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The use of chemical fertilizer in rice fields contributes to increased global warming via 
enhanced emission of methane (CH4) into the atmosphere. Therefore, composting has 
been proposed to reduce methane emissions in the agricultural field. This study aimed to 
determine the CH4 emission and rice yield affected by compost from three different types 
of compost: herbal compost, eucalyptus compost, and manure compost. This randomized 
block design study was conducted from November 2019 to May 2020. There were 8 
fertilizer treatments applied to the rice fields, namely: herbal compost 10 t.ha-1. (O1), 
eucalyptus compost 10 t.ha-1 (O2), manure compost 10 t.ha-1 (O3), no compost no chemical 
fertilizer (as a control) (O4), herbal compost 5 t.ha-1 + chemical fertilizer/CF (C1), eucalyptus 
compost 5 t.ha-1 + CF (C2), manure compost 5 t.ha-1 + CF (C3), and only chemical fertilizer 
(C4), then all treatments replicated three times. For the chemical fertilizer (CF) the dose is 
166 kg.ha-1 Urea + 166 kg.ha-1 ZA + 330 kg.ha-1 TSP. The result indicated that the compost 
manure 10 t.ha-1 (O3) and the combination compost manure 5 t.ha-1 + CF (C3) produced 
the highest rice yields (6.89 - 6.94 t.ha-1) but impacted the highest methane emissions 
(505.3 – 544.6 Kg CH4.ha-1.season-1). The important finding showed that among all the 
treatments, a combination of compost eucalyptus 5 t.ha-1 + CF (C2) and compost 
eucalyptus 10 t.ha-1 (O2) mitigated methane emission to the lowest level (296.6 - 305.2 
Kg.CH4.ha-1.season-1) and gave high rice yields ( 6.77 - 6.78 t.ha-1) that were not significantly 
different from those of compost manure (O3 and C3). In addition, the combination of 
compost herbal 5 t ha-1 and chemical fertilizer (C1) affected the lower methane emissions 
than manure compost and gave a high level of grain yield that was not significantly 
different from those of manure compost (O3 and C3) and eucalyptus compost (O2 and C2). 

How to Cite: Kurniawati, F.D., Suntoro, S., Setyanto, P., Cahyani, V.R. (2023). Effects of soil amendment from herbal and 
eucalyptus industrial waste on methane emission and rice yield. Sains Tanah Journal of Soil Science and Agroclimatology, 
20(2): 210-220. https://doi.org/10.20961/stjssa.v20i2.69297  

 

1. INTRODUCTION 
 Climate change is a worldwide phenomenon caused by 

human activities, including the use of fossil fuels, natural 
processes, biomass burning, and agricultural practices. 
Increased anthropogenic methane emissions partly 
contribute to climate change. Rice agriculture is the primary 
source of anthropogenic methane emissions, accounting for 
approximately 7 to 17% of global methane emissions (25 to 
100 terragrams [Tg] of CH4 gas per year) (Conrad, 2009; Liu & 
Whitman, 2008). Rice has become an important crop 
worldwide, and several approaches to increasing rice 
production have been employed, such as the development of 
high-yielding varieties, a system of rice intensification, and 

the use of mineral fertilization (Haque et al., 2019; Mboyerwa 
et al., 2022; Sopha et al., 2022). Increased production leads to 
higher application of nitrogen fertilizers to rice fields, 
resulting in greater methane emissions (Wang et al., 2017). 
Excessive application of inorganic fertilizer in rice fields can 
cause environmental consequences, such as contributing to 
the increase of global warming by emitting CH4 gas into the 
atmosphere (Trinh et al., 2017). 

Methane gas emissions are one of the contributors to 
greenhouse gases leading to global warming and climate 
change. Methane gas emission production from rice fields 
occurs in subtropical to tropical regions. Southeast Asia, a 
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rice-producing country, provides around 10,000 kg of 
methane gas per km2. Increasing rice production resulted in 
increasing methane emissions (Epule et al., 2011).  As a result, 
initiatives to limit methane emissions from paddy fields are 
required in order to promote sustainable agriculture and 
safeguard the earth's ozone layer. Composting has emerged 
as a feasible method of reducing pollution from agricultural 
and industrial waste. Composting has also been proposed as 
a strategy to reduce CH4 emissions (Ayalon et al., 2001), 
decreasing CH4 emissions by 35% from the rice fields (Jeong 
et al., 2018). In addition, compost increases soil organic 
matter content, which has been recognized as a crucial 
element in determining soil fertility and productivity (Sarwar 
et al., 2007). The positive effects of compost application have 
proven benefits such as nutrient supply and carbon 
sequestration (Martínez-Blanco et al., 2013). Razavipour et al. 
(2018) and Hossen et al. (2015) confirmed that the application 
of compost resulted in a higher tiller number, spike number, 
spike weight, and grain yield of rice plants. However, the 
application of compost derived from herbal medicine and 
eucalyptus distillation industry wastes as biofertilizer is still in 
its early stages, notably in rice production. Furthermore, only 
a few research have employed these composts to enhance 
plant yield by augmenting nutrient uptake in horticulture 
(Zhang et al., 2023). 

Compost created from herbal and eucalyptus distillation 
waste is thought to include a variety of compounds that 
reduce CH4 emissions by inhibiting the growth of 
methanogenic archaea. In organic farming systems, herbal or 
eucalyptus waste can be selected as a fertilizer. Herbal 
medicine industry waste is valuable because it contains 
tannin and polyphenolic compounds that can impede 
nitrification (Schirmer et al., 2014). In addition to retaining 
Nitrogen in the form of NH4

+, nitrification inhibitors are 
anticipated to reduce N2O and CH4 emissions from rice fields 
(Kartikawati & Nursyamsi, 2013). Sallam et al. (2010) 
demonstrated a significant reduction in cumulative CH4 gas 
production of approximately 51% with eucalyptus waste. 
Eucalyptus waste contains compounds that hinder archaea 
methanogen growth, including antioxidants and 
antiprotozoal, antifungal, and anti-hyaluronidase activities 
(Pujiarti et al., 2011).  

No research was found to date on the influence of 
compost made from herbal waste and eucalyptus distillation 
in rice fields on CH4 emissions and rice yields. Therefore, this 
study aimed to determine the effect of compost from the 
herbal and eucalyptus distillation industries on CH4 emissions 
and rice yields for soil amendment in rice fields. We 
postulated that using eucalyptus and herbal compost for soil 
amendment can reduce CH4 emissions while maintaining rice 
yield. 

 

2. MATERIALS AND METHODS 
The series of research steps started from the composting 

process, initial analysis of soil characteristic before planting, 
rice planting and measurement of rice growth and yield, 
sampling and analysis of methane gas emission and data 
analysis.  

 

2.1. Composting 
Composting was carried out at a compost house from 

March to August 2018 for 120 days. The two materials 
composts were the herbal medicine industrial waste and the 
eucalyptus oil distillation industrial waste. The herbal 
medicine industrial waste and eucalyptus oil distillation 
industrial waste were cut 0.5–3 cm long, and each compost 
pile was stacked with a size of 120 × 180 × 80 cm, with as 
much as 300 kg on the floor of the compost house. The 
compost materials were mixed with 100 mL of bioactivator 
(consisted of cow rumen, sugarcane molasses, pineapple, 
banana stalks, rice washing waste, and herbal rhizome). 
Turning over and adding water to the compost heap is 
performed every 2 weeks to maintain air circulation and 
humidity of approximately 70%. Composting ends after 120 
days. Manure was obtained by composting cow dung with an 
aerobic method using 100 mL of bioactivator, and cow dung 
composting took 1 month. The manure compost was 
prepared by farmers using fried cow dung with bioactivator. 
The application of compost was 5 t.ha-1, where the chemical 
fertilizers (CF) (166 kg.ha-1 of Urea, 166 kg.ha-1 of ZA, and TSP 
330 kg.ha-1). The characteristics of herbal waste compost, 
eucalyptus oil waste compost, and manure are shown in Table 3. 

 

2.2.  Initial Analysis of Soil Characteristic Before 
 Planting 

Before planting, the soil samples of Andisol rice field 
were taken from Ngadiluwih, Matesih, Karanganyar Regency, 
Central Java (7o38’6”S, 111o0’51”E) using purposive random 
sampling at a depth of 0–15 cm in the tilled layer and 
composited.  The samples were then air-dried and sieved 
using a 2 mm diameter sieve for further analysis. Soil chemical 
analysis was conducted including total organic carbon using 
the Walkey and Black method, total-N using the Kjedahl 
method, available-P using the Bray 1 method, and available-K 
using the NH4OAC.pH 7.0 solution (Sparks et al., 2020). Soil 
biological analysis was determined according to Bläsing and 
Amelung (2018), where the PD of bacteria and fungi was 
identified using the spread plate method. Soil moisture 
content was measured using gravimetric method, while soil 
pH and potential redox was measured using an ORP meter 
(Extech type SDL 100).  
 

2.3.  Rice Planting and Measurement of Rice Growth 
and Yield 
This randomized block design study was conducted for 

one growing season from Januari 2019 to Mei 2019. There are 
eight treatments employed, namely:  herbal compost 10 t.ha-1. 
(O1), eucalyptus compost 10 t.ha-1 (O2), manure compost 10 
t.ha-1 (O3), no compost no chemical fertilizer (control) (O4), 
herbal compost 5 t.ha-1+ chemical fertilizer (CF) (C1), 
eucalyptus compost 5 t.ha-1 + CF (C2), manure compost 5 t.ha-1 
+ CF (C3), and only chemical fertilizer (C4), with three 
replicates (Table 1). Chemical fertilizer (CF) dose is 166 kg.ha-1 
Urea + 166 kg.ha-1 ZA + 330 kg.ha-1 TSP. A week before 
planting compost treatments were applied.   Rice seedling 
with variety of Inpari 32 (age 20 days after sown) were 
planted with planting distance 20 x 20 cm. Two weeks after 
planting chemical fertilizer treatments were applied. 
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Table 1. Treatments applied in the experiment 

Label Treatments 

O1 Herbal compost  10 t.ha-1 
O2 Eucalyptus compost 10 t.ha-1 
O3 Manure compost 10 t.ha-1 
O4 No Compost no chemical fertilizer 
C1 Herbal compost 5 t.ha-1 + Chemical fertilizer (CF) 
C2 Manure compost 5 t.ha-1 + Chemical fertilizer (CF) 
C3 Herbal compost 5 t.ha-1 + Chemical fertilizer (CF) 
C4 Chemical fertilizer§ (CF) 

Note: § =  166 kg.ha-1 Urea + 166 kg.ha-1 ZA + 330 kg.ha-1  TSP  
 
Table 2. Initial soil characteristics (Soil Type: Andisols) 

Soil characteristics  

Eh (mV) -116.20 
pH 4.98 
Total C organic (%) 6.75 
Total N (%) 0.32 
C/N 21.63 
P available (ppm) 6.58 
K available (ppm) 7.13 
Total bacteria (x1010 CFU.g-1) 0.62 
Total fungi (x106 CFU.g-1) 0.05 

 
Table 3. Characteristics of composts 

Parameter 
Herbal 
waste 

compost 

Eucalyptus 
oil waste 
compost 

Manure 

Moisture content 
(%) 

23.44 22.67 25.77 

pH 7.40 7.67 7.88 
TOC (%) 30.51 31.55 33.4 
Total N (%) 1.77 1.88 1.93 
C/N ratio 17.27 16.82 15.44 
Total P (%) 1.96 1.95 2.02 
Total K (%) 1.48 1.45 1.35 
Phenol (%/bb) 8.43 15.34 2.1 
Total bacteria (x108 
CFU/g) 

6.54 9.60 4.02 

Total fungi (x104 
CFU/g) 

2.07 2.10 1.55 

 
Table 4. ANOVA of treatments on each soil parameter (100 

DAP) 

Parameter Sig. 

CH4 <0.01** 
Eh <0.01** 
pH <0.01** 
C <0.01** 
N <0.01** 

C/N <0.01** 
P <0.01** 
K <0.01** 

PD Bacteria <0.01** 
PD Fungi 

NO3 
<0.01** 
<0.01** 

Note: α 0.05, ns= not signifcant; *= significant; and **= highly 
significant; PD= Population Density 

Rice were grown and harvested at 100 days after planting 
(DAP). During growing period the standing water was kept 
minimum at the level of 5 cm height. 

Plant growth parameter consisted of plant height and the 
number of tiller that were observed on the same day of 
methane sampling, and plant fresh and dry weigh that were 
observed at harvest time. Parameter of plant yield was 
measured from the grain yield that obtained at harvest time. 
In addition, at the harvest time, soil samples were taken from 
the each treatment for the analysis of chemical 
characteristics (pH H2O, NO3, total C, total N, C/N ratio, 
Available P, Available K) and biological characteristics 
(population density of bacteria and fungi). 

 

2.4. Sampling and Analysis of methane gas emission 
A sampling of the CH4 gas using the survey method was 

carried out four times for each location, during the vegetative 
phase of 15 days after planting (DAP), the active tillering 
phase of 35 DAP, the generative phase of 65 DAP, and the 
ripening phase of 100 DAP. Soil pH, redox potential, plant 
height and number of tillers were measured on the same day 
of gas sampling. In the sampling of CH4 gas, a box chamber 
cap with a size of 50 × 50 × 100 cm was used, and the cover 
was made of polycarbonate material. Samples were collected 
around 6–9 a.m. The chamber was equipped with a 
thermometer and fan placed on the top of the chamber’s lid. 
Briefly, before gas sampling, the lid was left open for 2–3 mins 
to stabilize the gas concentration inside the chamber. After 
that, the lid was closed, and the rubber cover at the gas 
sampling was opened for 2–3 minutes to stabilize the air. 
After another 2–3 minutes, the rubber cap was closed and the 
gas was collected in quadruplicate (5, 10, 15, and 20 mins). 
The gas sample was collected using a 20 mL BD syringe with a 
23 G ¼ TW (0.6 mm × 32 mm) needle mounted in an upright 
position, injected into the septum rubber. The syringe was 
closed with the septum as soon as possible to avoid leakage 
and was transferred to a tighter vial. The vial was covered 
with aluminum foil and put in a box, immediately taken to the 
greenhouse gas laboratory for CH4 gas analysis. The height of 
the water above the ground surface and changes in 
temperature inside the chamber were also recorded. 

 

2.5. Data analysis  
Statistical analysis for all data was conducted using 

univariate ANOVA analysis, followed by DMR test (DMRT). 
Statistical significance was set at p < 0.05. Multivariate 
analysis of stepwise regression and correlation and linear 
regression analyses were also conducted. 

 

3. RESULTS 
Table 4 shows treatments that resulted in significantly 

high methane emission and soil parameters, such as soil Eh, 
pH, total-C, total-N, available-P, available-K, and population 
density (PD) of bacteria and fungi. Table 5 describes the result 
of DMRT of treatments on each soil parameter at 100 DAP. 
The highest soil redox potential (Eh) was found in C2, and the 

lowest data was found in C4, which accounted for −56.70  

1.50 mV and −129.30  5.10 mV, respectively. Potential redox 
was significantly higher in the treatments of eucalyptus  
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Table 5. Soil properties under variation treatments at 100 DAP with DMRT analysis 
Treat. Eh (mV) pH C (%) N (%) C/N Av. P (ppm) Av. K (ppm) PD Bacteria  

(x 1010 CFU.g-1) 

PD Fungi  

(x 1010 CFU g-1) 

NO3 (g N/g) Total CH4 Emission 

(Kg.CH4 ha-1.season-1) 

O1 -73.70 ± 1.50 e 6.22 ± 0.03 f 7.61 ± 0.07 e 0.57 ± 0.02 e 13.44 ± 0.59 ab 7.17 ± 0.02 e 16.77 ± 0.42 de 1.15 ± 0.03 e 1.60 ± 0.05 g 0.14 ± 0.02 b 332.97 + 3.26 c 

O2 -68.70 ± 3.10 e 6.08 ± 0.03 e 7.52 ± 0.03 e 0.65 ± 0.03 f 11.52 ± 0.57 ab 7.11 ± 0.03 e 17.18 ± 0.24 e 1.22 ± 0.03 f 1.73 ± 0.05 h 0.17 ± 0.02 b 305.27 + 6.06 b 

O3 -96.00 ± 3.00 c 6.31 ± 0.03 g 7.64 ± 0.12 e 0.71 ± 0.02 g 10.81 ± 0.30 a 7.28 ± 0.04 f 16.36 ± 0.40 d 1.12 ± 0.03 e 1.26 ± 0.08 f 0.15 ± 0.03 b 544.63 + 5.58 g 

O4 -129.30 ± 5.10 a 5.72 ± 0.06 d 7.22 ± 0.07 d 0.34 ± 0.04 b 21.67 ± 2.67 c 7.12 ± 0.04 e 10.27 ± 0.71 b 0.82 ± 0.05 b 0.57 ± 0.05 b 0.16 ± 0.03 b 437.97 + 4.54 e 

C1 -72.00 ± 3.00 e 5.06 ± 0.05 b 6.48 ± 0.04 bc 0.46 ± 0.01 c 14.10 ± 0.36 b 6.53 ± 0.08 c 16.73 ± 0.25 de 0.89 ± 0.04 cd 0.90 ± 0.02 d 0.09 ± 0.03 a 325.33 + 3.83 bc 

C2 -56.70 ± 1.50 f 5.03 ± 0.06 b 6.40 ± 0.06 b 0.49 ± 0.04 cd 13.03 ± 0.92 ab 6.44 ± 0.02 b 16.30 ± 0.27 d 0.93 ± 0.02 d 0.99 ± 0.02 e 0.16 ± 0.02 b 296.63 + 4.89 a 

C3 -83.30 ± 5.00 d 5.18 ± 0.04 c 6.56 ± 0.04 c 0.53 ± 0.02 de 12.46 ± 0.56 ab 6.62 ± 0.03 d 15.06 ± 0.29 c 0.85 ± 0.01 bc 0.81 ± 0.04 c 0.15 ± 0.02 b 505.33 + 6.42 f 

C4 -102.70 ± 5.50 b 4.53 ± 0.08 a 6.19 ± 0.08 a 0.28 ± 0.03 a 22.04 ± 2.73 c 6.19 ± 0.02 a 5.40 ± 0.14 a 0.28 ± 0.04 a 0.04 ± 0.03 a 0.17 ± 0.02 b 392.43 + 5.84 d 

Note: n = 3; values in the same column followed by the same letter are not significantly different at p<0.01 according to Duncan’s test. All data were reported as means ± standard 
deviation; O1 : herbal compost 10 t.ha-1, O2 : eucalyptus compost 10 t.ha-1, O3 : manure compost 10 t.ha-1, O4 : no compost, C1 : herbal compost 5 t.ha-1+ CF, C2 : eucalyptus 
compost 5 t.ha-1 + CF , C3 = manure compost 5 t.ha-1 + CF, C4 : CF 

 

 
Figure 1. Methane emission of compost variation nested in farming system at 15, 35, 65 and 100 DAP 

Notes: Same letter on the bar indicates not significant difference in the same rice age (DAP); O1 : herbal compost 10 t.ha-1 , O2 : eucalyptus compost 10 t.ha-1, O3 : manure compost 
10 t.ha-1, O4 : no compost, C1 : herbal compost 5 t.ha-1 + CF, C2 : eucalyptus compost 5 t.ha-1 + CF , C3 = manure compost 5 t.ha-1 + CF, C4 : CF 
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composts 5 t.ha-1 + CF (C2) followed by eucalyptus compost 
10 t.ha-1 (O2) treatment. Whereas the lowest potential redox 
found in control (O4) followed by CF (C4) treatment. Soil pH 
under all treatments with compost 10 t.ha-1 (O1, O2, and O3) 
were significantly increase the soil pH status than all 
treatment with chemical fertilizer (C1, C2 and C3). The results 
showed that the highest total-N was found in treatment with 
compost 10 t.ha-1 (O3) of 0.71% followed by eucalyptus 
compost 10 t.ha-1 (O2) of 0.65%, while, the lowest  total-N 
found in treatment CF (C4) of 0.28%, followed by control  (O4) 
of 0.34 %. Available-P in all compost treatment significantly 
different compared with all treatment with chemical 
fertilizers and the highest Av-P found in manure compost 
treatment (O3). 

The low level of available K in C4 treatment after one 
growing season represented the initial concentration of 
available K for each farming system (Table 2). Moreover, all 
eucalyptus compost (O2 and C2) could increase available K, 
PD of bacteria, PD of fungi by 5%, 7%–9%, and 8%–22% than 
manure compost, respectively. In addition, C2 treatment 

resulted in the lowest soil nitrate (0.09  0.03 g N/g), and 
the other treatments were not statistically different. All 
treatment with compost 10 t.ha-1 have a higher population 
density of bacteria compared with control and compost + CF 
treatment. The highest population density of bacteria found 
in eucalyptus compost 10 t.ha-1 treatment (O2) (1.22x1010 

CFU.g-1), followed by herbal compost (01) (1.15x1010 CFU.g-1), 
manure compost (O3) (1.12x1010 CFU.g-1) and the lowest 
found in chemical fertilizer/CF (C4) treatment (0.28x1010 
CFU.g-1). The results of population density of fungi similar 
with bacteria, the highest population density found in O2 
treatment (1.73x1010 CFU.g-1), followed by O1 (1.60x1010 
CFU.g-1) and O3 (1.26x1010 CFU.g-1), with the lowest found in 
C4 treatment (0.04 x1010 CFU.g-1) (Table 5). 

Table 5 also shows that total CH4 emissions combination 
eucalyptus compos 5 t.ha-1 + CF (C2) were the lowest (296.63 

kg CH4.ha−1.season−1) compared to all the treatment, followed 
by eucalyptus compost (O2) (305.27 kg CH4.ha−1.season−1). 
While, the highest CH4 emissions found in treatment manure 
compost 10 t.ha-1 (O3) (544.63 kg CH4.ha−1.season−1), 
followed by manure compost 5 t.ha-1 + CF (C3) (505.33 kg 
CH4.ha−1.season−1). Other words, eucalyptus composts can 
decrease CH4 emissions around 37% compared with the 
highest CH4 emission obtained from the manure compost 
(O3) treatment, those results also shows that manure 
compost produced the highest CH4 emission.  

Figure 1 describes Methane emissions from variation 
treatments at 15, 35, 65, and 100 DAP. The trend showed that 
Methane emissions fluctuated during the rice growing 
season. After the vegetative stage (15 DAP), CH4 emissions 
slightly increased during the active tillering stage (35 DAP). 
After reaching a peak, the emission gradually fell to a lower 
level at the milk cooking phase (100 DAP). In general, 
chemical fertilizer treatments resulted in lower CH4 emissions 
compared to the organic amendment treatments during rice 
cultivation. The trend showed that manure compost 10 t.ha-1 
and control treatments (O4) produced higher methane 
emissions compared to herbal compost 10 t.ha-1 (O1) and 
eucalyptus compost 10 t.ha-1 (O2). In addition, during the 
vegetative stages (15 and 35 DAP), manure compost 10 t.ha-1 
recorded the highest Methane emission, while in the last two 
stages (65 and 100 DAP), C4 emitted more emissions 
compared to the others. This could be because the manure 
treatment had more tiller (Table 8), thus increasing CH4 
emission. 

Figure 2 shows the stepwise regression analysis of CH4 as 
the dependent variable and soil redox potential combined 
with available K as the determining factor, which influences 
CH4 emission in all treatments. Both models were highly 
significant, with R2 of 0.923 (model 1) and 0.966 (model 2). 
Model 2 was chosen due to the highest R2 and resulted in the 
following equation: 

CH4 = 41.026 – 0.385 Eh – 0.796 K  ............................... [1] 
 

 
Figure 2. Matrix Plot (a) and Regression Plot of observed and expected methane emission (b) resulted from Stepwise 

Regression (y= methane emission; x1= potential redox (Eh); x2= soil potassium content (K)) 
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Figure 3. Relationship between soil redox potential and 

Methane emission 

 

 
Figure 4. Relationship between soil available Potassium and 

Methane emission 
 

According to Figures 3 and Figure 4, Methane emission 
had a linear relationship with soil redox potential and 
available K, with R2 of 0.6868 and 0.6574, respectively. The 
increment of soil redox potential decreased CH4 emission. In 
contrast, lower CH4 emissions were influenced by the 
augmentation of available K in the soil. Figure 5 illustrates the 

linear regression of PD of fungi on CH4 emission and available 
K in all treatments. The variation of available K in soil was due 
to soil amendments that could change the PD of fungi and 
ultimately influence Methane emission. Figure 4 shows that 
the increase of available K in the soil led to the incline of the 
PD of fungi in the soil. Furthermore, the increment in the PD 
of fungi could decline CH4 emission from rice cultivation. 

Table 6 indicates that CH4 emission negatively correlated 
with soil N (r = −0.579, p < 0.01), PD bacteria (r = −0.593, p < 
0.01), and PD fungi (r = −0.668, p < 0.01), and positively 
correlated with C/N ratio (r = 0.774, p < 0.01). The increase in 
Methane emission is highly influenced by the decrease in soil 
N, PD bacteria, and PD fungi and the incline of the C/N ratio. 
Negative correlations were found between soil redox 
potential with CH4 emission (r = −0.961, p < 0.01) and the C/N 
ratio (r = −0.678, p < 0.01). Similar results were also found 
between available K with CH4 emission (r = −0.812, p < 0.01) 
and C/N ratio (r = −0.875, p < 0.01). Moreover, soil N (r = 
0.466, p < 0.05), PD bacteria (r = 0.435, p < 0.05), and PD fungi 
(r = 0.558, p < 0.01) were positively correlated with soil redox 
potential. In addition, positive correlations were also 
discovered between available K with soil N (r = 0.809, p < 
0.01), P (r = 0.447, p < 0.05), PD bacteria (r = 0.896, p < 0.01), 
and PD fungi (r = 0.857, p < 0.01). 

 

3.1. Rice yield 
Table 7 indicates the ANOVA result for rice yield 

parameters in all treatments. All the treatments were highly 
significant for all agronomic parameters. Table 8 shows the 
DMRT result of rice growth parameters in all treatments. 
Generally, herbal compost 10 t.ha-1 (O1), eucalyptus compost 
10 t.ha-1 (O2), herbal compost 5 t.ha-1 + CF (C1) and 
eucalyptus compost 5 t.ha-1  + CF (C2) treatment give the 
similar effect to plant height. Plant without compost (O4 and 
C4) growth shorter compared to plants with compost 
treatment. The tiller number, fresh weight, and dry weight of 
the rice in treatment O4 and C4 has lower results compared 
to those with compost treatment. The result also showed that 
the lowest rice yield found in the no compost treatment (O4 
and C4), while, the highest rice yield found manure compost 
5 t.ha-1 + CF (C3) although it not significantly different with 
O2, O3 and C1.   

 

 
Figure 5.   Linear regression of PD fungi on CH4 emission and Available K 
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Table 6. Correlation of parameters  

Parameters CH4 pH C N C/N Ratio P PD 
Bacteria 

PD Fungi NO3 

CH4  -0.105ns -0.010ns -0.579** 0.774** 0.044ns -0.593** -0.668** 0.200ns 
Eh -0.961** -0.034ns -0.111ns 0.466* -0.678** -0.199ns 0.435* 0.558** -0.250ns 
Av. K -0.812** 0.547** 0.433* 0.809** -0.875** 0.447* 0.896** 0.857** -0.269ns 

Note: **, * and ns denote that the correlation is significant at p < 0.01, p < 0.05 and not significant, respectively.  
 
Table 7. ANOVA of rice yield parameters  

Parameter Sig 

Plant height <0.01** 
Tiller number <0.01** 
Fresh weight <0.01** 
Dry weight  <0.01** 
Dry grain <0.01** 

Note: **= highly significant at α=0.05 
 

Table 9 shows the correlation between CH4 and available 
K with rice growth parameters. CH4 emission negatively 
correlated with plant height (r = −0.891, p < 0.01), tiller 
number (r = −0.763, p < 0.01), fresh weight (r = −0.710, p < 
0.01), dry weight (r = −0.718, p < 0.01), and dry grain (r = 
−0.776, p < 0.01). Moreover, positive correlations were found 
between available K and plant height (r = 0.934, p < 0.01), 
tiller number (r = 0.853, p < 0.01), fresh weight (r = 0.929, p < 
0.01), dry weight (r = 0.944, p < 0.01), and dry grain (r = 0.956, 
p < 0.01). 

Figure 6 shows the linear regression of rice fresh weight 
on available K and CH4 emission of compost variation nested 
in both farming systems. The variation of available K in soil 
affected plant growth indicators, and the fresh weight 
increased with the increment of available K in soil. 
Furthermore, the enhancement of CH4 emission was also 
influenced by the decline of fresh weight. 

 

4. DISCUSSION 
Variations of the compost had diverse impacts on 

Methane emission and soil properties during the rice growing 
season. Total CH4 emissions were lower under eucalyptus and 
herbal composts than the control (no compost no chemical 
fertilizer) and manure (Table 5). A former study reported that 
inorganic fertilizer combined with different sources of the 
organic amendment could influence soil fertility and CH4 
emissions (Haque et al., 2021). The distinctive chemical 

fertilizer application also significantly influenced soil chemical 
properties and CH4 flux in rice fields (Table 5). In this study, 
the absence of chemical fertilizer recorded a better result in 
soil properties even in the control treatment (Table 5). This 
corroborates a previous study using rice bran for the organic 
rice system, which increased the N and P contents compared 
to the control treatment (Nira & Miura, 2019). However, 
amending soil with organic composts alone (O1, O2, O3, and 
O4) showed higher CH4 emissions than incorporating it with 
chemical fertilizer (C1, C2, C3, and C4) (Figure 1). That is 
because organic matter sources become one of main factors 
for activating methanogens activity in anerobic condition, as 
explained by Minamikawa et al. (2015), supported with data 
in Table 2. Additionally, increased growth of rice during the 
vegetative stage promotes methane flux because up to 90% 
of methane emission released to the atmosphere via the 
aerenchyma system (Kim et al., 2018). 

The incorporation of compost into the soil provided a 
stabilized form of organic matter that enhances the physical 
properties of the soil (Kranz et al., 2020) and promotes 
biological activities and nutrient content (Kelbesa, 2021). This 
study revealed that eucalyptus compost could double the 
available K compared to the initial soil before treatment 
(Table 5). Soumare et al. (2023) explained that the increased 
K solubilization in an acidic environment led to the 
protonation and acidification processes that released K ions 
into the soil. This was based on the acid pH of the soil sample 
used in this study (4.98) (Table 2). The characteristic of 
eucalyptus compost in this study showed that the PD of fungi 
and bacteria (2.10 × 104 CFU/g and 9.60 × 108 CFU/g, 
respectively) were higher than other composts (1.6–2 × 104 
CFU/g and 4–6.5 × 108 CFU/g, respectively) (Table 3). Other 
studies reported that compost addition could increase the 
number of organic substrates beneficial for microbial growth 
(Farrell et al., 2009) and the mechanism of K solubilization in 
the soil is influenced by microbial diversity and activity (Lopes 
et al., 2019).  

 
Table 8.  Plant parameters of rice under various treatments 

Treat. Plant height (cm) Tiller number Fresh weight (g) Dry weight (g) Grain yield (t ha-1) 

O1 97.57 ± 1.23 c 17 ± 0.58 b 99.17 ± 0.17 c 54.07 ± 0.06 d 6.46 ± 0.06 c 
O2 97.17 ± 0.76 bc 17 ± 1.00 b 101.34 ± 0.34 d 55.12 ± 0.12 e 6.77 ± 0.23 d 
O3 95.57 ± 0.70 b 18 ± 1.15 bc 107.96 ± 2.21 e 58.48 ± 0.76 g 6.89 ± 0.08 d 
O4 74.67 ± 0.68 a 13 ± 1.00 a 83.87 ± 0.42 b 44.26 ± 0.15 b 5.78 ± 0.06 b 
C1 96.53 ± 1.17 bc 18 ± 0.58 bc 99.28 ± 0.87 c 52.90 ± 0.30 c 6.70 ± 0.11 d 
C2 96.67 ± 0.68 bc 18 ± 0.58 bc 102.38 ± 0.97 d 54.17 ± 0.33 d 6.78 ± 0.23 d 
C3 95.43 ± 0.61 b 19 ± 1.15 c 106.81 ± 0.83 e 55.94 ± 0.28 f 6.94 ± 0.02 d 
C4 75.30 ± 1.31 a 12 ± 0.58 a 70.27 ± 0.23 a 37.84 ± 0.08 a 4.54 ± 0.03 a 

Notes: Values in the same column followed by the same letter are not significantly different at p<0.01 according to Duncan’s 
test. All data were reported as means ± standard deviation; O1 : herbal compost 10 t.ha-1, O2 : eucalyptus compost 10 
t.ha-1, O3 : manure compost 10 t.ha-1, O4 : no compost, C1 : herbal compost 5 t.ha-1+ CF, C2 : eucalyptus compost 5 t.ha-

1+ CF , C3 = manure compost 5 t.ha-1+ CF, C4 : CF 
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Table 9. Correlation of rice yield parameters  

Parameters Plant height Tiller number Fresh weight Dry weight Grain yield 

CH4 -0.891** -0.763** -0.710** -0.718** -0.776** 
Av. K 0.934** 0.853** 0.929** 0.944** 0.956** 

Note: ** denotes that the correlation is significant at p < 0.01  
 

 
Figure 6. Linear regression of fresh weight on available K and CH4 emission 

 
Some studies also had found that during the thermophilic 

phase, composting can remove viruses and other microbiota 
that potentially harm plants (Cahyani & Kimura, 2009; 
Cahyani et al., 2009; Cahyani et al., 2002), so compost applied 
during rice cultivation expected to contain more beneficial 
microorganisms. In another study, the manure treatment 
produced the highest soil C, N, and P contents compared with 
other compost treatments using long term manure 
application (Ashraf et al., 2023). Despite the lower soil C, N, 
and P contents after eucalyptus and herbal compost 
application than manure, the levels were still categorized as 
high to very high based on the soil assessment of soil fertility 
criteria (Rachmadiyanto et al., 2020). 

CH4 flux in eucalyptus and herbal compost 10 t.ha-1 
treatments was significantly lower (Figure 1). Compost 
application helps minimize climate change through soil 
carbon sequestration, but it can also increase CH4 emissions 
(Kim et al., 2022). Pujiarti et al. (2011) reported eucalyptus 
plants contain some chemical compounds, such as phenol 
and tannin, that inhibit some microbial growth in soil. This 
study discovered both herbal and eucalyptus comprising 
phenol (15% and 8%, respectively) higher than manure (2%). 
Furthermore, tannic compounds present in the eucalyptus 
compost 10 t.ha-1 can reduce CH4 emissions by reducing 
protozoa populations, which typically coexist with 
methanogens (Martin et al., 2010). The augmentation of PD 
bacteria in this study could be correlated to the increase in 
methanotrophs population because these bacteria dominate 
in optimum soil pH ranging from 5.5 to 6.5 (Zhao et al., 2015). 
Interestingly, the stepwise regression result demonstrated 

that available K and Eh became determinant factors in 
influencing the CH4 flux that was emitted into the atmosphere 
(Table 6). This could be because available K is beneficial for 
plant growth and water uptake throughout the plant’s 
development stage (Soumare et al., 2023). The increased 
plant growth might bring more oxygen to the rhizosphere, 
thus inhibiting methanogenic activity and improving 
methanotrophic activity (Dong et al., 2013). In addition, CH4 
emission had a linear regression with soil redox potential, 
with shrinking soil redox potential resulting in enhanced CH4 
emission. This agrees with a study conducted by Nungkat et 
al. (2015), in which CH4 emission was found to be mainly 
influenced by oxygen availability in soil, and lower oxygen 
present in the soil promotes anaerobic fermentation. 

The variation of treatments was highly significant in all rice 
yield indicators (Table 8). Amending soil with compost 10 t.ha-

1 increased grain yield. Rice yield in herbal compost 5 t.ha-1 + 
CF and eucalyptus compost 5 t.ha-1 + CF (C1 and C2) was not 
significantly different compared with the manure compost 5 
t.ha-1 (C3). Moreover, the grain yield in the eucalyptus 
compost 10 t.ha-1 (O2) was not significantly different 
compared with manure compost 10 t.ha-1 (O3), but slightly 
different with herbal compost 10 t.ha-1 (O1). Overall, organic 
treatments resulted in a higher grain yield. Rice cultivation 
that uses organic farming system (not combination with CF) 
effectively increases farmers' income by augmenting the rice 
yield (Martiningsih et al., 2018). In particular, rice yield 
increased 16% in compost 10 t.ha-1 and 34% in combination 
compost 5 t.ha-1 and CF when manure and composts were 
applied. This validates a former study that used compost as 
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soil amendment that created favorable soil condition in rice 
cultivation (Abdul Halim et al., 2018). Incorporating compost 
in the soil can enhance N uptake, resulting in better rice plant 
growth (Yang et al., 2016), leading to a higher decomposition 
process (Onwosi et al., 2017) and ultimately accelerating 
nutrient. The trend showed that manure treatment produced 
a higher yield at both vegetative and generative stages (Table 
9). This could be because the C/N ratio of manure was 
released for plant growth (Yang et al., 2021). 

Interestingly, available K positively correlated with all 
agronomic parameters, while a negative correlation was 
found between CH4 emission and agronomic parameters in 
both organic and conventional farming systems (Table 9). 
Even though nitrogen becomes a critical soil nutrient for rice 
growth, the level of potassium in soil has a favorable link with 
ammonium concentration in a short period (IPI, 2022). 
Furthermore, (Carmeis Filho et al., 2017) explained that the 
increment of potassium concentration in rice cultivation 
increases root diameter and dry matter. The negative 
correlation between CH4 emission and plant growth 
indicators might be because the density of rice plants 
stimulates more oxygen into the rhizosphere, thus enhancing 
CH4 oxidation (Setyanto et al., 2004). 

This study recommends the implementation of eucalyptus 
compost than manure compost because rice yield was 
statistically as high as that of the manure compost but 
resulting in a lower CH4 emission. The application of chemical 
fertilizer was also not advised because the yield was similar 
and spending more cost for chemical fertilizer is 
unreasonable. As an alternative, herbal compost should be 
chosen over manure compost when available because it is 
low in CH4 emission but has a slightly lower yield. Eucalyptus 
and herbal compost amendments support the sustainable 
agriculture by suppressing CH4 emissions from rice field. 

 

5. CONCLUSION 
This study used different types of compost (herbal, 

eucalyptus, and manure compost) and its combination with 
chemical fertilizer (166 kg.ha-1 Urea + 166 kg.ha-1 ZA + 330 
kg.ha-1 TSP) to decide the best soil amendment option for 
lowering methane emissions with a great yield on rice 
cultivation. The results showed that treatment with 
eucalyptus composts (eucalyptus compost 10 t.ha-1 (O2) and 
eucalyptus compost 5 t.ha-1 + chemical fertilizer (C2)) is best 
at reducing methane emissions from the rice field. While for 
rice yield, treatment with manure composts (manure 
compost 10 t.ha-1 O3 and manure compost 5 t.ha-1 + chemical 
fertilizer (C3)) resulted in the highest but not significantly 
different results with eucalyptus compost 10 t.ha-1 (O2), 
herbal compost 10 t.ha-1 + chemical fertilizer (C1) and 
eucalyptus compost 5 t.ha-1+ chemical fertilizer (C2). Based 
on the results of this study, it can be concluded that the best 
amendment for the rice field is using eucalyptus compost as 
fertilizer, either on its own or combined with chemical 
fertilizer, because the results are not significantly different 
between O2 and C2 in terms of methane emission reduction 
and rice yield. Nevertheless, future studies are needed to 
develop the utilization of eucalyptus waste, herbal waste, and 

others with double functions as nutrient resources and to 
mitigate methane emissions. 
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