


Comparative effects of four liquid fertilizers on the growth and yield of pepper (Capsicum annuum L.) under soilless cultivation in southern Côte d’Ivoire


Abstract
Faced with growing demand for vegetable crops, particularly solanaceous species, the excessive use of synthetic fertilizers and the degradation of arable soils are major constraints on agricultural production in West African urban and peri-urban areas. Soilless cultivation is therefore gaining importance as an alternative production system less dependent on soil quality. This study compared the effects of four liquid fertilizers - two organic (a poultry manure extract and a manure-based fertilizer) and two minerals (Nutrigofol 8-8-8, and NPK 12-22-22 as control) on the growth and yield of pepper grown under soilless conditions, with the broader aim of identifying nutrient solutions that could reduce growers’ dependence on chemical fertilizers. The trial followed a randomized complete block design with four replicates. Treatment had a significant effect on most growth and yield parameters (p < 0.001). The organic fertilizers, and particularly the poultry manure extract, produced significantly higher values than the mineral fertilizers for floral bud number, fruit number, fruit mass, and estimated yield. Estimated yield reached 5.11 t ha⁻¹ with the poultry manure extract, followed by the manure-based fertilizer (3.69 t ha⁻¹), Nutrigofol 8-8-8 (2.81 t ha⁻¹), and NPK 12-22-22 (2.64 t ha⁻¹). Because no unfertilized control was included, these results describe the relative performance of the four fertilizers rather than their absolute agronomic efficiency. Within this comparative scope, the findings indicate that organic nutrient solutions derived from locally available livestock waste can support pepper productivity in soilless systems at least as well as - and for several parameters better than - the mineral fertilizers tested. Valorizing such organic waste as low-cost biofertilizers could contribute to more affordable and resilient vegetable production for expanding West African cities, provided these trends are confirmed against an unfertilized control and under real production conditions.
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Introduction
Rapid demographic growth is intensifying food-security challenges worldwide. Nearly 98% of undernourished people live in developing countries, mainly in sub-Saharan Africa (Wudil et al., 2022), where food insecurity is closely linked to climate change and its adverse effects on established agricultural production models. In Côte d’Ivoire, climate variability is already affecting the country’s various agricultural production systems (Timité et al., 2022). Current production models therefore need to be reconsidered to meet the food needs of the population - particularly urban populations - in both quantity and quality.
Côte d’Ivoire has committed to a more dynamic agricultural sector built on renewed production systems (UNIDO, 2020). Production systems historically centred on export crops such as cocoa, coffee, oil palm, rubber, and timber are being transformed through the introduction of technological farm-monitoring tools and diversified through agroecological, permanent market-gardening systems. These systems contribute to urban greening and to the health of urban and peri-urban populations, while also helping to mitigate and adapt to climate change, reduce carbon footprints, strengthen urban-rural links, and support sustainable urban development.
This diversification also gives urban populations access to fresh, nutritious food. It does so at a lower cost than food transported over long distances. Among the vegetables whose production needs to expand in urban areas, sweet pepper (Capsicum annuum L.), commonly known as capsicum, still occupies a marginal position (Diarra et al., 2018). Pepper production in Côte d’Ivoire is limited by several abiotic and biotic constraints that reduce yields (Yarou et al., 2017; Gnimassoun et al., 2020), including: (i) the degradation and loss of arable land through soil artificialization; (ii) pest pressure; (iii) the seasonal nature of production; and (iv) long distribution chains for perishable produce. The over-exploitation of arable land linked to population growth and shortened fallow cycles is also driving yield decline (Kassin, 2013). Fallowing remains the main natural mechanism for restoring soil fertility (Mosier et al., 2021), but high pressure on land tenure makes it increasingly difficult to leave land fallow.
Restoring the fertility of agricultural land - for instance through fast-growing trees, ground-cover legumes, or other soil-improvement practices - is one way to offset falling yields. Another common response is to intensify production, generally through heavy use of chemical fertilizers and pesticides to boost short-term yields (Kopittke et al., 2019). However, the overuse of mineral fertilizers tends to acidify and salinize the soil, accelerating rather than reversing the loss of fertility (Wang et al., 2022). Efficient techniques that overcome these constraints are therefore needed. Intensive urban soilless cultivation is one such alternative and could be extended to several vegetable crops, provided accessible, low-cost solutions are developed for growers - notably efficient nutrient solutions adapted to local conditions, and the use of organic matter to manage substrate fertility. In urban and peri-urban areas, manure and other organic residues from animal husbandry are regularly discarded near production sites instead of being recycled, even though their nutrient content makes them potentially valuable fertilizers for quality vegetable production.
Organic matter is recognized to play a key role in the soil fertility of urban vegetable systems (Gnimassoun et al., 2024b; Kuma, 2023). However, urban farmers in Côte d’Ivoire remain reluctant to use these organic residues because of the long duration of the composting process. This study therefore aimed to assess the agronomic effectiveness of a liquid organic fertilizer derived from poultry-farming waste, with a view to improving pepper production in urban areas of Côte d’Ivoire, by comparing it against other organic and mineral nutrient solutions already available to growers.
Materials and methods
Study area
The study area is located in the district of Abidjan, in southern Côte d’Ivoire, West Africa. The trial was carried out in an experimental growing shelter at the Université Nangui Abrogoua (UNA), located between 5°17’ and 5°3’ N and 3°45’ and 4°22’ W. The UNA campus is bounded to the north by the commune of Abobo, near the Banco Forest (Figure 1).
[image: ]
Figure 1. Location of the study site.

Nutrient solution preparation
The poultry-manure-based broth was prepared in a 100 L container. Five kilograms of poultry droppings, 1 kg of fresh neem leaves, 500 g of green papaya leaves, 1 kg of chopped lemongrass leaves, 4 garlic cloves, and 200 g of chili powder were successively added to the container and topped up with 100 L of water. The mixture was homogenized, and the container was sealed hermetically to allow fermentation for 7 days. After fermentation, the solution was filtered through a 0.5 mm mesh and diluted to 20% before use as a plant nutrient solution. Because it combines neem, garlic, and chili - ingredients also recognized for their pest-repellent properties - this broth is likely to provide biopesticidal as well as fertilizing benefits, although the present study did not evaluate its effect on pest incidence.
The other nutrient solutions were obtained by diluting the respective fertilizers in water, and all solutions were applied to irrigate plants in the growing pots following the manufacturers’ recommendations. The doses used were: (i) nutrient solution based on liquid organic fertilizer selected from purins, applied at 5% (50 mL of stock solution diluted in 1 L of water); (ii) nutrient solution based on Nutrigofol 8-8-8 liquid mineral fertilizer, applied at 1% (10 mL of stock solution diluted in 1 L of water); and (iii) nutrient solution based on NPK 12-22-22 mineral fertilizer as control, applied at 1.4 g dissolved in 1 L of water.
Experimental set-up
The study evaluated the effect of nutrient solutions derived from different organic and mineral fertilizers on the growth and yield of pepper. Four treatments were applied: TM (NPK 12-22-22 mineral fertilizer, as control), TC (poultry manure-based broth), TN (Nutrigofol 8-8-8 mineral fertilizer), and TP (organic fertilizer selected from liquid manure). The trial followed a randomized complete block design with 4 replicates of 16 individual plants per treatment (Figure 2), grown in pots filled with inert sand.
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Figure 2. Experimental set-up with the four replicates (green: TM; grey: TC; blue: TN; orange: TP). Circles represent individual pepper plants within each growing pot.

Measurements of agromorphological parameters began two weeks after transplanting, using the four pepper plants located at the centre of each replicate. The parameters recorded were plant height, collar diameter, number of green leaves, number of branches, number of floral buds and flowers, fruit circumference, fruit mass, number of fruits harvested per treatment, and yield. Yield was estimated as:
Yield (kg ha⁻¹) = [yield (g plant⁻¹) × total plants per ha] / 1000
Data analysis
Data normality was checked with the Shapiro-Wilk test and variance homogeneity with Levene’s test. One-way analysis of variance (ANOVA) was then performed on normally distributed data, and the Kruskal-Wallis test on non-parametric data, at a significance threshold of 0.05. Statistical analyses were performed in R (version 4.1.3, 64-bit). Where a significant treatment effect was detected (p < α, α = 0.05), means were compared pairwise using Tukey’s test to identify the treatment(s) responsible for the difference.


Results
Chemical composition of the poultry-manure-based broth
Table I shows the chemical composition of the poultry-manure-based broth obtained after fermentation of the organic matter. The broth was close to neutral pH and contained good levels of K, Ca, and Mg. Nitrogen and organic carbon contents were high, with a C/N ratio of 7.84 ± 1.84.

Table I. Chemical composition of the poultry-manure-based broth.

	pH
	C (%)
	N (%)
	P (mg L⁻¹)
	K (mg L⁻¹)
	Ca (mg L⁻¹)
	Mg (mg L⁻¹)

	7.57 ± 0.28
	2.43 ± 0.53
	0.32 ± 0.08
	2.13 ± 0.29
	207.89 ± 21.55
	74.00 ± 6.51
	29.66 ± 2.67



Effect of fertilizers on vegetative parameters
Figure 3 shows changes in plant height after transplanting. Plants receiving the manure-based broth (TC) reached the greatest average heights, followed by those receiving liquid manure (TP), in contrast to plants fertilized with Nutrigofol (TN) and NPK (TM). However, analysis of variance showed no statistically significant difference in plant height among treatments (p = 0.17).
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Figure 3. Evolution of average pepper plant height as a function of treatment over time. TM: NPK mineral fertilizer (1.4 g L⁻¹); TN: Nutrigofol 8-8-8 (1%); TP: purin liquid organic fertilizer (5%); TC: liquid compost (20%).

Changes in stem diameter are shown in Figure 4. Plants receiving the manure-based broth had the greatest average stem diameter, followed by those receiving liquid manure, in contrast to plants fertilized with Nutrigofol and NPK. Unlike plant height, statistical analysis showed a significant treatment effect on collar diameter from the first to the sixth week of cultivation (p < 0.05).
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Figure 4. Changes in stem diameter of pepper plants as a function of treatment over time. TM: NPK mineral fertilizer (1.4 g L⁻¹); TN: Nutrigofol 8-8-8 (1%); TP: purin liquid organic fertilizer (5%); TC: liquid compost (20%).

Figure 5 shows the average number of branches per plant at 77 days after transplanting. Fertilizer had a significant effect on branch number (p < 0.05): TC gave the highest mean number of branches and TM the lowest, while TP was statistically intermediate and not significantly different from TN.
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Figure 5. Change in number of branches as a function of treatment at 77 days after transplanting. Means sharing the same letter are not significantly different at the 5% level.

Leaf production per plant over the growing period is shown in Figure 6. Leaf number increased from about 6 to 25 between week 1 and week 10 across all treatments, with the highest mean values recorded for plants receiving the manure-based broth and the lowest for those receiving NPK. However, this difference was not statistically significant (p > 0.05).
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Figure 6. Evolution of the average number of leaves as a function of treatment over time.

Effect of fertilizers on yield parameters
Table II summarizes pepper production parameters at 77 days after transplanting. Treatment had a highly significant effect on floral bud number and flower number (p < 0.001 for both). For both parameters, TC differed significantly from all other treatments (increases of 76-155% for buds and 72-192% for flowers relative to the other treatments), TP differed significantly from TM, and TN did not differ significantly from either TM or TP.
The number of fruits harvested per plant also differed significantly among treatments (p < 0.001). TC (26.50 ± 1.91) produced significantly more fruit than TM and TN (33-139% more) but was not significantly different from TP. TP itself did not differ significantly from either TM or TN, despite numerically higher mean values (66-81% higher).
Fruit diameter differed significantly among treatments overall (p = 0.029), but the pairwise comparisons showed a more nuanced pattern than for the other parameters: only TC differed significantly from TM, with TC producing larger fruit. TN and TP were statistically intermediate, differing significantly from neither TM nor TC.
Fruit mass differed significantly among treatments (p < 0.001). TC produced significantly heavier fruit than all other treatments. TP produced significantly heavier fruit than TM but was not significantly different from TN. TN and TM did not differ significantly from each other.
Estimated yield differed significantly among treatments (p < 0.001). TC gave the highest yield, significantly greater than all other treatments - 38%, 82%, and 94% higher than TP, TN, and TM, respectively. TP gave a significantly higher yield than TM (40% higher) but was not significantly different from TN, despite a 31% numerical advantage. TN and TM did not differ significantly from each other.



Table II. Descriptive statistics of pepper production parameters at 77 days after transplanting under the four experimental treatments.

	Variable
	Treatment*
	Mean ± SD**
	CV (%)
	n
	Min
	Max

	Number of floral buds
	TM
	17.75 ± 1.00a
	5.56
	4
	17.00
	19.00

	
	TN
	18.00 ± 5.00ab
	27.78
	4
	13.00
	23.00

	
	TP
	26.25 ± 3.00b
	11.54
	4
	23.00
	29.00

	
	TC
	45.50 ± 2.00c
	4.35
	4
	44.00
	48.00

	Number of flowers
	TM
	13.25 ± 5.05a
	38.46
	4
	8.00
	18.00

	
	TN
	15.00 ± 2.92ab
	13.33
	4
	13.00
	17.00

	
	TP
	22.25 ± 4.57b
	22.73
	4
	17.00
	27.00

	
	TC
	38.25 ± 0.50c
	2.63
	4
	37.00
	39.00

	Number of fruits harvested
	TM
	11.00 ± 7.00a
	63.64
	4
	4.00
	18.00

	
	TN
	12.00 ± 2.44a
	16.67
	4
	10.00
	14.00

	
	TP
	20.00 ± 5.41ab
	25.00
	4
	15.00
	25.00

	
	TC
	26.50 ± 1.91b
	5.80
	4
	25.00
	28.00

	Fruit diameter
(cm)
	TM
	14.56 ± 0.89a
	5.52
	4
	13.70
	15.30

	
	TN
	14.70 ± 0.70ab
	4.76
	4
	14.00
	15.40

	
	TP
	14.90 ± 1.62ab
	10.00
	4
	13.50
	16.50

	
	TC
	16.93 ± 0.68b
	3.53
	4
	16.40
	17.60

	Fruit mass
(g)
	TM
	75.37 ± 18.72a
	24.00
	4
	57.00
	93.00

	
	TN
	80.34 ± 8.88ab
	10.00
	4
	72.00
	88.00

	
	TP
	105.57 ± 12.28b
	11.43
	4
	93.00
	117.00

	
	TC
	145.90 ± 4.66c
	3.45
	4
	140.00
	150.00

	Estimated yield
(kg ha⁻¹)
	TM
	2605.70 ± 700a
	26.92
	4
	1900
	3300

	
	TN
	2811.90 ± 400ab
	10.71
	4
	2500
	3100

	
	TP
	3694.95 ± 400b
	10.81
	4
	3300
	4100

	
	TC
	5106.76 ± 200c
	4.00
	4
	4800
	5200


*TM: NPK mineral fertilizer (1.4 g L⁻¹); TN: Nutrigofol 8-8-8 liquid mineral fertilizer (1%); TP: purin liquid organic fertilizer (5%); TC: liquid compost (20%). **Means followed by the same letter, within a parameter, are not significantly different at the 5% probability level (Tukey’s test).

Discussion
Plant height and leaf number did not differ significantly among treatments. This could reflect either a genuinely similar effect of the different nutrient solutions on these two parameters, or insufficient statistical power given the number of replicates. Zadi et al. (2018) similarly found that coconut seedlings fertilized organically at an average dose of 839 g grew at rates comparable to those receiving chemical fertilizer. Stem diameter and branch number, by contrast, differed significantly among treatments, with organic fertilizers (manure-based broth and liquid manure) outperforming the mineral fertilizers. This is consistent with the more readily available nutrients that organic amendments typically supply at early growth stages (Zhou et al., 2022). Wang et al. (2020) likewise found that organic fertilizer improved vegetative growth in maize, and Gnimassoun et al. (2024a) and Berhe et al. (2022) reported comparable results for pepper. Within the category of organic amendments, poultry droppings in particular have been shown to promote branching in pistachio (Meimand et al., 2018), an effect attributed to the gradual release of minerals from poultry manure, which keeps nutrients available throughout much of the crop cycle (Thepsilvisut et al., 2022).
Fertilizer type also had a significant effect on yield parameters and fruit quality, with organic fertilization generally favoring bud, flower, and fruit production over mineral fertilization. In the present study, the highest values were obtained with the poultry-manure-based broth (TC, applied at 20%), followed by the liquid-manure fertilizer (TP, applied at 5%). Organic fertilizers are generally more soluble and therefore more readily assimilated by the plant (Hitha et al., 2021), which is consistent with several previous reports: Eze et al. (2024) found that compost enriched with poultry droppings significantly increased carrot yields; Gnimassoun (2021) and Sini et al. (2024) reported that organic fertilization of pepper increased fresh and dry fruit weight, fruit number, and yield per plant; and Okoli et al. (2021) showed that organic fertilization with pig dung and poultry droppings significantly increased the growth and yield of fluted pumpkin (Telfairia occidentalis) compared with NPK. Babu et al. (2021) attributed the high agronomic value of poultry manure to the fact that 60-90% of its nitrogen content is already in mineral form and therefore directly available to the plant. Because Gnimassoun (2021), Okoli et al. (2021), and Sini et al. (2024) each derived dosage guidelines for organic livestock residues applied to other vegetable species - guidelines that the present study also followed - it is plausible that other vegetable crops grown in similar soils or substrates could benefit from comparable organic amendments; these warrants dedicated testing rather than extrapolation from the present dataset.
These findings should, however, be interpreted within the limits of the experimental design. The trial did not include an unfertilized absolute control, so the four treatments can only be ranked relative to one another (TC > TP > TN ≈ TM for most reproductive and yield parameters); the data do not indicate whether, or to what extent, any of the fertilizers improved growth or yield compared with unfertilized plants, nor do they establish the fertilizers’ absolute agronomic efficiency. No economic analysis was performed either, so claims about the cost-effectiveness or profitability of the organic fertilizers relative to the mineral fertilizers cannot yet be supported. Confirming the agronomic and economic value of the poultry-manure-based broth will require follow-up trials that include an absolute control and a cost-benefit assessment, ideally conducted under real production conditions rather than in an experimental shelter.
Conclusion
This study compared four liquid fertilizers - two organic and two mineral - as nutrient solutions for pepper grown under soilless conditions in urban Côte d’Ivoire. The poultry-manure-based broth (TC) had a favourable chemical composition (near-neutral pH, adequate C/N ratio, and good K, Ca, and Mg content) and, among the four treatments tested, was consistently associated with the highest values for most reproductive and yield parameters - floral bud number, flower number, fruit number, fruit mass, and estimated yield - followed by the liquid-manure fertilizer (TP), while the two mineral fertilizers (TN and TM) generally gave the lowest values. This pattern is consistent with the more readily available nutrients typically supplied by organic fertilizers at early growth stages, as reported in other pepper and vegetable studies.
Because the trial did not include an unfertilized control, these conclusions describe the relative ranking of the four fertilizers and should not be read as evidence that any of them improves pepper growth or yield in absolute terms, nor as a demonstration of soil-fertility restoration, which was not directly assessed here. Within this comparative scope, the results nonetheless suggest that liquid organic fertilizers derived from locally available poultry waste are a promising, low-cost alternative to the mineral fertilizers currently used by soilless growers in and around Ivorian cities. Confirming this potential - together with its implications for organic-waste valorization, production costs, and eco-friendly urban agriculture in Côte d’Ivoire and other tropical contexts - will require further trials that include an absolute control, an economic evaluation, and testing under real production conditions.
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