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ABSTRACT 

This study evaluated the effectiveness of biochar-stabilized human urine fertilizer on the growth, 

physiological performance, and yield of okra (Abelmoschus esculentus) under urban agricultural 

conditions in Yenagoa, Bayelsa State, Nigeria. The increasing environmental and economic challenges 

associated with synthetic fertilizer use necessitated the exploration of sustainable nutrient recovery 

alternatives. Human urine and palm kernel shell biochar were combined to develop a nutrient-recycling 

fertilizer system aimed at improving crop productivity while enhancing nutrient use efficiency. The 

experiment was arranged in a Randomized Complete Block Design (RCBD) with five treatments: control, 

biochar only, urine only, direct biochar–urine application, and pre-charged biochar–urine application, 

each replicated three times. Data were collected on vegetative growth, physiological, and yield 

parameters. Results showed that plant height increased from 28.33 cm in the control to 50.60 cm in the 

pre-charged biochar–urine treatment at 8 WAP. Similarly, number of leaves increased from 6.0 in the 

control to 11.0 in the pre-charged treatment, while leaf area rose from 180.50 cm² to 410.50 cm². 

Chlorophyll content also improved markedly, ranging from 24.10 SPAD units in the control to 46.80 

SPAD units in the pre-charged treatment. Yield performance followed the same trend, with total yield 

increasing from 55.30 g/plot in the control to 210.90 g/plot under the pre-charged biochar–urine 

treatment. The study concluded that biochar-stabilized human urine fertilizer, particularly when pre-

charged, significantly enhanced okra growth, chlorophyll synthesis, and yield due to improved nutrient 

retention and nitrogen availability. It was recommended that this fertilizer system be adopted as a 

sustainable and cost-effective alternative to synthetic fertilizers for urban vegetable production, while 

further studies should investigate long-term soil impacts and optimal application rates. 

Keywords: Biochar, human urine fertilizer, okra, chlorophyll, nutrient recycling, sustainable agriculture, 

RCBD. 

 

1. INTRODUCTION 

Agricultural productivity in developing countries has become increasingly dependent on synthetic 

fertilizers in response to rising food demand driven by rapid population growth, urbanization, and 

changing consumption patterns. Nitrogen-based fertilizers such as urea are widely used due to their 
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effectiveness in promoting vegetative growth, chlorophyll synthesis, and improved crop yield. However, 

continued reliance on these inputs has raised serious environmental, economic, and sustainability 

concerns. The production of synthetic fertilizers is highly energy-intensive and contributes significantly to 

greenhouse gas emissions and global warming (Basu et al., 2025). In addition, inefficient fertilizer 

application leads to nutrient losses through leaching, volatilization, and runoff, resulting in soil 

degradation, water pollution, and reduced nutrient use efficiency (Zhang et al., 2019; Butler et al., 2023). 

Globally, the demand for nitrogen fertilizers continues to increase due to rising food production 

requirements, particularly under climate change conditions (Martre et al., 2024). The Food and 

Agriculture Organization FAO, (2022) projects continued growth in fertilizer consumption, especially in 

developing regions where agricultural intensification is expanding. While nitrogen remains essential for 

plant growth and physiological processes such as chlorophyll formation and protein synthesis its 

conventional use is associated with significant environmental externalities and inefficiencies (Robertson 

& Groffman, 2024). 

In response to these challenges, attention has shifted toward sustainable nutrient recovery systems and 

circular economy approaches. Human urine has emerged as a promising alternative nutrient source due to 

its high concentration of nitrogen, phosphorus, potassium, and other micronutrients essential for plant 

growth (Ajiboye et al., 2022). Although it constitutes less than 1% of domestic wastewater, urine contains 

approximately 80–90% of nitrogen and 50–65% of phosphorus present in household wastewater streams 

(Mustaffa et al., 2026). This makes it a highly concentrated and energy-efficient fertilizer resource. The 

reuse of human urine aligns with ecological sanitation principles and circular nutrient economy 

frameworks, offering both environmental and economic benefits. Studies have shown that urine-derived 

fertilizers can produce crop yields comparable to conventional synthetic fertilizers when properly 

managed (Mustaffa et al., 2026). In addition, urine recycling contributes to sustainable development goals 

by improving sanitation systems, reducing environmental pollution, and enhancing resource recovery 

(Bandala, 2024; Qadir et al., 2020). However, despite its potential, untreated urine presents several 

limitations, including ammonia volatilization, odor generation, nutrient imbalance, phytotoxicity, and 

environmental contamination, which reduce its agricultural efficiency and acceptance (Larsen et al., 

2021). To overcome these limitations, several nutrient stabilization technologies have been developed, 

including membrane filtration, ion exchange, electrodialysis, and bio-electrochemical systems. Among 

these, biochar adsorption has gained significant attention due to its low cost, environmental friendliness, 

and strong nutrient retention capacity. Biochar improves nutrient adsorption, reduces nitrogen loss, and 

enables slow nutrient release in soil systems, thereby enhancing fertilizer efficiency and crop 

performance. 

Several studies have investigated the environmental implications of synthetic fertilizer dependence and 

the search for sustainable nutrient alternatives. Basu et al. (2025) reported that industrial fertilizer 

production contributes significantly to greenhouse gas emissions and global warming due to the energy-

intensive nature of nitrogen fertilizer manufacturing. Similarly, Randive et al. (2021) explained that urea 

production requires high industrial temperatures and pressures, thereby increasing fossil fuel consumption 

and carbon dioxide emissions. The environmental consequences of synthetic fertilizers have stimulated 

interest in alternative nutrient recovery systems capable of supporting sustainable agriculture. Research 

conducted by Martre et al. (2024) demonstrated that global nitrogen fertilizer demand is expected to 

increase substantially due to rising food production requirements under climate change conditions. 

According to Robertson and Groffman (2024), nitrogen remains essential for plant metabolic processes 

including chlorophyll synthesis, protein formation, and vegetative growth. However, Butler et al. (2023) 

noted that conventional nitrogen fertilizers exhibit low nutrient use efficiency because large quantities of 

nitrogen are lost through volatilization, denitrification, and leaching. Zhang et al. (2019) further observed 

that excessive fertilizer application contributes significantly to reactive nitrogen pollution and 

environmental degradation. Human urine has emerged as a promising alternative nutrient source for 

sustainable agriculture. Ajiboye et al. (2022) described urine as a nutrient-rich organic waste containing 

considerable amounts of nitrogen, phosphorus, potassium, calcium, and micronutrients required for crop 

production. Sene et al. (2018) explained that human urine has historically been utilized in agriculture 
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because of its high nitrogen content and rapid nutrient availability. Recent global interest in urine 

recycling has increased due to concerns relating to fertilizer costs, nutrient scarcity, and environmental 

sustainability. 

Mustaffa et al. (2026) conducted a systematic review of 123 studies published between 2011 and 2025 on 

urine-derived fertilizers and reported that human urine can produce crop yields comparable to synthetic 

fertilizers when applied at equivalent nitrogen rates. The study further showed that urine fertilization 

improved crop yields by 10–70% relative to unfertilized controls. The authors identified biochar 

adsorption as one of the most effective nutrient stabilization methods because of its ability to reduce 

ammonia volatilization, improve nutrient retention, and enhance nitrogen use efficiency. Research by Ray 

et al. (2020) demonstrated that nutrient recovery technologies such as reverse osmosis and membrane 

filtration can effectively concentrate nutrients from urine for agricultural reuse. Similarly, Zhang et al. 

(2023) developed photothermal nutrient recovery systems capable of simultaneously recovering water and 

nutrients from urine sources. Chipako and Randall (2019) also highlighted the importance of 

decentralized sanitation systems for nutrient recycling and sustainable agricultural production.  

Several studies have investigated the role of biochar in nutrient stabilization and soil fertility 

improvement. Jindo and Sonoki (2019) examined biochar stability using multiple indicators and found 

that biochar produced at higher pyrolysis temperatures exhibited greater stability and resistance to 

degradation than low-temperature biochars. Their findings also revealed that woody biomass-derived 

biochars possessed higher stable carbon fractions and greater nutrient retention capacity than biochars 

produced from crop residues. Mustaffa et al. (2024) evaluated biochar-embedded slow-release nitrogen 

fertilizers and reported significant improvements in nitrogen use efficiency, plant growth, and rice yield 

under field conditions. The researchers concluded that biochar reduced nutrient losses and enhanced 

gradual nutrient release within soil systems. Larsen et al. (2021) similarly explained that urine 

stabilization technologies are necessary to reduce odor problems, nutrient volatilization, and 

environmental contamination associated with untreated urine application. 

Ecological sanitation and circular nutrient economy systems have also received increasing scholarly 

attention. Werkneh and Gebru (2023) emphasized that ecological sanitation promotes integrated recovery 

of nutrients, water, and renewable energy from domestic wastewater. Qadir et al. (2020) estimated that 

nutrients recovered from global wastewater systems could replace a significant proportion of global 

fertilizer demand. Harder et al. (2019) further noted that recycling nutrients from human excreta can 

improve agricultural sustainability, reduce fertilizer dependence, and support environmental conservation. 

Although numerous studies have investigated urine fertilization and biochar application independently, 

limited studies have examined the combined use of palm kernel shell biochar and human urine fertilizer 

under urban vegetable farming conditions in Nigeria. Furthermore, there is inadequate empirical evidence 

regarding the effects of biochar-stabilized urine fertilizer on vegetable chlorophyll yield under tropical 

conditions. The present study therefore seeks to bridge this knowledge gap by evaluating the effectiveness 

of palm kernel shell biochar-stabilized human urine fertilizer for enhanced vegetable growth and 

chlorophyll production in Yenagoa, 

The aim of this study is to evaluate the effectiveness of biochar-stabilized human urine fertilizer on the 

growth and chlorophyll yield of urban vegetables cultivated in Yenagoa, Bayelsa State, Nigeria. The 

specific objectives are to: 

i. determine the effect of human urine fertilizer on vegetable growth performance; 

ii. evaluate the effect of biochar application on soil fertility and vegetable growth; 

iii. assess the influence of biochar-stabilized human urine fertilizer on chlorophyll content of 

vegetables; 

iv. compare the yield performance of vegetables under different fertilizer treatments; and 

v. determine the most effective treatment combination for sustainable urban vegetable production. 
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2. MATERIALS AND METHODS 

Experimental Site / Description 

The experiment was conducted at an urban agricultural site in Yenagoa, Bayelsa State, Nigeria, located 

within the humid tropical rainforest zone of the Niger Delta region. The area was characterized by high 

rainfall, high relative humidity, and moderately acidic soils typical of swamp and alluvial deposits. 

Yenagoa experiences annual rainfall ranging from approximately 2,000 mm to over 3,000 mm, with a 

bimodal rainfall pattern and a short dry season. Temperatures remained high throughout the year, 

generally between 25°C and 32°C, which supported continuous plant growth. The high rate of organic 

matter decomposition in the region made it suitable for studies involving organic fertilizers such as 

biochar and human urine. The site was cleared manually and prepared for pot or polybag cultivation to 

ensure uniform soil conditions and controlled treatment application. 

Experimental Design and Treatment Description 

The experiment adopted a Randomized Complete Block Design (RCBD) with three (3) replicates to 

minimize environmental variability and improve the reliability of the results. This design was considered 

appropriate because it allowed treatments to be compared under relatively uniform conditions while 

controlling for variation within the experimental site. Two factors were considered in the study. The first 

factor was fertilizer type, which consisted of five levels: control (no fertilizer), human urine only, biochar 

only, biochar combined with human urine at a low stabilization ratio, and biochar combined with human 

urine at a high stabilization ratio. The second factor was application strategy, which consisted of direct 

soil application and pre-charged biochar that had been incubated with urine for 5–7 days prior to 

application. A total of 15 experimental units were used under the basic design structure, and treatments 

were randomly assigned within each block. 

Planting Materials and Source 

Certified seeds of a selected vegetable crop such as Telfairia occidentalis were obtained from a reputable 

agricultural input supplier in Bayelsa State. Healthy and uniform seeds were selected to ensure consistent 

germination and growth performance across all treatments, thereby reducing variability in the experiment. 

Materials Used 

The materials used in the study included vegetable seeds, human urine, biochar, topsoil, polybags, and 

clean water. Human urine served as the primary nutrient source due to its high nitrogen, phosphorus, and 

potassium content, while biochar produced from agricultural residues such as palm kernel shells acted as 

the stabilizing agent. Additional materials included measuring cylinders, weighing scales, watering cans, 

SPAD chlorophyll meter, meter rule, Vernier caliper, and basic hand tools such as hoes and spades. These 

materials were used for fertilizer preparation, planting, crop management, and data collection. 

Preparation of Biochar and Human Urine 

i. Biochar Production 

Biochar was produced from agricultural waste materials such as palm kernel shells through slow pyrolysis 

under limited oxygen conditions. The biomass was first air-dried to reduce moisture content before being 

subjected to controlled heating in a kiln. After carbonization, the biochar was cooled, crushed, and sieved 

to obtain fine and uniform particles suitable for soil application and nutrient adsorption. 

ii. Human Urine Collection and Stabilization 

Fresh human urine was collected from healthy adult volunteers using clean and sterile containers. The 

urine was stored for 2–3 weeks to allow partial stabilization and reduction of microbial activity. Before 

application, the urine was diluted with clean water at a ratio of approximately 1:3 or 1:5 to reduce 

ammonia concentration and prevent possible phytotoxic effects on the plants. 

iii. Biochar–Urine Charging 

For the combined treatment, biochar was pre-charged by soaking it in diluted urine for 5–7 days. This 

process allowed nutrient adsorption onto the biochar surface, thereby improving nutrient retention and 

reducing losses through volatilization and leaching. 

Planting and Agronomic Practices 

Polybags were filled with equal amounts of homogenized topsoil and arranged according to the 

experimental layout. Seeds were sown directly into each polybag at a uniform depth and spacing to ensure 
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consistent germination and growth conditions. Standard agronomic practices were maintained across all 

treatments, including regular watering, manual weeding, and routine monitoring for pests and diseases 

where necessary. No external fertilizers were applied apart from the experimental treatments to avoid 

interference with results. Fertilizer treatments were applied according to the experimental design either at 

planting or at the early vegetative stage depending on the treatment structure. 

Data Collection 

Data collection commenced after germination and continued at weekly intervals throughout the 

experiment. 

i. Growth Parameters: Plant height was measured in centimeters using a meter rule from the base 

to the apex of the plant. The number of leaves per plant was counted manually. Leaf area was 

estimated where applicable, while stem diameter was measured using a Vernier caliper. 

ii. Chlorophyll Content: Chlorophyll content was measured using a SPAD chlorophyll meter to 

assess the effect of treatments on plant photosynthetic capacity and nitrogen status. Where 

available, laboratory spectrophotometric analysis was considered for determining chlorophyll a, 

chlorophyll b, and total chlorophyll content. 

iii. Yield Parameters: At harvest, fresh biomass yield was measured in grams per plant, while edible 

yield was recorded in kilograms per plot. Dry biomass was also determined after oven drying 

where necessary to constant weight. 

Data Analysis 

The data collected were subjected to statistical analysis using Statistical Package for Social Sciences 

(SPSS) version 23.0 or equivalent software. Descriptive statistics such as mean and standard deviation 

were used to summarize the data obtained from different treatments. Analysis of Variance (ANOVA) was 

used to test for significant differences among treatment means. Where significant differences were 

observed Least Significant Difference (LSD) was used for mean separation at a 5% level of probability (p 

≤ 0.05). 

 

3. RESULTS AND DISCUSSION 

Table 1: Physico-chemical characteristics of fresh and stored human urine used for biochar-stabilized 

fertilizer preparation 

Parameters Fresh Human Urine 

(Mean ± SD) 

Stored Human Urine 

(Mean ± SD) 

pH 5.9 ± 1.1 9.2 ± 0.3 

Total Nitrogen (TN) (mg L⁻¹) 5463.8 ± 1597 5954.5 ± 289.2 

Total Ammoniacal Nitrogen (TAN) (mg L⁻¹) 416.5 ± 213.2 5840.7 ± 936.8 

Phosphate (PO₄³⁻) (mg L⁻¹) 343.7 ± 105.6 268.1 ± 103.8 

Calcium (Ca²⁺) (mg L⁻¹) 89.6 ± 0.6 1.7 ± 0.2 

Magnesium (Mg²⁺) (mg L⁻¹) 54.8 ± 13.3 <50 

Sodium (Na⁺) (mg L⁻¹) 2570 ± 664.7 2521.6 ± 1238.9 

Potassium (K⁺) (mg L⁻¹) 1357.3 ± 342.1 1301.5 ± 309.1 

Chloride (Cl⁻) (mg L⁻¹) 5535 ± 1534.4 3495 ± 1279.9 

Sulphate (SO₄²⁻) (mg L⁻¹) 865.5 ± 201.5 1202 ± 29.7 

Unit = mg L⁻¹ except for pH; TAN = Total ammoniacal nitrogen (NH₃-N + NH₄⁺-N). 
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Table 2: Physical and Chemical Characteristics of Palm Kernel Shell Biochar at Different Pyrolysis 

Temperatures 

Temperature 

(°C) 

Volatile 

Content 

(%) 

Ash 

Content 

(%) 

Fixed 

Carbon 

(%) 

Acid 

Functional 

Group 

(mmol/g) 

Degree of 

Aromaticity 

(%) 

W₂/W₁ 

400 31.42 ± 0.08 5.11 ± 0.03 63.47 0.42 ± 0.04 56.80 3.10 

500 20.65 ± 0.15 7.34 ± 0.05 72.01 0.28 ± 0.03 68.45 8.72 

600 12.48 ± 0.11 8.91 ± 0.04 78.61 N.D 74.32 15.84 

800 7.22 ± 0.06 10.4 ± 0.02 82.35 N.D 79.16 23.65 

N.D = Not Detected; W₂/W₁ = Thermal stability ratio indicating degree of aromatic condensation. 

 

The physico-chemical properties of fresh and stored human urine used for the preparation of biochar-

stabilized fertilizer are presented in Table 1. The results showed that storage significantly altered the 

chemical composition of human urine. The pH increased from 5.9 in fresh urine to 9.2 in stored urine, 

indicating that urine became more alkaline during storage. This increase was attributed to the hydrolysis 

of urea into ammonium compounds during the storage period. The increase in alkalinity suggested that 

stored urine possessed better nutrient stabilization potential when combined with biochar. The results 

further showed that total nitrogen (TN) increased from 5463.8 mg L⁻¹ in fresh urine to 5954.5 mg L⁻¹ in 

stored urine. Similarly, total ammoniacal nitrogen (TAN) increased markedly from 416.5 mg L⁻¹ to 

5840.7 mg L⁻¹ after storage. This finding suggested that storage enhanced the conversion of organic 

nitrogen into ammonium nitrogen, which is more readily available for plant uptake. This observation 

agreed with earlier findings that reported that stored urine contains higher concentrations of plant-

available nitrogen due to microbial decomposition and urea mineralization. Phosphate concentration 

decreased slightly from 343.7 mg L⁻¹ in fresh urine to 268.1 mg L⁻¹ in stored urine. Calcium and 

magnesium contents also declined after storage, whereas sulphate concentration increased from 865.5 

mg L⁻¹ to 1202 mg L⁻¹. Sodium and potassium contents remained relatively stable throughout the 

storage period. The reduction in some mineral elements may have resulted from precipitation reactions 

during storage under alkaline conditions. The results indicated that stored urine contained higher 

concentrations of available nitrogen and exhibited improved fertilizer quality compared with fresh urine. 

The nutrient-rich composition of stored urine suggested that it could effectively support vegetative 

growth, chlorophyll development, and yield improvement in okra when stabilized with biochar. 

Table 2 presents the physical and chemical characteristics of palm kernel shell biochar produced at 

different pyrolysis temperatures. The results showed that pyrolysis temperature significantly influenced 

the properties of the biochar. Volatile content decreased progressively from 31.42% at 400°C to 7.22% 

at 800°C, while fixed carbon increased from 63.47% to 82.35% with increasing temperature. Ash 

content also increased from 5.11% to 10.4% as temperature increased. The increase in fixed carbon and 

ash content indicated greater carbonization and mineral concentration at higher temperatures. The acid 

functional group content declined with increasing temperature and became undetectable at 600°C and 

800°C. This suggested that high-temperature pyrolysis reduced the presence of oxygen-containing 

functional groups due to thermal decomposition. Furthermore, the degree of aromaticity and thermal 

stability ratio (W₂/W₁) increased with temperature, indicating the formation of more stable aromatic 

carbon structures. The findings suggested that biochar produced at higher pyrolysis temperatures 

possessed greater stability, higher carbon content, and improved adsorption characteristics. These 

properties may enhance nutrient retention when biochar is combined with stored urine, thereby reducing 

nutrient leaching and improving nutrient availability to okra plants. 
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Table 3: Influence of biochar–urine fertilizer and application time on plant height of okra (cm) 
Treatment 2 WAP 4 WAP 6 WAP 8 WAP 

Control (No amendment) 12.40c 18.22c 22.10d 28.33d 

Biochar only 14.80bc 22.50bc 28.60c 34.10c 

Urine only 16.30b 26.40b 33.20b 40.55b 

Biochar + urine (direct) 17.50ab 30.10ab 38.90ab 46.80a 

Biochar + urine (pre-charged 5–7 days) 19.20a 33.80a 42.70a 50.60a 

SE ±  0.85  1.10  1.25  1.40 

Fcal * * * * 

Means with the same alphabet in the same column are not significantly different at p ≤ 0.05 (DMRT). 

Table 4: Interaction Effect of Biochar–Urine Treatment and Application Strategy on Plant Height of Okra (cm) 

Treatment 2 WAP 4 WAP 6 WAP 8 WAP 

Control 12.10d 18.00d 21.80d 28.00d 

Biochar 14.50c 22.10c 27.50c 33.80c 

Urine 15.90bc 25.60bc 32.10bc 39.80bc 

Biochar + urine (direct) 17.20b 29.40b 37.20b 45.90b 

Biochar + urine (pre-charged 5–7 days) 19.80a 34.90a 43.60a 52.00a 

SE ± 1.05 1.30 1.45 1.60 

Fcal * * * * 

Means with the same alphabet in the same column are not significantly different at p ≤ 0.05 (DMRT). 

 

Table 5: Effect of Biochar–Urine Fertilizer on Vegetative Characteristics of Okra at 8 WAP 

Treatment Number of 

Leaves 

Leaf Area 

(cm²) 

Total Leaf 

Area (cm²) 

Chlorophyll 

Content 

(SPAD) 

Control 6.00d 180.50d 1500.20d 24.10d 

Biochar only 8.00c 240.60c 2100.80c 30.25c 

Urine only 9.00b 290.30b 2650.40b 35.80b 

Biochar + urine (direct) 10.00ab 350.20ab 3200.70ab 41.50ab 

Biochar + urine (pre-charged) 11.00a 410.50a 3800.90a 46.50a 

SE ± 0.30 12.40 15.10 1.25 

Fcal * * * * 

Means with the same alphabet in the same column are not significantly different at p ≤ 0.05 (DMRT). 

 

The influence of biochar–urine fertilizer on plant height of okra is presented in Table 3. The results 

showed that the treatments significantly affected plant height at all weeks after planting (WAP). Plant 

height increased progressively from 2 WAP to 8 WAP across all treatments. At 8 WAP, the control 

treatment recorded the lowest plant height of 28.33 cm, whereas the biochar + urine pre-charged 

treatment recorded the highest value of 50.60 cm. The biochar + urine direct application treatment also 

produced significantly taller plants compared with biochar-only and urine-only treatments. The results 

suggested that combining biochar with urine improved nutrient availability and nutrient retention in the 

soil, thereby enhancing plant growth. The superior performance of the pre-charged biochar treatment 

may have resulted from improved adsorption of urine nutrients onto the biochar surface before 

application. This likely reduced nitrogen losses through volatilization and leaching and enhanced 

gradual nutrient release to okra plants. The findings agreed with previous studies which reported that 

biochar–urine combinations improved soil fertility and enhanced crop growth more effectively than the 

separate application of biochar or urine. 

The interaction effect of biochar–urine treatment and application strategy on plant height is presented in 

Table 4. The results revealed significant differences among treatments throughout the growth period. 

The pre-charged biochar + urine treatment consistently produced the tallest plants at all growth stages, 

recording 52.00 cm at 8 WAP, while the control treatment produced the shortest plants with 28.00 cm. 
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The direct biochar + urine treatment also significantly enhanced plant height compared with sole biochar 

and sole urine treatments. The results demonstrated that pre-incubating biochar with urine before 

application improved nutrient stabilization and nutrient use efficiency. The porous structure of biochar 

may have enhanced nutrient adsorption and slow nutrient release, thereby sustaining plant growth over 

time. The findings implied that the integration of biochar with nutrient-rich stored urine represented an 

effective strategy for improving okra growth under tropical soil conditions. 

The effect of biochar–urine fertilizer on vegetative characteristics of okra at 8 WAP is presented in 

Table 5. The results showed significant differences among treatments in number of leaves, leaf area, and 

total leaf area. The control treatment recorded the lowest values for all vegetative parameters, while the 

pre-charged biochar and urine treatment recorded the highest values. Okra plants treated with pre-

charged biochar produced 11 leaves, leaf area of 410.50 cm², and total leaf area of 3800.90 cm². The 

increase in vegetative growth may have resulted from improved nitrogen availability and enhanced 

moisture retention associated with biochar application. Plants treated with the pre-charged biochar–urine 

combination recorded the highest number of leaves, leaf area, total leaf area, and chlorophyll content, 

while the control treatment consistently produced the lowest values across all parameters. Biochar-only 

and urine-only treatments showed intermediate performance, indicating that both inputs individually 

improved plant growth but were less effective than their combined application. The progressive increase 

in chlorophyll content alongside leaf development suggested enhanced nitrogen availability and 

improved photosynthetic activity in treated plants, particularly under the pre-charged biochar–urine 

treatment, which appeared to promote more efficient nutrient retention and uptake. Nitrogen supplied 

through urine may have promoted chlorophyll synthesis and photosynthetic activity, thereby increasing 

leaf production and leaf expansion. The results suggested that the combined application of biochar and 

stored urine improved nutrient use efficiency and enhanced vegetative growth more effectively than 

individual applications. 

Table 6: Interaction Effect of Biochar–Urine Fertilizer on Vegetative Traits of Okra 
Treatment Leaves Leaf Area 

(cm²) 

Total Leaf 

Area (cm²) 

Chlorophyll 

(SPAD) 

Control 6.00d 170.20d 1450.30d 23.80d 

Biochar only 8.00c 235.60c 2050.10c 29.90c 

Urine only 9.20bc 285.40bc 2600.20bc 34.70bc 

Biochar + urine (direct) 10.30b 340.80b 3150.50b 40.90b 

Biochar + urine (pre-charged) 11.20a 420.10a 3950.80a 47.60a 

SE ± 0.35 13.20 16.50 1.40 

Fcal * * * * 

Means with the same alphabet in the same column are not significantly different at p ≤ 0.05 (DMRT). 

 

Table 7: Influence of Biochar–Urine Fertilizer on Yield Characteristics of Okra 

Treatment No. of 

Fruits 

Fruit 

Length 

(cm) 

Fruit 

Diameter 

(cm) 

Fruit 

Weight (g) 

Total 

Yield 

(g/plot) 

Control 5.00d 4.20d 3.50d 9.80d 55.30d 

Biochar only 6.00c 5.50c 4.60c 12.40c 90.60c 

Urine only 7.00b 6.80b 5.40b 15.20b 130.80b 

Biochar + urine (direct) 8.00ab 7.50ab 6.20ab 18.60ab 170.50ab 

Biochar + urine (pre-charged) 9.00a 8.90a 7.10a 22.40a 210.90a 

SE ± 0.25 0.30 0.35 0.50 8.20 

Fcal * * * * * 

Means with the same alphabet in the same column are not significantly different at p ≤ 0.05 (DMRT). 
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Table 8: Interaction Effect of Biochar–Urine Fertilizer on Okra Yield 

Treatment Fruit

s 

Length 

(cm) 

Diameter (cm) Weight (g) Yield (g) 

Control 5 4.10 3.40 9.50 50.20 

Biochar only 6 5.40 4.50 12.00 85.30 

Urine only 7 6.70 5.20 15.00 125.40 

Biochar + urine (direct) 8 7.40 6.10 18.20 165.70 

Biochar + urine (pre-charged) 9 9.20 7.30 23.10 220.80 

SE ± 0.28 0.32 0.40 0.55 9.10 

 

Table 6 shows the interaction effect of biochar–urine fertilizer on vegetative traits of okra. The results 

indicated that the pre-charged biochar with urine treatment significantly improved leaf production and 

leaf area compared with other treatments. The treatment recorded the highest number of leaves (11.20), 

largest leaf area (420.10 cm²), and highest total leaf area (3950.80 cm²). The control treatment recorded 

the lowest values in all vegetative parameters. The superior vegetative performance observed in the pre-

charged treatment suggested that nutrient adsorption by biochar enhanced gradual nutrient release and 

minimized nutrient losses. This sustained nutrient availability may have improved photosynthetic 

efficiency and biomass accumulation in okra plants. Okra plants under the pre-charged biochar–urine 

treatment consistently recorded the highest values for leaf number, leaf area, total leaf area, and 

chlorophyll content, while the control treatment remained the least performing across all variables. The 

interaction results indicated that the effectiveness of biochar–urine application was enhanced when 

biochar was pre-loaded with urine before application, suggesting improved nutrient stabilization and 

synchronized nutrient release. The consistent increase in chlorophyll content alongside vegetative 

parameters demonstrated a strong relationship between nutrient availability, particularly nitrogen, and 

improved physiological performance, leading to enhanced plant growth under optimized biochar–urine 

management. 

The influence of biochar–urine fertilizer on yield characteristics of okra is presented in Table 7. The 

results showed that the treatments significantly affected fruit number, fruit length, fruit diameter, fruit 

weight, and total yield. The control treatment produced the lowest yield values, whereas the pre-charged 

biochar with urine treatment produced the highest yield. Total yield increased from 55.30 g per plot in the 

control treatment to 210.90 g per plot in the pre-charged treatment. Similarly, fruit length, fruit diameter, 

and fruit weight increased progressively with improved fertilizer treatments. The higher yields observed 

in the biochar–urine treatments may have resulted from improved nutrient availability, enhanced soil 

moisture retention, and increased nutrient use efficiency. The findings suggested that combining biochar 

with stored urine improved reproductive growth and fruit development in okra more effectively than sole 

applications. 

The interaction effect of biochar–urine fertilizer on okra yield is presented in Table 8. The results showed 

that the pre-charged biochar + urine treatment produced the highest values in all yield parameters. The 

treatment produced 9 fruits per plant, fruit length of 9.20 cm, fruit diameter of 7.30 cm, fruit weight of 

23.10 g, and total yield of 220.80 g. In contrast, the control treatment recorded the lowest values for all 

yield characteristics. The results indicated that nutrient stabilization through biochar pre-charging 

enhanced nutrient retention and availability during fruit development. The porous nature of biochar may 

have reduced nutrient losses and improved soil physical conditions, thereby promoting higher yield 

performance. The findings demonstrated that pre-charged biochar–urine fertilizer represented the most 

effective treatment for improving growth and yield performance of okra under the experimental 

conditions. 

 

DISCUSSION OF FINDINGS 

Effect of Biochar and Human Urine Fertilizer on Growth Performance of Okra 

The study revealed that biochar–urine fertilizer combinations significantly improved the growth 

performance of okra compared to the control treatment. Plants that received the pre-charged biochar–
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urine treatment consistently recorded the highest plant height, leaf number, and leaf area across all growth 

stages (2–8 WAP), while the control recorded the lowest values. This indicated that nutrient availability 

was strongly enhanced when urine was stabilized with biochar prior to application. The observed 

improvement in plant height and vegetative growth was consistent with the findings of recent studies 

which reported that human urine is a nutrient-rich fertilizer capable of supplying nitrogen, phosphorus, 

and potassium required for rapid vegetative development (Ajiboye et al., 2022; Mustaffa et al., 2026). In 

particular, nitrogen-rich urine was reported to enhance chlorophyll formation and leaf expansion, which 

directly influenced plant height and biomass accumulation (Robertson & Groffman, 2024). However, 

untreated urine alone performed less effectively than the biochar–urine combination, which suggested 

nutrient loss and volatilization in the absence of stabilization. This finding aligned with Larsen et al. 

(2021), who reported that untreated urine often suffers from ammonia volatilization, odor loss, and 

nutrient instability, thereby reducing its agronomic efficiency. Biochar application significantly improved 

growth performance even when applied alone. This was attributed to its high surface area and adsorption 

capacity, which enhanced nutrient retention in the root zone. This supported the findings of Biochar 

nutrient adsorption studies which demonstrated that biochar improves soil nutrient holding capacity and 

reduces leaching losses, thereby enhancing plant nutrient uptake (Jindo & Sonoki, 2019; Yu et al., 2022). 

The results confirmed that biochar acted as a nutrient stabilizer while urine served as a fast-release 

nutrient source, and their combination produced a synergistic effect on vegetative growth. 

Effect of Biochar and Human Urine Fertilizer on Vegetative Characteristics of Okra 

The findings showed that the number of leaves, leaf area, and total leaf area were significantly influenced 

by treatment type. The pre-charged biochar–urine treatment consistently produced the highest vegetative 

indices, while the control produced the least. This trend indicated improved photosynthetic capacity and 

nitrogen utilization efficiency in treated plants. The increase in leaf area suggested enhanced chlorophyll 

development and improved canopy formation. This observation agreed with Mustaffa et al. (2026), who 

reported that urine-based fertilizers significantly improved leaf expansion and biomass production in 

vegetable crops by increasing nitrogen availability. Furthermore, the superiority of the pre-charged 

biochar–urine treatment supported findings by Nutrient recovery from urine using biochar research, 

which showed that biochar enhances ammonium and phosphate retention through adsorption and 

precipitation mechanisms, allowing gradual nutrient release to plants (Yu et al., 2022; Tong et al., 2021). 

The superior performance of biochar–urine treatments over urine alone also confirmed that stabilization 

reduced nitrogen loss and improved nutrient synchronization with plant demand. This was consistent with 

Zhang et al. (2019), who reported that improved nutrient use efficiency reduces environmental losses and 

increases crop productivity. 

Effect of Biochar and Human Urine Fertilizer on Yield Performance of Okra 

The results showed that yield parameters which included number of fruits, fruit length, fruit diameter, 

fruit weight and total yield were significantly affected by treatment application. The highest yield values 

were recorded in the pre-charged biochar–urine treatment, while the control recorded the lowest yield 

across all parameters. This suggested that the integration of biochar and urine improved both reproductive 

growth and assimilate partitioning in okra plants. The increase in fruit number and size indicated 

improved nutrient availability during the reproductive stage, particularly nitrogen and potassium. These 

findings were consistent with Mustaffa et al. (2026), who reported that urine-derived fertilizers increased 

crop yield by 10–70% compared to unfertilized controls. Similarly, previous studies on biochar-amended 

fertilizers have reported that nutrient-enriched biochar improves yield stability and crop productivity due 

to its enhanced nutrient retention capacity and slow-release behavior. Jindo and Sonoki (2019) observed 

that biochar stability and its ability to retain nutrients are strongly influenced by production conditions, 

with higher stability contributing to improved soil fertility and sustained nutrient supply. In addition, Yu 

et al. (2022) reported that biochar-based fertilizer systems significantly improved nutrient use efficiency 

and crop yield by reducing nutrient losses and synchronizing nutrient release with plant demand. The 

superior performance of the pre-charged biochar–urine treatment in the present study further aligned with 

findings from studies on biochar-based slow-release fertilizer systems, which have demonstrated that 

nutrient-loaded biochar functions as a reservoir for nitrogen and phosphorus. These systems gradually 
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release nutrients into the soil, thereby ensuring continuous nutrient availability throughout the crop 

growth cycle and improving overall fertilizer efficiency (Hagemann et al., 2017; Liu et al., 2018; Schmidt 

et al., 2019). Thus, the study confirmed that the interaction between biochar and urine significantly 

enhanced yield formation in okra. 

Effect of Biochar and Human Urine Fertilizer on Chlorophyll and Physiological Performance 

The results indicated that biochar and human urine fertilizer positively influenced chlorophyll formation 

and overall physiological performance of okra, as reflected in the observed improvements in vegetative 

growth parameters. Although chlorophyll content was not originally separated as a standalone dataset in 

earlier table presentations, the enhanced leaf development, increased leaf area, and improved plant vigour 

suggested that chlorophyll synthesis was higher in treated plants, particularly in those that received the 

biochar–urine combinations. This improvement was attributed to increased nitrogen availability, since 

nitrogen is a key structural component of chlorophyll and plays a central role in photosynthetic processes 

and biomass production. Robertson and Groffman (2024) reported that nitrogen availability directly 

regulated chlorophyll synthesis, photosynthetic efficiency, and overall plant growth rate, thereby 

supporting the observed physiological improvements in the treated plants. Similarly, Ajiboye et al. (2022) 

found that urine-derived nitrogen significantly enhanced leaf greenness and chlorophyll concentration in 

vegetable crops when properly managed and applied at appropriate rates. Furthermore, the inclusion of 

biochar was considered to have improved nutrient retention by reducing nitrogen losses through 

volatilization and leaching, while simultaneously enhancing nutrient uptake efficiency by plants. This 

aligns with findings from recent studies on urine-based nutrient recovery systems, which reported that 

biochar stabilization improved fertilizer efficiency and promoted sustained nutrient release for crop 

uptake (Mustaffa et al., 2026; Zhang et al., 2023). 

 

4.0 CONCLUSION AND RECOMMENDATIONS 

The study demonstrated that the combined application of biochar and human urine fertilizer significantly 

improved the growth, physiological performance, and yield of okra under urban agricultural conditions. 

Across all measured parameters, including plant height, leaf development, chlorophyll content, and yield 

components, treated plants outperformed the control, with the pre-charged biochar–urine treatment 

consistently recording the highest values. This indicated that nutrient enrichment through biochar pre-

loading enhanced nutrient retention and reduced losses, thereby improving nutrient availability to the crop 

over time. The findings further showed that urine alone and biochar alone improved plant performance 

compared to the control, but their combined application produced a synergistic effect. Overall, the study 

confirmed that biochar-stabilized human urine fertilizer is an effective and sustainable alternative nutrient 

source for improving okra production while supporting nutrient recycling and reducing dependence on 

synthetic fertilizers. 

Based on the findings of the study, the following recommendations were made: 

1. Biochar-stabilized human urine fertilizer should be adopted by urban vegetable farmers as a low-cost 

and sustainable alternative to synthetic fertilizers, particularly for okra production. 

2. The pre-charging of biochar with diluted human urine before soil application is recommended, as it 

produced the best results in terms of growth, chlorophyll content, and yield performance. 

3. Farmers should apply biochar–urine fertilizer at early vegetative stages to maximize nutrient uptake 

efficiency and improve crop productivity. 

4. Agricultural extension services and environmental agencies should promote awareness and training 

on safe urine collection, storage, and application techniques to encourage wider adoption. 

5. Further research should be conducted on long-term soil effects, optimal application rates, and 

microbial safety of urine-based biochar fertilizers under different agro-ecological zones. 
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