
1 

 

 
 

 

International Journal of Scientific Research and Innovative Technology                   Vol. 12 No. 2; August 2025 

 

APPLICATION OF CHARGED BIOCHAR AND SELECTED ORGANIC 

FERTILISERS SIGNIFICANTLY INFLUENCES GROWTH AND YIELD 

COMPONENTS OF LETTUCE 

 

 

Saidy. O., Karanja, B. K. and Isutsa, D. K. 

Department of Crops, Horticulture and Soils, Egerton University, P. O. Box 536-20115, Egerton, Kenya 

Email: saidyousman5@gmail.com, benard.karanja@egerton.ac.ke, dorcas.isutsa@egerton.ac.ke 

 

 

ABSTRACT 

Soil degradation due to excessive use of synthetic fertilisers poses challenges to sustainable vegetable 

production, including lettuce, in many tropical regions. This research aimed at assessing the 

agronomic and economic potential of organic fertilizers in enhancing productivity of lettuce (Lactuca 

sativa L.). Specifically, it determined the effects of selected organic fertilisers on the growth and 

yield components of lettuce. It was done in a randomized complete block design with six treatments 

(negative control-soil, positive control-NPK+Urea, charged biochar, compost, poultry and farmyard 

manures) replicated three times in two seasons on a farm at Egerton University, Kenya. Iceberg 

lettuce variety used was grown in a nursery bed for five weeks followed by transplanting to 

permanent plots, measuring 2 m x 1.5 m and accommodating 30 lettuce plants at 30 cm x 30 cm 

spacing. Data was collected post-transplant bi-weekly on growth components (plant height, leaf 

number, leaf diameter) and in the 9th week on head diameter, fresh and dry weights. Data was 

subjected to analysis of variance using JMP Pro 17th edition statistical software. In seasons 1 and 2, 

respectively, results showed a significant difference in final growth of lettuce leaf diameter (P= 

0.023, 0.041), plant height (P= 0.002, 0.004), leaves (P= 0.032, 0.0002), and head diameter (P= 

0.012, 0.011). Similarly, marketable fresh weight yield was significantly (P= 0.010; 0.019) different 

and ranged from 1.4 to 2.6 t/ha and 1.1 to 2.6 t/ha in seasons 1 and 2, respectively. In this regard, 

poultry manure promoted the highest marketable fresh weight yield of 2.3 and 2.6 t/ha. In contrast, 

biochar led to intermediate marketable fresh weight yield of 2.0 and 1.8 t/ha, while negative control 

had the lowest of 1.4 and 1.1 t/ha. This study revealed effects of organic fertilisers on lettuce 

productivity. The amendments approach enhanced productivity, implying they could reduce 

dependence on synthetic fertilisers and promote organic lettuce production. This study recommends 

adoption of poultry manure in lettuce production to serve as an alternative to synthetic fertilisers. 

Additionally, further research on long-term effects of charged biochar on lettuce productivity is 

recommended to be conducted.  
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properties 

 

 

 

 

 

 

 

 



2 

 

 
 

 

ISSN: 2313-3759                                                                                                                          www.ijsrit.com 

 

1. INTRODUCTION 

Lettuce (Lactuca sativa L.) is a high value, salad vegetable crop, which provides both 

nutritional and economic value. Lettuce provides value to the ecosystem as well as humans; the wild 

and domesticated cultivars provide food for diverse organisms such as insects (larvae of some 

Lepidoptera), rabbits, and other herbivores. For humans, it is usually consumed cooked or raw ‘as a 

salad’ without any restriction to daily intake (Katz and Weaver, 2003). In some Sub-Saharan African 

countries, lettuce farming is among the most prevalent agricultural activities, serving as an important 

source of employment and livelihood for rural people (Abdulai et al., 2017; Quansah et al., 2020). 

In addition, it is an important component of the human diet with a significant amount of minerals, 

proteins, and vitamins (Das and Bhattacharjee, 2020). The successful growth and yield of lettuce 

heavily depend on soil fertility. Therefore, poor soil fertility and imbalanced pH levels negatively 

affect lettuce production enterprises.  

Soil nutrient depletion on smallholder farms causes a decline in food production in Africa 

(Sanchez et al., 1996). The low yield is also attributed to factors such as poor soil fertility, insect 

pests, diseases, price fluctuation, and poor storage facilities (Bosco Bua et al., 2017; Mubiru et al., 

2015). Liu et al., (2010) stated that the use of synthetic fertilisers has a crucial role in crop production 

and productivity since the advent of the Green Revolution. Breugem et al. (2024) also observed that 

the excessive use of synthetic fertilisers accelerates soil acidification and affects soil micro-

organisms, biochemical processes, the environment, and crop production. In a similar vein, 

Hernandez et al. (2010) stated that excessive use of synthetic fertiliser in agricultural land is an issue 

of concern which results in crop pollutants such as nitrate accumulation in the vegetative tissues 

during growth, decrease in soil fertility, as well as groundwater pollution. Mia et al. (2007) reported 

crop yield decline for many years due to nutrient and organic matter depletion, as well as reduction 

in soil aggregation. 

The several practices that have been proven to increase soil health and fertility include manure 

application, cover cropping, and zero-tillage (Ding et al., 2016). Soil amendments such as rice husk 

biochar (RHB), poultry manure, compost, and farmyard manure are potential sustainable materials 

for maintaining and increasing soil health and crop yields (Trupiano et al., 2017). This has led to 

growing interest in using RHB and other organic fertilisers as a sustainable strategy to improve crop 

growth, yield, nutrition, as well as soil health.  

Biochar is an innovative method of enhancing soil health and is gaining popularity as a 

sustainable alternative to synthetic fertilisers. It is also used to reduce carbon emissions in the 

atmosphere through carbon sequestration (Crombie et al., 2015). The use of RHB in vegetable 

production has positive effects on yield (Yan et al., 2021). As mentioned by Zheng et al. (2011) the 

application of biochar is similar to the traditional “slash-and burn system” of crop production. 

Rombel et al. (2022) reported that the use of RHB helps to retain nutrients (nitrogen, phosphorus, 

carbon) in the soil and makes them available for plant growth and development, which paves the way 

for the reduction of synthetic fertiliser use. Therefore, RHB has a high potential to improve soil health 

and productivity in agriculture.  

Poultry manure is an organic fertiliser used in soil amendment. Its utilisation immensely 

improves soil fertility. Khan et al. (2023) and Wanikar et al. (2024) stated that poultry manure 

utilisation improves soil degradation, organic matter content, and essential nutrients. However, 

farming practices such as over-cropping or continuous cultivation on a particular piece of land result 

in soil degradation and low fertility (El-Radaideh et al., 2014). 

Compost is an important soil amendment material that helps to regenerate soil nutrients and 

maximize crop production. Furthermore, active microbes present in compost materials influence the 

metabolic activities within the soil (Zhang et al., 2020a). The positive utilisation of compost materials 

in vegetable production leads to the reduction of synthetic fertiliser application to the soil, thus 

reducing the risks of soil degradation and nutrient leaching, while maintaining soil quality (García-

López et al., 2023).  
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Farmyard manure (FYM) is one of the most useful organic matter that is formed from 

different animal wastes such as animal dung and urine alongside litter-beddings and leftover 

materials from roughage or fodder fed to animals. Masood et al. (2014) reported that FYM 

incorporated in the soil improves physical and chemical properties. Farmyard manure is not only 

primarily for improvement of soil nutrient content, cation exchange capacity, or biological aspects 

of the soil (Zhang et al., 2020b), but it is also meant to increase soil-available water (Blanco-Canqui 

et al., 2015). 

Vegetable production depends on optimum utilisation of fertiliser. However, lettuce 

production farms have poor soil nutrients, which hinder meaningful production. Therefore, this study 

compared charged biochar, poultry manure, compost, and farmyard manure in improving lettuce 

production. The knowledge generated will provide valuable insights into sustainable agricultural 

practices that can enhance lettuce growth and yield. It will help stakeholders to make informed 

decisions about use of these organic fertilisers in lettuce production. It will facilitate growers to 

maintain the most sustainable and effective approaches, while considering environmental factors in 

the maximization, utilisation, and sustainability of lettuce production. 

The general objective of this study was to contribute to food security, nutrition, income, and 

environmental conservation through the use of emerging soil amendment techniques in lettuce 

production enterprise. On the other hand, the specific objective of this study was to determine the 

effects of charged biochar and selected organic fertilisers on the growth, yield, and quality of lettuce. 

 

2. MATERIALS AND METHODS 

2.1. Experimental Site  
The research was conducted in Field-3 at Egerton University, Njoro, Kenya. The field lies at 

latitude 0’23’S, longitude 35’35’E, and 2238 m above sea level (Jaetzold et al., 2012). The average 

minimum and maximum temperatures at the site range from 16 – 22ºC and 5 – 8ºC, respectively, 

while the total annual rainfall ranges from 1180 – 1400 mm (Jaetzold et al., 2012). Mollic Andosols 

predominantly occupy the experimental site, while the soil type is well- drained and friable, with 

moderate fertility, low level of phosphorus (0.14%), and an acidic pH ranging from 5.0 to 6.0 

(Jaetzold et al., 2012).  

 

2.2. Experimental Layout and Treatments 
The experiment was set up in a randomized complete block design with six treatments and 

three replications. Each treatment was set up in a 1.5 m × 2 m plot. The inter- and intra-plant spacing 

was 30 cm × 30 cm. The spacing between replications and beds was 1 m and 50 cm, respectively. 

The treatments per 3 m2 were: control (plain soil), positive control (farmer’s practice) of 0.06 kg 

NPK plus 0.03 kg urea, charged biochar of 6 kg, poultry manure of 6 kg, compost of 6 kg, and 

farmyard manure of 6 kg. These rates were equivalent to the recommended 200 kg/ha of NPK plus 

100 kg/ha of urea and 20 t/ha of either farmyard manure, biochar, poultry manure, or compost 

(Agyarko et al., 2014; Masood et al., 2014; Blanco-Canqui et al., 2015; Ceesay et al. 2017; Zhang 

et al., 2020a). The organic fertilisers were incorporated in each bed before transplanting the lettuce 

seedlings. The experiment was conducted in two seasons, with season 1 running from October 2024-

January 2025, characterized with low rainfall, and season 2 running from February to May 2025, 

characterized with high rainfall. The charged biochar, compost, farmyard manure, poultry manure 

was obtained from Safi Organic Limited, Griincom Organic Limited, Egerton University Tatton 

Farm, and Peter Kirui Poultry Farm (0º21’27.7” S 35º57’49.6” E) at Njoro, Kenya, respectively.  
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2.3. Lettuce Establishment and Maintenance 

Iceberg lettuce variety was used and purchased from Safari Seeds Limited, Kenya. This 

variety is adaptable to different climatic conditions, and has a low bolting ability and crispier texture 

(Gumisiriza, 2023). Nursery bed preparation was done one week before sowing by tilling with a hoe 

to a fine tilth and levelling. Sunken beds were prepared and irrigated with a hose pipe on a daily 

basis. The day before planting, the bed was tilled to loosen the soil particles and then flattened to 

avoid burying seeds too deep in the soil which may cause poor germination. Furrow lines were made 

at 10 cm apart, seeds dropped in gently and covered lightly with soil. After sowing, irrigation and 

shade were applied immediately. After germination (5 – 7 days post-sowing), seed beds were weeded 

and weeding continued when necessary to avoid seedlings and weeds competition for both nutrients 

and water. Subsequently, permanent beds were prepared for seedling transplanting at a different site.  

 

2.4. Experimental Land Preparation 

The experimental site was ploughed with a hoe and leveled to fine tilth, after which permanent 

beds were demarcated using a tape measure and pegs at a spacing of 1.5 m by 2 m each. A total of 

18 beds were prepared well and experimental materials added per bed as per treatments before 

transplanting. These experimental materials (charged biochar, poultry manure, compost, farmyard 

manure, and NPK plus urea) were incorporated into each assigned bed before transplanting lettuce 

seedlings. During transplanting, seedlings were carefully uprooted and transplanted into each bed 

when five-weeks-old post-sowing. Irrigation was done immediately using a hose pipe and repeated 

on a daily basis in the morning and evening to maintain moist and healthy plant growth throughout 

the production seasons. Weeding commenced two weeks after transplanting and repeated on bi-

weekly basis for eight weeks to avoid competition for nutrients, water, and sunlight.  

 

2.5. Data Collection and Recording 

Data values were collected on soil, organic fertilisers, lettuce growth, yield, and tissue for the 

determination of different effects as shown in the following sections. Standard procedures were used 

to collect data on growth and yield parameters of lettuce, with main focus on leaf diameter, plant 

height, number of leaves, and biomass (fresh and dry weight) on three randomly sampled plants per 

treatment. The measurements were taken at weekly intervals, starting at 14 days post-transplant 

(DPT) and ending at 66 DPT. The measuring was stopped when there was no further major change 

in the assessed component. 

The leaf diameter was measured using a ruler and recorded in cm on a weekly basis at 14, 21, 

28 and 35 DPT. The measurement was stopped once there was no further major increase in leaf 

diameter. Plant height was measured with a 30 cm ruler from the base/ground-level to the tip of the 

leaf at a weekly interval from 14, 21, 28 and 35 DPT. The leaves were counted physically and their 

number recorded at 14, 21, 28 and 35 DPT. The lettuce head diameter was measured with a ruler and 

recorded in cm on a weekly basis at 44, 51, and 58 DPT. 

Lettuce yield was expressed in g/plant (then converted to tons per hectare). The yield was 

determined after harvesting and weighing the total biomass of the lettuce plants per treatment. 

Biomass was recorded for whole lettuce plants once post-harvest at 66 days post-transplanting. The 

fresh weight was weighed and recorded in g per plant to determine the yield of lettuce plant. The 

three sampled fresh lettuce plants per treatment were split open for easy drying, after which they 

were oven-dried at 65oC for 7 days until a constant weight was achieved and then weighed using a 

weighing scale to obtain dry weight. 
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2.6. Data Analysis and Statistical Model 

Each set of data measured per parameter was subjected to analysis of variance (ANOVA) 

using JMP Pro Version 17 statistical software. The Tukey’s test at α = 0.05 was used in means 

separation. The collected data was fitted to the model: 𝐘𝒊𝒋𝒌 = µ + 𝐛𝒊 + 𝐭𝒊𝒋 + ɛ𝒊𝒋𝒌, where: Yijk = 

Total observation; µ = Overall mean; bi = Effect of block; i = 1, 2, 3; tij = Effect of treatment; j = 1, 

2, 3, 4, 5, 6; and ɛijk = Error term.  

 

3. RESULTS AND DISCUSSION 

3.1. Effect of Charged Biochar and Organic Fertilisers on Lettuce Leaf Diameter 

The results showed that biochar and organic fertilisers influenced the leaf diameter of lettuce, 

indicating that the crop responded differently to various treatments. There were no statistically 

significant differences observed among treatments at 14 DPT in either season (season 1 P = 0.401; 

season 2 P = 0.328) (Table 1). From 21 DPT onwards, significant variation resulted. In season 1, a 

statistically significant increase in leaf diameter was observed between the positive control and 

negative control at 21 DPT (7.3 cm and 4.9 cm; P = 0.054) and at 35 DPT (15.5cm and10.1 cm; P = 

0.0227). However, no significant differences were observed among the positive control and other 

organic fertilisers that exhibited the following leaf diameters: compost (6.5 cm; 14.2 cm), farmyard 

manure (6.2cm; 14.1cm), and biochar (6.7 cm; 13.1 cm) at 21 and 35 DPT, respectively. 

Similar results were obtained in season 2, which showed significant differences at 21, 28, and 

35 DPT (P = 0.026, 0.023, and 0.041, respectively) (Table 1). At 21 DPT, biochar (5.6cm) showed 

significantly larger leaf diameter than the negative control (4.0 cm), while the other organic 

treatments of farmyard manure (5.1 cm), compost (5.0 cm), poultry manure (4.6 cm) did not differ 

significantly from the negative control. At 28 DPT, compost (7.8 cm) significantly 

outweighed/performed the negative control (5.1 cm; P = 0.023), while other treatments showed 

intermediate, statistically similar values. At 35 DPT, poultry manure had significantly larger leaf 

diameter (10.9 cm) than the negative control (7.9 cm; P = 0.041). However, farmyard manure (10.6 

cm), biochar (9.8 cm), compost (9.9 cm), and the positive control (9.2 cm) did not show any 

statistically significant differences (Table 1). 
 

Table 1: Lettuce leaf diameter pre-harvest 

 Season 1 Season 2 

Treatment 14 DPT 21 DPT 28 DPT 35 DPT 14 DPT 21 DPT 28 DPT 35 DPT 

Farmyard manure 4.067 6.150ab 10.533a 14.057ab 3.337 5.107ab 7.113ab 10.567ab 

Negative control 3.047 4.940b 7.223b 10.137b 3.187 3.990b 5.097b 7.933b 

Biochar  3.703 6.657ab 9.443ab 13.110ab 3.253 5.633a 6.873ab 9.847ab 

Poultry manure 3.517 6.150ab 8.880ab 11.770ab 2.910 4.557ab 6.873ab 10.890a 

Compost  3.893 6.507ab 10.313a 14.220ab 3.523 4.957ab 7.757a 9.907ab 

Positive control 3.807 7.320a 11.037a 15.537a 3.263 4.527ab 6.463ab 9.150ab 

P-value 0.401 0.054 0.015* 0.023* 0.328 0.026* 0.023* 0.041* 

S.E. value 0.322 0.469 0.692 1.006 0.179 0.288 0.023 0.041 

CV % 15.7 16.0 17.2 17.7 9.9 14.1 17.0 14.3 

*Means with the same letter(s) within a column are not significantly different at P = 0.05 by Tukey’s t-test 
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This study focused on four growth parameters of lettuce (leaf diameter, plant height, leaf 

number and head diameter). The results showed that the effects of organic and synthetic fertilisers 

on lettuce became evident after the initial establishment phase. Lack of significant differences at 14 

DPT might be due to the lag phase in nutrient mineralization from organic sources as reported in 

previous findings, where organic amendments typically required microbial activity for nutrient 

mobilization (Lehmann and Joseph, 2015; Agegnehu et al., 2016). From 21 DPT onwards, positive 

control consistently showed the largest leaf diameter, which simply meant that nutrients were 

available for immediate utilisation. However, poultry manure and compost were similar to the 

positive control at 28 and 35 DPT, which agreed with previous findings of their high nutrient content 

and capacity to improve soil health in terms of structure and microbial activities (Chan et al., 2008; 

Glaser et al., 2002).  

In season 2, biochar had significant growth promotion of lettuce leaf diameter at 

21DPTcompared to negative control. This was probably due to the improvement of soil nutrients, 

aeration, and moisture retention, as found by Lehmann et al. (2011). Although biochar does not 

directly supply substantial nutrients, its synergistic effects on microbial populations contribute to 

mineralization that support of plant growth over time. 

 

3.2. Effect of Charged Biochar and Organic Fertilisers on Lettuce Plant Height 
The results showed progressive increase of lettuce height in all treatments during the 

production seasons (Table 2). At 14 DPT, there were statistically significant differences (P = 0.0142) 

in plant height among the treatments in season 1, while in season 2, there was no statistically 

significant difference (P = 0.062) observed at 14 DPT. There was an increasing effect on plant height 

from 21 DPT to 35 DPT as indicated by 21 DPT (P = 0.0455 and 0.008), 28 DPT (P = 0.0285 and 

0.016), and 35 DPT (P = 0.0017 and 0.004) in seasons 1 and 2, respectively. At 14 DPT, there was 

significant difference between negative control (10.6cm) and other treatments, while biochar (13.8 

cm), farmyard manure (13.3 cm), and positive control (13.8 cm) had similar effects. At 35 DPT, 

poultry manure (17.3 cm) was significantly different from compost (13.8 cm) and negative control 

(12.9 cm) in season 2, while in season 1 positive control was significantly different from all 

treatments, except biochar (Table 2).  

The results obtained showed an increase in lettuce plant height across all the treatments in 

both seasons, which agreed with research findings on nutrient availability for vegetative plant growth 

and development (Agegnehu et al., 2016). The increase in treatment differences after 28 - 35DPT 

confirmed a cumulative effect of the organic fertilisers on the dynamics of soil health and plant 

development. This consistent trend agreed with the research findings from previous studies on the 

efficacy of organic fertilisers over time (Abou El-Magd et al., 2006). The results indicated that 

biochar had a strong effect on plant height in both production seasons, particularly when compared 

to negative control. The biochar might have influenced soil aeration, structure, water retention and 

microbial activities, thereby improving nutrient use efficiency (Lehmann and Joseph, 2015; Glaser 

et al., 2002).  

Poultry manure also showed beneficial effects on plant height, especially in the second 

production season. This might be due to high nutrients such as nitrogen and phosphorous contents, 

which is in line with other research findings on nutrient mineralization in poultry manure compared 

to compost and farmyard manure (Azeem et al., 2014). However, the effect of poultry manure was 

less pronounced in season 2, probably due to nutrient leaching as a result of high rainfall observed 

during the second growing season (Palm et al., 2001). Similarly, season 2 showed that positive 

control plant height was greater than season 1 plant height.  
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Table 2: Lettuce plant height pre-harvest 

 Season 1 Season 2 

Treatment 14 DPT 21 DPT 28 DPT 35 DPT 14 DPT 21 DPT 28 DPT 35 DPT 

Farmyard manure 13.3a 16.6ab 19.1ab 21.4bc 8.857ab 10.987a 12.690a 16.223ab 

Negative control 10.6b 13.3b 16.2b 14.4c 7.323b 9.323b 10.853b 12.873c 

Biochar 13.8a 17.3a 20.7a 22.7ab 9.167a 10.690a 12.333ab 16.967ab 

Poultry manure 13.4a 16.2ab 18.5ab 20.7bc 8.633ab 10.367ab 13.143a 17.323a 

Compost 13.2ab 16.3ab 18.9ab 21.1bc 8.223ab 10.367ab 11.890ab 13.767bc 

Positive control 13.8a 17.3a 20.0a 25.1a 8.633ab 10.177ab 11.913ab 15.143abc 
P-value 0.014* 0.046* 0.029* 0.002* 0.062 0.008* 0.016* 0.004* 

SE 0.626 0.883 1.049 1.152 0.522 0.254 0.483 0.644 

CV % 11.1 11.7 11.1 12.4 11.5 6.3 8.4 12.5 

*Means with the same letter(s) within a column are not significantly different at P = 0.05 by Tukey’s t-test 

 

3.3. Effect of Charged Biochar and Organic Fertilisers on Lettuce Number of leaves 

Results obtained during this research showed an increasing number of leaves in all 

experimental treatments. At 14 DPT during early stages of growth of lettuce plants, there were no 

significant differences (P = 0.23) among the treatments in season 1 (Table 3). After that statistically 

significant differences were observed gradually in all the production seasons. Observation at 35 DPT, 

showed a significant difference among poultry manure (15) and negative control (11). However, there 

were no significant differences among other treatments, namely: farmyard manure, biochar, compost, 

and positive control with 13, 14, 13, and 14 leaves, respectively in season 1.  

In season 2, there were significant differences in the number of leaves from 21 to 35 DPT. At 

35 DPT, there were no differences among positive control (11), biochar (11), as well as farmyard 

manure (11). However, their number of leaves was significantly different from negative control (9) 

ones (Table 3).  

 
Table 3: Lettuce number of leaves pre-harvest 

 Season 1 Season 2 

Treatment 14 DPT 21 DPT 28 DPT 35 DPT 14 DPT 21 DPT 28 DPT 35 DPT 

Farmyard manure 3.7 6.0ab 8.3b 13.0ab 3.0 5.3ab 7.7ab 10.7abc 
Negative control 3.7 5.0b 9.0ab 11.0b 3.0 4.7ab 7.0b 9.0d 

Biochar 3.7 6.3ab 9.3ab 14.3ab 3.0 5.7ab 8.0ab 11.0ab 

Poultry manure 4.3 6.7a 11.7a 15.0a 3.0 4.7ab 7.3b 10.0bcd 

Compost 3.3 6.3ab 9.0ab 13.0ab 2,7 4.3b 7.0b 9.7cd 

Positive control 4.3 7.3a 10.7ab 14.3ab 3.0 6.0a 8.7a 11.3a 

P-value 0.230 0.005 0.035 0.032 0.465 0.015 0.006 0.0002 

SE 0.333 0.272 0.593 0.694 0.136 0.304 0.236 0.236 

CV % 16.1 13.2 15.1 12.6 8.0 14.8 9.2 8.7 

*Means with the same letter(s) within a column are not significantly different at P = 0.05 by Tukey’s t-test 

 

Based on the present research findings, the number of leaves increased as plants continued to 

grow. After three weeks post-transplanting, results showed that poultry manure, biochar, and positive 

control had a significant increase in number of leaves. This is a stage of vegetative growth of lettuce 

plant during which nutrient availability becomes more complex (Ebrahimi et al., 2019). As 

mentioned in one of the research findings, well decomposed poultry manure is rich in readily 

available nutrients, especially nitrogen, which accelerates cell multiplication and leaf expansion 

(Oladele et al., 2020).  

Biochar application is among amendment approaches that help to improved soil structure, 

aeration, nutrient retention, overall sustainable production, which were exhibited particularly in the 

second season, and also it has limited environmental impacts and mineralizes on a stable basis 

(Lehmann et al., 2011). The positive control, consistently produced the highest number of leaves, 

while compost had the lowest. Compost effect might be due to slow release and immobilization of 

nutrients, especially nitrogen within a short period of time (Hargreaves et al., 2008). 
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3.4. Effect of Charged Biochar and Organic Fertilisers on Lettuce Head diameter 

The results showed a statistically significant increase and consistency in head size 

development from 44 DPT to 58 DPT in both seasons (P = 0.0030 for season 1 and 0.0109 for seasons 

2) (Table 4). At 44 DPT of season 1, there was a significant difference among negative control (12.7 

cm) and other treatments, as shown by positive control (19.1 cm), poultry manure (17.8 cm), biochar 

(17.3 cm), farmyard manure (17.2 cm), and compost (16.6 cm). Similar trends were observed at 51 

DPT and 58 DPT (Table 4).  

However, in season 2 there were no significant differences at 44 DPT among negative control 

(15.3 cm), positive control (17.5 cm) and compost (17.5 cm), but results showed significant 

difference between biochar (19.7 cm) and negative control. At 51 DPT, biochar (21.7 cm) and 

farmyard manure (21.3 cm) were significantly different from negative control (17.1 cm). The results 

at 58 DPT indicated that biochar (23.1 cm), poultry manure (22.6 cm) and farmyard manure (22.4 

cm) were significantly different from negative control (18.9 cm) (Table 4). 

 
Table 4: Lettuce head diameter pre-harvest 

 Season 1 Season 2 

Treatment 44 DTP 51 DPT 58 DPT 44 DPT 51 DPT 58 DPT 

Farmyard manure 17.2a 19.1a 21.2ab 19.5a 21.3a 22.4a 

Negative control 12.7b 14.7b 16.8b 15.3b 17.1b 18.9b 

Biochar 17.3a 19.7a 22.3a 19.7a 21.7a 23.1a 

Poultry manure 17.8a 19.8a 22.3a 19.1a 20.9a 22.6a 

Compost 16.6a 19.3a 21.8a 17.5ab 19.3ab 21.3ab 
Positive control 19.1a 21.0a 22.88a 17.5ab 19.4ab 21.4ab 

P-value 0.003* 0.006* 0.012* 0.011* 0.005* 0.011* 

SE value 0.747 0.847 0.948 0.803 0.758 0.657 

CV % 13.7 12.6 11.8 10.9 9.8 7.8 

*Means with the same letter(s) within a column are not significantly different at P = 0.05 by Tukey’s t-test  

 

The results obtained clearly revealed that organic fertilisers had significantly improved lettuce 

head development (size), particularly from the 44 to 58 DPT. Therefore, biochar, poultry manure, 

and farmyard manure performed constantly better in both growing seasons. Farmyard manure and 

poultry manure contributed to balancing of the soil macro- and micro-nutrient contents. They 

contributed to improved nutrient availability during most crucial stages of vegetative development 

and total biomass accumulation (Agegnehu et al., 2016).  

Biochar may have contributed to enhanced and improved plant growth through the ability to 

increase water retention, cation exchange capacity, mineralization of nutrients, and microbial 

colonization (Lehmann et al., 2011). However, the delayed prompt effectiveness of compost in the 

second season might have been due to slow release or mineralization, owing to the fact that previous 

research findings showed that the benefit of compost utilisation by plants is more pronounced on a 

long-term basis (Hargreaves et al., 2008). The present research findings are similar to those of 

research studies done in the context of organic fertilisers for improvement of lettuce growth and yield 

(Ebrahimi et al., 2019; Oladele et al., 2020). However, the seasonal variation might have been due 

to the environmental conditions such as moisture and temperature. 
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3.5. Effect of Charged Biochar and Organic Fertilisers on Lettuce Fresh weight 

The ANOVA outputs showed a statistically significant difference in lettuce fresh weight 

yields (g/plant) among treatments in both seasons (Table 5). In season 1, there was a significant (P = 

0.0098) difference in fresh weight of positive control (774.3 g) and poultry manure (694 g) when 

compared to the 411 g of negative control. However, there were no significant difference among 

treatments, except negative control. In season 2, there was also a significant (P = 0.0186) difference 

in fresh weight of poultry manure (773.3 g), compost (408.9 g) and negative control (322.2 g). 

However, there were no significant differences among positive control (595.7 g), biochar (543.9 g), 

and farmyard manure (479.8 g) fresh weights.  

The lettuce fresh weight yield translation for the two seasons showed that in season 1, poultry 

manure and positive control resulted in the highest fresh weight yield of 2.3 t/ha and 2.6 t/ha, 

respectively. These were significantly higher than that for the negative control of 1.4 t/ha. Biochar 

and compost produced moderate lettuce fresh weight yields of 2.0 t/ha and 2.2 t/ha, while farmyard 

manure yielded 2.1 t/ha. In season 2, similar trends were observed, where poultry manure had the 

highest fresh weight yield of 2.6 t/ha, followed by the positive control with 2.0 t/ha and biochar with 

1.8 t/ha. Compost and the negative control lettuce fresh weight yields were the lowest at 1.4 t/ha and 

1.1 t/ha, respectively (Table 5). 

The findings showed distinct trends in lettuce fresh weight based on different inputs applied, 

and also significant effects of the organic fertilisers. The yields observed in the present study were 

closely linked to the agronomic effectiveness of the applied inputs. Poultry manure treated beds 

produced the highest fresh weight yield (2.6 t/ha). This was attributed to the immediate availability 

of essential nutrients, particularly nitrogen, which is critical in rapid vegetative growth of leafy 

vegetables such as lettuce (Palm et al., 2001). Garg et al. (2017) and Muhammad et al. (2019) also 

stated that poultry manure yielded higher compared to other organic fertilisers. Agegnehu et al. 

(2016) and Gwenzi et al. (2015) mentioned similar results by observing that it has high nutrient 

availability, immense effects on plant growth, and supports sustained plant uptake.  

The negative control had the lowest yields of 1.37 and 1.07 t/ha in seasons 1 and 2, which 

may be as a result of limited nutrient availability. The low yields of positive control in season 2 (2.0 

t/ha) compared to season 1 (2.6 t/ha) might be due to heterogeneity of the experimental soil, as well 

as climatic conditions observed during the peak period of production. That is, too much rainfall was 

observed in season 2, which may have caused nutrient leaching and unavailability for lettuce uptake. 

The yields for biochar (1.97 and 1.81 t/ha), farmyard manure (2.07 and 1.6 t/ha), and compost (2.15 

and 1.36 t/ha) treatments were intermediate, but with no significant differences among these 

treatments. This response agreed with other research findings, which showed that these organic 

fertilisers are potential and moderate nutrient sources for sustainable farming systems (Zhang et al., 

2020b; Li et al., 2021). 
 

Table 5: Lettuce fresh and dry weights post-harvest 

 S1 FWT 

(g/plant) 

Equivalent t/ha 

(for S1 FWT) 

S2 FWT 

(g/plant) 

Equivalent t/ha 

(for S2 FWT) 

S1 DWT 

(g/plant) 

S2 DWT 

(g/plant) Treatment 

Farmyard manure 622.00ab 2.1 479.78ab 1.6 35.3ab 29.3ab 

Negative control 411.00b 1.4 322.22b 1.1 32.7b 19.7b 
Biochar  591.33ab 2.0 543.89ab 1.8 33.7ab 33.0ab 

Poultry manure 694.00a 2.3 773.33a 2.6 39.3a 47.3a 

Compost  645.67ab 2.2 408.89b 1.4 36.7ab 25.0b 

Positive control 774.33a 2.6 595.67ab 2.0 44.0a 36.7ab 

P-value 0.010* - 0.019* - 0.012* 0.017* 

SE value 50.70  69.60  2.94 4.23 

CV % 21.9  34.4  21.7 34.4 

*Means with the same letter(s) within each column are not significantly different at P = 0.05 by Tukey’s t-test. S1 = 

Season 1, S2 = Season 2, FWT = Fresh weight, DWT = Dry weight 
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3.6. Effect of Charged Biochar and Organic Fertilisers on Lettuce Dry weight 

There were statistically significant differences among treatments based on dry weight (Table 

5). The treatments significantly influenced the dry biomass of lettuce in the two production seasons 

with season 1 P = 0.012 and season 2 P = 0.017 (Table 5). The highest dry biomass in season 1 was 

observed for the positive control (44 g) followed by poultry manure (39.33 g), while the least was 

for negative control (32.67 g). In season 2, poultry manure (47.33 g) showed the highest dry biomass 

than the other treatments, which was significantly different from compost (25 g) and negative control 

(19.67 g). Farmyard manure and biochar yielded moderately in both production seasons, although 

the yields were not statistically significantly different from other organic fertilisers (Table 5).  

The results showed that poultry manure and positive control significantly enhanced dry matter 

accumulation in lettuce. Similarly, poultry manure had the highest dry biomass compared to the other 

organic fertilisers. The superior performance of poultry manure in both seasons might be due to high 

mineralization during the vegetative stages which agreed with other research findings (Mucheru-

Muna et al., 2007; Zhao, 2014). In contrast, the low dry biomass production under compost and 

negative control might be due to limited or slow release of nutrients. In the case of biochar, it had 

moderate effects on the dry weight of lettuce. However, there were no statistically significant 

differences between biochar and other treatments in both production seasons on dry weight, and this 

might be due to nutrient immobilization during the early growing stages (Lehmann and Joseph, 

2015). The variations in dry weight among treatments might have been due to differential mobility 

of nutrients in the soil, as well as environmental conditions that may have affected microbial activities 

such as breaking-down of applied materials (Palm et al., 2001). 

 

4. CONCLUSIONS AND RECOMMENDATIONS 
This study revealed that organic fertilisers significantly enhance growth and yield of lettuce 

grown in a typical tropical production system. Among the organic fertilisers, poultry manure emerged 

as the most effective amendment, which supported superior lettuce growth and yield that was 

comparable or exceeding that achieved with synthetic fertilisers. Biochar demonstrated consistent 

benefits across seasons, which contributed to stable although lower yields compared to the other 

treatments. Farmyard manure and compost showed intermediate performance and sustained benefits 

in lettuce productivity.  

Poultry manure should be promoted as a primary organic amendment and alternative to 

synthetic fertilisers in tropical lettuce production due to its strong agronomic crop yield performance. 

Compost and farmyard manure should be carefully integrated into lettuce soil fertility programmes 

due to their slow nutrient mineralization, support of microbial activity, as well as sustained soil health 

over time. Biochar effects should be studied further in integrated soil fertility management and long-

term soil improvement strategies targeting improvement of soil structure, aeration, nutrient retention, 

and yield stability. Further research should investigate the long-term residual effects of organic 

fertilisers on lettuce productivity under diverse climatic and soil conditions to enhance system 

resilience and productivity. Agricultural policies and extension services should support the adoption 

of organic fertilisers, particularly poultry manure and biochar through training and offering of 

incentives or subsidies to farmers in order to reduce heavy utilisation of synthetic fertilisers which 

result in soil degradation. 
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