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Abstract. As a rice-producing country, Indonesia has abundant rice
biomass in the forms of rice straw and rice husk (hull). Nevertheless, this
resource has not been utilised to its fullest potential. This paper aims to
assess the potential utilisation of rice biomass for biochar to support
sustainable rice farming development through circular economics. A
literature review method was applied in this paper, exploring the relevant
articles published primarily in journals within the last ten years. The study
results show that biochar serves as a soil amendment, and its application on
agricultural land can improve soil properties and soil fertility, resulting in
higher crop productivity and enhancing sustainability. Based on rice
production data released by BPS-Statistics Indonesia, it is estimated that
approximately 10.10 million tons of rice husk and 83.29 tons of dry rice
straw are generated annually during 2018—2022, which can potentially be
processed into 33.04 million tons of biochar. Applying 2 tons of biochar per
hectare can increase rice productivity by at least 4%, resulting in a potential
increase in rice production of at least 2.22 million tons annually. The
government needs to facilitate farmers in rice-producing centres with
biochar processing units using appropriate technology on a proper scale.

1 Introduction

Rice is the main staple food for Indonesian people. Therefore, the government tries to
increase rice production to meet rice needs. The “Green Revolution” has succeeded in
boosting rice production. However, the long-term use of chemical inputs has detrimental
environmental effects. It degrades soil fertility and reduces crop yield [1], mainly due to
degraded C-organic and macronutrient content [2]. Previous studies have shown that the C-
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organic content in rice fields is categorised as low (<2%) and very low (<1%) [2—4], whereas
in fact, C-organic >2.5% is needed to obtain optimal yield. This condition strongly suggests
that rice fields need additional organic materials. On the other hand, as a country with a
tropical wet climate, Indonesia has a very abundant source of organic materials that can be
used to fertilise and support sustainable agricultural land. These organic materials can be
livestock waste, agricultural waste, urban waste, and so on. However, these materials have
not been utilised optimally.

Biochar has been used to improve energy, environment, and agriculture isustainability.
In agriculture, biochar is globally recognised as a way to enhance soil fertility and reduce the
impact of climate change through soil amendment. It has great potential to improve soil
properties and promote eco-friendly agriculture residue management [6—10]. Using biochar
is a prospective agricultural waste management effort to encourage optimising degraded and
suboptimal rice fields.

Indonesia has abundant biomass that could serve as feedstocks of biochar in the form of
agricultural waste. It is estimated that approximately 10.7 million tons of this feedstock are
available each year [11]. Rice straw and husk (hull) are common crop residues and biomass
feedstocks. They are composed of lignocellulosic biomass, are renewable and carbon neutral,
and can be recycled into different environmentally friendly and value-added products, such
as adsorbents, bioenergy, and soil amendments [12]. Their utilisation of biochar, which
serves as a soil amendment, provides a closed-loop circular economy when used in rice fields.

Despite their abundant availability, this rice biomass has not been utilised optimally. In
2015, Indonesia had 8.09 million hectares of rice fields dedicated to rice cultivation [13].
Irrigated rice fields accounted for 4.75 million hectares (58.75%), while non-irrigated rice
fields covered 3.34 million hectares (41.25%). The rice harvest area will reach 10.45 million
hectares in 2022, with a 5.24 tons per hectare yield producing 54.75 million tons of dry
unhusked grain (GKG) [14]. The large amount of rice production generates a significant
quantity of rice husk and straw as primary residues or byproducts [12,15,16], which needs
proper management.

Among the valorisation options for rice biomass, such as biochar production, energy
generation, composting, and other activities, biochar production is the optimal valorisation
strategy for managing rice biomass [17]. Recycling rice husk and straw as soil amendments
in rice fields is an effective rice waste management method [18]. Until now, no study has
assessed the potential use of rice husk and straw for biochar and its potential application in
rice farming in Indonesia. Understanding the potential utilisation of biochar from rice
biomass to increase rice yield is important, especially with the threat of rice field conversion
and the demand for increased production due to population growth. Converting rice biomass
to biochar and developing rice biomass biochar-based farming can solve rice production and
residue management issues. Furthermore, it has the potential to support food security.

This paper aims to assess the potential of utilising rice biomass for biochar to support the
sustainable development of rice farming in Indonesia. The results of the study are expected
to provide valuable insights to the government to support rice biomass biochar utilisation for
sustainable agriculture and promote a circular economy while also mitigating the impact of
climate change.

2 Methodology

A literature review method was applied in this paper. This technique gathers, distils, and
evaluates expert opinions presented in the text [19]. Four steps were conducted in the
literature review, i.e., (1) choosing the topic to be reviewed, (2) tracking and selecting
relevant articles, (3) conducting literature analysis and synthesis, and (4) organising the
writing of the review [20]. A synthesis matrix was used to organise sources and create a
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cohesive interpretation for literature analysis and synthesis. The review was organised into
three parts: an introduction, the main body, and conclusions.

This study explored relevant papers published in journals, proceedings, books, and theses
within the last ten years to assess the potential of biochar generated from rice biomass and
the impacts of its application, primarily on land quality, crop yield, and sustainability. In
addition, this study relied heavily on the data from BPS-Statistics Indonesia on rice harvest
area, productivity, and production to estimate the potential of rice biomass that can be utilised
for biochar.

3 Results and discussion

3.1 Rice biomass potential in Indonesia

According to BPS-Statistics Indonesia [14,21], the average rice harvest area in 2018—2022
was 10.72 million hectares, with a productivity of 5.18 tons per hectare. This produced 54.52
million tons of dry unhusked grain.

The mature rice grain is harvested as rough rice or paddy rice, with a tough siliceous husk
enclosing the brown rice. Rice straw is generated when the rice grain is harvested, leaving
stem and leaf as residues. Meanwhile, rice husk is produced during the initial stage of rice
milling, when the rice grain is husked. The weight of husks is approximately 20% of the
weight of rough rice, ranging from 16% to 28% [22]. Based on data from BPS-Statistics
Indonesia, on average, 1.04 tons per hectare or approximately 11.10 million tons of rice husk
are produced annually with this assumption. Meanwhile, if the weight ratio of dry rice straw
to rice grain is 1.5 [18,23], the national dry rice straw production would be 7.77 tons per
hectare or approximately 83.29 million tons annually. Hence, the total amount of these
residues generated during rice production would be 8.81 tons per hectare or approximately
94.39 million tons annually in Indonesia. These figures show that rice biomass is an abundant
renewable resource for producing biochar and other value-added products.

Rice straw and husks contain cellulose, hemicellulose, lignin, silica, and minor
components [16]. The proximate and ultimate compositions of rice husk and straw are
similar, with only slight differences in their ash, nitrogen, and sulphur contents. Rice husk
has a slightly higher ash content than rice straw, by approximately 3% on a dry basis [12].
This indicates that rice straw is slightly more combustible than rice husk.

Rice straw in Indonesia has not been optimally utilised as raw materials or substitutes in
producing goods [24]. According to Santoso [25], 31% of this biomass is usually used as
animal feed, 7% is used for industrial purposes, and the remaining 62% is burned in rice
fields. Burning rice straw is cheaper and easier for farmers to manage rice waste. However,
it causes air pollution, increased greenhouse gas emissions, and nutrient loss. Hence,
environmental contamination is made worse by the conventional practice of direct burning.
Rice husk also experiences a similar case, but its potential uses are more diverse [16]. Biochar
production from crop residue has economic, environmental, and sustainability advantages
[26] , decreasing greenhouse gas emissions from agricultural soils [27].

The biochar yielded from rice husk is approximately 35% of its feedstock material
[15,28]. Therefore, the amount of rice husk biochar that could be produced annually in
Indonesia is 3.89 million tons. Using the same conversion rate, the amount of rice straw
biochar that could be produced is 29.15 million tons. The total potential biochar produced
from rice husk and rice straw in Indonesia is approximately 33.04 million tons annually.
These figures show the enormous potential of biochar that can be made from rice straw and
rice husk to be applied to rice fields, both irrigated and non-irrigated.
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3.2 Impacts of biochar on land quality, crop productivity, and sustainability

Biochar is a substance created through gasification or pyrolysis of organic materials at 300—
600 °C while excluding oxygen [29-33]. It differs from charcoal because it is specifically
used as a soil amendment [34]. Rice husk biochar contains 50% cellulose, 25—30% lignin,
15—-20% silica, and 10—15% moisture [35]. The quality of biochar produced highly depends
on the type of feedstock material, pyrolysis device, pyrolysis temperature, and pyrolysis
duration [11].

Biochar application in rice fields can improve soil physicochemical and biological
properties [36]. It can improve soil chemical properties (total N, soil organic carbon, cation
exchange capacity (CEC), pH, available P, and exchangeable Al) and soil physical properties
(water holding capacity, porosity, and bulk density) [11,37,38]. Additionally, biochar
enhances the functional activity of soil microorganisms, increases biodiversity, and
positively alters the community structure, improving soil biological properties [38,39].
Numerous studies have demonstrated that biochar improves soil quality by increasing
microbial biomass, altering community composition, and enhancing diversity [40].

The improvement in soil physical and chemical properties impacted nutrient and water
availability through nutrient and water retention. Thus, adding biochar improves land quality,
allowing for higher crop productivity [15,35]. Biochar application can improve soil fertility
by providing carbon-rich material from organic feedstock pyrolysed in anaerobic conditions
[34]. 1t increases pH and CEC, leading to improvements in soil quality and phosphorus
availability [41]. Rice husk biochar can improve fertiliser effectiveness because of its nutrient
retention capacity and high silica content [15]. Rice straw biochar is an alkaline soil
amendment that neutralises acidity in waterlogged rice fields [42] and retains C in acidic soils
[43].

Using biochar to increase soil composition, texture, productivity, and nutrient sorption
directly increases crop yields [44]. This method can benefit farmers by increasing their
income and contributing to food security. Although biochar has benefits as a nutrient source
for crops, it alone cannot meet all plant nutrient demands due to its low nutrient content
[9,10]. It requires additional enrichment and modification to be effective in agriculture. It can
also be combined with other management practices, particularly those that can improve grain
weight and harvest index in rice production [45]. The addition of rice straw biochar (2.25
t/ha) to fertilisation practice treatments conducted by farmers (180.0 kg N/ha, 67.5 kg
P,0s/ha, and 67.5 kg K»>O/ha) significantly improved rice yield [42]. This was primarily due
to improvements in grains per panicle. The increase in production yield reached 33%
compared to the treatment without added biochar. Singh et al. [35] showed that applying
commercialised biofertiliser mixed with 10 t/ha of rice husk biochar increased the length of
panicles, number of tillers, rice grain yield, and straw yield. However, applying 0.5 t/ha rice
husk biochar with a recommended dose of fertilisers (RDF) had already impacted an increase
in rice yield. Meanwhile, Sandhya et al. [46] suggested that applying 2 to 8 t/ha rice husk
biochar was enough to promote wetland rice yield.

Biochar needs to be combined with other organic materials, such as compost, manure,
and liquid organic fertiliser (POC), to increase macronutrients while maintaining the
sustainability of agricultural land [47]. Rice husk biochar has been discovered to enhance
nutrient retention not only in soil but also in compost. The addition of rice husk biochar to
composted poultry manure results in an increase in nutrient content [48]. This is because rice
husk biochar can delay poultry manure decomposition, thereby retaining nutrients for
extended periods. Hadiawati et al. [49] revealed that adding 5 t/ha of cattle manure-biochar
combination increased lowland rainfed rice yield by 11.55%. This increase was higher than
the yield increase obtained from applying 5 t/ha of cattle manure alone (5.34%). With 200
kg/ha urea and 100 kg/ha NPK-Phonska, the control yield was 5.80 t/ha. Duarte et al. [50]
suggested that incorporating biochar-compost or biochar with other organic matter into the
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soil was considered a promising approach to support sustainable plant growth and
sustainability of a farm.

Yang et al. [51] showed that applying rice straw biochar could increase rice yields by
16.7% and 24.3% by adding 20 t/ha and 40 t/ha rice straw biochar with controlled irrigation,
respectively (average of two seasons). Combining biochar with controlled irrigation could be
a suitable alternative for reducing greenhouse gas emissions while increasing soil fertility,
irrigation water productivity, and rice yield. This combination can enable the sustainable
utilisation of rice fields' soil and water resources.

Some studies on the long-term effects of biochar application on rice yield have suggested
that the positive impact of applying biochar on rice yield and yield attributes depends on the
application's duration and continuity [45,52,53]. Using 20 t/ha biochar combined with three
doses of N fertiliser (0, 90, and 150 kg/ha) may negatively impact grain yield during the first
three seasons. However, after 4—6 seasons of application, grain yield increased by 4—10%
due to an increase in panicle size, number of panicles, or both [45]. Another study [52]
showed that applying 10 t/ha rice husk biochar combined with RDF resulted in 21.9% and
20.0% higher rice grain yield over the control in the dry and wet seasons, respectively, after
eight crop cycles.

Nan et al. [53] studied the impact of different biochar application methods on rice yields.
They found that annual low-dose application (2.8 t/ha) impacted a higher rice yield increase
(10.9%) than the high single dose (22.5 t/ha; 4.2%). The study investigated the impact of
biochar application after eight crop cycles.

In summary, those studies worked on biochar application in rice fields, ranging from 2 to
40 t/ha, either with other nutrient sources (RDF [chemical and/or organic]) or not, with
different biochar qualities, doses and frequencies of biochar application, rice varieties,
application durations, soil types, and irrigation methods. They reported different rice yield
increases, ranging from 4 to 33%. Furthermore, applying biochar with organic fertiliser gives
a higher rice yield than chemical fertiliser alone.

Using a minimum of 2 t/ha rice biomass biochar combined with RDF can potentially
increase rice yield in approximately 16.50 million hectares of rice fields. Taking a minimum
4% increase and using the average harvest area data from BPS-Statistics Indonesia in
2018-2022 (10.72 million hectares), the potential increase in rice production is at least 2.22
million tons annually. Assuming that only 50% of rice biomass is converted into biochar, it
can still be sufficient to apply to approximately 8.25 million hectares of rice fields annually.

In addition to improving rice yield, biochar use promotes environmental sustainability.
Long-term biochar application in rice fields of 20 t/ha combined with N (72 kg/ha), P,Os
(135 kg/ha), and KO (72 kg/ha) significantly reduced greenhouse gas emissions to 36.24%
[38]. Likewise, a previous study in a short-term cycle found that biochar amendment in the
first season lessened N>O emissions and did not significantly reduce methane emissions.
However, the application significantly decreased greenhouse gas emissions in the second
season. On the other hand, the single amendment of biochar had a slightly temporary benefit,
inclining N>O emission only in the first and second seasons of fertile paddy soil [27]. In
another study on upland rice, biochar could counterbalance the more efficient usage of N
dose, leading to emission reduction [54]. Therefore, biochar application must concern the
nutrient balance needed for rice farming.

Further studies are needed to determine the optimal amount of rice biomass biochar
application to rice fields. Likewise, the long-term impacts of biochar on soil quality and crop
productivity, as well as environmental aspects, may require ongoing research and monitoring.
However, it can be summarised that when used appropriately and in conjunction with good
agricultural practices, biochar can potentially improve land quality, crop productivity, and
sustainability in agriculture.
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3.3 Development of biochar-based rice farming in Indonesia

In developing biochar-based rice farming, it is proposed that the biomass used for feedstock
material is rice husk and rice straw, creating a closed-loop circular economy when applied to
rice fields. The government needs to facilitate the construction of rice husk and straw biochar
processing units in rice-producing centres using appropriate technology with a proper
business scale. For this reason, it is necessary to conduct studies on the proper scale of the
biochar processing unit based on field conditions and appropriate technology for biochar
processing (e.g., pyrolysis temperature and biochar particle size) to produce good and
standardised quality rice biomass biochar. The scale of processing units should meet
economies of scale and require collective action from farmers. Thus, a solid farmer
organisation is needed.

Considering that the application of biochar is less effective if used solely, it needs to be
combined with other nutrient sources, i.e., chemical and/or organic fertiliser. Organic
fertiliser is important to support sustainable agriculture. Thus, the development of biochar
would be more advantageous if it is supported by the development of compost from livestock
manure. To support integrated rice-livestock farming, farmers and farmer groups/unions need
to be given access to livestock ownership through credit or other schemes, as well as organic
fertiliser processing units (UPPOSs). Farmers can obtain livestock manure from beef cattle or
dairy farming centres if integrated rice-livestock farming cannot be conducted at these
locations. In dairy farming centres in West Java, for example, livestock manure is generally
underutilised, and some is discharged into the surroundings, causing environmental pollution
[55,56]. The development of biochar-based rice farming offers a valuable tool for enhancing
organic rice farming practices.

The dose of biochar used depends on the type of biochar raw material used, pyrolysis
temperature, biochar particle size, soil type, and plant type. Therefore, it is necessary to study
the optimal dose of rice husk and straw biochar in rice farming according to specific
conditions in certain locations.

However, transitioning to biochar-based rice farming faces several hurdles. Farmers may
find producing and applying biochar in rice fields challenging. This is mainly due to the bulky
nature of biochar and the fact that a much higher dose is recommended than chemical
fertilizers. Previous studies demonstrated that some farmers perceive organic farming, as
more labour-intensive and time-consuming, leading to reluctance [57,58]. In addition, they
may face resource limitations, including biochar and labour, and perceived risks associated
with adopting a new method. Therefore, developing appropriate technology for applying
biochar in rice fields is crucial.

For the success of biochar-based rice farming development, socialisation, training, and
assistance of farmers/farmer groups should be carried out in processing rice biomass into
biochar and its application in rice fields. Developing technical guidelines on good agricultural
practices of biochar-based rice farming is necessary as guidance for extension workers,
farmers, and other practitioners. It is recommended that participatory extension activities be
utilised to improve the technology adoption processes of rice farmers. These activities should
be provided in a series rather than one-time events, allowing farmers to accumulate
knowledge over time at a pace and style matching their skills and education level [59].
Continuous monitoring and evaluation are also important to ensure its success and
sustainability.

Furthermore, it is necessary to collaborate, coordinate, and synergise between the central
and local governments, research institutions, colleges/universities, extension institutions,
farmers/farmer groups/unions, the private sector, and other stakeholders. Each has a specific
role in developing sustainable rice biomass biochar rice farming.
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4 Conclusions and policy recommendations

Indonesia has abundant rice biomass that has excellent potential to be recycled back to rice
fields in the form of biochar. Developing biochar for rice farming can be one solution to
sustainably increase agricultural productivity and reduce the negative impacts of climate
change. Applying biochar from rice husks and straw can improve nutrient status, microbial
biomass, and rice productivity in degraded agricultural land, leading to sustainable rice
farming. However, it should be remembered that the use of biochar must be adapted to local
conditions and integrated into sustainable agricultural practices.

The government needs to facilitate farmers in rice-producing centres with biochar
processing units using appropriate technology on a proper business scale. Integrated
livestock-rice farming would be advantageous since livestock waste could be composted and
applied to rice fields to add nutrients. Hence, government facilitation in the form of the
organic fertiliser processing unit (UPPO) would be an advantage. Further research is needed
to produce good and standardised rice biomass biochar and determine its optimal dose for
rice farming, considering soil type, irrigation methods, and the combined use of organic
and/or chemical fertilisers with biochar.

References
1. S. Supriyadi, S. Rachmawati, A. Herawati, and P. Purwanto, Polish J. Soil Sci. 51, 173
(2018)

2. 1. W. Diara, Degradasi kandungan C-organik dan hara makro pada lahan sawah dengan
sistem pertanian konvensional, Undergraduate thesis, Universitas Udayana, 2017

3. H.Razali, I. A and Hanum, J. Agroekoteknologi FP USU 5, 338 (2017)

4. P.D.Kasi, S. Cambaba, and I. N. Surya, J. Biol. Sci. 2, 12 (2020)

5. B. Wang, B. Gao, and J. Fang, Crit. Rev. Environ. Sci. Technol. 47, 2158 (2017)

6. J. Barus, J. Degrad. Min. Lands Manag. 3, 631 (2016)

7. L. Chen, Q. Chen, P. Rao, L. Yan, A. Shakib, and G. Shen, Sustainability 10, 2740
(2018)

8. 1. Budiyanti and A. H. Dharmawan, J. Sains Komun. Pengemb. Masy. 2, 105 (2018)

9. A.Roy, A.Das, S. Pyne, and S. Kumar, Food Sci. Reports 3, 27 (2022)
10. A. Roy, S. Pyne, and S. Chaturvedi, Indian J. Agric. Sci. 91, 459 (2021)
11. N. L. Nurida, J. Sumberd. Lahan 8, 57 (2014)

12. Y. F. Huang and S. L. Lo, in Rice chemical technology, edited by J. Bao, 4th ed.
(AACCI. Published by Elsevier Inc. in cooperation with AACC International, Berkeley,
2018), pp. 627661

13. BPS-Statistics Indonesia, Land area by utilization 2015 (BPS-Statistics Indonesia,
Jakarta, 2015)

14. BPS-Statistics Indonesia, (2023)

15. D. S. Karam, P. Nagabovanalli, K. Sundara Rajoo, C. Fauziah Ishak, A. Abdu, Z. Rosli,
F. Melissa Muharam, and D. Zulperi, J. Saudi Soc. Agric. Sci. 21, 149 (2022)

16. B. A. Goodman, J. Bioresour. Bioprod. 5, 143 (2020)

17. W. A. M. A. N. lllankoon, C. Milanese, A. K. Karunarathna, K. D. H. E. Liyanage, A.

M. Y. W. Alahakoon, P. G. Rathnasiri, M. C. Collivignarelli, and S. Sorlini, Agronomy
13, 803 (2023)



BIO Web of Conferences 119, 05001 (2024)

2" [CANaRD

18.

19.
20.
21.
22.

23.

24.

25.

26.

217.

28.

29.

30.
3L

32.

33.
34.

35.
36.
37.

38.

39.

40.
41.

42,
43.

44,
45,

W. A. M. A. N. lllankoon, C. Milanese, A. Girella, P. G. Rathnasiri, K. H. M. Sudesh,
M. M. Llamas, M. C. Collivignarelli, and S. Sorlini, Energies 15, 8984 (2022)

H. Snyder, J. Bus. Res. 104, 333 (2019)
A. Ramdhani, M. A. Ramdhani, and A. S. Amin, Int. J. Basics Appl. Sci. 3, 47 (2014)
BPS-Statistics Indonesia, (2023)

B. O. Juliano, in Encyclopedia of food grains, edited by C. Wrigley, H. Corke, K.
Seetharaman, and J. Faubion, 2nd ed. (Academic Press, Oxford, 2016), pp. 125-129

M. C. Collivignarelli, S. Sorlini, C. Milanese, W. A. M. A. N. lllankoon, F. M. Caccamo,
and S. Calatroni, Appl. Sci. 12, 3166 (2022)

E. I. Rhofita, Al-Ard J. Tek. Lingkung. 1, 74 (2016)

C. R. Santoso, Pemanfaatan limbah jerami padi dalam pembuatan edible film (Kajian
penambahan lignin dan sorbitol), Undergraduate thesis, Universitas Pembangunan
Nasional “Veteran” Jawa Timur, 2023

0. Awogbemi and D. V. Von Kallon, Fuel Commun. 15, 100088 (2023)

X. Liu, J. Zhou, Z. Chi, J. Zheng, L. Li, X. Zhang, J. Zheng, K. Cheng, R. Bian, and G.
Pan, Catena 179, 20 (2019)

S. Shackley, S. Sohi, R. Ibarrola, J. Hammond, O. Masek, P. Brownsort, A. Cross, M.
Prendergast-Miller, and S. Haszeldine, in Geoengineering responses to climate change,
edited by T. Lenton and N. Vaughan (Springer, New York, 2012), pp. 73-140

D. Wang, C. Li, S. J. Parikh, and K. M. Scow, Geoderma 340, 185 (2019)
Z.Tan, C. S. K. Lin, X. Ji, and T. J. Rainey, Appl. Soil Ecol. 116, 1 (2017)

W. M. Semida, H. R. Beheiry, M. Sétamou, C. R. Simpson, T. A. Abd EI-Mageed, M.
M. Rady, and S. D. Nelson, South African J. Bot. 127, 333 (2019)

M. Ghorbani, H. Asadi, and S. Abrishamkesh, Int. Soil Water Conserv. Res. 7, 258
(2019)

G. Agegnehu, A. K. Srivastava, and M. I. Bird, Appl. Soil Ecol. 119, 156 (2017)

J. Lehmann, M. C. Rillig, J. Thies, C. A. Masiello, W. C. Hockaday, and D. Crowley,
Soil Biol. Biochem. 43, 1812 (2011)

C. Singh, S. Tiwari, V. K. Gupta, and J. S. Singh, Catena 171, 485 (2018)
Y. Zheng, X. Han, Y. Li, S. Liu, J. Ji, and Y. Tong, Sci. Rep. 10, 2 (2020)

A. Zhang, R. Bian, G. Pan, L. Cui, Q. Hussain, L. Li, J. Zheng, J. Zheng, X. Zhang, X.
Han, and X. Yu, F. Crop. Res. 127, 153 (2012)

X. Qin, Y. Li, H. Wang, C. Liu, J. Li, Y. Wan, Q. Gao, F. Fan, and Y. Liao, Sci. Total
Environ. 569-570, 1390 (2016)

Z. Liu, T. S. P. de Souza, B. Holland, F. Dunshea, C. Barrow, and H. A. R. Suleria,
Processes 11, 840 (2023)

J. Lu, S. Liu, W. Chen, and J. Meng, World J. Microbiol. Biotechnol. 39, 1 (2023)

G. Bekiaris, C. Peltre, L. S. Jensen, and S. Bruun, Spectrochim. Acta - Part A Mol.
Biomol. Spectrosc. 168, 29 (2016)

L. Si, Y. Xie, Q. Ma, and L. Wu, Sustainability 10, 1 (2018)

S. Kuppusamy, P. Thavamani, M. Megharaj, K. Venkateswarlu, and R. Naidu, Environ.
Int. 87, 1 (2016)

S. K. Yadav and R. Bag, Sci. Rep. 13, 1 (2023)
M. Huang, L. Fan, L. G. Jiang, S. Y. Yang, Y. Bin Zou, and N. Uphoff, J. Integr. Agric.

https://doi.org/10.1051/biocont/202411905001



BIO Web of Conferences 119, 05001 (2024) https://doi.org/10.1051/biocont/202411905001
2" [CANaRD

18, 563 (2019)
46. K. Sandhya, N. B. Prakash, and J. D. Meunier, J. Indian Soc. Soil Sci. 66, 200 (2018)
47. R. Soedradjad and S. Soeparjono, J. IIm. Hijau Cendekia 7, 26 (2022)

48. T. Manickam, R. T. Bachmann, I. Z. Ibrahim, A. H. M. Anif, and S. A. Wahid, J. Trop.
Agric. Food Sci. 44, 197 (2016)

49. L. Hadiawati, T. Sugianti, and Y. Triguna, AIP Conf. Proc. 2199, 040001 (2019)
50. S. de Jesus Duarte, B. Glaser, and C. E. P. Cerri, Agronomy 9, 165 (2019)
51. S.Yang, Y. Xiao, X. Sun, J. Ding, Z. Jiang, and J. Xu, Atmos. Environ. 200, 69 (2019)

52. S. Munda, A. K. Nayak, M. Shahid, D. Bhaduri, D. Chatterjee, S. Mohanty, R. Tripathi,
U. Kumar, A. Kumar, R. Khanam, and N. Jambhulkar, Heliyon 9, e17835 (2023)

53. Q. Nan, L. Tang, W. Chi, M. Wagas, and W. Wu, Biochar 5, 27 (2023)

54. F. A. Petter, L. Borges de Lima, B. H. Marimon Junior, L. Alves de Morais, and B. S.
Marimon, J. Environ. Manage. 169, 27 (2016)

55. E. Ariningsih, Erwidodo, A. Riski Irawan, and H. Purwati Saliem, E3S Web Conf. 361,
03013 (2022)

56. W. Al Zahra, M. de Vries, and H. de Putter, Exploring barriers and opportunities for
utilization of dairy cattle manure in agriculture in West Java, Indonesia (Wageningen
University & Research, Wageningen, 2021)

57. H. P. Saliem, S. H. Susilowati, E. Ariningsih, A. Agustian, and Muksin, IOP Conf Ser
Earth Environ Sci. 672, 012095 (2021)

58. Sujianto, E. Gunawan, Saptana, Syahyuti, V. Darwis, Ashari, M. Syukur, E. Ariningsih,
H. P. Saliem, S. Mardianto, and Marhendro, Open Agric. 7, 284 (2022)

59. M. Mardiharini, E. Jamal, E. S. Rohaeni, C. Indrawanto, K. S. Indraningsih, E. Gunawan,

R. P. Ramadhan, I. M. Fahmid, P. Wardana, and E. Ariningsih, Open Agric. 8, 20220200
(2023)



