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Abstract. Soil degradation characterized by high bulk density and strong acidity
remains a major constraint in intensive vegetable production, particularly in
tropical agricultural systems. Although biochar has been widely studied as a soil
amendment, comparative evaluations of different manure-derived biochar types
under field conditions remain limited. This study aimed to assess the effects of
biochar derived from chicken and cattle manure on soil pH, soil bulk density, and
mustard greens (Brassica juncea L.) yield. We experimented using a completely
randomized design with three treatments: control (without biochar), chicken
manure biochar, and cattle manure biochar. Both types of biochar significantly
improved soil properties compared to the control. Chicken manure biochar
increased soil pH from 4.75 to 6.31 and reduced bulk density from 1.36 g cm™3 to
0.81 g cm™. In comparison, cattle manure biochar also improved soil pH (5.68)
and reduced bulk density (0.88 g cm™3). These improvements translated into
enhanced crop performance. Chicken manure biochar produced the highest fresh
biomass and marketable yield, followed by cattle manure biochar, indicating a
clear advantage of manure-derived biochar application in improving soil
conditions and crop productivity. The findings demonstrate that converting
livestock waste into biochar provides an effective soil amelioration strategy,
particularly in acidic soils. This approach not only enhances soil quality and crop
yields but also supports sustainable agricultural practices by valorizing organic
waste within a circular economy framework.

1. Introduction

Agricultural soils worldwide are increasingly degraded by long-term monocropping, excessive
use of chemical fertilizers and pesticides, and continuous tillage practices that reduce soil organic
matter and disturb soil biological processes [1][2]. These conditions often result in soil
compaction, declining soil organic carbon (SOC), and increased soil acidity, which limit nutrient
availability, suppress microbial activity, and ultimately reduce crop productivity [3][4].
Maintaining soil health has therefore become a central principle in sustainable agriculture,
particularly within the framework of Good Agricultural Practice (GAP), which emphasizes the
long-term functionality of soil as a living system [5][6].
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In recent years, biochar has gained attention as a promising soil amendment capable of
improving both physical and chemical soil properties. Produced by pyrolysis of biomass under
limited-oxygen conditions, biochar is characterized by a stable carbon structure, high porosity,
and a considerable cation exchange capacity (CEC), which contribute to enhanced water
retention, nutrient availability, and soil pH buffering [7][8]. These properties support better soil
aggregation, improve microbial habitats, and contribute to long-term carbon sequestration in
agricultural soils [9][10]. In addition, the use of biochar aligns with climate mitigation strategies
due to its resistance to decomposition and its role in reducing greenhouse gas emissions [11][12].

From a circular economy perspective, converting agricultural and livestock residues into
biochar offers an effective way to manage organic waste while simultaneously improving soil
quality [13][14]. In tropical agricultural systems, where soil degradation and acidity are often
more pronounced, biochar application has been recognized as a practical strategy to restore soil
functionality and support sustainable crop production [15]. In particular, livestock manure, such
as chicken and cattle waste, represents an abundant and underutilized resource that can be
transformed into value-added soil amendments.

However, despite the increasing number of studies on biochar application, most research has
focused on general biochar effects or single-source biochar, with limited attention to how different
biochar feedstocks influence soil physical properties and crop performance under field
conditions. Comparative studies between livestock manure-derived biochar types remain
relatively scarce, especially in tropical acidic soils. Furthermore, the relationship between soil
physical improvement and crop yield response is often described in a general manner, without
sufficient explanation of the underlying mechanisms.

Therefore, this study aims to evaluate and compare the effects of biochar derived from
chicken and cattle manure on soil pH, soil bulk density, and mustard greens (Brassica juncea L.)
yield. This study also seeks to provide a clearer understanding of how changes in soil physical
properties affect crop performance, thereby offering more targeted insights for sustainable soil
management in tropical agricultural systems.

2. Materials and Methods

2.1 Research Location

We conducted this study at an experimental field located in Karo Regency, North Sumatra
Province, Indonesia. The site is a typical agricultural area used for vegetable cultivation and is
characterized by acidic soil. The experiment was conducted during the growing season of mustard
greens (Brassica juncea L.) under open-field conditions.

2.2 Tools and Research Materials

We used mustard green seeds (Brassica juncea L.), chicken manure biochar, cattle manure biochar,
and field soil as the main materials in this study. We produced both types of biochar via pyrolysis
under limited-oxygen conditions. We applied biochar as a soil amendment before planting. We
thoroughly mixed the biochar into the topsoil layer to improve soil properties.

We used standard field and laboratory equipment, including soil sampling tools, weighing
scales, planting tools, and laboratory instruments to measure soil pH and bulk density. We also
used standard agricultural tools to manage crop cultivation and to measure plant growth and
yield.
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2.3 Research Methods
We arranged the experiment using a completely randomized design (CRD) with three treatments:

TO: Control (without biochar application)
T1: Chicken manure biochar
T2: Cattle manure biochar

We replicated each treatment to ensure data reliability and experimental accuracy. We analyzed
the collected data using analysis of variance (ANOVA) to determine the effect of treatments. When
significant differences were detected, we performed mean comparisons using Duncan’s Multiple
Range Test (DMRT) at the p < 0.05 significance level.

2.4 Research Implementation
We applied biochar evenly to each designated plot before planting. We incorporated it into the
topsoil at a rate of 25 t ha™*. Each experimental plot measured 2 x 2 m.

Mustard green seeds were then planted following standard cultivation practices. All
treatments were maintained under uniform conditions, including irrigation, weed control, and
general crop management, to minimize external variability.

During the experimental period, soil pH and bulk density were measured using standard
analytical methods. At harvest, crop yield was assessed based on fresh biomass and marketable
yield. Soil samples were collected after biochar application to evaluate changes in soil physical
properties and assess its effectiveness.

3. Results and Discussion

3.1 Soil pH

Soil pH was significantly influenced by the application of manure-derived biochar (Table 1).
Both chicken and cattle manure biochar increased soil pH compared to the control, with chicken
manure biochar showing the most pronounced effect. The increase from strongly acidic
conditions (pH 4.75) to near-neutral levels (pH 6.31) indicates a substantial improvement in soil
chemical balance.

Table 1. Effect of manure-derived biochar on soil pH.

Treatment Soil pH
Control (without biochar) 4,75¢
Chicken manure biochar 6,312
Cattle manure biochar 5,68P

Values followed by different superscript letters are significantly different at p < 0.05

The stronger effect observed in chicken manure biochar is likely related to its higher ash
content and greater concentrations of basic cations such as Ca, Mg, and K, which contribute to
more effective neutralization of soil acidity. Compared to cattle manure biochar, which generally
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contains higher lignocellulosic residues, chicken manure biochar tends to exhibit a more
immediate liming effect.

From an agronomic perspective, the shift toward near-neutral pH is particularly important
in tropical acidic soils, where nutrient availability is often constrained by aluminum toxicity and
low base saturation. The improvement in soil pH observed in this study, therefore, provides a
critical foundation for enhancing nutrient uptake and plant growth. Similar trends have been
reported in previous studies, confirming that manure-based biochar, particularly from poultry
sources, is more effective in increasing soil pH [16][1].

3.2 Soil Bulk Density
The application of manure-derived biochar significantly reduced soil bulk density (Table 2),
indicating improved soil physical structure. The decrease from 1.36 g cm™3 in the control to 0.81
g cm 3 in the chicken manure treatment suggests a substantial reduction in soil compaction.
This effect can be explained by the inherently porous structure and low density of biochar,
which contribute to increased soil aggregation and pore space. The incorporation of biochar
particles into the soil matrix likely improved soil aeration and water movement, creating more
favorable conditions for root development.

Table 2. Effect of manure-derived biochar on soil bulk density.

Treatment Bulk density (g cm™3)
Control (without biochar) 1,362
Chicken manure biochar 0,81¢
Cattle manure biochar 0,88b

Values followed by different superscript letters are significantly different at p < 0.05.

The slightly greater reduction observed in chicken manure biochar may reflect differences
in its composition, particularly in mineral content and particle characteristics. These results are
consistent with previous findings that biochar amendment reduces soil bulk density and
improves soil physical properties [17-19].

Improved soil structure is particularly important in intensively cultivated systems, where
repeated tillage and chemical inputs often lead to soil compaction. By reducing bulk density,
biochar application enhances root penetration and water infiltration, which are essential for
optimal plant growth.

3.3 Crop Yield Response

Crop yield responded positively to manure-derived biochar application (Table 3). Both chicken
and cattle manure biochar produced significantly higher yields than the control treatment, with
chicken manure biochar showing the greatest yield response. The control treatment yielded
184.87 g of fresh biomass. In contrast, chicken manure biochar increased yield to 244.40 g,
followed by cattle manure biochar at 216.50 g, indicating a clear agronomic advantage of biochar
application.
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Table 3. Effect of manure-derived biochar on mustard green yield.

Treatment Crop yield (g)
Control (without biochar) 184,87¢
Chicken manure biochar 244,402
Cattle manure biochar 216,50p

Values followed by different superscript letters are significantly different at p < 0.05.

The observed yield enhancement was closely associated with improvements in soil pH and
reductions in bulk density, which collectively created more favorable conditions for root
development and nutrient uptake. Improved soil structure and chemical balance likely enhanced
plant growth and biomass accumulation. Similar positive yield responses following manure-
based biochar application have been widely reported in recent studies [20-22].

These improvements can be further explained through their direct influence on soil-plant
interactions. Increasing soil pH reduces aluminum toxicity. It enhances the availability of essential
nutrients such as phosphorus, calcium, and magnesium, which are often limited under acidic
conditions. At the same time, the reduction in soil bulk density improves soil porosity and
aeration, allowing better root penetration and expansion. This improved root development
enhances water and nutrient uptake efficiency, ultimately supporting higher biomass
accumulation and yield.

3.4 Marketable Yield

Marketable yield followed a similar trend to total biomass (Table 4), indicating that biochar
application not only increased plant growth but also improved the economic value of the crop.
The highest marketable yield observed in the chicken manure biochar treatment suggests that
this type of biochar is particularly effective in enhancing both yield quantity and quality [20-21].

Table 4. Effect of manure-derived biochar on marketable yield on mustard greens.

Treatment Marketable Yield (g)
Control (without biochar) 170,83¢
Chicken manure biochar 279,072
Cattle manure biochar 247,760

Values followed by different superscript letters are significantly different at p < 0.05.

This improvement reflects the combined effect of better soil structure and enhanced
nutrient availability, which support more uniform and healthy plant development [22][23].
From a practical perspective, marketable yield is a critical parameter, as it directly influences
farmers’ income and production efficiency.
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In addition, the use of manure-derived biochar aligns with circular economy principles by
converting livestock waste into valuable agricultural inputs [13][14]. While chicken manure
biochar showed the highest effectiveness, cattle manure biochar also provided significant
improvements compared to the control, indicating its potential as an alternative resource in
areas where poultry waste is less available.

Nevertheless, the findings of this study are based on short-term observations, and the long-
term stability of these improvements requires further investigation under different
environmental and management conditions.

4. Conclusion

This study shows that applying manure-derived biochar improves soil physical properties and
enhances mustard green productivity under acidic soil conditions. Biochar application increased
soil pH and decreased soil bulk density, thereby improving growing conditions and increasing
yields compared to the control treatment.

Among the treatments, chicken manure biochar demonstrated a stronger effect in improving
soil properties and crop yield. However, cattle manure biochar also produced significant
improvements, indicating that both types of livestock waste can serve as effective soil
amendments.

These findings suggest that manure-derived biochar can be applied as a practical strategy to
improve soil quality in intensively cultivated agricultural systems. In addition, using livestock
waste as biochar supports more sustainable agricultural practices by reducing organic waste and
promoting resource efficiency.

Further studies are recommended to evaluate long-term effects, optimal application rates,
and performance under different soil and environmental conditions to strengthen its applicability
at a broader scale.
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