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INTRODUCTION

Coffee is one of the important export com-
modities for Indonesia’s economy. In 2020, 
the coffee plants were grown in 1.2 million ha 
of land, producing 753,941 tons of beans for 
the country (Ditjenbun, 2021). East Java is 
the largest coffee producer in the island. From 
91,788 ha of plantation in the same year, the 
total production was 49,157 tons (Ditjenbun, 
2021). Coffee plantation in Indonesia is mostly 
smallholder plantations (96.09%); the rest is 
state plantations (1.83%) and private planta-
tions (2.76%) (Sujatmiko and Ihsaniyati, 2018). 
Coffee in Indonesia is commonly planted using 

agroforestry system, which supports the socio-
economic lives of small farmers and plays an 
important role in ecology through the preserva-
tion of soil microbial activity (Tridawati et al., 
2020; Ayala-Montejo et al., 2022).

The productivity of coffee agroforestry can 
be improved by conducting pruning management. 
Pruning is believed to be the most important cul-
tivation technique to keep the tree low enough for 
easier care, better development of new productive 
branches, and higher fruit quality and yield (Go-
kavi et al., 2021; Karim et al., 2021). The goal of 
pruning in coffee tree growing is to maintain the 
tree’s productivity and sustainability (Tridawati 
et al., 2020). However, it reduces productivity for 
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at least two years until the newly grown branches 
produce the berries since the plants lose some of 
its woody biomass and leaves, which are used for 
photosynthesis (Charbonnier et al., 2017; Acev-
edo et al., 2019). 

Fertilizer addition from pruning can reduce 
the risk of water and nutrient shortage in the 
soil, and the growth of coffee plants can be im-
proved (Suprayogo et al., 2020). Kurniawan et 
al. (2021) reported that such addition enhances 
the quantity of organic sources in the soil and 
increases soil microbial activities that involve 
nutrient cycles. The integration of management 
pruning and fertilization can lead to improving 
soil quality, especially in soil microbial prop-
erties. Soil microorganisms are generally very 
sensitive and respond much more quickly to 
changes in environmental conditions compared 
to physical and chemical properties such as soil 
C-organic content or total N (Giuditta et al., 
2020). Soil microbes also have an important role 
in the ecosystem functioning, such as the dy-
namics of organic matter processes and nutrient 
cycles in the soil (Araujo et al., 2012; Teixeira et 
al., 2021). The soil microbial properties can be 
measured by estimating the size and activity of 
microbes in the soil, e.g soil microbial biomass 
and soil respiration (Kabiri et al., 2016). Soil mi-
crobial biomass are indicated the size of the de-
composing of microbial biomass in the soil, and 
regarded as good indicators of the soil capacity 
for nutrient turnover (Xu et al., 2023), while soil 
respiration is represented as an indicator of C 
availability (Guillaume et al., 2016). 

Several studies on coffee cultivation man-
agement systems have focused on measuring 
and comparing soil microbial biomass, nutrient 
availability, and coffee plants’ productivity, and 
they were observed separately. Ayala-Montejo 
et al. (2022) reported that pruning practices in 
coffee-based agroforestry produce higher soil 
respiration and soil macrofauna biomass. SMBC 
is found higher in coffee cultivation after added 
fertilization and is related to higher coffee yields 
(Valdes et al., 2020). The practices of some man-
agement on coffee plantations have shown in-
creased SMBC, soil nutrients, and productivity 
(Teixeira et al., 2021). Nonetheless, studies that 
combine several parameters as bioindicators for 
determining soil microbial activity from pruning 
and fertilization management in coffee plants are 
still relatively under-explored. In this research, 
the response of microbial activity particularly in 
microbial biomass and soil respiration after prun-
ing and fertilization management on coffee-based 
agroforestry in UB Forest was measured.

MATERIALS AND METHODS

Study area

This study was conducted at UB Forest, an ed-
ucational forest belonging to Universitas Brawi-
jaya. It is located in Karangploso Sub-district of 
Malang Regency in East Java (7°49’464” S dan 
112° 34’726” E). This special purpose forest was 
granted to the university in 2016 by the Ministry 

Figure 1. The research location at area of UB Forest (D), Sumbersari Hamlet, Tawangargo 
Village, Karangploso Sub-district, Malang District, East Java, Indonesia
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of Environment and Forestry (KLHK). Situ-
ated in the elevation between 700–1300 m a.s.l 
(meters above sea level), it receives rain water 
from 1800 to 2400 mm/year (2017–2021), with 
the higher rain intensity during the rainy season 
(from November to April) (BMKG, 2021). The 
soil was classified as Inceptisols, derived from 
Arjuna-Welirang Mountain. The research site 
was a coffee-based agroforestry, with 9 years old 
coffee plant (Coffea arabica L.) and 40 years old 
pine trees (Pinus merkusii) as the shade tree.

The characterization of plot (e.g., fresh and 
dry weight organic matter (litter), basal area, tree 
population, and DBH of coffee and pine trees) 
were observed to all replicated plots. The dry 
weight organic matter (litter) was measured to de-
termine the accumulation of total amount from 
aboveground litter. The samples were collected 
randomly from each replicated plot through a 
square frame with the size 0.5×0.5 m. Then, the 
collected samples (fresh weight organic matter) 
were dry-oven at 80°C for 48 h to determine the 
dry weight organic matter (litter) (g m-2). The 
coffee bean yield was obtained from the harvest-
ed fruits (fresh cherries) from each coffee tree 
(g tree-1) and converted to green beans (kg ha-1).

Experimental design

The experiment was set up in a split-plot de-
sign and replicated three times. This research used 
two types of pruning, i.e., pruning and stem bend-
ing, as the main plots and uses four fertilization 
treatments, i.e., no fertilizer (NF), 100% chicken 
manure (MN), 50% chicken manure + 50% in-
organic NPK (MN+NPK), and 100% inorganic 
NPK (NPK) as the subplots. Each plot consisted 

of 50 coffee plants, with each of treatment con-
sisted of 10 coffee plants, totaling in 300 coffee 
plants. The coffee plants were pruned at 125 cm 
from the soil surface, known as regular pruning. 
Likewise, the bending was also set to 125 cm 
from the soil surface. The recommended fertilizer 
application for coffee plant as outlined by Puslit-
koka (Indonesian Coffee and Cocoa Research In-
stitute) is 10 kg of organic fertilizer per tree, 150 
g of Urea per tree, 80 g of SP-36 per tree, and 100 
g of KCl per tree. The fertilizer was applied twice 
per year, which in this research fertilizer was ap-
plied 6 months after pruned.

Soil sampling

The soil microbial activities were observed 
one month after the application of fertilizer. The 
soil samples were collected randomly around the 
fertilization zone (0–15 cm depth) to obtain the 
composite samples. Soil samples were replicated 
five times every rows of fertilization treatments 
to optimize the soil sampling. A total of 24 mixed 
soil samples were collected, from the three repli-
cations of the experimental design. All soil sam-
ples were separated from roots and plant residues, 
sieved to 2 mm mesh size and maintained at 4°C 
in the refrigerator until processed. 

Microbial biomass measurement

The Chloroform Fumigation Extraction 
(CFE) method was used to estimated microbial 
biomass (Vance et al., 1987). The soil samples 
were collected randomly around the fertiliza-
tion zone (0–15 cm depth) to obtain the com-
posite samples. All soil samples were separated 

Figure 2. Coffee tree pruned, soil respiration, and soil samples collection schemes
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from roots and plant residues, sieved to 2 mm 
mesh size and maintained at 4°C in the refrig-
erator until processed. In the laboratory, the 10 
g of soil samples were placed in 50 ml beaker 
glasses and kept in a desiccator with 100 ml 
beaker glass containing 40 ml alcohol-free chlo-
roform (CHCl3), placed in the dark for 72 h at 
24°C. Following the CHCl3 removal, the soil 
samples added by 50 ml of 0.5 M K2SO4, then it 
was shaked for 30 min on a rotary shaker at 200 
rpm. The extracts were filtered through a filter 
paper (Whatman No. 42), and the filtrates (10 
ml) were distilled for organic-C analysis using 
Walkley-Black method. The soil microbial bio-
mass carbon (SMBC) estimation was calculated 
using the following formula:

	 SMBC = 𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 − 𝐶𝐶𝑛𝑛𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
0.38 , (µg·g-1) 

R = (𝑎𝑎−𝑏𝑏) · 𝑡𝑡 · 120
𝑛𝑛  

  (1)

where:	 0.38 was the extraction coefficient for 
carbon (KEC) which showed the efficien-
cy of the microbial C extraction (Vance 
et al., 1987).

Soil respiration measurement

The soil respiration was measured using a 
closed chamber method (Froment, 1972) with 
modification. The chamber was placed at the soil 
surface with a beaker glass containing 10 ml of 
0.2 N KOH. Then chamber was closed tightly 
and incubated for two days. By the end of the in-
cubation, the amount of produced CO2 absorbed 
by KOH was analyzed using two-phase titration 
with HCl to determine the quantity of the CO2. 
The KOH was titrated with 0.1 N HCl using phe-
nolphthalein and methyl orange as the indicators. 
Then, the estimation of the respiration was calcu-
lated using the following formula:

	

SMBC = 𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 − 𝐶𝐶𝑛𝑛𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
0.38 , (µg·g-1) 

R = (𝑎𝑎−𝑏𝑏) · 𝑡𝑡 · 120
𝑛𝑛  	 (2)

where:	R – is the soil respiration (kgC-CO2
·ha-1·day-1), 

a – is the HCl concentration in the soil-con-
taining chamber (ml), b – is the HCl con-
centration in the soilless chamber (ml), t – is 
the HCl normality (t = a mg/(381.42/2×ml 
titrant), and n – is day of incubation.

Statistical analysis

All of the data were collected and tested for 
normality using the Shapiro-Wilk’s test, and the 
data transformation was checked when neces-
sary. The data analysis was performed using two-
way ANOVA (Analysis of Variance) to evaluate 
the main effect of pruning and fertilization on all 
parameters. The significant differences between 
pruning and fertilization were determined by the 
LSD test (p<0.05). All statistical analyses were 
performed with R statistical program.

RESULTS

Plot characterization

The plot characterization (e.g., fresh and dry 
weight organic matter (litter), basal area, tree 
population, DBH, and coffee bean yield) of study 
area are shown in Table 1. The result showed 
that the fresh weight organic matter (litter) in the 
Pruning plot has lower than Bending plot, but has 
higher of the dry weight organic matter (litter). 
Pruning plot showed higher basal area, tree pop-
ulation, and DBH of coffee and pine trees com-
pared to Bending plot, due to the majority of big 
trees existence (tree with DBH > 30 cm). All the 
result shown that Pruning plot has higher num-
ber from all variable measurements (e.g., fresh 
and dry weight organic matter (litter), basal area, 
tree population, DBH, and coffee bean yield) 

Table 1. Plot characteristics
Plot characteristics Pruning Bending

Fresh weight organic matter (litter) (g·m-2) *500.07 ± 57.11 536.07 ± 62.38

Dry weight organic matter (litter) (g·m-2) 161.47 ± 27.01 140.67 ± 25.78

Basal area (m2·ha-1) 43.44 ± 8.64 40.70 ± 5.45

Tree population (ha-1) 1815 ± 175.29 1561 ± 163.58

Coffee DBH (cm) 3.96 ± 0.55 3.97 ± 0.33

Pine DBH (cm) 34.56 ± 1.06 34.41 ± 0.90

Coffee bean yield (kg·ha-1) 811.77 ± 123.87 744.23 ± 109.12

Note: * = mean ± SD (rep = 3); fresh and dry organic matter (litter) (n = 2); Basal Area (n = 67); tree population 
(n = 67); coffee DBH (n = 50); pine DBH (n = 17); coffee bean yield (n = 50).
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compared to Bending plot. The basal area can be 
reflected the tree density, based on the diameter 
of trees and the trees population, which contrib-
ute to the litter input (Prayogo et al., 2021). The 
coffee bean production of Pruning plot (811.77 
kg ha-1) also showed higher yield than Bending 
plot (744.23 kg ha-1). It is presumably because of 
the population of coffee tree shows higher in the 
Pruning, and affected to the coffee bean yield. 

SOIL CHARACTERISTICS

The chemical and physical properties of the 
soil before fertilizer application in the research 
location are shown in Table 2. The soil has a low 
bulk density (0.65 g cm-3) and low particle den-
sity (1.98 g cm-3). It is classified as Inceptisols 
(considered as young soil) based on its parent 
material, that is volcanic ash from mount Arjuno-
Welirang Mountain (Kurniawan et al., 2019). Its 
organic C is considered high (7.96%), indicating 
that the study location had a quite high amount 
of organic material. The organic material in the 

study location was presumably from the lit-
terfall of coffee and pine trees due to low land 
maintenance, so the continuous addition of the 
residues contributes to the high production of or-
ganic material and soil’s organic C (Yusuf et al., 
2019; Kurniawan et al., 2019). The total N con-
tent is considered medium (0.39%), and the soil 
is slightly acidic with the pH of 5.33. The low 
pH might be caused by the high accumulation of 
organic materials in the soil (Singh et al., 2022).

Soil Microbial Biomass-C (SMBC)

The soil microbial biomass C (SMBC) under 
the Pruning and Bending treatments is consistent-
ly greater in the MN treatment and is significantly 
different (p<0.05) than the one with NF treatment, 
while the MN+NPK and NPK treatments have the 
values between them (Figure 3A and 3B). The dif-
ference between MN and NF treatment in SMBC 
values is about 139.16% under Pruning (1077.92 
µg g-1 and 450.71 µg g-1) and 81.18% under Bend-
ing (1003.01 µg g-1 and 553.59 µg g-1).

SOIL RESPIRATION

The result of the variance analysis show that 
the fertilization treatments produce no significant 
differences on the soil respiration under the Prun-
ing treatment, but they produce significant differ-
ences under the Bending treatment. The average 
of soil respiration levels under the Pruning and 
Bending treatments that involve chicken manure 
(MN and MN+NPK) is consistently higher than 

Table 2. Soil chemical and physical properties before 
fertilizer application

Soil characteristics Value

Soil bulk density (g·cm-3) 0.65

Soil particle density (g·cm-3) 1.98

Soil organic carbon (%) 7.96

Total N (%) 0.39

pH H2O 5.33

Soil water content (%) 57.22

Figure 3. Soil microbial biomass C under different types of pruning (A) Pruning, (B) Bending 
and four fertilization treatments. NF: no fertilization; MN: Chicken manure; MN+NPK: 
Chicken manure and NPK-inorganic; NPK: NPK-inorganic. Means (± SD) denoted by 
different lowercase indicate significant differences according to LSD test at p <0.05.
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those involving NF and NPK treatment (Figure 
4A and 4B). The highest soil respiration levels are 
in MN treatment (78.44 kg C-CO2 ha-1 day-1), but 
it has no significant difference (p>0.05) with the 
NF treatment (67.94 kg C-CO2 ha-1 day-1) that has 
the lowest soil respiration levels under the Prun-
ing treatment (Figure 4A). The MN treatment 
(83.90 kg C-CO2 ha-1 day-1) under the Bending 
treatment has a significant difference (p<0.05) 
with the NF treatment (67.28 kg C-CO2 ha-1 day-1) 
(Figure 4B).

The result of the Pearson’s analysis shows that 
the soil respiration has a strong and positive corre-
lation with soil respiration under the two types of 
pruning (Figure 5A and 5B). The soil respiration 
and SMBC in the Pruning treatment have a very 
and strong positive correlation with r = 0.76** 
(p<0.01). Therefore, it results in a regression with 
the equation of y = 0.0155x + 61.906, and the R2 

value of 0.58 (Figure 5A). Meanwhile, in the 
Bending treatment, a strong and positive correla-
tion with the value of r = 0.50* (p<0.05) was ac-
quired, so the regression can be determined with 
the equation of y = 0.0254x +51.904 and the R2= 
0.25 (Figure 5B).

Soil organic C

The result of the variance analysis shows that 
the soil organic C under the Pruning treatment is 
greater in the MN treatment (6.80%), and signifi-
cantly different with the NPK and NF treatment 
(6.01% and 5.81%) (p<0.05) that has the lowest 
soil organic C (Figure 6A). The MN+NPK treat-
ment under the Bending treatment shows the 
greater soil organic C (7.51%) and has signifi-
cantly different (p<0.05) with the NPK and NF 
treatment (6.93% and 6.52%) (Figure 6B). There 

Figure 4. Soil respiration under different types of pruning (A) Pruning, (B) Bending and 
four fertilization treatment. NF: no fertilization; MN: Chicken manure; MN+NPK: Chicken 

manure and NPK-inorganic; NPK: NPK-inorganic. Means (± SD) denoted by different 
lowercase indicate significant differences according to LSD test at p <0.05.

Figure 5. The correlation between soil microbial biomass and soil respiration responses to 
pruning: (A) Pruning; and (B) Bending; and fertilization practices on coffee plants
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is no significantly different among MN and MN-
NPK treatments both under Pruning and Bending 
treatments.

The result of the Pearson’s analysis shows that 
the soil organic C has a strong and positive corre-
lation with SMBC (Figure 7) and soil respiration 
(Figure 8) under the two types of pruning. The 
relationship between soil organic C and SMBC 
shows under Pruning treatment with the value of 
r = 0.81** (p<0.01), the same result shows under 
the Bending treatment with the value of r = 0.61* 
(p<0.05), so the regression can be determined with 
the equation of y = 449.4x – 2073.3 and the R2 = 
0.55 under Pruning treatment, while the equation 
of y = 283.68x – 1184.5 with the R2=0.43 under 
Bending treatment. The relationship between soil 
organic C and soil respiration shows under Prun-
ing treatment with r = 0.74** (p<0.01), while 

under Bending treatment with r = 0.66* (p<0.05). 
Therefore, it results in a regression with the ques-
tion of y = 9.8675x + 11.643 with the R2 = 0.65 
under Pruning treatment, while the equation of y 
= 13.173x – 20.407 with the R2 = 0.36 is deter-
mined the regression under Bending treatment.

Soil pH

The result of the variance analysis shows that 
the soil pH under the Pruning treatment has no 
significant difference (p>0.05) (Figure 9A), while 
the one under the Bending treatment has signifi-
cant differences (p>0.05) (Figure 9B). The high-
est soil pH levels were found in the MN treatment, 
and the lowest was found in NPK treatment, un-
der both Pruning and Bending. The soil pH lev-
els under the Pruning and Bending in the MN 

Figure 6. Soil organic C (SOC) under different types of pruning (A) Pruning, (B) Bending 
and four fertilization treatment. NF: no fertilization; MN: Chicken manure; MN+NPK: 
Chicken manure and NPK-inorganic; NPK: NPK-inorganic. Means (± SD) denoted by 

different lowercase indicate significant differences according to LSD test at p <0.05

Figure 7. The correlation between soil microbial biomass and soil organic C responses to 
pruning: (A) Pruning; and (B) Bending; and fertilization practices on coffee plants
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treatment are 6.41 and 6.50 consecutively, while 
those in the NPK treatment are 5.82 and 5.61. The 
soil pH levels in all treatments are higher than the 
condition before the fertilizer application.

Metabolic quotient (qCO2)

The results of the variance analysis show that 
the metabolic quotient (qCO2) has no significant 
differences (p>0.05) under the Pruning treatment, 
but it has significant differences (p<0.05) under 
the Bending treatment. The highest qCO2 values 
under the Pruning and Bending treatments were 
obtained in the NF treatment, i.e., 0.16 and 0.12, 
while the lowest qCO2 value under the Pruning 
treatment was found in the MN treatment (0.07), 
and the same value under the bending treatment 
was found in the NPK treatment, i.e., 0.07 (Figure 
10A and 10B).

The metabolic quotient (qCO2) has a very 
strong and negative correlation (p<0.01) with 
SMBC under both types of pruning. The Pruning 
treatment has a negative correlation with the value 
of r = 0.89** (p<0.01), and the regression was de-
termined by the equation of y = -0.0001x + 0.2167 
and the coefficient of determination, i.e., R2= 0.79 
(Figure 11A). Similar to the Pruning treatment, 
the Bending treatment also produces a negative 
correlation with the value of r = 0.85** (p<0.01), 
and the regression equation was determined by y 
= -1E-4x + 0.1738 and the R2 of 0.72 (Figure 11B).

DISCUSSION

Changes in MBC reflect the processes of 
microbial growth, death, and the decomposi-
tion of organic matters (Zhang et al., 2014). 

Figure 8. The correlation between soil respiration and soil organic C responses to pruning: 
(A) Pruning; and (B) Bending; and fertilization practices on coffee plants

Figure 9. Soil pH under different types of pruning (A) Pruning, (B) Bending and four fertilization treatment. NF: 
no fertilization; MN: Chicken manure; MN+NPK: Chicken manure and NPK-inorganic; NPK: NPK-inorganic. 
Means (± SD) denoted by different lowercase indicate significant differences according to LSD test at p <0.05
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The measurement of MBC is used to evaluate 
soil fertility, as its function of labile nutrient ab-
sorber or nutrient source for microbes (Li et al., 
2018). This research finds that SMBC increases 
more highly with the application of chicken ma-
nure compared to the NF and NPK treatment, 
suggesting that chicken manure accelerates mi-
crobial growth (Figure 3). Several studies have 
found that the application of chicken manure or 
its combination with NPK fertilizer increases 
responses to SMBC (Abdalla et al., 2022) and 
that such application has a more significant re-
sult than the control or NPK-inorganic alone 
(Chen et al., 2022). Although the combination of 
chicken manure and inorganic fertilizer has low-
er responses than the application of chicken ma-
nure alone (Liu et al., 2020). The importance of 

organic matter in the growth and development of 
SMBC has been recognized. Microbial biomass 
has been identified to be related to the addition 
of organic sources which contributes to changes 
in soil’s C availability (Luan et al., 2021). The 
high organic resources input enhances microbe’s 
habitat by increasing nutrient availability and 
creates a suitable condition to promote micro-
bial growth leading to higher SMBC (Yao et al., 
2020; Luan et al., 2021). Thus, the increase of 
organic materials also increases SMBC in the 
soil (Singh et al., 2022). Labile C-sources is one 
of the factors that influence microbial activity in 
the soil. The labile C-sources is described as the 
active fraction of C-organic soil which can be 
decomposed easily by microorganisms (Qi et al., 
2016). Soils with high C content will be more 

Figure 10. Metabolic quotient (qCO2) under different types of pruning (A) Pruning, (B) 
Bending and four fertilization treatment. NF: no fertilization; MN: Chicken manure; MN+NPK: 

Chicken manure and NPK-inorganic; NPK: NPK-inorganic. Means (± SD) denoted by 
different lowercase indicate significant differences according to LSD test at p <0.05

Figure 11. The correlation between metabolic quotient (qCO2) and soil microbial biomass responses 
to pruning: (A) Pruning; and (B) Bending; and fertilization practices on coffee plants
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easily mineralized and fixed within the micro-
bial biomass (Richter et al., 2018).

Soil respiration measurement is the most tra-
ditional and popular technique to estimate soil 
microbial activities (Khosa et al., 2020). The 
results of this research show that soil respira-
tion resulting from chicken manure application 
is higher than that which uses no fertilization 
(Figure 4). The higher soil respiration after the 
application of chicken manure compared to the 
NF treatment could be due to the difference fer-
tilization input, which may lead to an increased 
C input to the soil. This confirms the finding of 
Chen et al. (2018), that the application of or-
ganic fertilizer increases C source for micro-
bial activity and SOC content, which thereby 
increases higher soil respiration as compared to 
the application of inorganic fertilizer or no fer-
tilizer at all. Huang et al. (2021) also reported 
that application of organic fertilizer (compos-
ted rapeseed cake) alone or in combination with 
NPK fertilizer results in higher soil respiration 
than the application of NPK fertilizer alone. The 
greater impact of chicken manure can directly be 
linked to the additional amount of C and N con-
tained in chicken manure as nutrient sources for 
microbial activities and soil respiration (Abdalla 
et al., 2022; He et al., (2022). Soil nutrient avail-
ability influences soil respiration by affecting 
plant growth and soil microbial activities (Ma 
et al., 2022). Fu et al., (2020) showed a strong 
correlation between soil respiration and SOC by 
accelerating C consumption because of higher 
microbial number in soil with organic matter 
input. Soil microorganisms decompose and re-
cycle the organic material by releasing C in the 
form of CO2 as sources of soil respiration (Bae 
et al., 2013; Spohn and Chodak, 2015).

The results of the data analysis show that 
soil respiration has a strong and positive corre-
lation with SMBC (r=0,76**, p<0.01) in Prun-
ing and (r=0.50*, p<0.05) in Bending (Figure 
5), confirming the results of Singh et al. (2022). 
It is indicated that SMBC is an important fac-
tor for soil respiration (Yao et al., 2020). Soil 
respiration is associated with SMBC, where 
SMBC represents the supply of carbon in the 
soil, which is required for microbial commu-
nity and diversity (Wei et al., 2020; Chandra et 
al., 2022). Bastida et al. (2021) confirmed that 
the diversity of soil microorganism (i.e., bacte-
ria and fungi) was significantly correlated with 
soil microbial biomass and soil respiration. Soil 

that maintains high levels of microbial biomass 
can be associated with its higher respiration 
rates. Higher levels of soil microbial biomass 
can enhance organic matter decomposition rates 
through greater acceleration of soil respiration 
(Mgelwa et al., 2019). Thus, the application of 
chicken manure can create a suitable environ-
ment for the growth of microorganisms as one 
of the largest sources for higher microbial di-
versity and microbial communities (Lian et al., 
2022). Soil microbial activities are related to 
some physicochemical properties such as organ-
ic material availability (OM), soil moisture, wa-
ter holding capacity (WHC), N concentration, 
and soil pH (Velmourougane, 2017; Richter et 
al., 2018). Soil temperature also contributes in 
making stable environments for soil microbial 
growth (Ren et al., 2019).

The result of this research shows that the soil 
organic C has a higher value with the application 
of chicken manure, alone or its combination with 
NPK fertilizer, compared to the NF treatment. 
The study from Olaya et al. (2019) also shows 
the same results. The addition of organic matter 
can increase the soil organic C. It is because the 
organic C in the soil is a food source for the soil 
microorganisms (Prayogo et al., 2021). Thus, 
the application of chicken manure can create a 
suitable environment for the growth of microor-
ganisms as one of the largest sources for higher 
microbial diversity and microbial communities 
(Lian et al. 2022). Ren et al. (2019) also reported 
that the application of manure can lead to main-
tain the soil moisture and relieve the changes 
in the soil, so that can provide a suitable envi-
ronment to the growth of soil microorganisms. 
The soil organic C shows a strong and positive 
correlation with SMBC and soil respiration. It 
is indicated that an increase of SOC and organic 
matter input will follow an increase in SMBC 
(Prayogo et al., 2021). The addition of organic 
matter strongly influences the richness of soil 
microorganisms and lead the increasing of soil 
respiration (Liu et al., 2018).

Soil pH has been known as one of the in-
dicators of soil fertility that influence the bio-
geochemical processes of the soil. Soil pH is 
described as the “master soil variable” that has 
a big impact on soil’s physical, biological, and 
chemical properties (Neina, 2019). The results 
of this study indicate that soil pH had increased 
in all treatments after pruning and fertilization 
practices and is classified as slightly acidic. The 
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NPK treatment produced a lower soil pH than the 
chicken manure treatment. The low pH level is 
presumably due to the accumulation of litterfalls 
in the soil surface from the standing biomass 
(Prayogo et al., 2020). The role of organic fertil-
izer in influencing soil pH has been explained by 
Wei et al. (2017). The application of manure can 
increase soil pH in acidic soils and decrease soil 
pH in alkaline soils to a level close to neutral (pH 
7). In this study, chicken manure has an alkaline 
effect on the soils. This is strengthened by soil 
pH, which has increased compared to the condi-
tion before the application of fertilizer or the soil 
pH after the application of NPK fertilizer. In line 
with previous research by Lin et al. (2019), the 
pH level of soil treated with organic fertilizer is 
significantly higher than the pH of soil treated 
with inorganic fertilizer in tea plantation. Soil 
pH has a positive correlation with soil respira-
tion (r=021) in Pruning treatment, and (r=0.69) 
in Bending treatment, but it has a weak correla-
tion with SMBC (r=0.09) in Pruning treatment, 
and (r=0.45) in Bending treatment. It shows that 
small changes in soil pH level (either an increase 
or a decrease) greatly affect the soil’s biological 
activity (Yusuf et al., 2020).

Metabolic quotient (qCO2) is represented 
by the CO2 release per unit of biomass and can 
be used as a sensitive environmental stress in-
dicator for microbial activities (Abdalla et al., 
2022). The qCO2 observed in this study does 
not show any significant difference in terms of 
interactions among treatments. The NF treat-
ment was recorded to have the highest qCO2 
values of all treatments. Higher qCO2 values 
represent energy inefficiency in soil microbial 
biomass (Wardle and Ghani, 2018). Hence, this 
indicates that treatments with a lower metabolic 
quotient (qCO2) have a less disturbance and are 
more favorable to soil microbes. The qCO2 has 
a strong relationship with C concentration in 
the soil and litters (Spohn and Chodak, 2015). 
Land use also affects qCO2 to show the char-
acterization of soil organic matter (Stevenson 
et al., 2016). Moreover, factors such as organic 
material quality or soil physical structure also 
influence the qCO2 (Spohn and Chodak, 2015). 
In agroforestry systems, litterfalls are fre-
quently ideal substrates for microbial activities 
(Surki et al., 2021). The soil microbes regulate 
C and N cycles in the soil, stimulated by accu-
mulation of the litterfalls and organic materials 
(Li et al., 2020; Ma et al., 2022).

CONCLUSIONS

The application of chicken manure on coffee 
plant pruned with different techniques can en-
hance soil respiration, SMBC, and soil pH level. 
The management of pruning and the application 
of organic fertilizer promote coffee plant growth 
by enhancing soil’s ability to hold more water 
and nutrient availability, as well as increasing 
soil microbe’s growth and activity. The addition 
of organic fertilizer can increase soil’s microbial 
activities, e.g., SMBC. Moreover, soil nutrient 
availability influences soil respiration by affect-
ing plant growth indirectly and by affecting soil 
microbial activities related to the important role 
of enhancing fertility and productivity, as well as 
in nutrient cycling. The challenges in managing 
organic fertilizer input effect on soil microbial 
activities are related with soil properties, type of 
organic fertilizer, recommended doses, and fertil-
izer application period and method.
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