors that influence crop production,
including water availability, temperature, and land management practices. Other research related to soil respiration in
the last decade has also demonstrated that climatic factors, vegetation composition, and soil management practices exert
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a significant influence on the variability of soil respiration and crop productivity (Barneze et al., 2024). Moreover, the
quality of organic matter and soil moisture have been demonstrated to exert a considerable influence on soil respiration
and crop productivity (Azembouh ef al., 2021). Although soil respiration reflects microbial activity that decomposes
organic matter, this activity does not always contribute significantly to increased crop production if essential nutrients
are not available or if environmental conditions are unfavorable. The essential nutrients required by coffee plants are a
combination of organic and inorganic fertilizers (Fitra et al., 2024). The results of this study support the conclusion that
while soil respiration is a valuable indicator of soil health, enhancing crop productivity necessitates a more holistic
approach that takes into account a range of environmental and management variables.
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Figure 12. The correlation between coffee bean yield and soil respiration.

4. CONCLUSION

The research shows that a balanced agroforestry management approach between land productivity and environmental
conservation, as applied in the RM plots, yields the best results. Environmental conditions with lower soil temperature
and higher soil moisture support increased coffee yields. Although soil respiration does not have a significant correlation
with coffee production, other factors, such as microclimate, more strongly influence coffee productivity. The varying
soil respiration levels indicate microbial activity that supports nutrient cycling in the soil. The MF plots were found to
have higher respiration rates compared to other plots, although not significantly. However, this also indicates that
intensive management practices, as applied in RM and MF, tend to increase litter biomass and retain moisture, both
essential for agroforestry ecosystems.

ACKNOWLEDGEMENTS

The authors wish to thank for part of the financial support for this research was provided by the Strengthening Research
Ecosystem of Professor Grant Scheme 2024 with contract No: 00144.30/UN10.A0501/B/PT 01.03.2/2024, Directorate
of Research and Community Services Universitas Brawijaya (DRPM-UB), Malang, Indonesia, and UB Forest
management and farmers are permitted to have research activities

REFERENCES

Afroz, M. S., Ashraf, S.M.K., Rana, Md.T., Ripta, S.K., Asha, S.B.R., Urmi, S.M.S.T., Kimihiko, H., & Islam, K.K. (2024).
Agroforestry: A Sustainable land-use practice for enhancing productivity and carbon sequestration in Madhupur Sal Forest,
Bangladesh. https://doi.org/10.20944/PREPRINTS202404.0707.V1

Alam, M.A., Huang, J., Khan, M.N., Daba, N.A., Zhang, L., Shen, Z., Li, J., Liu, L., Han, T., Hayatu, N.G., Rahaman, M.A., &
Zhang, H. (2023). Effects of long-term organic and inorganic fertilization on greenhouse gas emissions and soil nutrient
stoichiometry in a rice-rice—fallow cropping system. Agriculture, Ecosystems and Environment, 357, 108695.
https://doi.org/10.1016/J.AGEE.2023.108695

Amarille, R.K., Pacaldo, R.S., & Aydin, M. (2023). Effects of forest litter reduction on soil respiration rates across a Chronosequence

166


https://doi.org/10.20944/PREPRINTS202404.0707.V1
https://doi.org/10.1016/J.AGEE.2023.108695

Rosalynda et al.: Impact of Management Practices on Coffee-Pine Agroforestry...

of Black Pine Forest. [Presentation]. The 3" International Congress on Engineering and Life Sciences (ICELIS), 114-114.
https://doi.org/10.61326/ICELIS.2023.40

Azembouh, R.T., Nyong, P.A., Bernard, P.K.Y., & Roger, K.E. (2021). Contribution of soil macro-fauna diversity and abundance to
soil fertility enhancement in cocoa-based (Theobroma cacao) agroforestry systems in the littoral region of Cameroon: An
appraisal of cocoa farmers local knowledge. African Journal of Agricultural Research, 17(2), 337-345.
https://doi.org/10.5897/AJAR2020.15396

Azhar, M.F,, Ali, E., & Aziz, A. (2024). Regenerative agroforestry for soil restoration, biodiversity protection, and climate change
mitigation. In: Kumar, S., Meena, R.S., Sheoran, P., Jhariya, M.K. (eds). Regenerative Agriculture for Sustainable Food
Systems. Springer, Singapore: 423—451. https://doi.org/10.1007/978-981-97-6691-8 13

Badagliacca, G., Testa, G., La Malfa, S. G., Cafaro, V., Lo Presti, E., & Monti, M. (2024). organic fertilizers and bio-waste for
sustainable soil management to support crops and control greenhouse gas emissions in mediterranean agroecosystems: A review.
Horticulturae, 10(5), 427. https://doi.org/10.3390/HORTICULTURAE10050427

Barneze, A.S., Whitaker, J., McNamara, N.P., & Ostle, N.J. (2024). Interactive effects of climate warming and management on
grassland soil respiration partitioning. European Journal of Soil Science, 75(3), €13491. https://doi.org/10.1111/EJSS.13491

Ben, Z., Li, Y., & Yang, H. (2023). Fertilizer application increases alfalfa yield and crude protein content: roles of fertilizer type,
application rate, and environmental conditions. Research Square. https://doi.org/10.21203/RS.3.RS-3378588/V 1

Bhol, N., Parida, S., & Dash, A. (2024). Agroforestry: A multifunctional landuse system for sustainable agricultural production under
climate  change  scenario.  [International  Journal of Plant &  Soil  Science, 36(11), 361-376.
https://doi.org/10.9734/1JPSS/2024/V361115153

Castanheira, D.T., Guimardes, R.J., Rezende, T.T., de Figueiredo Carvalho, M.A., Knuppel, C.A., & da Silva Carvalho, R.C. (2022).
Optimization of water use in Coffea arabica L. grown under different agronomic practices. Australian Journal of Crop Science,
16(07), 870-878. https://doi.org/10.21475/AJCS.22.16.07.P2355

Charbonnier, F., Dreyer, E., Casanoves, F., Christina, M., Dauzat, J., Eitel, J.U.H., Vaast, P., Vierling, L.A., & Roupsard, O. (2013).
Agricultural and forest meteorology competition for light in heterogeneous canopies : Application of MAESTRA to a coffee
(Coffea  arabica L.)  agroforestry  system.  Agricultural and  Forest  Meteorology, 181, 152-169.
https://doi.org/10.1016/j.agrformet.2013.07.010

Chen, Z., Zhang, Z., Chen, L., Cai, Y., Zhang, H., Lou, J., Xu, Z., Xu, H., & Song, C. (2020). Sparse Pinus tabuliformis stands have
higher canopy transpiration than dense stands three decades after thinning. Forests, 11(1), 70. https://doi.org/10.3390/F11010070

Dacal, M., Delgado-Baquerizo, M., Barquero, J., Berhe, A. A., Gallardo, A., Maestre, F.T., & Garcia-Palacios, P. (2021). Temperature
increases soil respiration across ecosystem types and soil development, but soil properties determine the magnitude of this
effect. Ecosystems, 25, 184—198. https://doi.org/10.1007/S10021-021-00648-2

de Oliveira, R.R., Cherubino Ribeiro, T.H., Cardon, C.H., Fedenia, L., Maia, V.A., Ferrara Barbosa, B.C., Caldeira, C.F., Klein, P.E.,
& Chalfun-Junior, A. (2020). Elevated temperatures impose transcriptional constraints on coffee genotypes and elicit
intraspecific differences in thermoregulation. Frontiers in Plant Science, 11, 01113. https://doi.org/10.3389/fpls.2020.01113

Devine, S.M., Steenwerth, K.L., & O’Geen, A.T. (2022). Soil health practices have different outcomes depending on local soil
conditions. California Agriculture, 76(1), 46-55. https://doi.org/10.3733/CA.2022A0005

Fitra, A.A.Y, Oakley, S., Prayogo, C., Sari, R.R., Saputra, D.D., Ishaq, R.M., Wicaksono, K.S., & Suprayogo, D. (2024). Soil water
in different management systems of coffee-pine agroforestry and its relation to coffee bean yields. JOP Conference Series:
Earth and Environmental Science, 1299, 012009. https://doi.org/10.1088/1755-1315/1299/1/012009

Garcia-Franco, N., Wiesmeier, M., Colocho Hurtarte, L.C., Fella, F., Martinez-Mena, M., Almagro, M., Martinez, E.G., & Kdgel-
Knabner, 1. (2021). Pruning residues incorporation and reduced tillage improve soil organic matter stabilization and structure
of salt-affected soils in a semi-arid citrus tree orchard. Soil and Tillage Research, 213, 105129.
https://doi.org/10.1016/J.STILL.2021.105129

Hairiah, K., Sulistyani, H., Suprayogo, D., Widianto, Purnomosidhi, P., Widodo, R.H., & Van Noordwijk, M. (2006). Litter layer
residence time in forest and coffee agroforestry systems in Sumberjaya, West Lampung. Forest Ecology and Management,
224(1-2), 45-57. https://doi.org/10.1016/j.foreco.2005.12.007

167


https://doi.org/10.61326/ICELIS.2023.40
https://doi.org/10.5897/AJAR2020.15396
https://doi.org/10.1007/978-981-97-6691-8_13
https://doi.org/10.3390/HORTICULTURAE10050427
https://doi.org/10.1111/EJSS.13491
https://doi.org/10.21203/RS.3.RS-3378588/V1
https://doi.org/10.9734/IJPSS/2024/V36I115153
https://doi.org/10.21475/AJCS.22.16.07.P2355
https://doi.org/10.1016/j.agrformet.2013.07.010
https://doi.org/10.3390/F11010070
https://doi.org/10.1007/S10021-021-00648-2
https://doi.org/10.3389/fpls.2020.01113
https://doi.org/10.3733/CA.2022A0005
https://doi.org/10.1088/1755-1315/1299/1/012009
https://doi.org/10.1016/J.STILL.2021.105129
https://doi.org/10.1016/j.foreco.2005.12.007

Jurnal Teknik Pertanian Lampung Vol. 14, No. 1 (2025): 155 - 170

Han, X., Gao, G., Chang, R., Li, Z., Ma, Y., Wang, S., Wang, C., Li, Y., & Fu, B. (2018). Changes in soil organic and inorganic
carbon stocks in deep profiles following cropland abandonment along a precipitation gradient across the Loess Plateau of China.
Agriculture, Ecosystems and Environment, 258, 1-13. https://doi.org/10.1016/j.agee.2018.02.006

Hao, K., Liu, X., Wang, X., Fei, L., Liu, L., Jie, F., Li, Y., Yang, Q., & Shan, Y. (2022). Optimizing shade cultivation method and
irrigation amount to improve photosynthetic characteristics, bean yield, and quality of coffee in a subtropical monsoon climate.
Frontiers in Plant Science, 13, 848524. https://doi.org/10.3389/FPLS.2022.848524

Hawkes, C.V., & Keitt, T.H. (2015). Resilience vs. historical contingency in microbial responses to environmental change. Ecology
Letters, 18(7), 612—625. https://doi.org/10.1111/ELE.12451

Igbal, A., He, L., Khan, A., Wei, S., Akhtar, K., Ali, 1., Ullah, S., Munsif, F., Zhao, Q., & Jiang, L. (2019). Organic manure coupled
with inorganic fertilizer: An approach for the sustainable production of rice by improving soil properties and nitrogen use
efficiency. Agronomy, 9(10), 651. https://doi.org/10.3390/AGRONOMY 9100651

Jin, S., Wang, Y., Wang, X., Bai, Y., & Shi, L. (2019). Effect of pruning intensity on soil moisture and water use efficiency in jujube
(Ziziphus jujube Mill.) plantations in the hilly Loess Plateau Region, China. Journal of Arid Land, 11(3), 446-460.
https://doi.org/10.1007/S40333-019-0129-Z

Keerthi, M.M., & Babu, R. (2017). Response of different plant spacing and nutrients on physiological parameters of greengram under
irrigated  condition.  International  Journal of  Agricultural  Science and  Research, 7(5), 543-546.
https://doi.org/10.24247/IJASROCT201763

King, A.E., Ali, G.A., Gillespie, A.W., & Wagner-Riddle, C. (2020). Soil organic matter as catalyst of crop resource capture. Frontiers
in Environmental Science, 8, 00050. https://doi.org/10.3389/fenvs.2020.00050

Koutouleas, A., Sarzynski, T., Bertrand, B., Bordeaux, M., Bosselmann, A. S., Campa, C., Etienne, H., Turreira-Garcia, N., Léran,
S., Markussen, B., Marraccini, P., Ramalho, J. C., Vaast, P., & Rabild, A. (2022). Shade effects on yield across different Coffea
arabica cultivars — How much is too much? A meta-analysis. Agronomy for Sustainable Development, 42, 55.
https://doi.org/10.1007/S13593-022-00788-2

Kurniawan, S., Nugroho, R M.Y.A.P., Ustiatik, R., Nita, I., Nugroho, G.A., Prayogo, C., & Anderson, C.W.N. (2024). Soil nitrogen
dynamics affected by coffee (coffea arabica) canopy and fertilizer management in coffee-based agroforestry. Agroforestry
Systems, 98(6), 1323—1341. https://doi.org/10.1007/S10457-024-01004-8

Liu, T., Peng, D., Tan, Z., Guo, J., & Zhang, Y. (2021). Effects of stand density on soil respiration and labile organic carbon in different
aged Larix principis-rupprechtii plantations. Ecological Processes, 10(1), 1-15. https://doi.org/10.1186/S13717-021-00301-9

Mabuhay-Omar, J., Omar, S., & Nakagoshi, N. (2018). Effects of forest management practices on microbial biomass, litter
decomposition, microbial abundance, and the soil’s physical and chemical properties of replacement plantations after pine wilt
disease. The Palawan Scientist, 10, 48—68. https://doi.org/10.69721/TPS.J.2018.10.1.04

Majumdar, A., Upadhyay, M. K., Giri, B., Srivastava, A. K., & Roychowdhury, T. (2024). Differential tillage practices in agronomy
influence soil carbon content, nutrient availability and microbial community dynamics: Field to genomics. EGU General
Assembly 2024, Vienna, Austria, 14—19 Apr 2024: EGU24-835. https://doi.org/10.5194/EGUSPHERE-EGU24-835

Mayrowani, H., & Ashari, N. (2016). Pengembangan agroforestry untuk mendukung ketahanan pangan dan pemberdayaan petani
sekitar hutan. Forum Penelitian Agro Ekonomi, 29(2), 83. https://doi.org/10.21082/FAE.V29N2.2011.83-98

Méndez Rodriguez, C., Salazar Benitez, J., Rengifo Rodas, C. F., Corrales, J. C., & Figueroa Casas, A. (2022). A multidisciplinary
approach integrating emergy analysis and process modeling for agricultural systems sustainable management—coffee farm
validation. Sustainability, 14, 8931. https://doi.org/10.3390/SU14148931

Nurcholis, O., Auliya Nugroho, G., Pujo Nugroho, RM.Y.A., Prayogo, C., & Kurniawan, S. (2024). Trees and soil management
impacts on soil nutrient and coffee production in coffee-based agroforestry. IOP Conference Series: Earth and Environmental
Science, 1299, 012003. https://doi.org/10.1088/1755-1315/1299/1/012003

Pimentel, C. (2022). Plant responses to high-temperature stress. Archives of Agriculture Research and Technology (AART), 3(3), 1043.
https://doi.org/10.54026/AART/1043

Podong, C., Khamfong, K., Noinamsai, S., & Mhon-ing, S. (2024). Carbon sequestration in agrosilviculture agroforestry systems:
preliminary results from three villages in Uttaradit Province, Northern Thailand. Biotropia, 31(2), 134-145.
https://doi.org/10.11598/BTB.2024.31.2.1741

168


https://doi.org/10.1016/j.agee.2018.02.006
https://doi.org/10.3389/FPLS.2022.848524
https://doi.org/10.1111/ELE.12451
https://doi.org/10.3390/AGRONOMY9100651
https://doi.org/10.1007/S40333-019-0129-Z
https://doi.org/10.24247/IJASROCT201763
https://doi.org/10.3389/fenvs.2020.00050
https://doi.org/10.1007/S13593-022-00788-2
https://doi.org/10.1007/S10457-024-01004-8
https://doi.org/10.1186/S13717-021-00301-9
https://doi.org/10.69721/TPS.J.2018.10.1.04
https://doi.org/10.5194/EGUSPHERE-EGU24-835
https://doi.org/10.3390/SU14148931
https://doi.org/10.1088/1755-1315/1299/1/012003
https://doi.org/10.54026/AART/1043
https://doi.org/10.11598/BTB.2024.31.2.1741

Rosalynda et al.: Impact of Management Practices on Coffee-Pine Agroforestry...

Prajapati, R., Singh, S., Anand, A., Mallesh, Y., & Gulaiya, S. (2024). Green solutions: The impact of agroforestry on climate change
resilience — A review. International Journal of Environment and Climate Change, 14(11), 1-13.
https://doi.org/10.9734/1IJECC/2024/V 141114522

Purwowibowo. (2023). Improving community welfare through the cultivation of coffee: A case study of Bondowoso’s Coffee
Republic, Indonesia. Academic Journal of Interdisciplinary Studies, 12(2), 315-322. https://doi.org/10.36941/AJ1S-2023-0051

Rimbawan, R., Hafizianor, H., & Pujawati, E. D. (2021). Pengelolaan agroforestri pinus - kopi dan kontribusinya bagi masyarakat
desa babadan pada kawasan hutan pinus Perhutani KPH Malang Jawa Timur. Jurnal Sylva Scienteae, 4(4), 591-598.
https://doi.org/10.20527/jss.v414.3933

Riutta, T., Kho, L. K., Teh, Y. A., Ewers, R., Majalap, N., & Malhi, Y. (2021). Major and persistent shifts in below-ground carbon
dynamics and soil respiration following logging in tropical forests. Global Change Biology, 27(10), 2225-2240.
https://doi.org/10.1111/GCB.15522

Rudiarto, 1., Rahmawati, L., & Sejati, A. W. (2020). Land degradation and community resilience in rural mountain area of Java,
Indonesia. In: Shit, P., Pourghasemi, H., Bhunia, G. (eds). Gully Erosion Studies from India and Surrounding Regions. Springer,
Cham.: 449-460. https://doi.org/10.1007/978-3-030-23243-6 30

Satish, P., Madiwalar, A.F., Lallawmkimi, M.C., Reddy, K.J., Parveen, S.P.A., Laxman, T., Kiruba, M., & Anand, G. (2024).
Agroforestry: Multifunctional benefits and implementation strategies. Journal of Geography, Environment and Earth Science
International, 28(10), 1-12. https://doi.org/10.9734/JGEES1/2024/V28110821

Schmiege, S.C., Heskel, M., Fan, Y., & Way, D.A. (2023). It’s only natural: plant respiration in unmanaged systems. Plant Physiology,
192(2), 710-727. https://doi.org/10.1093/PLPHY S/KIAD167

Siagian, K., Karuniasa, M., & Mizuno, K. (2024). The estimation of economic valuation on carbon sequestration of agroforestry land
system. Jurnal Pengelolaan Sumberdaya Alam dan Lingkungan, 14(2), 231-240. https://doi.org/10.29244/JPSL.14.2.231

Souza, L.F.T., & Billings, S.A. (2021). Temperature and pH mediate stoichiometric constraints of organically derived soil nutrients.
Global Change Biology, 28(4), 1630—1642. https://doi.org/10.1111/GCB.15985

Suérez, A.E., Gutiérrez-montes, 1., Ortiz-morea, F.A., Suarez, J.C., Di Rienzo, J., & Casanoves, F. (2022). Contribution of livelihoods
to the well-being of coffee-growing households in Southern Colombia: A structural equation modeling approach. Sustainability,
14(2), 743. https://doi.org/10.3390/SU14020743

Suchewaboripont, V., Ando, M., limura, Y., Yoshitake, S., & Ohtsuka, T. (2015). The effect of canopy structure on soil respiration in
an old-growth beech-oak forest in central Japan. Ecological Research, 30(5), 867-877. https://doi.org/10.1007/s11284-015-

1286-y
Sudharta, K.A., Hakim, A.L., Fadhilah, M.A., Fadzil, M.N., Prayogo, C., Kusuma, Z., & Suprayogo, D. (2022). Soil organic matter

and nitrogen in varying management types of coffee-pine agroforestry systems and their effect on coffee bean yield.
Biodiversitas, 23(11), 5884-5891. https://doi.org/10.13057/biodiv/d231142

Sukhoveeva, O.E., Karelin, D.V., Zolotukhin, A.N., & Pochikalov, A.V. (2023). Soil respiration in agrarian and natural ecosystems
of the European part of Russia. Poc¢vovedenie, 9, 1077-1088. https://doi.org/10.31857/S0032180X23600488

Suprayogo, D., Azmi, E.N., Sutejo, Y.A., Hakim, A.L., Prayogo, C., & McNamara, N. (2020). Tree and plant interactions in the
agroforestry system : Does the management of coffee intensification disrupt the soil hydrological system and pine growth? /OP
Conference Series: Earth and Environmental Science, 449, 012045. https://doi.org/10.1088/1755-1315/449/1/012045

Sutarno, Komariah, Gunawan, T., Purnomo, D., & Suntoro. (2018). Land use change on climate parameters at Samin Subwatershed
in Central Java, Indonesia. [OP Conference Series: Earth and Environmental Science, 129, 012032.
https://doi.org/10.1088/1755-1315/129/1/012032

Triwanto, J., Arrofi, F. G. R., & Rahayu, E. M. (2022). Contribution of coffee agroforestry to the income of farmers in Tulungrejo
Village, Ngantang District, Malang Regency. Jurnal Penelitian Kehutanan  Wallacea, 11(2), 79-88.
https://doi.org/10.18330/JWALLACEA.2022.VOL11ISS2PP79-88

Van De Werf, H., & Verstraete, W. (1987). Estimation of active soil microbial biomass by mathematical analysis of respiration curves:
Relation to conventional estimation of total biomass. Soil Biology and Biochemistry, 19(3), 267-271.
https://doi.org/10.1016/0038-0717(87)90008-3

169


https://doi.org/10.9734/IJECC/2024/V14I114522
https://doi.org/10.36941/AJIS-2023-0051
https://doi.org/10.20527/jss.v4i4.3933
https://doi.org/10.1111/GCB.15522
https://doi.org/10.1007/978-3-030-23243-6_30
https://doi.org/10.9734/JGEESI/2024/V28I10821
https://doi.org/10.1093/PLPHYS/KIAD167
https://doi.org/10.29244/JPSL.14.2.231
https://doi.org/10.1111/GCB.15985
https://doi.org/10.3390/SU14020743
https://doi.org/10.1007/s11284-015-1286-y
https://doi.org/10.1007/s11284-015-1286-y
https://doi.org/10.13057/biodiv/d231142
https://doi.org/10.31857/S0032180X23600488
https://doi.org/10.1088/1755-1315/449/1/012045
https://doi.org/10.1088/1755-1315/129/1/012032
https://doi.org/10.18330/JWALLACEA.2022.VOL11ISS2PP79-88
https://doi.org/10.1016/0038-0717(87)90008-3

Jurnal Teknik Pertanian Lampung Vol. 14, No. 1 (2025): 155 - 170

Walkey, A., & Black, LLA. (1934). An examination of the Degtjareff method for determining soil organic matter and a proposed
modification of the chromic acid titration method. Soil Science, 1(37), 29-38.

Wang, S., Zhao, J., & Chen, Q. (2015). Controlling factors of soil CO> efflux in Pinus yunnanensis across different stand ages. PLoS
ONE, 10(5), e0127274. https://doi.org/10.1371/JOURNAL.PONE.0127274

Yang, H., Huang, T., Li, Y., Liu, W., Fu, J., Huang, B., & Yang, Q. (2023). Spatial heterogeneity and influence mechanisms on soil
respiration in an old-growth tropical montane rainforest with complex terrain. Frontiers in Ecology and Evolution, 10, 1107421.
https://doi.org/10.3389/FEV0.2022.1107421

Yu, X., Chao, L., Zhang, W., Chen, L., Yang, Q., Zhang, G., & Wang, S. (2019). Effects of inorganic nitrogen and litters of Masson
Pine on soil organic carbon decomposition. PLoS ONE, 14(9), €0222973. https://doi.org/10.1371/JOURNAL.PONE.0222973

Zhang, Q., Zhao, W., Zhou, Z., Huang, G., Wang, X., Han, Q., & Liu, G. (2022). The application of mixed organic and inorganic
fertilizers drives soil nutrient and bacterial community changes in teak plantations. Microorganisms, 10(5), 958.
https://doi.org/10.3390/MICROORGANISMS 10050958

Zhou, D., Si, J., He, X,, Jia, B., Zhao, C., Wang, C., Qin, J., Zhu, X., & Liu, Z. (2023). The relationship between vegetation and soil
moisture reveals the vegetation carrying capacity threshold—A case study of a Haloxylon ammodendron plantation in the Alxa
Desert, China. Frontiers in Environmental Science, 11, 1054195. https://doi.org/10.3389/FENVS.2023.1054195

170


https://doi.org/10.1371/JOURNAL.PONE.0127274
https://doi.org/10.3389/FEVO.2022.1107421
https://doi.org/10.1371/JOURNAL.PONE.0222973
https://doi.org/10.3390/MICROORGANISMS10050958
https://doi.org/10.3389/FENVS.2023.1054195

