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Abstract

Problem Statement: Despite their importance for vegetable production, liq-

uid organic fertilizers remain underutilized, even though they offer an alter-

lizer Based on Neem (Azadirachta indica)  pative to the high cost of mineral fertilizers on the market. Amaranth cultiva-
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tion in Benin is carried out with the use of synthetic fertilizers, resulting in
harmful consequences for soil quality and public health. Methodology: This
research aims to evaluate the effectiveness of a liquid organic fertilizer made
from Neem (Azadirachta indica) on the agronomic performance of amaranth
(Amaranthus cruentus) grown in the commune of Abomey-Calavi. To con-
duct this research, a Fisher block design was set up at the experimental station
with four (04) treatments and three (03) replications, corresponding to twelve
(12) plot units, each with an area of 2 m? The treatments applied were: TO:
Absolute control (no fertilizer input); T1: Plants treated with a dose of 10% in
90% of water; T2: Plants treated with a dose of 20% in 80% of water; T3: Plants
treated with a dose of 30 in 70% of water. Data collected on growth parameters
(number of leaves, height, collar diameter) and yield at the first and second
harvests were subjected to Poisson linear regression analysis and ANOVA us-
ing R software. Results: The results of this study showed that the treatments
receiving liquid organic fertilizer were the most effective across all parameters
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considered (number of leaves, height, collar diameter, and fresh weight yield).
The best results were obtained with treatment T2, with 20% of liquid organic
fertilizer.

Keywords

Amaranthus cruentus, Agroecological, Liquid Organic Fertilizer,
Land Management

1. Introduction

Food security remains a central priority for all governments and development
partners in a context marked by increasing demographic pressure, climate change,
and the rising cost of inputs [1]. Enormous food needs affect about two billion
people, with diets poor in energy, proteins, and micronutrients [2]. West Africa is
not spared from this situation, which weakens households and reduces life expec-
tancy [3]. In the Republic of Benin, agriculture as a whole accounted for about
26.3% of GDP in 2023 [4]. The total production of vegetable crops was estimated
at 668,590 tons, representing about 5.7% of the total food crop production [5]. It
should also be mentioned that the use of mineral fertilizers is not always effective
in the context of sustainable peri-urban agricultural production. The main reasons
are, on the one hand, the decline in the production capacity of urban soils due to
the application of high doses of chemical fertilizers to meet the growing demand
of the market, and, on the other hand, the unbearable financial burden in vegeta-
ble production [6]. The degradation of vegetable soils persists in Benin, due to the
lack of in-depth knowledge among vegetable farmers regarding the values of or-
ganic fertilizers and their transformations [7]. This situation impoverishes agri-
cultural production systems and reduces their capacity to meet the needs of the
population. However, organic fertilizers, through their beneficial effects on the
physico-chemical and biological properties of the soil, and thus on plant growth,
could enhance the effectiveness of modest doses of mineral fertilizers [8]-[10].
According to [11], residues from agriculture and livestock are initially considered
as waste that pollutes the environment. However, [12] considers organic waste as
essential means nowadays used in integrated systems for the development of ag-
riculture in many Asian and African countries. Moreover, several studies in Benin
have shown the beneficial effects of using different types of organic fertilizers on
vegetable crops. Among these studies is that of [13], who, by applying poultry lit-
ter and composted small ruminant droppings to amaranth, reported that its produc-
tivity was more effective under poultry litter than under droppings, at a dose of
20 t-ha™'. Amaranth is widely grown and consumed. It is an integral part of dietary
habits and is present in many traditional dishes. It constitutes a source of income
for many farmers and traders and is rich in essential nutrients, notably vitamins

A and C, iron, and calcium, making it a food of choice in combating deficiencies.
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Its regular consumption helps improve the nutritional status of populations, par-
ticularly in areas where access to a diversified diet is limited [ 14]. However, it faces
poor land management practices, which subsequently lead to soil nutrient deple-
tion [15]. It is in this context that the use of liquid organic fertilizers with dual
action (fertilization + phytosanitary treatment) proves necessary for the produc-

tion of short-cycle crops, notably amaranth.

2. Materials and Methods
2.1. Study Area

The work was carried out during the rainy season, allowing the benefit of natural
humidity. It was conducted on the “AGRI-BIO SERVICE” farm located in the
municipality of Abomey-Calavi, specifically in the district of Togba. The site is
situated in the village of Houeto. Located in the Atlantique department, the dis-
trict of Togba covers an area of 200 km?. It lies between 6°22' and 6°30' North
latitude and between 2°15' and 2°22' East longitude. The climate of the area is
subequatorial, with two dry seasons (mid-December to mid-March and mid-Au-
gust to mid-September) and two rainy seasons (mid-March to mid-July and mid-
September to mid-December). The average annual rainfall is around 1,200 mm,
with 700 to 800 mm falling during the first rainy season and 400 to 500 mm during
the second rainy season. The average monthly temperatures range between 27 and
31 degrees Celsius [16]. Most of the territory of the municipality of Abomey-Ca-
lavi is occupied by ferralitic soils and sandy soils. Highly flood-prone hydromor-

phic soils are found only in a small part of the northern territory [16].

2.2. Plant Material Used

The plant material consisted of seedlings from an improved certified variety of am-
aranth. It was the SUPER GIANT variety, with a 31-day growth cycle, obtained
from the LIVING SEED seed center. This variety was selected based on its organ-
oleptic and agronomic qualities, as well as its availability in seed distribution out-
lets. Figure 1 shows the material (Amaranthus cruentus) used as the basis for the

experiment.

VTE : SUPER GEANT; Net : 205
@ +229 66 39 79 01
o Pepasebiosermnceli joee com

Figure 1. Amaranth seeds.
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2.3. Organic Materials Used

The organic material consisted of manure made from poultry droppings, cattle
urine, and neem leaves. Both the urine and the poultry droppings used were ob-
tained from nearby household farms. Figures 2-4 present the organic materials

used for the implementation of the experiment.

- g

Figure 3. Cattle urine.
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Source: Seton, 2025.

Figure 4. Neem leaves.

3. Experimental Design and Treatments

The experiment consisted of transplanting seedlings of the SUPER GIANT ama-
ranth variety and monitoring them under a completely randomized block design
(CRBD) or Fisher block design with three replications. Each replication or block
was composed of four (4) plot units or treatments, giving a total of twelve (12)
plot units. The blocks were separated by a distance of 1 m, and the plot units
within the same block were spaced 0.5 m apart. The experimental field covered an
area of 8 m x 5.5 m, for a total of 44 m* The elementary plots measured 2 m x 1
m, ie., 2 m?* each. The factor under study was a liquid organic fertilizer with three
(03) application rates (10% in 90% of water; 2% in 80% of water; 30% in 70% of
water). Figure 5 illustrates the experimental design as well as the distribution of
the different treatments applied during the trial.

T0: Control plants without any liquid organic fertilizer (absolute control);

T1: Plants receiving liquid organic fertilizer at the rate of 10% in 90% of water;

T2: Plants receiving liquid organic fertilizer at the rate of 20% in 80% of water;

T3: Plants receiving liquid organic fertilizer at the rate of 30% in 70% of water.
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Figure 5. Experimental setup.

3.1. Process of Obtaining Neem-Based Liquid Organic Fertilizer

3.1.1. Reception of Raw Materials
This step involves gathering the various ingredients used in the preparation of the
liquid organic fertilizer, including:

1) 10 kg of neem leaves.

2) 100 L of water.

3) 5 L of cattle urine.

4) 5 kg of poultry manure.

5) 1 kg of corn flour.

6) 1 kg of ripe fruit.

7) 1 barrel of 100 L.

8) 1 jute sack.

9) Soil clod.

10) A rope.

11) A stick.

3.1.2. Preparation of the Liquid Organic Fertilizer
This step consists of mixing the different ingredients to obtain an organic solution
that will be used for crop fertilization. The procedure is as follows:

1) Take a non-metallic barrel containing 90 L of water.

2) Take another barrel containing 5 L of water.

3) Pour the 5 L of urine into the second barrel.

4) Add the recycled corn flour to the solution.

5) Add 1 kg of well-mashed ripe fruit.

6) Add the 5 kg of poultry manure.

7) Add two handfuls of soil into the solution.

8) Stir the solution to ensure homogeneity.

9) Pour the obtained solution into the 90 L of water.

10) Add the neem leaves into the solution.

11) Stir the mixture with a stick.

12) Place the solution in the shade.

13) Stir three times a day to ensure proper fermentation and a uniform mixture.

14) Cover the solution with a jute sack and secure it with a rope.
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15) Stir the solution clockwise.

3.1.3. Usage
1) The solution is ready after seven (07) days when a whitish layer appears, indi-
cating proper fermentation.

2) Apply the solution to the plot 1 - 2 weeks before sowing or transplanting.

3) Apply either as a foliar spray or directly at the base of the plants.

3.2. Selection, Seed Sowing and Seedling Transplanting

Sowing was carried out by broadcasting using 20 g of seeds of the SUPER GIANT
variety. It was performed on a bed of 5 m* (dimensions: 5 m x 1 m). Before sowing,
the bed was treated with a solution made from neem leaves and hortis in order to
prevent attacks from soil fungi and bacteria.

After sowing, mulching with palm fronds was applied to conserve soil moisture.
Regular watering was carried out twice a day, then reduced after seedling emer-
gence. Young amaranth seedlings, aged two weeks and four days, were trans-
planted onto 2 m? plots (2 m x 1 m) at a spacing of 0.20 m x 0.20 m (between
plants and rows). This corresponds to a density of 250,000 plants/ha and 50 plants
per plot unit. Figure 6 presents the procedures for the establishment and trans-

planting of young amaranth seedlings.

Note: Source: Seton, 2025.

Figure 6. Establishment of the nursery and transplanting operation.

3.3. Application of Liquid Organic Fertilizer

The study was conducted through the application of an organic fertilizer (liquid
organic fertilizer) supplied in split doses throughout the production cycle. Ferti-
lizer application was carried out every eight days until the end of the cycle. With
a total of three applications before the first harvest and two applications before
the second harvest. For this operation, 10% of liquid organic fertilizer was diluted
in 90% of water in a watering can for Treatment 1 (T1). For Treatment 2 (T2),
20% of liquid organic fertilizer were diluted in 80% of water, and finally, Treat-
ment 3 (T3) received 30% of liquid organic fertilizer diluted in 70% of water at the
same time. The concentrations of 10%, 20%, and 30% of BioNeem+ were selected

to evaluate the response of amaranth to different application levels. The objective
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was to determine the fertilizer dose that would be most effective in improving
growth and yield, while also identifying a potential optimal application threshold.

Figure 7 presents the dilution process of the liquid organic fertilizer.

Note: Source: Seton, 2025.

Figure 7. Dilution of the liquid organic fertilizer.

4. Data Collection

Croissance

1) Growth Parameters

The growth parameters evaluated in this trial were: plant height (measured
from the collar, at soil level, to the tip of the last leaf), collar diameter (measured
at the boundary between the underground and aerial parts), and number of leaves
(determined by counting all green leaves on a plant). Measurements were taken
on 12 plants (4 plants per row) randomly selected from the three central rows of
each plot unit (excluding border rows). These growth parameters were recorded
every seven (07) days after the application of liquid organic fertilizer.

2) Yield

The main parameter measured for yield evaluation was the fresh biomass of the
aerial part of the plant. Two (2) successive harvests were carried out: the first, four
(04) weeks after transplanting, and the second, seven (07) weeks after transplant-
ing. Fresh biomass was assessed at both the first and second harvests. Harvesting
was performed by cutting the plants 10 cm above the soil surface, and the har-
vested material was weighed using a digital scale.

3) Statistical Data Analysis

The data on the number of leaves were subjected to Poisson linear regression
analysis, while those related to plant height, collar diameter, and fresh weight of
harvested vegetables were subjected to one-way ANOVA after verifying the as-
sumptions of application (normality and homogeneity of variances). All analyses
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were performed using R software.

5. Results and Discussion
5.1. Results

Results of the generalized linear Poisson model showed that treatments and time
had a highly significant effect (P < 0.001) on the number of leaves produced by
amaranth. Graph 1 illustrates the effect of liquid organic fertilizer and time on the
number of amaranth leaves under the different treatments.

The lowest number of amaranth leaves was observed in the control plots that
did not receive liquid organic fertilizer (about 38 to 58 times lower) compared to
the plots treated with the different doses of liquid organic fertilizer. Moreover, no
significant difference was observed between the plots treated with 20% of liquid
organic fertilizer in 80% of water and those treated with 30% in 70% of water per
plot unit (treatments T2 and T3), which were both significantly different from the
plots treated with 10% in 90% of water (treatment T1). However, although there
was no significant difference between treatments T2 and T3, treatment T2 numer-

ically favored higher leaf production in amaranth cultivation (Graph 1).
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Graph 1. Number of leaves produced according to the different liquid organic fertilizer
treatments and time.

The results of the analysis of variance (ANOVA) showed that treatments and
time had a highly significant effect (P < 0.001) on plant height. Graph 2 shows the
height of amaranth plants according to the effect of liquid organic fertilizer ap-
plied through the different treatments.
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Graph 2. Plant height according to the different liquid organic fertilizer treatments and
time.

The lowest plant heights (25 to 55 times lower) were observed in the untreated
control plots compared to those of the plots treated with liquid organic fertilizer
at different doses. Moreover, no significant difference was observed between the
plots treated with 20% of liquid organic fertilizer in 80% of water and those treated
with 30% in 70% of water per plot unit (treatments T2 and T3), which were both
significantly different from the plots treated with 10% in 90% of water (treatment
T1). However, although there was no significant difference between treatments
T2 and T3, treatment T2 progressively favored greater plant height growth in am-
aranth (Graph 2).

The results of the analysis of variance showed that treatments and time had a
highly significant effect (P < 0.001) on the collar diameter of amaranth plants.
Graph 3 illustrates the effect of liquid organic fertilizer on the collar diameter of
amaranth plants under the different treatments.

The smallest collar diameters of the plants were observed in the untreated con-
trol plots (about 2 to 3 times smaller) compared to those of the plots treated with
liquid organic fertilizer at doses of 10% in 90%of water, 20% in 80% of water, and
30% in 70% of water per plot unit (T1, T2, and T3) at the 21st day after fertiliza-
tion. Moreover, no significant difference was observed between the plots of Treat-
ments T2 and T3. Nevertheless, the plants in Treatment T2 showed relatively
larger collar diameters (Graph 3).

The results of the analysis of variance showed a significant effect (P < 0.001) of
treatments on the fresh weight of harvested amaranth. Figure 4 presents the
graphical data of fresh biomass of amaranth plants in response to the different
liquid organic fertilizer treatments applied.

The fresh weight of amaranth plants was significantly lower in the untreated
control plots (1 to 2 times smaller) than in the plots treated with liquid organic

fertilizer at the different doses (T1, T2, T3). Moreover, no significant difference
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was observed between the plots of treatments T2 and T3. Although there was no
significant difference between T2 and T3, treatment T2 resulted in a greater in-

crease in the fresh weight of amaranth (Graph 4).
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Graph 3. Stem diameter of the plants according to the different liquid organic fertilizer
treatments and time.
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Graph 4. Fresh vegetable yield of amaranth according to the different liquid organic ferti-
lizer treatments.

5.2. Discussion

The growth parameters studied were plant height, collar diameter, and number of
leaves. For all three variables, the results showed significant differences between
the plots treated with liquid organic fertilizer and the control plots. Although no
significant difference was observed between the plots receiving 20% and 30%
doses (T2 and T3), the application of 20% of liquid organic fertilizer had a positive
influence on the studied growth parameters. The number of leaves produced by
amaranth was significantly increased under liquid organic fertilizer.

These results are consistent with [17], who reported that urine-based fertilizer
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production tests are highly advanced in Switzerland, as these liquid fertilizers con-
tain all the essential substances for plant growth: nitrogen, phosphorus, and po-
tassium, as well as trace elements such as iron, zinc, and boron, which strongly
contribute to proper plant development. The use of liquid organic fertilizer pro-
motes increased leaf production in amaranth cultivation, as the fertilizer is easily
absorbed by the plants. These findings align with several studies demonstrating
the positive effects of foliar fertilization on crop growth and development ([18]-
(21]).

Liquid organic fertilizer effectively stimulates plant height growth. Being rich
in nutrients such as potassium (K), it favors the vertical growth of amaranth
plants. Studies by [22] showed that potassium increases plant size. The fertilizer
also promotes radial growth of the plants. According to [23], nitrogen (N) is the
main nutrient responsible for the quantitative growth of plants. Furthermore, re-
search by [13] revealed that nitrogen is the most critical nutrient for amaranth
growth.

Similarly, the results on fresh weight yield of amaranth plants at physiological
maturity revealed significant differences depending on the doses applied. The
highest yields were obtained with the liquid organic fertilizer at a 20% dose (T2),
which is consistent with the work of [24], who tested a combination of urine and
poultry manure as fertilizer for amaranth in Mexico. His results showed that the
combination of urine and poultry manure produced the highest yield, 2350 kg/ha.

Overall, the 20% dose of liquid organic fertilizer (T2) demonstrated the most
beneficial effects on the agro-morphological parameters and yield of amaranth
compared to the control plot.

Despite the positive results obtained with BioNeem+, this study has some lim-
itations. First, no baseline soil analysis was conducted prior to the experiment,
which prevents a precise understanding of the initial nutrient status and may in-
fluence the interpretation of the fertilizer’s effectiveness. Second, the exact chem-
ical composition of BioNeem+ was not determined, limiting the understanding of
the mechanisms through which the fertilizer affects amaranth growth and yield.
These limitations suggest that future research should include baseline soil analysis
and a detailed quantification of the fertilizer’s composition to improve reproduc-

ibility and result interpretation.

6. Conclusion

In summary, this study contributed to improving the agronomic performance of
amaranth by utilizing liquid organic fertilizer through liquid fertilization within
the framework of sustainable and environmentally friendly agriculture. At the end
of the study, it was observed that the application of liquid organic fertilizer at a
dose of 20% improved amaranth yield. It also showed positive effects of this ferti-
lizer, at this dose, on agro-morphological parameters such as leaf number, plant
height, and collar diameter. Thus, the 20% dose of liquid organic fertilizer is rec-

ommended as a replacement for chemical fertilizers to enhance the agroecological
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production of amaranth. However, further research on its insecticidal and fungi-

cidal effects would be necessary to draw a more comprehensive conclusion re-

garding the dual action of the liquid organic fertilizer.
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