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Abstract

and Sy, H. (2024) Coupling Aquaculture—  The present study concerns the revalorization of drained water from aquacul-

Crop Productions and Using of Water Drained  ture ponds rearing Clarias gariepinus on okra crops. The rearing was carried
from Ponds Rearing Clarias gariepinus as

out at the farm of Gaston Berger University in 100 m* ponds. In each pond,
Fertilizer for Okra Production (Abelmoschus

esculentusvat. Clemson spineless, L. Moench). the individuals of C. garipinuswith an average weight of 6 £ 0.3 g were stocked

Open Journal of Applied Sciences, 14, 2628-
2647.
https://doi.org/10.4236/0japps.2024.149173

at a density of 11 per m* The water temperature and pH were measured dur-
ing the experiment. The control fishing is carried out every month to monitor

variations in the weight and size of reared individuals. The plant production
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is carried out in elementary plots measuring 3 m x 1.5 m. Each plot was ferti-
lized with either: drained water from C. gariepinus rearing (DWC), poultry
droppings (PD), cow dung (CD) and mineral fertilizer (NPK). Treatments are
carried out in tripliqua with either river water (RW), RW + the recommended
dose of NPK (RD-NPK), RW + RD-PD, RW + RD-CD, DWC, DWC + 25%
RD-NPK, DWC + 50% RD-NPK, DWC + 75% RD-NPK, DWC + 25% RD-PD,
DWC + 50% RD-PD, DWC + 75% RD-PD, DWC + 25% RD-CD, DWC +
50% RD-CD, DWC + 75% RD-CD. Growth parameters and yield of okra were
determined. The average temperature in the rearing environment was 27.6 £
1.5°C and pH 7.9 + 1.1. After six (06) months of rearing, C. gariepinus indi-
viduals reached an average weight of 850.12 + 1.3 g and an average height of
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52.44 + 1.1 cm. The daily weight gain and specific growth rates over this period
were 3.9 g per day and 2.8% per day, respectively. The treatment T; (RW +
DR-NPK) gave the highest mean collar diameter and mean plant height with
2.3 +0.9 cm and 61.6 + 32 cm, respectively. In T, (DWC), the mean height of
plants was 38.8 + 23.5 cm and mean collar diameter 1.4 £+ 0.8 cm. The growth
performance in T4 was comparable to that of RD-CD (T3), but different from
RD-NPK (T;) and RD-PD (T3). The highest average number, average weight,
average length and average diameter of fruits were noted in treatments T3
(RW + RD-75%CD) and T; (DWC + 75% RD-NPK). The best yields were
noted in T; (RW + RD-NPK) = 10.8 + 5.4 t-ha™, Ts (DWC + 25% RD-NPK) =
9.2 + 4.6 tha™ and Ty (DWC) = 8.6 + 4.3 t-ha™! which are comparable and
higher than those obtained in T, = 5.7 + 2.8 t-ha™ and T5 = 7.5 + 3.8 t-ha™.
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1. Introduction

Agriculture plays a key role in the socio-economic development of most countries,
particularly in Africa. On a global scale, the emphasis is now on sustainable devel-
opment, and most production activities, including agriculture, are largely con-
cerned with respecting norms, preserving and protecting the environment through
the rational use of natural resources, among other requirements [1]. Agriculture
thus faces a triple challenge: producing more food for an ever-growing popula-
tion, preserving the environment and guaranteeing food security [2]. It is esti-
mated that food production will have to double by 2030 to meet the needs of the
world’s human population [3]. In addition, rising incomes are also shifting diets
towards greater consumption of animal products [4]. At the same time, the ex-
pansion possibilities of agricultural systems have diminished [5], and it is esti-
mated that one billion people are currently undernourished, even when the quan-
tity of food production is sufficient to meet existing demand [6]. Aquaculture is
one of the key sectors contributing to food production, poverty reduction and un-
employment worldwide. It will account for almost two-thirds of the world’s fish
production needed for food by 2030, given the stabilization of capture fisheries
volumes and the growing demand for fish from an emerging social middle class
in the world, and particularly in China [7].

However, aquaculture practices can pose a real threat to the environment, no-
tably through the production and the no management of waste, resulting espe-
cially from the metabolism and decomposition in the farming environment of the
artificial feed not consumed by the individuals reared, particularly in semi- and
intensive rearing systems. The quality of the feed used in aquaculture in terms of
buoyancy, digestibility and feed conversion rate largely determines the level of

wastes such as ammonium ( NH} ) in the rearing environment [8]. The failure to
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transform these toxic components ( NH; ) for reared individuals by specific bac-
teria into less toxic forms ( NOj ) and/or poor water management of the rearing
environment can severely affect aquatic and terrestrial ecosystems and lead to
losses in biodiversity. For example, mangrove areas around the world have suf-
fered severe degradations in recent decades as a result of shrimp farming often
in intensive systems [9]. To avoid some of these problems, the concept of inte-
grating fish production with other forms of production, such as crop production,
as part of a complex agricultural system, has been developed [10]. In a farming
system combining aquaculture and crop production, wastewater from aquacul-
ture ponds is reused in supplying water to plants. Indeed, this water is often de-
scribed as being rich in nutrients such as nitrogen and phosphorus [11], which
can be assimilated by plants and used as fertilizer for plant production. Aquacul-
ture pond water used in irrigation has a positive effects on crop productions [12].
Hence the interest in coupling aquaculture and crop production in the same pro-
ductive system to make the most of the water in aquaculture ponds and contrib-
ute to environmental preservation [13]. This agricultural approach has at least
three advantages: it diversifies the types of food production and family income;
it saves water by reusing it for plant production; and it promotes organic pro-
duction by reducing or avoiding the use of mineral fertilizers in favor of organic
fertilizers.

Integrated aquaculture is thus recommended for better use of water resources,
diversification of production on farms, increased yields and improved income,
waste recycling, pollution reduction and environmental conservation [14]. Com-
pared to a non-integrated approach, this dual use of water in an agricultural sys-
tem reduces the pressure on natural water reserves to meet water needs on farms.
It is even seen as one of the solutions that could help tackle the socio-economic
problems and environmental challenges facing communities in developing coun-
tries, where the majority of the population depends on agriculture for their in-
come-generating activities [15].

It is against this backdrop that the present study aims to breed the African cat-
fish, Clarias gariepinus, using the water drained from rearing ponds as fertilizer
for okra production. To understand the effects of drained water from breeding, a
comparison is done with those of various fertilizers such as NPK, poultry drop-
pings and cow dung at different doses on the growth and yield parameters of okra,

Abelmoschus esculentus var. Clemson spineless.

2. Material and Methods
2.1. Presentation of the Study Area

The study was carried out at the agricultural farm of the Gaston Berger University
(UGB) of Saint-Louis (Figure 1). The farm is located on the university campus in
the village of Sanar, 16°18 N and 16°29 W and has an altitude of 4 m. It is supplied
with water by the Djeuss, a tributary of the Senegal River.
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Figure 1. Illustration of the study site.

The climate in this area is sub-canary to Sahelian and is marked by a rainy sea-
son from July to October and a dry season from November to June. Annual rain-
fall is low and varies between 100 and 200 mm [16]. Maximum temperatures rec-
orded in the months of April and May are generally between 35 and 37°C. Mini-
mum temperatures are observed in January (16°C) [17]. It has a flat relief, sandy

soil at the 0 - 50 cm horizon and sandy-clay soil at the 50 - 140 cm horizon [18].

2.2. Biological Material

Clarias gariepinus is a disease-resistant species much appreciated by fish farmers
for its predisposition to adapt to the changes of abiotic factors in some water bod-
ies, and for its growth performance and flesh quality. It also contains few bones,
and its processing into smoked or dried fish is highly appreciated by consumers.
Our interest in okra, A. esculentus var. Clemson spineless, is linked to the var-
ious uses that can be made of all the parts of this plant (roots, stem, leaves, fruit,

seeds) in food, medicine, crafts and industry [19] [20].

2.3. Fertilizers and Irrigation Water

Fertilizers are made up of organic matter such as cow dung and poultry dropping,
and mineral fertilizer consisting of nitrogen, phosphorus and potassium (NPK).

The water supply is either river water or C. gariepinus rearing water. The
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chemical parameters of these waters are shown in Table 1.

Table 1. Chemical composition of river water and C. gariepinus rearing water [11].

Water River Water from C. gariepinus rearing
pH 6.35 6.32
CE (ps-cm™) 84.1 292
Cameq/100 g 0.525 0.6
Mg meq/100 g 0.15 0.3
Na meq/100 g 0.105 0.195
K meq/100 g 0.0098 0.021

2.4. Rearing C. gariepinus

Clarias gariepinus fingerlings with a mean individual weight of 6 + 0.3 g from the
Station d’Innovation Aquacole (SIA) in Saint-Louis (Senegal) are used to stock
breeding ponds at a density of 11 individuals per m? The feed ration is based on
fish biomass and size. The individuals are fed 3 times a day at 9 am, 1 pm and 5
pm. Fish are fed with the Gouessan industrial feed made from several ingredients
and containing 35% crude protein.

The temperature and pH are measured twice a day at 08:30 am and 4:30 pm
during the experiment with a thermometer and a pH-meter, respectively.

Control fisheries are carried out monthly using seine nets. Caught individuals
are weighed using an INGCO balance with a precision of 0.01 g and the size of
reared individuals is measured with an ichthyometer.

The growth of individuals in weight and height is estimated by Equation (1).

i O
n

w, ===

W,, = average weight; W, = weight of individual % n = number of individuals

weighed.
"L
I, :L (2)
n
I

Zootechnical parameters are also determined according to the following ex-

. = average size; /;= size of individual % n = number of individuals measured.

pressions:

Wi —W,;

RWG = 3)

RWG = Relative weight gain; wy= final weight gain; w; = initial body weight;
d = duration of experiment in days.

Specific growth rate:

log(w, )-log(w,)

SGR =
d

x10 (4)
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SGR = specific growth rate; wy= final weight gain; w; = initial body weight; d =
duration of experiment in days.
This coefficient makes it possible to estimate the daily weight gain by reared

individuals.

2.5. Experimental Design, Management and Monitoring of Okra
Production

The okra, A. esculentus var. Clemson spineless, is shown in elementary plots. Each
plot measuring 1.5 m x 3 m with a spacing of 50 cm X 15 cm with two seeds per
planting at a depth of 3 to 5 cm. Each treatment comprises 3 elementary plots, one

per block. Treatments are arranged randomly within each block (Figure 2).

Oim
(N O I
-ﬂ----
------
-l e B Bl B e
------

Figure 2. Split-plot experimental design with total randomization of treatments (T) by
block.

0.5mI

To understand the effects of water drained from ponds rearing C. gariepinus
on okra growth and yield, a comparison was made with river water and different
types of fertilizer at varying doses for crop amendment (Table 2). Mineral ferti-
lizers (NPK) are used to supply precise nutrients according to crop needs, and to
maximize plant growth. Organic fertilizers are essentially composed of organic
matter from composted cow dung and poultry droppings. They supply the soil
with nitrogenous elements, among other things, and help ensure soil and crop
fertility.

The recommended agronomic doses of fertilizers according to the technical
sheet of okra production [21] used are: cow dung 10 t-ha™, poultry droppings 6
tha™, DAP 18.46. 50 kg-ha™!, urea 100 kg-ha™', NPK 10.10.20 and 9.23.30. 250
kg-ha™!. The DAP fertilizers in the NPK, cow dung and poultry dung treatments
were initially used as ground fertilizers differently in the respective elementary
plots according to the type of treatment applied (organic or mineral) and accord-
ing to the agronomic doses recommended 3 days before sowing okra. Subse-

quently, mineral and organic fertilizers were applied every two weeks after sowing.
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Only the mineral fertilizer treatment changed. Urea and NPK 10.10.20 were ap-
plied 15 and 30 days after sowing, respectively, on the plots treated with mineral
fertilizer. NPK 9.23.30 was applied 45 days after sowing, as soon as fruit began to
form. Each treatment was triplicated and the 3 elementary plots of a treatment

were arranged according to total randomization.

Table 2. Codes and descriptions of treatments [22].

Code Treatment Description

To RW Elementary plots watered with river water without fertilizer

Elementary plots watered with river water and mineral fertilizer

T RW + RD-NPK
! at the recommended dose (100%)

Elementary plots watered with river water plus recommended
T, RW +RD-FV ,
dose of poultry droppings (100%)

Elementary plots watered with river water plus the recommended

T RW + RD-BV
’ dose of cow dung (100%)

Elementary plots watered with water drained from ponds rearing
T4 DWC - s
Clarias without other fertilizer

DWC +25%  Elementary plots watered with water drained from ponds rearing

T
’ RD-NPK Clarias plus 25% of the recommended dose of NPK

T DWC +50%  Elementary plots watered with water drained from ponds rearing
‘ RD-NPK Clarias plus 50% of the recommended dose of NPK

T DWC +75%  Elementary plots watered with water drained from ponds rearing
’ RD-NPK Clarias plus 75% of the recommended dose of NPK

T DWC +25%  Elementary plots watered with water drained from ponds rearing
’ RD-PD Clarias plus 25% of the recommended dose of poultry droppings

T DWC+50%  Elementary plots watered with water drained from ponds rearing
? RD-PD Clarias plus 50% of the recommended dose of poultry droppings

T DWC +75%  Elementary plots watered with water drained from ponds rearing
" RD-PD Clarias plus 75% of the recommended dose of poultry droppings

T DWC +25%  Elementary plots watered with water drained from ponds rearing
" RD-CD Clarias plus 25% of the recommended dose of cow dung

T DWC +50%  Elementary plots watered with water drained from ponds rearing
" RD-CD Clarias plus 50% of the recommended dose of cow dung

T DWC +75%  Elementary plots watered with water drained from ponds rearing
13

RD-CD Clarias plus 75% of the recommended dose of cow dung.

The elementary plots were watered daily using river or water drained from
ponds rearing C. gariepinus. The quantity of water used per elementary plot de-
pended on the development stages of the plants: 22 L per elementary plot at the
start of the experiment during 15 days; 33 L per elementary plot between 16 and
40 days during vegetative development of the plants; and 44 L for each elementary
plot from 41th day corresponding to the start of the fruiting stage of the plants
until the end of the experiment.
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Growth is estimated from measurements height and collar diameter of plants.
Growth parameters are measured every week on 3 plants located in the middle of
the elementary plot, to take into account the border effect. Height is measured
using a tape measure and the collar diameter is taken at the base of the plant using
a calliper.

Fruits are weighed with balance at a precision of 0.01 g. Total yield (R) is esti-
mated by extrapolating the total weight of fruits harvested from all plants in each
elementary plot per treatment to the hectare (t-ha™) as follows:

R=Y"r st )

DI

where z; = yield per experimental plot and per treatment; S;, = area per hectare; s;
= area of experimental plot 4 n = total number of experimental plots correspond-

ing to a treatment.

2.6. Statistical Analysis of Data

The effects of river water, C. gariepinus rearing water and fertilisers on the num-
ber of fruits per week depending on the treatment were compared using the Chi-
Square test.

The variations of pH and temperature of pond water between mornings and
evenings are compared using the Wilcoxon test. Mean collar diameter and mean
height of plants, mean diameter and mean weight of fruits according to the treat-
ments are compared using the Kruskal-Wallis test. The Wilcoxon and Kruskal-
Wallis tests are applied to these variables because their distributions were not nor-
mal and the variances were not homogeneous. When the results of Kruskal-Wallis
tests are significant, they are followed by the Pairwise test using Holm’s method
for p-value adjustment to compare the means two by two.

Lengths of okra fruits according to the treatments showed a normal distribution
and variances were homogeneous and are compared using the ANOVA test. This
test is followed by Tukey’s to identify the means that are different.

In order to determine the hierarchical structure of the plants growth and yield
according to the treatment, a Correspondence Analysis [23] was performed on the
growth and yield variables per treatment, transformed by log (x + 1) to homoge-
nous the relative contribution of the variables. An Ascending Hierarchical Classi-
fication (Euclidean distance, average linkage agglomeration method) [24], was
then performed using the coordinates of each variable on the two most significant
axes of the Correspondence Analysis.

The statistical tests were concluding at the level a= 0.05 and were realized using
the R software version R i386 3.6. [25].

3. Results

3.1 Water Temperature and pH in Rearing Ponds

The mean daily temperature in the C. gariepinus rearing ponds was 27.6°C +
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1.5°C. The average temperature in the mornings was 26.6°C + 2°C and in the eve-
nings 28.6°C + 1.4°C. Average water temperatures in the breeding ponds between
mornings and evenings were significantly different (p < 0.05).

The daily mean pH of the water in the breeding ponds was 8.4 + 1.1. The aver-
age pH in the mornings was 8.1 + 1.1. In the evenings, the mean pH value was 8.7
+ 1.3. There was a significant difference in pH values between mornings and eve-

nings (p < 0.05).

3.2. Production and Zootechnical Parameters of C. gariepinus in
Rearing Ponds

The average weight of C. gariepinus individuals in the ponds ranged from 6.0 +
0.3 to 850.1 + 1.3 g during the 6 months of rearing (Figure 3). The variation in
monthly weight gain in C. gariepinusindividuals was 95.94 g in the 1* month after
stocking and 635.33 g in the 5%, rising to 206.67 g and 450 g in the 2" and 4%
months, respectively. Average weight gain during the rearing period was 844.1 +
1.7 g.

1000 - — 60
o]
* 50
800
o]
/ - 40
a L] —_
2 600 ° §
= / -
> o 3
; o/ _30 2
C [ ] ©
3 O
2 400- / =
N - 20
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200 .
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[e]
0- e—* Lo
| | | | | | |
A M J Ju Au S (0]

Months

Figure 3. Variations in the average weight and size of C. gariepinusindividuals during the
rearing period (solid circle = average weight; hollow circle = average size).

The average size of C. gariepinus individuals reared in the ponds ranged from
7.0 £0.5t0 52.4 + 1.1 cm during the rearing period (Figure 3). Growth in size was
estimated at between 21.2 cm in the 1% month and 52.44 cm in the 6™ month.
Growth was 31.37 cm, 36.43 cm and 45.3 cm at 3'9, 4% and 5% months, respectively.
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Daily weight gain (DWG) was 3.9 £ 0.5 g-day™" in the reared individuals. Spe-
cific growth rate (SGR) in C. gariepinus was 2.8 + 0.2 per day in rearing pond.

3.3. Effects of Drained Water from Ponds Rearing C. Gariepinus on
Growth Parameters of Okra

3.3.1. Collar Diameter of Okra Plants

The lowest mean collar diameter of plants was observed in treatment T, with 1.0
+ 0.5 cm watered with river water and the highest value was 2.3 + 0.9 cm in T,
treated with 100% RD-NPK and watered with river water. The collar diameter
noted in T; watered with water drained from ponds rearing C. gariepinus plus
75% RD-NPK was 1.9 + 0.9 cm (Figure 4). The mean collar diameters of plants in
treatments T,, T; and Ty were 1.8 £ 0.8 cm; 1.5+ 0.7 cm and 1.4 + 0.8 cm, respec-
tively. Differences in plant collar diameters between treatments were significant
(p < 0.05). These differences are noted between the mean collar diameter of T,
and all other treatments, except Tyo. Treatments with NPK with a dose above or
equal to 75% of the recommended dose had mean plant collar diameters signifi-
cantly different to T,. However, the mean collar diameter of T, was comparable to
that of treatments with poultry dung (T,), cow dung (T3) and NPK at doses below

75% of the recommended dose.

Collar diameter of okra plants (cm)
3]

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 TI0T11TI12TI13
Treatments

Figure 4. Variation in mean diameter at the crown of okra plants according
to treatments.

3.3.2. Height of Okra Plants

The average height of plants ranged from 24.5 + 13.8 cm in the control treatment
To, watered with river water, to 61.6 + 32 cm in T, watered with river water plus
100% RD-NPK (Figure 5). Average heights of plants were 44.8 + 24.7 cm in T,
424+ 254 cmin T; and 38.8 + 23.5 cm in T,. Average height of plants was 50.3
28.4 cm in T;. Average height of plants in T, was significantly different from other
treatments, except in Ty and Ti,. A statistical difference was also noted between
the mean heights of plants in T, and T,. However, the mean height of plants in

treatment T, is comparable to those of treatments T, T, Ts, Ts and T.
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Figure 5. Variation in average height of okra plants according to
treatments.

3.3.3. Structure of Okra Growth According to the Treatments

The Hierarchical ascending classification (Figure 6) based on growth parameters
enabled to distinguish four (04) main groups between treatments. The group /is
made up of two 2 subgroups: /a which is made up of T, Ts, Ts, T> and T7 and /b
made up of Ty; and Ts. The group I7is constituted of treatments Ty, Ty, T1y, T3
and T\o; group II7is composed of Ty and group /V of T0. This structuring of treat-
ments according to okra plant growth parameters shows that the treatment with
water drained from ponds rearing C. gariepinus (T,) gave different growth per-
formances to those obtained with river water (T,), RD-NPK (T,) and RD-PD (T,).
The treatment T, gave growth performances close to those of the treatment wa-
tered with water drained from ponds rearing C. gariepinus plus 50% (T1;) or 25%
(T1) of the recommended dose of cow dung, the recommended dose of poultry
droppings (T5) and that with drained water plus 75% of poultry droppings (To).
According to this result, the combined effect of DWC + NPK; DWC + CD or
DWC + PD would influence okra growth more than the use of only the water

drained from ponds rearing C. gariepinus.

0.074

0.06-

0.05-

0.04+

Height

0.02-

"I T | e

TO T1 T10 T3 T11 T4 T12 T6 T13 T7 T2 T5 T8 T9

Figure 6. Hierarchical ascending classification of treatments according to okra
growth parameters using the mean-link method based on the coordinates of the
correspondence analysis axes (for treatment codes, see Table 2).
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3.4. Effects of Drained Water from C. gariepinus Farms on Okra
Yield Parameters

3.4.1. Number, Weight and Average Length of Okra Fruits

The lowest mean number of fruits per plant was observed in treatment T, with 5.7

+ 0.3 and the highest in treatment T, with 20.2 * 1.2, watered with water drained

from ponds rearing C. gariepinus plus 75% RD-NPK (Table 3). The number of

fruits in treatments T, T,, T; and T, was 19.4 £ 1,14.0 £ 0.8,13.1 £ 0.5and 7.0 =

0.5, respectively. The Chi-square test showed that the mean number of fruits by

treatment was a function of time (p < 0.05).

Table 3. Variation in weight, number and average length of okra fruits according to treat-
ments.

A ber of A fruit weight A fruit length
Treatments verage number o verage rur Welg verage rul eng

fruits per plant (g) (cm)

To 57+0.3 7.1 £3.5¢ 6.6 +2.0°
T, 19.4 + 1.0 12.8 +4.9° 8.3+2.2°
T, 14.0 £ 0.8 10.8 + 5.4% 7.4 +2.5®
T; 13.1+0.5 12.9 + 6.2 8.2 + 2.5
T, 7.0%0.5 11.2 +5.1%® 7.9 2.1
Ts 18.3+0.9 12.7 + 5.6° 8.3+2.3°
Ts 14.6 + 0.6 11.5 + 4.8 8.1 +2.2°
T, 202+1.2 12.8 +5.8° 7.7 £2.2%®
Ts 164+ 1.3 11.2 + 4.7% 7.7 £ 2.2
Ts 12.8+0.5 10.9 + 4.8 7.7 £2.2%
Tio 6.4%0.5 12.7 + 6.7 7.6 +2.8®
Tn 11.1+0.5 10.7 + 4.6® 7.6 + 2%

Ti 8.8+0.5 10.0 + 5.3 7.6 £ 2.4%
Tis 14.6 + 0.7 9.2 + 4.5 7.7 £ 2.6

Values with the same letter in the column are not significantly different, and those with
different letters are statistically different at the a = 5% threshold.

The lowest average fruit weight was noted in treatment T, with 7.1 £ 3.5 g and
the highest of 12.9 + 6.2 g in the treatment (T5) watered with river water plus RD-
CD (Table 3). Average fruit weight was 12.8 £ 4.9 gin Ty, 10.8 + 5.4 gin T, and
11.2+5.1 gin T, It was 12.7 £ 5.6 g in Ts watered with water drained from ponds
rearing C. gariepinusplus 25% RD-NPK and 12.8 + 5.8g in T treated with drained
water plus 75% RD-NPK. Mean fruit weight showed significant differences be-
tween T, and all other treatments (p < 0.05). However, average fruit weight in T,
was comparable with Ty, T,, T3, Ts and Ts (p > 0.05).

Mean fruit length ranged from 6.6 + 2.0 cm in Ty to 8.3 = 2.3 cm in Ts, watered
with water drained from ponds rearing C. gariepinus plus 25% RD-NPK. It was
83+22cmforTy, 7.4+23cmforT, 82%+25cmforTsand 7.9 £ 2.1 cm for T,
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(Table 3). Fruit length differed between treatments (p < 0.05). These differences
were noted between T, and treatments T;, T, Ts and Ts. However, no significant

differences were noted between T, and the other treatments.

3.4.2. Okra Fruit Diameter

The lowest average fruit diameter was observed in T with 1.5 + 0.3 cm, treatment
watered with water drained from ponds rearing C. gariepinus plus 25% RD-PD
(Figure 7). The largest fruit diameter was noted in treatment T; with 1.8 £ 0.3 cm
watered with DWC plus 75% NPK. The treatments T, T, and T, had the same
average fruit diameter at 1.6 £ 0.3 cm. It was 1.7 = 0.3 cm in T;. Fruit diameters
differed statically between treatments. The differences were noted between treat-
ments T,-T7, T-T1;, T5-Ts and T5-Ths.

N w

Okra fruit diameter (cm)
[

TO T1 72 T3 T4 T5 T6 T7 T8 T9 T10 T11T12 T13

Treatments

Figure 7. Variation in okra fruit diameter according to treatments.

3.4.3. Okra Fruit Yields

The lowest yield was obtained with the control treatment (To) = 4.1 £ 2.1 tha™.
The highest yields were recorded in T; with 10.8 £ 5.4 t-ha™ followed by Ts = 9.2
+ 4.6 tha™, T; = 8.8 £ 4.4 tha™ and Ty; = 9.1 £+ 4.5 tha™' (Figure 8). The yields
were 5.7 + 2.8 t-ha™' in T,, 7.5 + 3.8 t-ha™! in T; and 8.6 + 4.3 t-ha™! in T,. Yields
differed statistically between treatments (p < 0.05). The yield obtained in Ty is sig-
nificantly different from those of most treatments (T, Ts, T4, Ts, T7, Ts, Ts and
T1o). Differences are also noted between T, on the one hand, and treatments Té,
To, Tho, T12 and Tis, on the other hand. The yield in T, was also significantly dif-
ferent to T,. However, the yields of treatments T,, T; and T, are comparable (p >
0.05).

3.4.4. Structure of Okra Yield by Treatment

Hierarchical ascending classification (Figure 9) of the different treatments based
on yield variables enabled to distinguish three (03) main groups. The group /is
made up of two subgroups: subgroup Ja comprises treatments To, T3, Ts, T13 and
subgroup /b is made up of T1z, Ts, T10 and T,. The group I comprises treatment
Ty and group /I/treatments Ts, T4, T1y, T7 and T). Treatment T, with water drained
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from ponds rearing C. gariepinus gave yield performances comparable to those of
fertilization with DWC + 25% RD-NPK (Ts), DWC + 25% RD-cow dung (T1,),
DWC + 75% RD-NPK (T7) and RW + RD-NPK (T,). These treatments, forming
group /1, gave the best okra yields. Thus, in some cases, the combined effects of
DWC + NPK; DWC + CD or DWC + PD allowed to improve okra yields.

18
16
14
12
10

Average fruits yield (t.ha)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10T11T12T13

O N B O

Treatments

Figure 8. Variation in average okra fruit yields according to treatments.

0.07 A

0.06 +

N I 7 e U

= 1b
© 0.04 4 u
:

0.03 A

0.02 A

0.01 -

™ T7 T11 T4 T5 TO T2 T10 T6 T12 T13 T8 T3 T9

Figure 9. Hierarchical ascending classification of treatments according to okra yield pa-
rameters using the mean-link method based on the coordinates of the correspondence
analysis axes (for treatment codes, see Table 2).

4. Discussion
4.1. Physico-Chemical Parameters of Rearing Pond Water

The mean daily water temperature in C. gariepinus breeding ponds was 27.6°C *
1.6°C. The values obtained are suitable for breeding Clariidae. The authors such
as [26] [27] indicated that the range of temperatures preferred by this group of
catfish, including C. gariepinus, for good growth is between 27°C and 32°C.

The average daily pH of the water in ponds rearing was 8.4 + 1.1. This pH value
is within the range recommended for rearing most of the species. In fact, pH val-
ues between 6.5 and 8.5 are those that give the best growth performance for ma-

jority of the reared species, including C. gariepinus [28]-[30].
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The average weight of reared individuals ranged from 6 + 0.3 to 850.12 + 1.3 g,
and average size from 7 + 0.5 to 52.44 + 1.1 cm during the 6 months of breeding.
These relatively good growth performances can be explained in part by the quality
of the feed used and the good management of water quality in the rearing ponds.
According to [31], catfish can grow from 1 to 800 g in seven months of rearing at
temperatures between 26°C and 28°C.

The growth performances of C. gariepinus obtained in this study are similar to
those obtained by [32], who showed that this species can reach between 500 and
1000 g in 8 months of rearing.

Daily weight gain in C. gariepinus was 3.9 g-day™' in the rearing pond. For a
given species, average daily weight gain is influenced by many of factors, including
rearing water quality, feeding method, length of rearing cycle, stocking density,
rearing device and rearing system. Indeed, the RWG value reported by [31] in C.
gariepinus was 3.2 g-d”' in bamboo cage, rearing lower than that found in this
study.

The specific growth rate obtained after 180 days of rearing C. gariepinus in
ponds was 2.8% per day. This rate is comparable to that obtained by [33], which
is 2.88% per day after 120 days of rearing C. gariepinus in cages. It is lower than
those recorded by [31] which are 3.33%; 3.25% and 3.43% per day after 150 days
of rearing for individuals with initial average weights of 5.6 + 0.23 g,5.9 £ 0.23 g
and 6.3 £ 0.23 g, respectively.

The specific growth rate of C. gariepinus2.8%-day™' found in this study is better
than that of [34] who have obtained a specific growth rate of 0.78%-day " in tilapia
reared during 6 months. It is also better than the specific growth rates of
2.77%-day" and 2.38%-day"! found by [35] in males and females of Oreochromis
niloticus, respectively, after 91 days of rearing in tanks.

The fact that the growth rate in our study is lower than those found by [31] and
[33] for the same species, could be explained by a difference in protein rate in the
feed used. In our study, the protein rate in the feed used is 35%, which is lower
than 42% in the feed used by these authors during the rearing of C. gariepinus

individuals.

4.2. Effects of Water Drained from Rearing C. gariepinus on Okra
Growth

For plant height and collar diameter, the lowest values were obtained in the con-
trol treatment (T,) watered with river water and no fertilizer added. The values of
vegetative parameters such as plant height and collar diameter were highest in
treatments T, and T,. The values obtained in these treatments seem to indicate
comparable effects of the fertilizers used in these treatments on okra growth. This
may be explained by the fact that their compositions in mineral elements are fairly
similar. The T1 corresponds to the treatment with RD-NPK and T; to the treat-
ment with 75% RD-NPK + DWC. As for the treatment with only water drained

from rearing C. gariepinus (T,), it seems to have comparatively performed less on
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growth parameters than treatments T, and Ty. This could indicate that DWC alone
lacks certain nutrients required for optimal okra growth. However, it is reputed
to be very rich in nitrogen, considered as one of the main components used by
plants in the production of molecules such as proteins, nucleotides, nucleic acids
and chlorophyll [36]. In a “cycled” rearing pond, this nitrogen in the form of ni-
trate comes mainly from the decomposition and mineralization by specific bacte-
ria of the uneaten feed supplied, dead organisms and the metabolic excreta of the
reared individuals [37]-[41]. The rate of N content in DWC and its content of
other mineral elements such as phosphorus, potassium, etc. enable growth per-
formances comparable to those of fertilizers such as RD-CD (T53).

Thus, the combination of minerals and micronutrients from organic fertilizers
and DWC has a greater effect on okra plant development. These results are similar
to those found [38], who showed that okra plant growth differed considerably ac-
cording to the type of fertilizer applied, and that the combined effects of organic
and mineral fertilizers had a significant influence on the vegetative development

of okra.

4.3. Effects of Water Drained from Rearing C. gariepinus on Okra
Production Parameters

The highest mean number, mean weight, mean length and diameter of fruits were
noted in T3, watered with river water plus RD-CD and T, which was watered with
water drained from rearing C. gariepinus plus 75% RD-NPK.

The combined effects of the minerals and micronutrients present in the cow
dung, the mineral fertilizer and the drained water from rearing C. gariepinus re-
sulted in higher yields in terms of number, average weight, diameter and length
of fruits. The combined application of nutrients in different forms, such as ground
phosphate and organic fertilizer, was shown to significantly improve production
parameters of crops such as okra, A. esculentus, and sorghum, Sorghum growth,
compared to the application of each form of fertilizer separately [39]-[41].

The highest yields were obtained with the treatments T, and Ts. The results
obtained with these treatments can be explained by the presence of nutrients such
as nitrogen, phosphorus and potassium in the NPK, to which are added the min-
eral elements supplied by the water drained from rearing C. gariepinus. In addi-
tion, analysis based on hierarchical ascending classification shows that the T,
treatment achieved yield performances comparable to those of treatments with Ts,
T1i, T7 and Ti. This could indicate that the levels of essential nutrients for produc-
tion namely N, P in the water drained from rearing C. gariepinus are closer to
those contained in the NPK fertilizer. This richness in nutrients such as nitrogen,
phosphorus, carbon, trace elements, etc. [11] could be explained by the fish’s met-
abolic capacity, which partly influences the level of discharge in water of the rear-
ing environment [42]. On the other hand, the single use of DWC (T,) resulted in
higher okra yields than fertilization with RD-PD or RD-CD. Combining these fer-

tilizers with DWC improved yields. Thus, our results are conforming with those
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of [38] who showed that a combination of organic and inorganic fertilizers im-

proves fruit yield and provides balanced nutrients to the okra crop.

5. Conclusion

Finally, water drained from ponds rearing C. gariepinus (T4) gave growth perfor-
mances closer to a recommended dose of cow dung (T3) than those of recom-
mended doses of poultry droppings (T2) and NPK (T1). The fertilization with the
best growth performance was that with water drained from C. gariepinusrearing
ponds plus 75% of the recommended dose of NPK and river water plus the rec-
ommended dose of NPK. For yield parameters, water drained from ponds rearing
C. gariepinus gave the same yield performance as recommended dose of NPK and
a higher yield than treatments with recommended doses of poultry droppings and
cow dung. In sum, water drained from ponds rearing C. gariepinusis a good fer-

tilizer for okra production.
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