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Abstract

Eggplant is a very important vegetable and economic resource crop for populations in urban areas of developing

countries. Its cultivation, on acidic coastal soils of Cote d’Ivoire, presents several edaphic constraints. This study

aims to assess the effects of organic fertilizers and an organo-mineral fertilizer, as compared to mineral fertilizers,
on the growth and eggplant yield on an acid soil. The experiment was carried out in a randomized Fisher block,

with 4 treatments and a control repeated 3 times. Treatments consisted of organic and organo-mineral fertilizers,

a liquid organic fertilizer and a mineral fertilizer application. Application rates of organic and organo-mineral

fertilizers were 17.5 t ha™. The liquid organic fertilizer rate was 1 L per 200 L ha™ of water. As for the mineral

fertilizer, the formula 0-23-19 and urea (46-0-0) were used, bringing rates of 138 kg ha™ (N), 65.35 kg ha (P,05)
and 54 kg ha (K,0). The organo-mineral fertilizer used produced the best effects. Very highly significant (p <

0.001) growth, such as plant height and collar diameter, were 52.69 and 1.49 cm, respectively, 90 days after

transplanting. Concerning yield, statistical analysis showed highly significant differences (p < 0.01) between

treatments. The highest fruit yield (20.87 t ha™) was recorded in mineral fertilizer plot, but not significantly

different from those of plots with organo-mineral (17.55 t ha') and organic (16.66 t ha') fertilizers.

Organo-mineral fertilizers, based on highly enriching organic materials, are capable to contribute to a lasting

improvement in the practice of this crop.

Keywords: eggplant, growth, yield, organic fertilizer, organo-mineral fertilizer, urban agriculture
1. Introduction

Eggplant (Solanum aethiopicum) is a tropical plant that is among the ten most consumed vegetables in the world.
It plays an important role in Africa, mostly in the subtropical regions. It is used to fight malnutrition, like the
majority of fruits and vegetables crops (Olasantan, 2007). Many poor people in urban and peri-urban areas,
especially women, live on income from the production and marketing of eggplant. The income improves the
living conditions of households, especially at certain periods of the year when other sources of income dwindle
(Fondio et al., 2016; Opitz et al., 2016).

Among the most cultivated and consumed vegetables in Cote d’Ivoire, eggplant ranks third after tomatoes and
onions. From 60 000 t in 2004, its production reached 130 000 t in 2020 (Fondio et al., 2016). But, despite this
increase, local production need is insufficient because of soil degradation that causes low yield. Unfortunately,
soils fertility decreases over the years due to overexploitation which does not leave room for fallow (Fondio et
al., 2013; Chikere-Njoku, 2019). Thus, soil restoration, using both organic (Mahmoud and Soliman, 2017; Koffi
et al., 2018; Popoola et al., 2018) and mineral fertilizers (Abou-Sreea et al., 2017; Nath et al., 2018), is a must.

Eggplant cultivation on coastal sandy soils is an unusual practice due to a low fertility (Fondio et al., 2013;
Chikere-Njoku, 2019). Therefore, it appears important to introduce this crop to this area by adopting cultivation
practices that are likely to improve soil fertility under friendly environmental conditions.
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The study aims to evaluate the effects of two organic and one organo-mineral fertilizers, as compared to mineral
fertilizers, on the growth parameters and the fruit yield of “Klongbo”, a local eggplant variety, on an acidic sandy
soil in the Abidjan District.

2. Materials and Methods
2.1 Study Area

The study was conducted at the Nangui Abrogoua University campus experiment site, in Abidjan, with 4°00'41.5"
W and 5°23'16.4" N as geographical coordinates (Figure 1). The soils are classed as Ferralsols, Acrisols and
Gleysols in the World Reference Base for soil resources (WRB). They derived from granites, shales and basic
rocks (Esu et al., 2008). The climate is subequatorial, of the Attiean type, with 4 seasons, including two dry
seasons and 2 rainy seasons. The longer dry season runs from December to March and the shorter one from July
to August. The longer rainy season stretches from April to June and the short one from September to November.
The average annual temperature ranges from 24.5 to 27.7 °C, with sunshine duration around 2 000 hrs yr''. The
average annual rainfall is 1 840.10 mm, with a hygrometry of 80 to 90% (Koffi, 2019).
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Figure 1. Study site map.

2.2 Plant Material

The plant material used was a local eggplant (Solanum aethiopicum) variety called Klongbo. It has good
tolerance for wilt and is adapted to climatic conditions of the country. This variety has a potential yield that
ranged from 5 to 24 t ha™ (Fondio et al., 2016), with the first harvest occurring around 120 days after sowing.
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2.3 Fertilizers
Four types of fertilizers were used:

- Organic fertilizer, obtained by composting poultry manure, rice hulls and cow manure (mixed at rates of 84, 9
and 7% respectively);

- Organo-mineral fertilizer, also obtained by composting poultry manure, rice hulls and cow manure (84, 9 and
7%, respectively) and mineral fertilizers providing 0.71, 2.30 and 3.24% of N, P,Os and K,O respectively;

- Mineral fertilizers based on urea (46-0-0) and NPK (0-23-19);
- Liquid organic fertilizer (Fertibio) obtained from the market.
2.4 Soil Sampling

Two soil composite samples were obtained from the 0-20 and 20-40 cm layers, mixing 4 elementary samples
taken in the corners and one in the center of the plots. These samples were analyzed for physico-chemical
parameters. Three other composite samples were taken from each soil layer to determine coarse elements
contents.

2.5 Soil Physical Analysis
2.5.1 Coarse Elements Content and Texture

The coarse elements content (Table 1) was determined from air- dried soil samples sieved through a 2 mm-sieve.
The sieve rejects were washed, dried and weighed. The coarse elements content (%) was determined using the
following equation (Kouassi, 2012):

Mass of sieve residue
Coarse elements content = —— x 100 (1)
Total mass of air-dried soil

Soil texture (Table 1) was obtained through sedimentation using the Robinson-Kohn pipette method and the
textural triangle to determine soil textural class (Kouassi et al., 2021).

2.5.2 Bulk Density

Soil bulk density (Table 1) was determined using the cylinder method. Soil samples were dried in an oven at
105 °C for 24 hours and then weighed. The bulk density was obtained using the following formula (Jabro et al.,
2020; Oumer et al., 2020; Stevens et al., 2020):
=M
BD= = @)
Where, M,: Mass of dry soil sample (g); V: Volume of soil sample (cm*).

Table 1. Initial soil physical characteristics

Soil layers (cm)

Parameters
0-20 20-40
CE (%) 0 0
Clay (%) 22 22.5
Silt (%) 33 3.95
Sand (%) 74.70 73.55
Texture Sandy clay loam Sandy clay loam
BD (g cm™) 1.51 1.59

Note. CE: coarse elements.

2.6 Soil Physico-Chemical Analysis

Soil pH was determined, using the electrometric method, in a soil solution with soil and water ratio of 1/2.5.
Organic carbon and nitrogen contents were determined, using the Walkley-Black wet oxidation and Kjeldahl
methods, respectively. Organic matter was determined by multiplying the carbon content by 1.724 (Mohammed
et al., 2020; Iren et al., 2021). Available phosphorus content was determined using the Olsen and Dabin method
(Tankou et al., 2020). Cation exchange capacity (CEC) and the exchangeable basic cations contents were
determined by the ammonium acetate method at pH 7. Basic cations saturation rate was calculated by dividing
the sum of exchangeable bases by the CEC and then multiplied by 100 (Iren et al., 2021) (Table 2).
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Table 2. Initial soil physico-chemical characteristics

Soil layers (cm)

Parameters

0-20 20-40
PHuvater 3.7 3.7
OC (%) 1.03 1.00
OM (%) 1.78 1.72
N tot (%) 0.09 0.08
C/N 11.44 12.50
P ass (ppm) 41 47
T (cmol kg™ 14.07 13.30
Ca (cmol kg™ 0.43 0.37
Mg (cmol kg™) 0.22 0.18
K (cmol kg™) 0.01 0.04
Na (cmol kg™) 0.08 0.07
S (cmol kg™ 0.74 0.66
V (%) 5.26 4.96

Note. OC: organic carbon; OM: organic matter; T: cation exchange capacity; S: sum of exchangeable basic
cations; V: basic cations saturation rate.

2.7 Setting up the Test
2.7.1 Experimental Design

The experimental design was a Fisher block, with 5 treatments and 3 replications, making a total of 15
square-unit plots of 2 m side (4 m®) each. Plots and blocks were spaced by 1 m and 1.5 m, respectively. The
treatments used are as follows:

C: control (without fertilizer); MF: mineral fertilizer; OF: organic fertilizer; OMF: organo-mineral fertilizer;
LOF: liquid organic fertilizer.

2.7.2 Fertilizer Application

The different fertilizers, whose nutrient contents are in Tables 3 and 4, were applied to unit plots, as a cover, and
plowed into the soil to a depth of 10 to 20 cm using a hoe.

The organic and organo-mineral fertilizers were applied in soil 7 days before transplanting. The amount applied
to the soil per unit plot was 7 kg, that’s at a rate of 17.5 t ha™.

Liquid organic fertilizer was applied to each plot just after transplanting and 15 days after, dissolving 0.4 mL in
80 mL of water. This corresponds to a rate of 1 L per 200 L ha™' of water.

Mineral fertilizer was applied into soil few hours before transplanting. Each unit plot received 113.68 g of
mineral fertilizer (0-23-19). Urea (46-0-0) was applied, as a cover, at the 1%, 2™ and 3™ months after
transplanting, with 40 g per unit plot and per application. Thus, during the crop cycle, each plot received 0.055,
0.026 and 0.022 units of N, P,Os and K,0, corresponding to rates of 138, 65.37 and 54 kg ha™', respectively.

Table 3. Organic and organo-mineral fertilizers nutrient contents

Parameters OF OMF
OM (%) 58.26 56.62
N tot (%) 1.85 2.09

P tot (ppm) 20 600 25200
K (ppm) 6223 10 523

Note. OM: organic matter.
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Table 4. Mineral and liquid organic fertilizers nutrient contents

Parameters MF LOF
Urea NPK (0-23-19)

OM (%) 0 0 12

N (%) 46 0 4.20

P,05 (%) 0 23 1.10

K,0 (%) 0 19 2.50

Note. OM: organic matter.

2.7.3 Transplantation

Transplantation was done on May 6, 2018, 36 days after the nurseries were established, with a spacing of 1 m
between rows and 0.5 m between plants on the same row. This gave 3 rows of 5 plants each per unit plot, which
is a density of 37 500 plants ha™'. Transplantation was done at down, followed by watering to facilitate plants
recovery.

2.8 Data Collection
2.8.1 Growth Parameters Assessment

During 90 days of growth after transplantation, the height and the collar diameter of the plants were measured at
10-day intervals with a tape measure attached to a wooden stick and a caliper, respectively. Three plants were
used per unit plot taken on the center line.

2.8.2 Fruit Yield Determination

Fruit yields were determined, from July 10 to October 23, 2018, using a one-meter square quadrat in a random
fashion for each unit plot. All the fruits of the plants, which were inside the quadrat were harvested and weighed.
Yields were determined using the following formula:

Mass of fruits x 10

Quadrat surface

where, Yield (t ha™), Mass of fruits (kg), Quadrat area (m?).
2.9 Statistical Analysis

Yield = 3

Analysis of variance (ANOVA) was applied to data, using the R software, version 3.5.1 in order to assess
differences between the treatments. In case of significant difference, the means were separated using the LSD
test at the 5% level. Pearson’s correlation tests were also done between yield and growth parameters.

3. Results
3.1 Effect of Fertilizers on Plant Growth
3.1.1 Plants Height

The differences between plants height were very highly significant (p < 0.001), 90 days after transplanting
(DAT). Organic and organo-mineral fertilizers plots had faster but not significantly different plant growth, with
plant heights of 53.62 and 52.69 cm respectively, followed by those receiving mineral fertilizer (43.19 cm). As
expected, the control plots gave the lowest height (17.79 c¢cm) after 90 days of planting. Plant growth was boosted
by organo-mineral, organic and mineral fertilizers, respectively, from the 20", 30" and 50" DAT. On the other
hand, the plots that received liquid organic fertilizer and the control resulted in a slight growth during the 90
days (Figure 2).
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Figure 2. Time evolution of plants height

Note. C: control, MF: mineral fertilizer, OF: organic fertilizer, OMF: organo-mineral fertilizer, LOF: liquid
organic fertilizer.

The heights at the 90" DAT assigned with different letters are significantly different at the 5% level.

3.1.2 Plants Collar Diameter

Statistical analysis showed very highly significant differences (p < 0.001) between the plants collar diameters at
the 90" DAT. The diameters were higher (1.49 cm), but not significantly different in the plots with
organo-mineral fertilizer, followed by plots receiving organic fertilizer (1.31 cm). The control plots led to the
smallest diameter (0.66 cm). A rapid increase in plant diameter was observed in plots with organo-mineral,
organic and mineral fertilizers, at the 20", 40™ and 60™ DAT, respectively (Figure 3).
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Figure 3. Time evolution of plants collar diameter

Note. C: control, MF: mineral fertilizer, OF: organic fertilizer, OMF: organo-mineral fertilizer, LOF: liquid
organic fertilizer.

The collar diameters at the 90™ DAT assigned with different letters are significantly different at the 5% level.

3.2 Effect of Fertilizers on Fruit Yield

Statistical analysis revealed highly significant differences (p < 0.01) between treatments. The plots with mineral,
organo-mineral and organic fertilizers improved significantly eggplant fruit yield, as compared to the control.
However, the highest yield was recorded in plots with mineral fertilizer (20.87 t ha™). But, this yield was not
significantly different from those of organo-mineral and organic fertilizers. The lowest yield was obtained in the
control plots (1.06 t ha™) (Figure 4).
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Figure 4. Eggplant yield as a function of fertilizer treatments

Note. C: control, MF: mineral fertilizer, OF: organic fertilizer, OMF: organo-mineral fertilizer, LOF: liquid
organic fertilizer.

The values assigned with different letters are statistically different at the 5% level.

3.3 Relationship Between Yield and Growth Parameters

Statistical analysis showed positive and significant correlations between yield and plant height (r = 0.80, p =
0.001) (Figure 5a) and between yield and plants collar diameter (r = 0.78, p = 0.001) (Figure 5b).
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Figure 5. Correlation between eggplant yield and growth parameters

4. Discussion
4.1 Soil Fertility of the Experimental Site

The test was carried out on a soil with poor physical and chemical fertility status resulting from the site
landscaping, which stripped it, thus losing its organo-mineral layer which is currently being restored under a
Panicum maximum fallow. However, despite the potential of this plant species to restore soil fertility and protect
it against erosion, given its liveliness and its strong rooting and dense plant biomass (Ojo et al., 2013), its fallow
duration of 6 years did not raise soil fertility to a satisfactory level. The capacity of this fallow was compromised
by the high sand content of the soil, which reduced its water retention capacity, with negative impacts on
biological activity. Indeed, the organic fertilizers used would have improved the characteristics of these soils
because most studies reported positive effects of organic fertilizers, such as biochar, on soil physical and chemical
properties, as well as on soil microbial activities, even on the potential reductions of soil greenhouse gas emissions
(Hui, 2021). Application of biochar, at 20 t ha™, significantly increased organic matter content and pH in Ghanaian
soils (Akolgo et al., 2020). Furthermore, Yin et al. (2019) and Jiang et al. (2021) showed, respectively, that biochar,
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based fertilizer increased the soil organic matter content in an acidic soil and also phosphorus use efficiency
increased under straw incorporation.

4.2 Growth Parameters

The organic and organo-mineral fertilizers had the best effects on the growth parameters of the eggplant, in
particular, the height and the collar diameter of the plants during 90 days after transplanting (DAT). This
occurred from the 20™ DAT by an increased growth of these different parameters in the plots with
organo-mineral fertilizer. These results were due to the combined effects of the organic and mineral fertilizers
constituting the organo-mineral fertilizer. Indeed, organic fertilizer increased the organic matter content of the
soil, which enhanced its ability to fix nutriments from mineral fertilizer and to hold back water for plants.
Moreover, when organic fertilizers are used in a complementary way to mineral fertilization, they promote a
higher amount of P in the soil (Tavares et al., 2021). However, unexpectedly, soil amended with compost coupled
with irrigation, significantly decreased plant growth (Jarboui et al., 2021). The relatively slow growth of the
plants in plots that received mineral fertilizer is due to a high rainfall, which caused the two firsts added fertilizer
to leach (May, 6 and June, 6) from root zone to deeper soil horizons. For this reason, farmers in Nigeria urged to
use of organic fertilizers, such as poultry droppings and cow dung, instead of mineral fertilizers (Mukhtar et al.,
2021).

4.3 Fruit Yields

Mineral, organic and organo-mineral fertilizers significantly improved eggplant yield, as compared to the control.
This justifies the strong positive correlations observed between yield and plant growth. However, the plots that
received mineral fertilizers were the most productive, despite plant growth retardation caused by the loss through
fertilizer leaching. The last fertilizer application, which took place during plants development, boosted
production, as compared to other fertilizers. On the other hand, 60 kg ha™ (N) and 2.5 kg ha (Zn) rates resulted
in an optimum maize-grain yield (Afolabi et al., 2020). The yields of plots with organic and organo-mineral
fertilizers were lower, but not more significantly than those of plots that received mineral fertilizer. Thus, one
can argue that the rate of the organic fertilizer was low and the contents of nutrients in the organo-mineral
fertilizer were also low to cover the entire crop cycle. But, above all, given soil low initial organic matter and
high sand contents, the resulting low biological activity is responsible for the low mineralization observed of the
added organic fertilizers. In other works, the best yield performance of Sesame was achieved with 1.5 t ha™ of
organo-mineral fertilizer and thus is recommended for optimum production of this crop (Oloniruha, 2021).
Moreover, Hui (2021) and Islam et al. (2021) found that biochar and plastic mulches applications in Olericulture
had a positive effect on fruit yield.

5. Conclusion

The study aimed to assess the effects of organic, organo-mineral and mineral fertilizers on growth and fruit yield
of a local eggplant variety on an acidic soil. It showed that soils that received organic and organo-mineral
fertilizer at a rate of 17.5 t ha had the best plant growth during the cropping cycle. However, the highest yield
was obtained with mineral fertilizer, as compared to organic and organic-mineral fertilizer. Among the fertilizers
used, liquid organic fertilizer had the lowest effects. Thus, if an increase of organic and organo-mineral fertilizers
rate is necessary to improve eggplant productivity, preferring more enriching organic materials in fertilizer
production could promote organic fertilizer use at the expense of mineral fertilizers.
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