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Sustainable Urban Farming: Effects of Organic
Manure on Lettuce Growth and Soil Fertility
 


ABSTRACT

Rapid urbanization has reduced available agricultural land, creating an urgent need for sustainable food production systems such as urban organic farming. This study aimed to evaluate the effects of manure type and dosage on lettuce (Lactuca sativa L.) growth and yield under urban organic farming conditions, identify the optimal application rate, and assess its contribution to soil fertility and sustainable nutrient management. Two separate experimental series were carried out under a Completely Randomized Design (CRD). Each series involved a single type of manure (chicken or goat) combined with five application levels (10, 20, 30, 40, and 50 tons ha⁻¹), and every treatment was repeated three times. Lettuce seedlings were transplanted into polybags containing 5 kg of soil mixed with the respective manure treatments. Growth parameters—including plant height, leaf number, and stem diameter—were measured weekly, while yield components (fresh and dry biomass, root length, and total yield) were assessed at harvest. Data were analyzed using ANOVA, and mean differences were tested with LSD at the 5% level. The results revealed that goat manure significantly (p < 0.01) enhanced all growth and yield parameters compared with chicken manure, which had no significant effect due to its high C/N ratio and immature composition. The optimal performance was observed at 30–40 tons ha⁻¹ of goat manure, with 30 tons ha⁻¹ identified as the most efficient rate, producing comparable yield with lower input use. Goat manure improved vegetative growth, nutrient uptake, and overall productivity, highlighting its potential as a sustainable organic amendment for urban lettuce farming. Moderate application of goat manure (30–40 tons ha⁻¹) is recommended to improve yield performance and promote sustainable manure recycling in urban organic agriculture systems. The findings of this study suggest that incorporating organic fertilizers in urban farming can enhance crop productivity and soil health, thereby supporting more sustainable urban agricultural practices, improving food security, and providing environmental benefits through reduced reliance on synthetic inputs.
Keywords: chicken and goat manure, growth and yield, lettuce (Lactuca sativa L.), sustainable agriculture, 	     urban organic farming
1. INTRODUCTION

Urban agriculture has gained significant prominence as a strategic response to the challenges posed by rapid urbanization, which continues to reduce the availability of arable land due to the expansion of residential, commercial, and industrial areas. As a sustainable and adaptive practice, urban agriculture enhances urban food security, strengthens local food systems, and increases the resilience of cities to socio-economic and environmental challenges. It enables households to access fresh, nutritious produce while optimizing the use of limited urban spaces, including backyards, rooftops, and community gardens (Murwani et al., 2022; Colson-Fearon & Versey, 2022; Orsini et al., 2013). Moreover, urban farming systems contribute to environmental sustainability by facilitating organic waste recycling, reducing greenhouse gas emissions associated with long-distance food transport, and fostering social cohesion through community engagement in food production (Imani et al., 2018; Mok et al., 2014; Specht et al., 2019; Riaño-Herrera et al., 2023).

Among various crop species adaptable to urban agricultural systems, lettuce is considered a highly suitable crop owing to its rapid growth cycle, rich nutritional composition, and significant economic value. Lettuce cultivation can be efficiently implemented in confined urban spaces through container-based or vertical farming systems, thereby optimizing land use and enabling year-round production (Septya et al., 2022; Kozai et al., 2019). The rising consumer demand for organically produced lettuce reflects growing awareness of food safety, health benefits, and environmental sustainability, as consumers increasingly prefer chemical-free, nutrient-dense vegetables (Rahman & Ansharullah, 2023; Srinieng & Thapa, 2018). Rahman et al., 2021). Nevertheless, the productivity and quality of organically grown lettuce are highly dependent on the type, quality, and nutrient-release capacity of organic fertilizers used to maintain soil fertility and ensure stable yields (Shaik et al., 2022; Cardarelli et al, 2023;  De Carolis et al., 2024). Appropriate nutrient management using well-composted manures or bio-based amendments has been reported to enhance lettuce growth, improve leaf chlorophyll content, and increase antioxidant properties, contributing to higher nutritional and commercial value (Nurhidayati et al., 2021; Contreras-Cisneros et al., 2025)

Animal manures, particularly those originating from livestock, have been widely recognized as valuable organic fertilizers due to their capacity to enhance soil physical, chemical, and biological characteristics. Among these, goat and chicken manures are frequently utilized by small-scale and urban farmers. Goat manure is characterized by its slow decomposition rate, allowing for the gradual release of nutrients, which promotes sustained soil fertility, improved structure, and enhanced microbial activity (Anandyawati et al., 2023; Katakula et al., 2021;  Abam et al., 2024)

Empirical studies have demonstrated that goat manure provides a balanced composition of macro- and micronutrients essential for optimal plant development, while simultaneously improving soil aeration, aggregate stability, and water-holding capacity (Ardian et al., 2022). The application of goat manure significantly increases the vegetative growth and yield performance of leafy vegetables and garlic, reinforcing its role as a sustainable and eco-friendly organic amendment (Purba et al., 2021; Gichaba et al., 2020). Complementary findings also indicate that manure enhances soil enzymatic activities and nutrient cycling, contributing to long-term soil health and agricultural productivity (Ferreira et al., 2021)

In contrast, although chicken manure is inherently rich in nitrogen, its application in an unprocessed or immature state may pose several agronomic challenges (Nahm, 2005). A high carbon-to-nitrogen (C/N) ratio limits nutrient mineralization and may induce phytotoxic effects due to excessive ammonium accumulation. Empirical findings from previous local studies have shown that chicken manure with a C/N ratio greater than 40 is unsuitable for direct soil application, as it promotes nitrogen immobilization and consequently suppresses plant growth (Ravidran and Mnkeni, 2016; Chang et al., 2020; Sukmawati et al., 2022). Therefore, proper composting or aerobic stabilization is essential to enhance the agronomic efficiency of chicken manure by lowering its C/N ratio and converting organic nitrogen into more plant-available mineral forms (Chang et al., 2020)

Considering the increasing significance of organic vegetable production within urban environments, optimizing both the type and application rate of organic manures is essential to ensure sustainable lettuce cultivation. Previous research conducted in Indonesia has demonstrated the positive effects of organic amendments on soil fertility, nutrient cycling, and crop productivity (Usman et al., 2024; Pujiwati et al., 2023; Haryanta et al., 2023). However, comprehensive comparative assessments examining different manure types and dosage levels under urban organic production systems remain scarce ( Rachman et al., 2021). This study aimed to evaluate the effects of different organic manure types (goat and chicken) on the growth and yield of lettuce under urban organic farming conditions, determine the optimal manure dosage for maximizing lettuce growth performance and yield in polybag-based cultivation systems and assess the influence of organic manure application on soil fertility parameters, including nutrient availability and organic matter content.

2. METHODOLOGY

2.1 Location site and Design
The study was carried out using a Completely Randomized Design (CRD) comprising two independent experiments. The first experiment employed chicken manure, while the second utilized goat manure. Each experiment consisted of six application rate levels, namely 0 (control), 10, 20, 30, 40, and 50 tons per hectare.

The experiment commenced with the preparation of the planting medium. Topsoil was air-dried, sieved to remove debris, and weighed to obtain 5 kg per experimental unit. Each unit consisted of a polybag measuring 30 cm × 35 cm. The soil was thoroughly mixed with either chicken or goat manure according to the designated treatment levels prior to planting. The lettuce seeds were subjected to a viability test; only viable seeds were selected for sowing. These seeds were germinated in plastic seed trays filled with a fine-textured medium and kept under controlled moisture conditions. The trays were watered daily using a fine mist sprayer to maintain adequate humidity and prevent desiccation. 

Fertilization treatments were applied one week prior to transplanting. Each type of manure was incorporated evenly into the topsoil layer. The prepared media were then left to stabilize under ambient conditions for seven days, maintaining adequate moisture through light watering to promote initial microbial activity and nutrient mineralization. 

Seven-day-old lettuce seedlings were transplanted into 1 cm-deep holes, one per polybag, and grown under organic conditions with routine watering every three days (about 500 mL per polybag), manual weeding, and pest removal by hand. Harvesting took place 30–40 days after transplanting, when plants displayed fully expanded, bright green leaves, after which they were carefully removed and stored to maintain freshness for subsequent analysis. 

2.2 Data Collection and Analysis Procedures
Growth and yield were monitored weekly from one week after transplanting until harvest, measuring plant height, leaf number, and leaf length from five randomly selected plants per treatment to assess the effects of manure type and application rate on lettuce performance. At harvest, fresh weight, root length, and total biomass were measured, while dry weight was obtained after oven-drying samples at 70 °C for 48 h. Post-harvest soil samples were analyzed for pH, organic matter, and key nutrients (N, P, K) following AOAC (2019) procedures.

Data were analyzed using two-way ANOVA under a Completely Randomized Design (CRD) with manure type and dosage as factors, and treatment means were compared using the Least Significant Difference (LSD) test at the 5% level. Statistical analyses were performed with SPSS 26.0.
3. [bookmark: _GoBack]RESULTS AND DISCUSSION
3.1. Effect of Manure Type on Lettuce Growth and Yield

The type of manure used had a significant effect on the growth and yield of lettuce grown in an urban organic farming system. Lettuce plants treated with goat manure exhibited vigorous vegetative growth, higher leaf numbers, thicker stems, and greater shoot and root biomass compared to those treated with chicken manure. Statistical analysis indicated that goat manure significantly affected all measured variables (p < 0.05), while chicken manure showed no significant influence on plant height, number of leaves, stem diameter, or both fresh and dry weights of shoots and roots (Table 1 and 4).

Table 1. Summary of F-values from ANOVA at a 5% significance level for the effect of chicken  	   
	manure on lettuce growth and yield.

	Variable
	F-value
	CV (%)
	F-table (5%)
	F-table (1%)

	Plant height (2 WAT)
	1.518 ns
	6.24
	
	

	Plant height (4 WAT)
	0.937 ns
	17.85
	
	

	Plant height (6 WAT)
	1.842 ns
	19.75
	
	

	Number of leaves (2 WAT)
	0.867 ns
	24.96
	
	

	Number of leaves (4 WAT)
	0.783 ns
	31.68
	
	

	Number of leaves (6 WAT)
	2.060 ns
	40.79
	
	

	Shoot fresh weight
	2.179 ns
	20.09
	
	

	Root fresh weight
	2.129 ns
	8.74
	2.621
	3.895

	Total fresh weight (shoot + root)
	1.196 ns
	23.99
	
	

	Shoot dry weight
	0.548 ns
	11.24
	
	

	Root dry weight
	2.590 ns
	1.28
	
	

	Stem diameter (2 WAT)
	0.808 ns
	7.00
	
	

	Stem diameter (4 WAT)
	0.189 ns
	10.90
	
	

	Stem diameter (6 WAT)
	0.800 ns
	10.15
	
	

	Root-to-shoot ratio
	0.586 ns
	10.77
	
	


ns = not significant; WAT = weeks after transplanting; CV = coefficient of variation.
The ANOVA results showed that the application of chicken manure had no statistically significant effect (p > 0.05) on any of the evaluated growth or yield parameters of lettuce. Although variations were observed in plant height, leaf number, and biomass across sampling periods, these differences were within the experimental error range, as reflected by the relatively moderate coefficients of variation. This suggests that, under the given conditions, chicken manure alone may not have substantially influenced lettuce growth performance.
Table 2. Mean growth and yield of lettuce as affected by chicken manure application.
	Chicken manure dosage (ton/ha)
	PH
2 WAT (cm)
	PH
4 WAT (cm)
	PH
6 WAT (cm)
	NL
2 WAT
	NL
4 WAT
	NL
6 WAT
	SFW (g)
	RFW (g)

	P0: Control
	1.04
	1.00
	0.71
	2.4
	2.4
	0.71
	0.00
	0.00

	P1: 10
	1.13
	0.94
	0.79
	3.2
	2.4
	1.05
	0.34
	0.11

	P2: 20
	1.18
	0.99
	0.93
	3.0
	2.8
	1.40
	0.54
	0.17

	P3: 30
	1.19
	1.07
	0.96
	3.0
	2.8
	1.34
	0.49
	0.15

	P4: 40
	1.56
	0.85
	0.76
	2.6
	2.6
	0.88
	0.12
	0.04

	P5: 50
	1.13
	0.93
	0.80
	2.8
	3.0
	1.40
	0.37
	0.12


Means followed by the same letter within the same column are not significantly different according to the Least Significant Difference (LSD) test at the 5% level. PH = Plant height; NL = Number of leaves; SFW = Shoot fresh weight; RFW = Root fresh weight; WAT = Weeks after transplanting.
Table 3. Mean growth and yield components of lettuce as affected by chicken manure application.
	Manure dosage (ton/ha)
	TFW 
(g)
	SDW 
(g)
	RDW 
(g)
	SD
2 WAT (cm)
	SD
4 WAT (cm)
	SD
 6 WAT (cm)
	RSR

	P0: Control
	0.00
	0.00
	0.00
	0.86
	0.80
	0.71
	1.00

	P1: 10
	0.45
	0.09
	0.014
	0.89
	0.81
	0.78
	1.07

	P2: 20
	0.72
	0.056
	0.020
	0.93
	0.78
	0.74
	1.03

	P3: 30
	0.64
	0.057
	0.020
	0.89
	0.79
	0.78
	1.03

	P4: 40
	0.16
	0.148
	0.004
	0.91
	0.80
	0.73
	1.10

	P5: 50
	0.49
	0.044
	0.016
	0.89
	0.77
	0.77
	1.02


TFW = Total fresh weight; SDW = Shoot dry weight; RDW = Root dry weight; SD = Stem diameter; RSR = Root-to-shoot ratio; WAT = Weeks after transplanting.

Application of chicken manure showed slight variations in lettuce growth and yield parameters across treatments (Tables 2 and 3). Although statistical analysis indicated no significant differences at the 5% level, plants receiving moderate manure doses (P2–P3) tended to exhibit higher plant height, leaf number, and biomass accumulation compared to the control (P0). These treatments also produced greater shoot and root fresh weights, suggesting improved nutrient availability and soil structure from organic amendment. However, excessive or insufficient manure application (P4 and P1) resulted in reduced growth performance, possibly due to nutrient imbalance or limited mineralization. Overall, the results indicate that moderate chicken manure application enhances vegetative growth and yield potential of lettuce under organic cultivation conditions.

The poor performance of lettuce under chicken manure treatment was attributed to the immaturity and high carbon-to-nitrogen (C/N) ratio of the manure (48.08), which limited nutrient mineralization and nitrogen availability. This condition can cause nitrogen immobilization and the accumulation of phytotoxic compounds such as ammonium (NH₄⁺) and volatile organic acids, inhibiting root elongation and overall plant growth (Lončarić et al., 2024; Pagliarini et al., 2024). These findings are consistent with previous studies reporting that immature poultry manure often delays plant development and reduces yield due to its unstable organic matter and incomplete decomposition (Dewi et al., 2023; Arifin & Sari, 2020).

In contrast, goat manure was found to be more stable and well-decomposed, providing a gradual release of nutrients suitable for lettuce’s short growth cycle. It improved soil structure, enhanced aeration, and supported microbial activity, leading to better root development and nutrient uptake. Similar results have been reported by Mounirou et al. (2023) and Peni et al. (2023), who found that goat manure application significantly increased lettuce biomass and improved soil fertility parameters. The higher organic matter content and balanced macro- and micronutrient composition in goat manure (especially N, P, and K) contribute to enhanced photosynthetic efficiency and vegetative growth (Wardhana et al., 2017; Yusuf et al., 2018).

3.2. Effect of Goat Manure Dosage on Lettuce Growth and Yield 

The application dosage of goat manure significantly influenced lettuce performance, as shown in Table 4. 
Table 4. Summary of F-values from ANOVA at a 5% significance level for the effect of goat manure on lettuce growth and yield	  	.
	Variable
	F-value
	CV (%)
	F-table (5%)
	F-table (1%)

	Plant height (2 WAT)
	13.585**
	27.63
	
	

	Plant height (4 WAT)
	52.041**
	14.70
	
	

	Plant height (6 WAT)
	62.345**
	13.91
	
	

	Number of leaves (2 WAT)
	12.047**
	13.09
	
	

	Number of leaves (4 WAT)
	41.899**
	14.09
	
	

	Number of leaves (6 WAT)
	125.338**
	9.83
	
	

	Shoot fresh weight
	23.603**
	23.21
	
	

	Root fresh weight
	23.881**
	15.18
	2.621
	3.895

	Total fresh weight (shoot + root)
	38.998**
	17.02
	
	

	Shoot dry weight
	18.958**
	21.21
	
	

	Root dry weight
	8.131**
	11.79
	
	

	Stem diameter (2 WAT)
	19.180**
	6.10
	
	

	Stem diameter (4 WAT)
	53.474**
	5.44
	
	

	Stem diameter (6 WAT)
	130.636**
	5.21
	
	

	Root-to-shoot ratio
	10.610**
	23.74
	
	


* = significant; ** = highly significant; WAT = weeks after transplanting; CV = coefficient of variation; t = data transformed using √(x + 0.5).
The ANOVA results showed that goat manure application had a highly significant effect (p < 0.01) on all measured growth and yield parameters of lettuce (Table 4). Substantial differences were recorded in plant height, number of leaves, biomass accumulation, and stem diameter across the sampling periods. The significant F-values indicate that goat manure markedly enhanced vegetative growth and yield potential compared to the control. This improvement can be attributed to the manure’s balanced nutrient composition and gradual mineralization rate, which enhances soil structure, microbial activity, and nutrient uptake efficiency (Mounirou et al., 2023; Peni et al., 2023). 
Table 5. Mean Growth and Yield of Lettuce as Affected by Goat Manure Application
	Manure dosage (ton/ha)
	PH 2WAT (cm)
	PH 
4WAT (cm)
	
	PH 
6WAT (cm)
	NL 
2 WAT
	NL  
4 WAT
	
	NL 
6 WAT
	SFW
 (g)
	RFW 
(g)
	

	P0: Control
	0.68 b
	0.56
	d
	0.00 b
	2.4 b
	2.4
	d
	0.71 b
	0.70 c
	0.70
	c

	P1: 10
	2.20 b
	5.66 
	c
	13.08 a
	4.4 a
	7.8
	c
	13.8 a
	6.96 b
	2.10
	b

	P2: 20
	3.60 a
	6.56
	bc
	13.88 a
	4.2 a
	8.8 
	bc
	14.4 a
	9.91 a
	2.43
	ab

	P3: 30
	3.76 a
	7.02
	b
	13.88 a
	4.4 a
	9.6 
	ab
	15.2 a
	10.32 a
	2.65
	a

	P4: 40
	4.30 a
	8.26
	a
	12.82 a
	4.6 a
	10.6
	a
	15.0 a
	9.90 a
	2.60
	a

	P5: 50
	4.30 a
	8.24
	a
	13.06 a
	4.4 a
	9.2 
	b
	13.8 a
	6.61 b
	2.16
	b


Note: Means followed by the same lowercase letter within a column are not significantly different according to the LSD test at the 5% level. PH = Plant Height; NL= Number of Leaves; SD = Stem Diameter; SFW = Shoot Fresh Weight;  RFW = Root Fresh Weight; WAT = weeks after transplanting.
Table 6. Mean Growth and Yield Components of Lettuce under Goat Manure Treatments
	Manure dosage (ton/ha)
	TFB 
(g)
	SDW 
(g)
	RDW
(g)
	SD 
2 WAT (cm)
	SD 
4 WAT (cm)
	SD 
6 WAT (cm)
	RSR

	P0: Control
	0.70 c
	0.70 c
	0.70 b
	0.85 ab
	0.83 c
	0.71 b
	1.00 d

	P1: 10
	7.18 b
	2.50 b
	0.98 a
	0.83 bc
	1.30 b
	1.71 a
	2.54 bc

	P2: 20
	10.14 a
	3.49 a
	1.07 a
	0.83 bc
	1.33 b
	1.75 a
	3.27 ab

	P3: 30
	10.78 a
	3.63 a
	1.13 a
	0.78 c
	1.36 ab
	1.78 a
	3.21 ab

	P4: 40
	10.46 a
	3.49 a
	1.05 a
	0.86 ab
	1.44 a
	1.70 a
	3.44 a

	P5: 50
	9.07 a
	2.40 b
	1.00 a
	0.89 a
	1.44 a
	1.72 a
	2.34 c


Means followed by the same lowercase letter within a column are not significantly different according to the LSD test at the 5% level. TFB = Total Fresh Biomass; SDW = Shoot Dry Weight; RDW = Root Dry Weight; SD = Stem Diameter; RSR = Root-to-Shoot Ratio
The highest average values for plant height, number of leaves, and fresh and dry weights were obtained at 40 tons ha⁻¹, followed closely by 30 tons ha⁻¹. Statistical testing revealed that the difference between these two dosages was not significant, suggesting that 30 tons ha⁻¹ is the most efficient dosage. The yield response tended to decline at 50 tons ha⁻¹, likely due to excess organic matter leading to lower oxygen availability in the rhizosphere or nutrient imbalances that limited further growth. This aligns with the findings of Peni et al. (2023), who reported diminishing yield responses when manure applications exceeded optimal thresholds. Organic matter in appropriate quantities enhances soil microbial activity and nutrient cycling, but over-application can increase soil salinity and reduce water infiltration (Joeng, 2021).
4. CONCLUSION 

Manure type and dosage influenced lettuce (Lactuca sativa L.) growth and yield under urban organic farming. Goat manure significantly improved plant height, leaf number, biomass, and stem diameter, while chicken manure showed no notable effects due to its high C/N ratio. The best performance occurred at 30–40 tons ha⁻¹, with 30 tons ha⁻¹ being the most efficient rate. 
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