
04001

BIO Web of Conferences (2025)  https://doi.org/xxxx/xxxx/xxxx 
IC-BioTEStA (2025)

 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative 
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 

 
 

The Phosphorus Efficiency and Uptake in 
Pakcoy (Brassica rapa) Through the Use of 

Plant Residues with Varying Quality 
 

Anis Sholihah1, 1 and Agus Sugianto1,2 

 
1 Department of Agrotechnology, Universitas Islam Malang, Malang 65144, Indonesia   
2 Center for Food Security Studies, Universitas Islam Malang, Malang 65144, Indonesia 

Abstract. This study aimed to evaluate the effect of different quality 
organic materials combined with various doses on the uptake, efficiency of 
phosphorus nutrients, growth parameters, and yield of pakcoy (Brassica 
rapa) plants under pot conditions in a greenhouse. The research consists of 
two stages. The first stage is making compost from plant residue,s followed 
by analysis to determine the quality of the compost. The second stage is 
testing the compost on the growth and yield of bok choy. This research uses 
a factorial randomized block design, 2 factors; factor 1 plant residues 
compost (R) 2 levels; namely; R1 = Soybean stove and R2 = Rice straw, 
Factor 2 dose 5 levels; D0 = dose 0 tons/ha, D1 = dose 5 tons/ha, D2 = dose 
10 tons/ha, D3 = dose 15 tons/ha, and D4 = dose 20 tons/ha. The results 
showed that the soybean residue compost treatment at a dose of 15 tons/ha 
(R1D3) showed P uptake of 2690 mg/kg and the highest economic fresh 
weight yield, namely 179.93 g/plant, compared to other treatments. The 
results of the P uptake efficiency analysis showed that the provision of 
soybean residue compost was 47.03% more efficient than rice straw 
compost. These findings highlight the potential of varying doses of organic 
matter to enhance phosphorus uptake and efficiency, increasing pakcoy 
yields while reducing chemical inputs. 
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1 Introduction 

Phosphorus (P) is an essential macronutrient that is crucial for plant growth. Its primary role 
is to support root development, thereby increasing the plant's ability to absorb water and 
nutrients from the soil. Phosphorus also functions in energy transfer through adenosine 
triphosphate (ATP), which is involved in photosynthesis, respiration, and the synthesis of 
important biomolecules. Furthermore, phosphorus accelerates flowering, fruit ripening, and 
seed formation, thus affecting the quantity and quality of the harvest. Phosphorus deficiency 
can cause stunted plant growth, purple leaf color, and delayed generative phase [1]. With 
adequate phosphorus availability, plants also have better resistance to environmental stress. 
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Phosphorus sources found in the soil are increasingly insufficient to meet plant needs, so it 
is necessary to provide additional fertilizers as a source of phosphorus to increase production.  
 The desire to increase crop production to meet food needs results in the need for large 
amounts of fertilizer; on the other hand, the existing fertilizer industry has not been able to 
meet the increasing fertilizer needs. Therefore, it is necessary to find alternative phosphorus 
fertilizers, namely organic fertilizers, which can provide hope to meet fertilizer needs in the 
future. Organic fertilizers that are environmentally friendly and have adequate phosphorus 
content are very important in supporting sustainable plant growth. Organic fertilizers play a 
role not only as a source of nutrients, but also as a material to improve the physical, chemical, 
and biological properties of the soil. The application of organic fertilizers containing 
phosphorus can increase the availability of P in the soil and increase the capacity of P 
resupply to meet plant needs during growth [2].   

Numerous studies indicate that organic fertilizers are a source of phosphorus, so the 
addition of organic matter to the soil is essential. Organic matter introduced into the soil 
undergoes mineralization before releasing phosphorus readily available to plants. The release 
of phosphorus from organic fertilizers depends on their quality (physical and chemical 
properties), environmental conditions (abiotic), and the community of decomposing 
organisms [3]. Phosphorus (P) is an essential nutrient that plays a vital role in plant growth 
and development, particularly in the formation of energy (ATP), root growth, and flower and 
seed formation. However, the availability of P in the soil is often a limiting factor because 
most of it is in insoluble forms or bound to cations such as Al³⁺, Fe³⁺, and Ca²⁺, making it 
difficult for plants to absorb. The process of releasing P into a form that can be utilized by 
plants is highly dependent on mineralization, which is a complex biological and chemical 
process, influenced by environmental conditions such as temperature, humidity, and soil pH 
[4]. Environmental imbalances can inhibit microbial activity and chemical reactions that play 
a role in P supply. Therefore, phosphorus nutrient management requires an approach that 
takes into account soil properties and climate factors to support sustainable agricultural 
systems. Therefore, research is needed to determine the percentage of phosphorus content 
remaining in the soil after the application of organic fertilizer, given the highly immobile 
behavior of phosphorus. 

On the other hand, low-quality residues, such as those with low N content, high lignin 
content, and high polyphenol content, will mineralize slowly, and only a small amount can 
be absorbed by plants. To avoid ecosystem loss, knowledge of the release, accumulation in 
plants, and mineralization of phosphorus in the soil is crucial for optimizing the efficiency of 
P uptake by plants. This study aimed to evaluate the phosphorus nutrient balance in pakcoy 
using plant residues of various qualities. The results are very useful and can be used as a basis 
for planning how to use organic fertilizer as a phosphorus nutrient source effectively and 
sustainably.  

2 Materials and Methods  

2.1    Experimental Site and Design 

This study was carried out from April to May 2025 in the greenhouse of the Kebonagung 
Field Laboratory, at 7°55′ South Latitude, 112°33′ – 112°36′ East Longitude, with day/night 
temperatures of 24–28 °C and 16–21°C, respectively. Day and night relative humidities 
during the study were 69% and up to 85%, respectively. Composting was conducted in the 
biocompost laboratory of the Faculty of Agriculture, University of Islam Malang. Plant 
analysis was conducted in 3 different laboratories, namely: Integrated Laboratory of the 
University of Islam Malang, Laboratory of the Agricultural Instrument Standardization 

Agency for Various Beans Kendalpayak Malang Regency, and Laboratory of UPT PATPH 
Bedali Lawang. The study was conducted in two stages: 

2.1.1. Stage 1. Production of Compost from Soybean Residue and Rice Straw 

Rice straw and soybean residue were cut into pieces of similar size and placed in sacks. Each 
residue was composted using a microorganism inoculant at a concentration of 2.5%, or an 
equivalent of 10 mL/400 g dry matter. The composting process was maintained at a moisture 
content of 30%–40%. Every day, the temperature, humidity, and pH were controlled. 
Composting at this stage required 20 days. The compost obtained was tested for the quality 
parameters, including total N (%) using the Kjeldahl method, C-organic (%),  C/N ratio, 
lignin content (%), polyphenol content (%) using Folin-Denis method,  cellulose content (%), 
the ratio of polyphenols:N and lignin:N, P2O5 (g 100-1) using the spectrophotometer method, 
K2O (g 100-1) using the flame photometer method. 

2.1.2. Stage 2. A Pot Experiment using Pakcoy Mustard Plants 

A pot experiments were conducted using a Factorial Randomized Block Design (RBD). The 
first factor was compost type, consisting of two levels: R1 (compost from soybean residues) 
and R2 (compost from rice straw residues). The second factor was compost dosage, 
consisting of five levels: D0 (0 tons/ha), D1 (5 tons/ha), D2 (10 tons/ha), D3 (15 tons/ha), 
and D4 (20 tons/ha). Each treatment was replicated three times, and each replicate included 
3 sample plants. Each pot contained 5 kg of air-dried soil, which was mixed with soybean or 
rice straw residue compost according to the assigned treatment. The planting media in the 
pots were watered to field capacity before planting. Pakcoy seedlings were planted by making 
5 cm-deep planting holes. 

2.2     Data Collection 

The observation variables in this study are plant growth parameters such as the number of 
leaves and leaf area. P efficiency and uptake were calculated using the formula:  
P efficiency   = (P uptake/P release of residue compost) x 100% = % 
P uptake = (% P in leaves and roots) × Total dry weight of the plant (mg/kg). Meanwhile, the 
production variables consisted of total fresh weight, total dry weight, economic fresh weight, 
fresh and dry root weights, and the harvest index. 
 
2.3 Data Analysis 
 
The data collected was statistically analyzed for variance (F-test) at the 5% level. If the 
analysis results have a significant effect, continue with the 5% Tukey test to determine the 
differences between treatments using Minitab Vers.14.12. Microsoft Excel was employed to 
present the charts.  

3 Results and Discussion 

3.1  Analysis of compost quality 
 
The results of the compost quality analysis are presented in Table 1. Soybean residue compost 
(R1) has a higher nitrogen (N), phosphorus (P₂O₅), potassium (K₂O), and organic carbon 
content than rice straw compost (R2). However, the lignin, cellulose, polyphenols, and C/N 
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ratio of soybean residue compost are lower than those of rice straw compost. This shows that 
soybean residue compost is a high-quality organic material, while rice straw compost is 
categorized as low quality. Mineralization, decomposition, and nitrification are important 
processes that are influenced by moisture, temperature, and the quality of organic matter. 
High lignin, cellulose, and polyphenol content in rice straw inhibits mineralization, further 
affecting P release, ultimately affecting plant P uptake. Plant residues with a high C/N ratio, 
lignin, and polyphenols release P more gradually. A diverse mixture of plant residues plays 
an important role in replenishing nutrients lost from the soil and improving the chemical, 
physical, and biological properties of the soil.  

 
Table 1. Result of analysis of compost quality 

 

Sample N 
(%) C/N P2O5 

(%) 
K2O 

(%) 

C-
Organic 

(%) 

Lignin 
% 

Cellulo
se % 

Polyph
enol % 

Color 
 

Solubili 
ty Level 

R1 2.12 24.19 0.72 1.18 51.29 6.86 14.92 0.82 10 YR 
2/2 Soluble 

R2 1.53 31.08 0.44 0.59 47.56 32.65 35.87 2.65 5 YR 
2.5/2 Insoluble 

 
 
3.2  Plant Growth 
The application of plant residue compost at various doses over the observation period of 5 to 
25 days after transplanting (DAT) showed an interaction effect on leaf area at 5, 20, and 25 
DAT (Fig. 1). However, the number of leaves did not exhibit a significant interaction (Fig. 
2). Both the number of leaves and leaf area tended to increase with higher compost doses. 
The number of leaves is a crucial factor for plant growth and development as it determines 
the intensity of sunlight captured by the leaves. 
 A greater number of leaves, combined with a larger leaf area, enhances the amount of 
sunlight intercepted by the plant, ultimately boosting photosynthetic activity [5]. The number 
of leaves is one of the variables indicating the growth potential of plants during the growth 
phase. An increase in cell numbers due to cell division leads to continuous leaf formation. 
Cell division depends on enzymatic reactions that require catalysts and ATP (adenosine 
triphosphate) as the primary substrate [6]; the basic material for ATP is produced through 
photosynthesis. As photosynthetic output increases, the amount of chlorophyll in the leaves 
also increases. Chlorophyll is derived from nitrogen. The nitrogen present in compost plays 
a crucial role in plant growth, as the nitrogen absorbed by the leaves combines with 
carbohydrates to form proteins necessary for leaf development. 

Leaf area is an important factor for plant growth and development, as it determines the 
amount of sunlight the leaves can absorb. The larger the leaf area, the higher the intensity of 
sunlight captured by the leaves, which in turn increases photosynthetic activity [7]. The 
availability of nutrients from compost, which can be readily absorbed by plants, enhances 
plant growth, including leaf number and leaf area. This is because metabolic processes, cell 
division, and cell enlargement are strongly influenced by the adequate availability of 
nutrients in the soil. 

The process of leaf formation is also influenced by nutrients such as nitrogen and 
phosphate, which are present in the soil medium and available to the plants. The relationship 
between leaf area and leaf number in pakcoy plants is a dynamic balance [8]. These two 
factors influence each other and must be optimized to achieve maximum plant growth. 
Understanding and managing this relationship can enhance the productivity and quality of 
pakcoy crops. Pakcoy plants typically develop with relatively wide and blunt leaves. As the 

number of leaves increases, the plant may adjust by producing slightly smaller leaves to 
ensure that each leaf [9].  
 

 
Fig.1. Leaf area (cm2) at various treatment combinations (DAT = days after transplanting) 

 
Fig.2. Number of leaves at various treatment combinations (DAT = days after transplanting) 
 
 
 
3.3 Phosphorus Efficiency and Uptake 
Both crop residue composts had significant effects individually, soybean residue compost 
showed higher phosphorus uptake efficiency than rice straw compost and the dose of 15 
tons/ha (D3) had the highest phosphorus nutrient uptake efficiency compared to other doses 
(Fig. 3A). The treatment of soybean residue compost with the highest dose of 15 tons/ha 
(R1D3) had the highest uptake (2690 mg/kg), while the lowest uptake (999 mg/kg and 1105 
mg/kg) occurred in the control without soybean residue compost or rice straw (R1D0 and 
R2D0) (Fig. 3B). 

The consistent observation that soybean-residue compost produced higher phosphorus 
uptake than rice-straw compost across all dosage levels can be attributed to the intrinsic 
chemical properties of soybean-derived organic matter. Soybean compost typically possesses 
a lower C:N ratio, higher concentrations of labile organic P, and a greater proportion of 
easily decomposable compounds, all of which enhance microbial activity and accelerate 
nutrient mineralization. These characteristics create a more favorable environment for the 
proliferation of phosphatase-producing microorganisms, thereby stimulating the enzymatic 
conversion of organically bound phosphorus into plant-available forms. Such mechanisms 
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align with recent findings demonstrating that the application of high-quality organic 
amendments, including composts and vermicomposts, can substantially increase soil P 
availability through enhanced enzymatic activity and microbial-mediated nutrient cycling. 
[10] reported that vermicompost inputs improve phosphorus fertilizer use efficiency by 
intensifying soil phosphatase activity and modifying P dynamics in the rhizosphere. 
Collectively, these biochemical and microbiological processes explain why soybean-residue 
compost yields consistently superior P uptake compared to rice-straw compost, regardless of 
application rate. 
 
 

  
A B 

Fig. 3.  Phosphorus Efficiency (A) and Uptake (B) by Pakcoy 
 
 

Furthermore, the application of compost at a dosage of 15 tons/ha resulted in the highest 
phosphorus uptake (R1D3 = 2690 mg/kg), indicating that this rate represents an optimal 
efficiency point under the conditions of the present study. This finding supports the broader 
evidence that high-quality organic amendments can significantly enhance phosphorus use 
efficiency by increasing both the immediately available and residual fractions of soil P. 
Organic inputs with favorable chemical characteristics particularly those rich in labile carbon 
and organic phosphorus are known to stimulate microbial activity, promote phosphatase 
production, and accelerate the mineralization of organically bound P, thereby improving P 
acquisition by plants. Recent studies have similarly demonstrated that the incorporation of 
well-decomposed composts improves soil P dynamics by enriching labile P pools, enhancing 
soil biological activity, and increasing the long-term availability of residual P  [11].  

Mechanistically, soybean residue compost is likely to stimulate phosphatase enzyme 
activity and enhance populations of phosphate-solubilizing microorganisms, thereby 
accelerating the mineralization of organically bound phosphorus into plant-available 
forms[12]. Although the present study did not directly measure soil enzyme activity, existing 
literature consistently demonstrates that high-quality organic materials, particularly those 
with low C:N ratios and high proportions of labile carbon, promote greater microbial biomass 
and significantly increase phosphatase activity. These biological responses, in turn, improve 
the transformation of organic P into inorganic orthophosphate, the form most readily 
absorbed by plants. Previous studies have likewise reported that the addition of nutrient-rich 
composts or vermicomposts enhances soil enzymatic activity, increases the abundance of P-
solubilizing bacteria, and leads to improved [10]. Therefore, the superior performance of 
soybean compost in promoting P uptake can be attributed, at least in part, to its ability to 
drive these key biochemical processes. 
 

 
3.4. Plant Yield 
 
The results of the study demonstrate a significant interaction between plant residue type and 
compost dosage on all yield parameters, including harvest index, total fresh weight, total dry 
weight, root fresh weight, root dry weight, and economic fresh weight (Fig.4). This 
interaction indicates that the effectiveness of compost application is not solely dependent on 
the dosage but is strongly influenced by the biochemical characteristics and quality of the 
plant residues used as compost material. Soybean residues generally possess a lower C/N 
ratio and higher nitrogen content, along with more readily decomposable lignin fractions, 
enabling faster mineralization and greater nutrient availability for plant uptake. In contrast, 
rice straw is characterized by a high silica content and a wide C/N ratio, resulting in slower 
decomposition and a tendency to immobilize nitrogen at lower application rates [13]. 
 

 
Fig. 4. Pakcoy plant yield across various treatments  

The highest harvest index was obtained in the R1D0 treatment (soybean residue 
compost with no additional dosage), with a value of 91.05%. This finding suggests that 
soybean residue inherently provides adequate organic matter quality to support efficient 
biomass partitioning toward the economic portion of the crop, even without further compost 
addition. This observation aligns with [14], who reported that legume residues such as 
soybean enhance nitrogen availability through biological nitrogen fixation and rapid 
mineralization, ultimately improving reproductive growth and biomass allocation efficiency. 
Conversely, the lowest harvest index occurred in the rice-straw compost treatment at 5 
tons/ha (R2D1) with a value of 86.52%, indicating that at lower dosages, rice straw has not 
decomposed sufficiently to contribute meaningfully to nutrient supply or soil physical 
improvement. 

The pattern was further reflected in the economic fresh weight parameter, where the 
highest value (434.09 g per plant) was recorded in the soybean-residue compost treatment at 
20 tons/ha (R1D4). This result indicates that increasing the dosage of soybean-based compost 
enhances soil structure, improves cation exchange capacity, and accelerates the release of 
essential nutrients such as nitrogen and phosphorus. Similar conclusions were drawn by [14], 
who demonstrated that legume-based compost enhances soil aggregation, water retention, 
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Collectively, these biochemical and microbiological processes explain why soybean-residue 
compost yields consistently superior P uptake compared to rice-straw compost, regardless of 
application rate. 
 
 

  
A B 

Fig. 3.  Phosphorus Efficiency (A) and Uptake (B) by Pakcoy 
 
 

Furthermore, the application of compost at a dosage of 15 tons/ha resulted in the highest 
phosphorus uptake (R1D3 = 2690 mg/kg), indicating that this rate represents an optimal 
efficiency point under the conditions of the present study. This finding supports the broader 
evidence that high-quality organic amendments can significantly enhance phosphorus use 
efficiency by increasing both the immediately available and residual fractions of soil P. 
Organic inputs with favorable chemical characteristics particularly those rich in labile carbon 
and organic phosphorus are known to stimulate microbial activity, promote phosphatase 
production, and accelerate the mineralization of organically bound P, thereby improving P 
acquisition by plants. Recent studies have similarly demonstrated that the incorporation of 
well-decomposed composts improves soil P dynamics by enriching labile P pools, enhancing 
soil biological activity, and increasing the long-term availability of residual P  [11].  

Mechanistically, soybean residue compost is likely to stimulate phosphatase enzyme 
activity and enhance populations of phosphate-solubilizing microorganisms, thereby 
accelerating the mineralization of organically bound phosphorus into plant-available 
forms[12]. Although the present study did not directly measure soil enzyme activity, existing 
literature consistently demonstrates that high-quality organic materials, particularly those 
with low C:N ratios and high proportions of labile carbon, promote greater microbial biomass 
and significantly increase phosphatase activity. These biological responses, in turn, improve 
the transformation of organic P into inorganic orthophosphate, the form most readily 
absorbed by plants. Previous studies have likewise reported that the addition of nutrient-rich 
composts or vermicomposts enhances soil enzymatic activity, increases the abundance of P-
solubilizing bacteria, and leads to improved [10]. Therefore, the superior performance of 
soybean compost in promoting P uptake can be attributed, at least in part, to its ability to 
drive these key biochemical processes. 
 

 
3.4. Plant Yield 
 
The results of the study demonstrate a significant interaction between plant residue type and 
compost dosage on all yield parameters, including harvest index, total fresh weight, total dry 
weight, root fresh weight, root dry weight, and economic fresh weight (Fig.4). This 
interaction indicates that the effectiveness of compost application is not solely dependent on 
the dosage but is strongly influenced by the biochemical characteristics and quality of the 
plant residues used as compost material. Soybean residues generally possess a lower C/N 
ratio and higher nitrogen content, along with more readily decomposable lignin fractions, 
enabling faster mineralization and greater nutrient availability for plant uptake. In contrast, 
rice straw is characterized by a high silica content and a wide C/N ratio, resulting in slower 
decomposition and a tendency to immobilize nitrogen at lower application rates [13]. 
 

 
Fig. 4. Pakcoy plant yield across various treatments  

The highest harvest index was obtained in the R1D0 treatment (soybean residue 
compost with no additional dosage), with a value of 91.05%. This finding suggests that 
soybean residue inherently provides adequate organic matter quality to support efficient 
biomass partitioning toward the economic portion of the crop, even without further compost 
addition. This observation aligns with [14], who reported that legume residues such as 
soybean enhance nitrogen availability through biological nitrogen fixation and rapid 
mineralization, ultimately improving reproductive growth and biomass allocation efficiency. 
Conversely, the lowest harvest index occurred in the rice-straw compost treatment at 5 
tons/ha (R2D1) with a value of 86.52%, indicating that at lower dosages, rice straw has not 
decomposed sufficiently to contribute meaningfully to nutrient supply or soil physical 
improvement. 

The pattern was further reflected in the economic fresh weight parameter, where the 
highest value (434.09 g per plant) was recorded in the soybean-residue compost treatment at 
20 tons/ha (R1D4). This result indicates that increasing the dosage of soybean-based compost 
enhances soil structure, improves cation exchange capacity, and accelerates the release of 
essential nutrients such as nitrogen and phosphorus. Similar conclusions were drawn by [14], 
who demonstrated that legume-based compost enhances soil aggregation, water retention, 
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and microbial activity, contributing significantly to increased crop yield. In contrast, the 
lowest economic fresh weight (241.92 g per plant) occurred under the rice-straw compost 
treatment at 10 tons/ha (R2D2). This suggests that, despite dosage increases, rice straw 
compost remains less effective than peanut residue compost due to its slower mineralization 
rate and higher lignocellulosic content, which delays nutrient release an issue also highlighted 
by  [15]. 

Overall, the study highlights that soybean residue compost produces more stable and 
superior agronomic responses compared to rice-straw compost, particularly as dosage 
increases. This indicates that the choice of plant residue material plays a crucial role in 
organic matter management. The findings reinforce the importance of selecting residues with 
favorable biochemical characteristics, such as those from legumes, to enhance soil fertility, 
support nutrient cycling, and improve overall crop productivity within environmentally 
sustainable agricultural systems. 
 
4. Conclusion 
 
This study demonstrates that both plant residue type and compost application rate 
significantly influence crop performance, particularly in terms of growth, yield attributes, 
and phosphorus uptake. Soybean-residue compost consistently produced superior outcomes 
compared with rice-straw compost across all application levels, reflected in higher harvest 
index values, greater economic fresh biomass, and markedly enhanced phosphorus 
acquisition. An application rate of 15 ton/ha was identified as the most efficient for 
optimizing phosphorus uptake, while 20 ton/ha generated the greatest yield responses. The 
superior efficacy of soybean-residue compost is likely associated with its more favorable 
biochemical composition, which may stimulate microbial activity and promote the 
mineralization of organic phosphorus. Overall, the results highlight the potential of soybean-
residue compost as a more effective organic amendment for improving soil fertility and crop 
productivity under the conditions assessed. These findings further underscore the importance 
of selecting high-quality organic materials to enhance nutrient cycling and support 
sustainable agricultural management. 
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rate and higher lignocellulosic content, which delays nutrient release an issue also highlighted 
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Overall, the study highlights that soybean residue compost produces more stable and 
superior agronomic responses compared to rice-straw compost, particularly as dosage 
increases. This indicates that the choice of plant residue material plays a crucial role in 
organic matter management. The findings reinforce the importance of selecting residues with 
favorable biochemical characteristics, such as those from legumes, to enhance soil fertility, 
support nutrient cycling, and improve overall crop productivity within environmentally 
sustainable agricultural systems. 
 
4. Conclusion 
 
This study demonstrates that both plant residue type and compost application rate 
significantly influence crop performance, particularly in terms of growth, yield attributes, 
and phosphorus uptake. Soybean-residue compost consistently produced superior outcomes 
compared with rice-straw compost across all application levels, reflected in higher harvest 
index values, greater economic fresh biomass, and markedly enhanced phosphorus 
acquisition. An application rate of 15 ton/ha was identified as the most efficient for 
optimizing phosphorus uptake, while 20 ton/ha generated the greatest yield responses. The 
superior efficacy of soybean-residue compost is likely associated with its more favorable 
biochemical composition, which may stimulate microbial activity and promote the 
mineralization of organic phosphorus. Overall, the results highlight the potential of soybean-
residue compost as a more effective organic amendment for improving soil fertility and crop 
productivity under the conditions assessed. These findings further underscore the importance 
of selecting high-quality organic materials to enhance nutrient cycling and support 
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