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ABSTRACT

This study focuses on the use of vinasse in agriculture. The study was carried out during the
2022-2023 first agricultural season. Vinasse and soil characterisation were conducted using
standard methods. Plant morphological parameters were measured. The results of the
physicochemical parameters of the vinasse indicated an effluent with a deep colour
(4757+2139.46 Pt/co) ; with an acid pH (5.46+1.07). Three forms of nitrogen were measured in
the vinasse: Ammonium (NH4+) with a concentration of 32.49+7.17 g/l; Nitrites (N02-)
0.69£0.38g/l and Nitrates (N03-) 151.13+£57.82¢g/l. The available phosphorus content (PO43-)
was 16.62+8.93 g/l in the effluent. The average Chemical Oxygen Demand (COD) content was
81.13+78.94 g/l, while the Biological Oxygen Demand (BOD5) content was 11.53+6.85 g/I.
Potassium ion (K+) was 2.12+0.78 g/l. Soil characteristics according to each treatment showed a
pH variation from 3.65+£0.071 to 5.73+0.70 in all treatments. Nitrogen concentrations were high
in treatments T3 and T5. The carbon to nitrogen ratio was high in treatments TO1, T1 and T3.
Cation exchange capacity was higher in treatment T5. Vinasse treatment increased phosphorus
concentrations in the T4 treatments soils. There were major differences for each parameter.
Morphological parameters showed a high emergency rate at T2 (87%). The highest values for
plant height, collar diameter, number of leaves and leaf area were obtained with treatment T4
(8L/m2). The amount of potassium in the soil increased with doses of vinasse. The C/N ratio
decreased as soil organic matter reduced. Compared with chemical fertilisers, vinasse can be a
sustainable alternative for organic farming.
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1. INTRODUCTION

The consistent demand for the use of wastewater is escalating as a reliable alternative water
source. Wastewater is no longer considered a problem desperate for a solution, but rather a part
of the solution to the challenges societies face today [1-3]. Wastewater can be a cost-effective
and sustainable source of energy, nutrients, and other useful by-products [4]. In a circular
economy setting, where economic development is counterbalanced with natural resource
protection and Sustainable Development, industrial wastewater constitutes a widely accessible
and valuable resource [5]. Agri-food industries in Cameroon use substantial quantities of fresh
water to manufacture their products. During their various production activities, large volumes of
liquid effluent are generated by distillery industries [6, 7]. Distillery industries generate
wastewater known as vinasse [8, 9]. Vinasses are mainly disposed of by two distillery industries
in Cameroon, FERMENCAM in Douala and NODISCAM in Mbandjock. These two industries
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produce ethanol from sugarcane molasses collected from the SOSUCAM sugar industry [6].
During distillation, the ethanol produced generates large quantities of vinasse. In general, each
litre of ethanol generates 10 to 15 litres of vinasse, with 300 billion litres produced annually in
Brazil alone [10]. According to the research carried out by [6], the volumes of vinasse Cameroon
distilleries produce daily are a major source of organic pollution for the environment. The
problem here is how to manage this wastewater. In India, there are about 579 sugar mills and 285
distilleries, with a capacity of producing 2.7 billion liters of wastewater per year [11, 12].
Disposing of such large volumes of wastewater is a major concern for ecologists and
agronomists around the world. This is why using distillery effluents in agriculture have been
successful in India since the beginning of industrialisation. In some regions, water scarcity has
compelled farmers to use vinasse for soil irrigation and fertilisation [13]. In Cameroon, the
problem with wastewater from the agri-food industry is its limited exploitation. Among the
potential areas for wastewater reuse, irrigation in agriculture is the most suitable [14]. Therefore,
spreading vinasse on agricultural fields could be an interesting method for disposing of and
exploiting this by-product [15, 16]. Several research projects have focused on the exploitation of
vinasses. The use of vinasses as a fertiliser started in the 1950s [17]. This practice has enabled
sugar companies in Brazil, India, China and Mexico to reduce the purchase and use of chemical
fertilisers in sugarcane fields and achieve good yields [18-22]. Studies have also focused on the
use of vinasses to increase yields in the production of maize [23-25]; rice [26,27]; wheat [28];
sugarcane [29,30]; to enrich the soil with nutrients, thereby reducing soil fertilisation costs [31-
33] as well as for plant germination and growth [13, 34]. This is because vinasses are
characterised by their high concentrations of organic matter, sulphates and nutrients such as
potassium, nitrogen and phosphorus [5, 8, 35]. Vinasses are an environmentally friendly
resource, toxic metals free, because they are derived from sugarcane and are also a very good
source of major elements and micronutrients readily available to improve soil fertility and crop
yields [36, 37]. The nitrogen content of manure ranges from 1660 to 4200 mg/I, phosphorus from
225 to 3038 mg/l and potassium from 9600 to 17475mg/l. Calcium (2050 - 7000 mg/l),
magnesium and chloride are also present in significant quantities [38, 39]. Recently, the presence
of a significant amount of plant growth stimulators, specifically gibberellic acid and indole acetic
acid, has also been identified [31]. Spreading vinasse therefore offers several advantages. It
provides agriculture with a valuable resource and it is also an alternative to discharging into
receiving environments which may have limited absorption capacities. In addition, their use
could also prevent eutrophication and avoid growing algae in discharging areas. If vinasse is
accepted as a positive input rather than a by-product of industrial activity that needs to be
disposed of, then it is logical and preferable that, rather than disposing of it, it should be used
prospectively [40, 41]. There is insufficient information available on the effect of distillery
effluents on crop performance and soil health in Cameroon. This study focused on the use of
vinasse in maize farming. Maize (Zea mays) was chosen for this study because it is one of the
most widely cultivated cereals in the world for human and animal consumption. It is a high-value
strategic crop in Cameroon for food security and sovereignty. It is cultivated in all five agro-
ecological zones of Cameroon. Moreover, the main constraints to maize production include
declining soil fertility [42-44]. This study could be a possible alternative to the challenges facing
agriculture in Cameroon on the one hand, and sustainable development concerns on the other.
The overall objective of this study was to examine the effect of distillery effluents on maize
growth and soil properties. More precisely, it involved:
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- carrying out a physicochemical characterisation of vinasse;

- showing the effect of different vinasse treatments on maize growth;

- assessing the effect of different vinasse treatments on the physicochemical characteristics
of the soil.

2. MATERIALS AND METHODS

2.1.1. Presentation and Description of the Experimental Site

The study was carried out in Zamengoe, in the Okola council of the Lekie Division in the Centre
Region of Cameroon. It has a geographical coordinate of 03°56°51” North Latitude, 11°26°59”
East Longitude and 790m Altitude. Located in Cameroon's agro-ecological zone V ( a bimodal
rain forest with 4 seasons), it is noted for its savannah climate with an average temperature of
23.5°C and average rainfall of 831.7 mm according to the classification of Koppen-Geiger.

2.1.2. Physicochemical Characterisation of NODISCAM Vinasses

Samples were collected using one liter polyethylene bottles. These samples, collected from the
NODISCAM distillery, were taken to the Biotechnologies and Environment laboratory at the
University of Yaounde 1 for physicochemical analysis. The physicochemical parameters were
measured using the standard protocols described by [45, 46]. The pH was measured by
immersing the glass electrode in the vinasse sample; conductivity, salinity, total dissolved solids
(TDS) and temperature were measured using a multiparameter and the values were read off the
digital display screen. The Chemical Oxygen Demand (COD) was determined using the
“Anaerobic Reactor” method; Biochemical Oxygen Demand was determined over 5 days using
the “manometric” method with a WTW BODs incubator [47]. Ammonium ions were measured
using the “Nessler” method on a mineralised sample and the value was read using a DR3900
spectrophotometer at a wavelength of 380 nm. Nitrate ions were measured using the cadmium
reduction method with a spectrophotometer DR3900 by Hach. Orthophosphate was measured by
filling a cell with 10 ml of the sample. The contents of a sachet of PhosVer 3 reagent powder was
introduced into the cell. A blue colour will appear if the sample contained phosphorus. Nitrite
ion (NO2) contents were measured by the diazotization method using a spectrophotometer
DR3900 [48]. After introducing 10 ml of the sample into a spectrophotometer cell, the Nitriver 3
Nitrite reagent was added. Then, after homogenisation, the mixture was allowed to rest for 10
minutes (reaction time). The concentration was measured using a spectrophotometer at 373 nm
against 10 ml of effluent as a reference. The results were reported in mg/L of NO3".

2.1.3. Physicochemical characterisation of collected soil samples

Soil sampling was carried out 30 cm from the soil profile on the upper part using the composite
sampling method. The samples were stored in polyethylene packaging and labeled, then brought
to the FASA Soil Science Laboratory in Dschang. Soil physicochemical parameters were
measured using standard protocols. The pH was measured following the ISO 10390 international
standard. The Organic matter (OM) and organic carbon (OC) were measured using the [49].
method as described by [50]. The total nitrogen was measured using Kjeldahl method referred by
[50]. The sum of exchangeable bases (SEB) in the soil were measured using the Metson method
for soils with a pH of less than 7, and the extraction was done using ammonium acetate at pH 7
and the colorimetric method to determine the cation exchange capacity (CEC). Available
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phosphorus was measured using Bray 2 method [51]. and particle size analysis using Robinson-
K&hn pipette method.

2.1.4. Setting up the experimental device on the study site

The study site was completely cleared, cleaned and ploughed. The vinasse was spread in each
experimental block and sowing took place the following day. The experiment was carried out in
a completely randomised block of 100 m? with six different treatments: the TO sample reference
(no fertilisation), the T1 chemical fertiliser treatment and the different doses of vinasse (T2 = 1.6
L/m2, T3 =4 L/m? T4 =8 L/m? and T5 = 16 L/m?). Each treatment was repeated 3 times and
randomly distributed over the plot. The sub-blocks were 1 m apart, [52-54].

2.1.5. Recording Morphological Parameters

Zea mays L. CMS8704 was sown directly in the field at a rate of three seeds per hole. After
germination and seed emergence, seedlings were pruned and separated. The assessed parameter
was the emergence rate, which was recorded eight days after sowing and calculated using the
following formula: (Number of emerged plants /total number of seeds sown) x 100 [55].

Two weeks after sowing, growth parameters measured were plant height, collar diameter,
number of leaves, leaf length and width to determine leaf area. Plant height was determined by
direct measurement using a measuring tape. Measurements were taken from the base of the ridge
where the stem emerges to the petiole of the youngest leaf [56]. Results were recorded in
centimeters (cm). The diameter of the collar was determined using a digital caliper. The
measurement was taken 2cm from the stem's base and the value read off the device's display
screen. The results were recorded in millimetres (mm). Moreover, the number of leaves was
determined by counting them directly on each plant from the base upwards, i.e. from the oldest
to the youngest leaves. The leaf area was measured using the following formula: 2/3 (LxI) where
L and I represent the length and width of the leaves respectively. The length and width of the
leaves were measured using a measuring tape until the first flower appeared. These
measurements were taken in cm and the leaf area in centimeters square (cm?). The chlorophyll
index was determined using a chlorophymeter during the grain development stage. The number
of maize ears was determined by counting [57].

2.1.6. Data Analysis

The results obtained were recorded using Excel 2016 software. They were then tested by analysis
of variance (ANOVA) using SPSS, I. [58]. The averages obtained were separated using Duncan's
test and compared using the MSD (minimum significant difference) at the 5% threshold.

3.1 Results

3.1.1. Physicochemical Characteristics of Vinasse

The pH of an effluent corresponds to the concentration of hydrogen ions. It measures the acidity
or alkalinity of water. The pH obtained in the distillery effluent was acidic (5.46%1.07).
Electrical Conductivity (EC), Total Dissolved Salts (TDS) and Salinity were found to be good
indicators of the degree of mineralisation of an effluent. The conductivity and total dissolved salt
contents were low at 44.25+67.84 ps/cm and 8.44+0.69 mg/l. The value for suspended solids
(SS) was 107+62.16 mg/l. Ca;* and Mg?* ions showed concentrations of 308.51 + 16.45 mg/I
and 84.62 + 1.08 mg/l respectively. Three forms of nitrogen were measured in the vinasse
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effluents: ammonium (NH4") with a concentration of 32.49+7.17 g/I; nitrites (NO2") 0.69+0.38g/I
and nitrates (NO3) 151.13+57.82¢/l. The available phosphorus content (PO4*) was 16.62+8.93
g/l in the effluent. The average COD content was 81.13+78.94 g/l, while the BODs content was
11.53+6.85 g/l. The COD/BODs ratio was seven.

Table 1 below shows all the physicochemical parameters measured in the water. The average
values are presented with the values of the wastewater discharge standards

Table 1. Physicochemical Characteristics of NODISCAM Vinasse

Parameters Effluent Parameters | Effluent | WHO [59]
value WHO [59] value
pH 5.46+1.07 |6.5-8.5 COD (g 02/1)| 81.13+78.94 < 90mg/I
EC (us/cm) 44.25+67.84| - (B)(23/||:;5 (9| 11.53+6.85 < 30mg/l
T°C 75.67 £6.01 < 30°C NH4 (mg/l) |32.49+7.17 <1mg/l
Turbidity (NTU)| 234.33468.0| - Nitrite NO2 |0.69+0.38 1 mall
4 (g/l) g
Oxidizability Nitrates NO3 | 151.13+57.8
(mg/l) 616.12+169 (g/l) 2 < 0.5 mg/l
CO2 (mg/) 1652+1104. | - PO43- (g/1) |16.62£8.93 <9
76
Dissolved 4.43+1.07 |- Mg?* (mg/l) |84.62 +1.08
oxygen
TSS (mg/l) 107+62.15 |<20mg/l |Ca?"(mg/l) |308.51 +
16.45
Colour (Pt/co) |4757+2139. | - K* (g/1) 2.12+0.78
46
Salinity (US) 10.67+0.85 Cd* (mg/l) [0.065 +
0.003
Alkalinity (mg/l)| 456.67+232. Pb (mg/l) 0.11£0.42
52

2.1.2. Effect of different treatments on maize growth parameters

The various treatments significantly (P<0.05) improved maize collar diameter (Fig.1.A),
treatments T4 (27.55£2.27mm) and T2 (21.21+3.85mm) showed a significant difference
(P<0.05) compared to TO (15.32+5.08mm); treatments T5 (24.30+2.74mm) and T3
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(23.20£2.97mm) showed no significant difference (P>0.05). The best collar diameter was
obtained from treatment T4. The effect of the different treatments on the average number of
leaves showed a significant difference (P < 0.05) between treatments T2 (11.30+1.23) and TO
(8.17%£2.61) (Fig. 1.B). The best treatments were in T3 (12.27+0.89), T4 (12.20+0.66) and T5
(12.17£0.98). The various treatments significantly improved maize plants height (Fig.1.C), the
best plants height was obtained from treatment T4. The effect of the different treatments on the
chlorophyll index (Fig.1.D), showed a significant difference (P<0.05) between treatments T1
(5418.76) and T2 (42.54+10.13) and no difference between treatments TO (49.19+3.80), T3
(50.1046.75), T4 (49+5.01) and T5 (46.60£3.19). In terms of the number of ears according to the
different treatments (Fig.1.E), a significant difference (P < 0.05) was observed between
treatments T5 (10.33+2.31), T2 (4.33+1.53) and TO (2.00+1.73). Treatment T5 showed a better
effect on the number of ears. The effect of the different treatments on leaf area (Fig.1.F) showed
that treatments T4 (707.8+95.8 cm2) and T5 (665.7+60.8 cm?) were significantly different (P<
0.05) from TO (359.4+90.9 cm?). Treatment T4 had a higher average than the other treatments.
The seedling emergence rate (Fig.1.G), according to the different treatments showed a rate of
87% for treatment T2, followed by T5 (73%) and T2 (67%). Treatment TO showed a low
emergence rate (47%).
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Fig.1. Maize growth parameters with different treatments. A. Collar Diameter; B.Number of
leaves; C. Plants height; D.Chlorophyll index; E.Number of Ears; F. Leaf Area ; G. Emergence
Rate. Treatments:TO= sample reference; T1 = chemical fertiliser; T2= 1.6 L/Im?; T3=4 L /m?;
T4=8L/m?, T5= 16 L/m?,

3.1.3. Physicochemical characteristics of soil samples before and after vinasse spreading

- Particle size

The percentage of each fraction of solid particles analysed in the soil samples collected indicated
that the overall samples were rich in clay and sand.

- Soil Physicochemical Parameters

Soil pH ranged from 3.65+0.071 to 5.73+0.70 in all treatments. The highest organic carbon
contents were observed in the treatment soils TO, T3 and T5. High concentrations of organic
matter were found in T3 and TO1. Calcium and magnesium decreased in the vinasse treatments
soils. The value of the sum of exchangeable bases was high in treatments T4 and T5 compared to
TO and TO1. Nitrogen concentrations were high in treatments T3 and T5. The carbon to nitrogen
ratio was high in treatments T01, T1 and T3. Cation exchange capacity was higher in treatment
T5. Treatment with vinasse increased phosphorus concentrations in the treatment soils T4. These
results are presented in Table 2 below.
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Table.2. Physicochemical characteristics of the soil before and after different treatments with vinasse.

Physicochemical Soil before Different treatments applied
parameters Maize cultivation
0 TO1 T1 T2 T3 T4 T5

pH EAU 4.4+0.283 4,75+ 0.07 4.83+0.29 4.66+0.34 4.9+ 0.294 5.38+0.499 5.73+0.70
pH KCI 3.65+0.071 3.95+0.07 3.97+0.23 3.92+0.15 4.03+0.21 4.3+0.294 4.45+0.48
ApH -0.75+0.1 -0.8+0.00 -0.87+0.06 -0.75+0.19 | -0.88+ 0.096 -1.075+0.275 -1.28+ 0.54
CO (g/kg) 20.17+ 3.8 31.26+0.48 24.20£7.58 23.53£5.1 27.06+£2.71 24.03+0.37 24.71+0.644
MO (g/kg) 34.7746.6 53.89+ 0.82 41.72+1.31 | 40.57+£8.72 | 46.65+4.67 41.434+6.374 42.59+1.11
Ntotal (g/kg) 1.48+0.18 1.453+0.124 | 1.50+0.095 | 1.61+0.149 | 1.825+0.23 1.72+0.214 1.79+0.172
C/N 13.84+4.23 21.59+1.51 16.21+5.46 | 14.64+3.17 | 15.03+2.71 14.036+1.72 13.91+1.56
Ca (méqg/100g) 0.80+0.9 0.36+ 0.17 0.53+0.303 | 0.24+0.113 0.5+0.27 0.460+ 0.256 0.44+0.103
Mg (méq/100g) 0.76+ 0.51 0.4+0.23 0.35+0.092 0.54+0.24 0.48+0.34 0.440%0.296 0.620+0.482
K (még/100g) 0.183+0.01 0.16+0.026 0.20+ 0.023 0.43+0.27 0.371+0.12 0.903+0.348 1.3+0.881
Na (méq/100g) 0.133+0.048 0.234+0.00 | 0.21+0.039 | 0.25+0.034 | 0.27+0.04 0.403+0.087 0.437+0.156
SBE (meg/100g) 1.88+1.46 1.16+0.37 1.29+0.22 1.46%0.452 1.62+0.34 2.206+0.630 2.797+0.944
CEC (meqg/100g) 10.61+ 0.56 9.55+0.64 10.13+0.76 9.76+0.94 9.15+0.95 10.908+1.66 12.45+1.44
Ptotal (mg/kg) 13.07+1.50 14.16+0.043 10.43+0.11 13.84+2.7 11.74+ 2.35 14.231+£2.92 14.14+4.43

3.1.4 Effect of different treatments on soil characteristics

There were significant differences for each of these parameters. Figure 2 show the different treatments according to the parameters
measured in the soil.

- Soil pH water and pH KCI

The results obtained revealed that the pH water and pH KCI varied according to the different treatments. The pH water of treatment
T5 (5.73+ 0.70) was significantly different (P< 0.05) from all treatments TO (4.4+0.283), TO1 (4.75% 0.07), T1 (4.83+ 0.29), T2
(4.66+0.34), T3 (4.9£ 0.294). No significant difference was observed between TO, TO1 and T2 (Fig.2.A). The pH KCI of treatment T5
(4.45+0.48) was significantly different (P<0.05) from all treatments TO (4.4+0.283), TO1 (4.75£0.07), T1 (4.83+0.29), T2 (4.66+0.34),
T3 (4.9+0.294). No significant difference (P<0.05) was observed between T3 and T1 (Fig.2.B).

- The C/N Ratio and soil nitrogen

The different treatments significantly (P<0.05) improved soil carbon and nitrogen concentrations, resulting in a significant difference
between the soil C/N ratio values for each treatment. Figure.2.C shows that treatment T5 (1.79£0.172) was significantly different
(P<0.05) from treatments TO (1.48+0.18), TO1 (1.453£0.124), and T3 (1.825+0.23). An increase of 20.76% compared to the sample
reference soil was obtained for treatment T3 with total nitrogen (Fig.2.D).

- Effect of different treatments on soil SEB and CEC

The results obtained showed that the SEB (Sum of Exchangeable Bases) and CEC (Cation Exchange Capacity) varied according to the
different treatments. The SEB (Fig.2.E) of treatment T5 (2.797+0.944) was significantly different from all treatments TO (1.88+1.46),
TO1 (1.16£0.37), T1 (1.2940.22), T2 (1.46+0.452), T3 (1.62+0.34). The CEC (Fig.2.F) of treatment T5 (12.45+1.44) was significantly
different (P<0.05) from treatments TO (10.61+0.56), TO1 (9.55+£0.64), T1 (10.13£0.76), T2 (9.76+0.94) on the one hand and T3
(9.15+0.95) and T4 (10.908+1.66) on the other. However, no significant difference (P> 0.05) was observed between TO (10.61+ 0.56),
TO1 (9.55+0.64), T1 (10.13£0.76), T2 (9.76+0.94) and T4 (10.908+1.66). A variation in soil CEC was observed for treatment T5, an
increase of 17.37% compared to TO.

- Effect of different treatments on soil potassium and total phosphorus contents

The results obtained showed that the total phosphorus and potassium in the soil varied according to the different treatments. Soil
phosphorus in treatment T5 (14.14+4.43) was significantly different from treatment T1 (14.16+0.043). However, no significant
difference (P<0.05) was observed between T4 and T5. Treatment T5 showed a better result (Fig.2.G). The potassium of treatment T5
(1.3+0.881) was significantly different (P<0.05) from treatments TO (0.183+0.01), TO1 (0.16+0.026), T1 (0.20+£0.023), T2
(0.43+0.27), T3 (0.371+0.12). These results are shown in Figures 2.H.
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Fig.2. Soil characteristics with different treatments. A. pH water; B. pH KCL; C. C/N Ratio; D. Total Nitrogen; E. SEB; F. CEC ; G.
Total Phosphorus ; H. Potassium. Treatments: TO= soil before spreading; T01= control without fertiliser; T1 = chemical fertiliser; T2=
1.6 1 /m? T3= 4| /m? T4= 8 | /m?; T5= 16 | /m?. Histogram bars with the same letters are not significantly different at the 5%
threshold.

3.2 Discussion

- Physicochemical characteristics of vinasse

The physicochemical parameter values obtained in this study were influenced by the composition of the sugarcane molasses [14]. The
acidic pH (5.46x1.07) of vinasses can be accounted for by their high concentrations of organic acids. Similar results were obtained by
[27, 60] with pH values between 3.5 and 6.5. The high BODs and COD contents (Table 1) are identical to the work by [31, 61]. These
authors justified the increase in BODs and COD contents by the low molecular weight of the compounds contained in vinasses, which
can comprise melanoidins and phenolic compounds that can inhibit or reduce the activity of micro-organisms. As a result, vinasse was
considered to be a material with a high chemical oxygen demand (COD) and a high biochemical oxygen demand, with levels ranging
from 50 to 150 kg/m® and 20 to 80 kg/m® respectively [62]. However there were several methods such as dehydration by
physiochemical processes to dry the effluent, the use of smaller quantities by dilution or ozone treatment to manage the use of vinasse
in agriculture in an optimal and non-harmful way, resulting in a decrease of about 95% of COD, complete removal of phenolic
compounds and more than 80% of total nitrogen [84]. Vinasse has been recorded as an agricultural fertiliser for NPK and water
recycling in organic crop production since 1940 [1]. In this regard, [63] reported that vinasse contains important macronutrients such
as N, K, Ca, sulphate and Mg, vitamins and organic acids such as vitamin B complex and amino acids from yeast autolysis, which are
necessary for crop production and improving soil organic matter content. It also contains chelated organic matter containing
micronutrients such as Fe, Mn, Zn and Cu. In addition, vinasse contains organic acids such as acetic, lactic, nicotinic, malic and citric
acids, which can play an important role in reducing soil alkalinity. All these characteristics of vinasse are presented in Table 1. High
concentrations of Potassium K™ in the vinasses were observed (2.12+0.78 g/I). Potassium is an important element due to its multiple
roles in plant growth. It improves the photosynthesis process, maintains cell turgor and regulates the water content of plant tissue. It is
also essential in activating some enzymes in cells [64]. Accordingly, many research studies have examined the dosage of vinasse
which could substitute fertiliser requirements for many crops, for example, Yassen and Arafat [65] showed that approximately 62% P
and 100% K were required for wheat yield. Similarly, Gomez and Rodriguez [66] indicated that the addition of 50 m® of vinasse/ha-1
would substitute 55% of N, 72% of P20Os and 100% of K>O.
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- Effect of different treatments on maize growth parameters

The different treatments used in this study were TO1, the sample reference with no fertilizer
added; T1, the treatment with chemical fertilizer applied; while T2, T3, T4 and T5, were the
treatments applied with different doses of vinasse. Plant growth parameters such as collar
diameter; number of leaves; leaf area and number of ears showed high values for treatments T3;
T4 and T5. This result can be credited to the positive impact of the increase in chlorophyll index,
which allowed an efficient use of photosynthesis to store the net assimilation rate of synthesis
output, thereby accelerating vegetative growth and increasing leaf area as explained by [67]. In
this study, the higher concentration of vinasses did not favour seed germination for all
treatments; this is probably due to the presence of a higher salt content. Excessive amounts of
inorganic salts and higher conductivity might have inhibited seed germination by altering the
interaction between seeds and water, which is necessary to trigger enzyme activity [23]. The
vegetative growth of Z. mays was reduced with higher vinasse concentrations. A high EC
indicated a higher salt content in the higher effluent concentrations, and this reduced the number
of leaves and leaf area. The vegetative growth was associated with the development of new
shoots, twigs, leaves and leaf areas. This may be due to plants absorbing maximum amounts of
nitrogen, phosphorus and potassium. The improvement in vegetative growth can be attributed to
the role of potassium in transferring nutrients and sugars in plants and to the turgor pressure in
plant cells. It is also involved in cell enlargement and in triggering the growth of young tissues or
meristematic growth [68]. Nitrogen (N) and phosphorus (P) are essential for flowering and grain
filling. A higher amount of N can delay or prevent flowering, while P deficiency is sometimes
associated with low flower production or floral abortion. A high number of Z mays ears was
obtained with treatments T3 and T4, which could be due to the fact that the vinasses contain
sufficient N and P. Besides, N and P prevented flower abortion during grain filling. This was
probably due to the higher metal content in the soil, which inhibited the uptake of PO* and K*
by plants at higher concentrations [23]. The role of K*, Fe3*, Mg?* and Mn?* at maturity was
important and, combined with chlorophyll synthesis, improved grain formation at harvest [69].
These results were consistent with the work of Naveed et al [27] who reported that vinasse
improved Z. mays production. However, the chlorophyll index was higher with treatment T1
(chemical fertiliser). These results could be explained by the chemical nature of the fertilizer
enriched in NPK mineral nutrients that favor plant growth and morphogenesis in order to achieve
good photosynthesis. However, the average number of leaves and leaf area were higher with the
TO treatment.

- Effect of different treatments on soil characteristics

The effect of different vinasses treatments on the soil refers to its nutritional value and the
optimization of soil properties. The addition of vinasses can lead to a significant increase in
organic carbon (OC) in the soil, thereby improving the overall state of soil fertility. The high CO
and nutrients present in the vinasses served as a source of energy for the growth, enzymatic
processes and microbe multiplication [85]. Table 2 shows an increase in soil physicochemical
parameters from treatment TO1 to treatment T5. Vinasses contain valuable macro- and
micronutrients and can therefore be a valuable fertilizer for crop production [70, 16, 71]. In
another study, the application of vinasse dramatically improved sugarcane growth and vyield
characteristics as well as nutrient uptake compared to the application of recommended fertilizer
alone [72]. Chemical analyses of the soils on the cultivation site revealed that these soils had
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acidic pH values ranging from 4.4 to 6.1 for pH (H20) and from 3.7 to 4.7 for pH (KCI).
Cameroon's soils are acidic [57]. According to Kars and Ekberli [73], maize can grow and yield
well at pH values ranging from 6.0 to 7.0 (pH H20). However, it has been established that pH
values (5.8 to 6.3) are adequate for good biological activity and nutrient exchange in the soil
[74]. Soils in the harvest site had a high C/N ratio (13-21.6), reportedly reflecting slow
decomposition of organic matter [75]. This ratio indicated a medium level of total nitrogen
deficiency. The soil on the cultivation site had a very low level of available phosphorus. The
values recorded were all below 30 ppm. Bationo et al. [76]. stated that the low phosphorus
content of soils and the impact of acidity on soil CEC were characteristic of tropical soils. Cation
exchange capacity (CEC) refers to the soil's ability to retain and exchange cations that can be
assimilated by plants. Of the four exchangeable bases determined, the percentage of calcium
(Ca?*) was highest compared to potassium (K*), magnesium (Mg?*) and sodium (Na*).

Vinasses are a rich source of macro- and micronutrients and can be used as a main source of
fertilizer for agriculture. However, the indiscriminate disposal of these wastes can constitute a
problem for soil health and environmental quality. Overall, vinasses have been characterised as
an important source for improving soil properties such as nutrient availability, bulk density, soil
porosity, nutrient and water holding capacity, hydraulic conductivity and microbial activities, as
well as crop growth and development [15]. The application of vinasse might have improved the
microbial population and its activities, which would have increased the decomposition of organic
matter and therefore the availability of carbohydrates and humified substances. Vinasses
improved soil macro-aggregates with more biodegradable C and N than the sample reference
soil. Vinasse increased OM content. Vinasse can lead to a significant increase in CEC compared
to untreated soil. The pH, EC, total Kjeldahl nitrogen, total organic carbon and available
phosphorus, exchangeable Na, K, Ca and Mg increased in soil irrigated with distillery effluents
[77]. The pH is an important soil parameter and the availability of nutrients in the soil determines
the soil pH. Adhikary [78] reported that higher concentrations of effluent irrigated soil were
naturally acidic. Kumar and Dhankhar [79] stated that soil pH can influence plant growth and
development. The increase in pH values in effluent treated soil could be due to either the alkaline
reaction of the effluent used or the increase in potassium, calcium, magnesium and sodium levels
in the soil. Kumar [23] pointed out that pH is an important plant nutrition parameter and only a
particular pH range contains the presence of many nutrients for plant uptake. A pH between 6.0
and 8.2 allowed predominant bacterial activity and was conducive to higher crop yields. EC is an
important factor and was used to monitor soil salinity. Soil EC values increased with higher
concentrations of vinasse-treated soil. Nitrate is the most essential and available form of nitrogen
for plants. The increase in soil nitrogen due to effluent irrigation was positively associated with
soil health. Lower doses of effluent-irrigated soil had potassium and phosphorus availability
which may be due to increased mineralisation activity that helped to increase soil fertility and
plant development. Micronutrients, including nitrogen, and microbial activity were reduced in
acidic soil, which affected plant growth [80]. Effluent concentrations in irrigated soil have shown
the presence of a large amount of organic compounds that affect BODs and soil aeration [53].
Nitrate, potassium, calcium and magnesium increased in the effluent-treated soil with different
doses, resulted in a positive correlation with the increase in effluent concentration. Kumar et al.
[81] observed similar results for paper mill effluent and [82] for oil mill effluent. The
mineralisation of the organic matter contained in the effluent and the nutrients available in the
effluent could be responsible for such an increase in the nutrients available to plants [53].The use
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of wastewater from other industrial sources has had adverse effects on soil fertility. Changes in
the chemical constituents of the soil were a direct manifestation of the physicochemical
properties of the effluent. The effluent was capable of altering soil fertility and this alteration had
an adverse effect on growth and yield [31, 83, 85].

4. CONCLUSION

Industries dispose of their untreated effluent into the natural environment. The NODISCAM
distillery is one of them, as it disposes of vinasse. It is in this context that this work, which
focused on the sustainable management of effluent discharges, was carried out. The overall
objective was to determine the effect of distillery effluents on maize growth and soil properties.
The physicochemical characterisation of the vinasse showed an acid pH (5.46+1.07). Very high
COD and BODs values (81.13+£78.94 g/l and 11.53+6.85 g/l respectively) were found. Vinasses
also contained macro- and micro-elements necessary for plant growth, such as magnesium
(184.62 = 1.08 mg/l), calcium (308.51 * 16.45 mg/l) and potassium (2.12+0.78 g/l). Of the forms
of nitrogen measured, only nitrates showed high values (151.13+57.82 g/l). Lead and cadmium
concentrations were very low compared to discharge standards. On the experimental site, six
different treatments were applied to monitor maize growth. Treatments T4, T1 and T2 showed
significant differences with P < 0.05 for collar diameter, plant height, average number of ears
and leaf area. Measurements of soil physicochemical parameters collected in the different
treatment blocks showed significant differences with P < 0.05 between T4; T5; T1 and T3 for pH
water; pH KCI; CEC; SEB; available phosphorus; total nitrogen and potassium parameters. The
best yields were observed with treatments Ts; T4; and Ts. At the end of this study, it emerged that
distillery effluents can improve soil characteristics and crop yields by being a sustainable
substitute to chemical soil fertilisation.
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