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Effect of a Compost Formulation Based on Agricultural Residues (Coffee Husks and Rice Straw) on Soil Chemical Quality and Agronomic Performance of Rain-fed Rice in Vavoua, Côte d'Ivoire


ABSTRACT
Background : Food self-sufficiency is a real challenge for Côte d'Ivoire today, with national rice production falling well short of the population's needs. This production deficit is attributed not only to the use of unsuitable and unproductive varieties, but also and above all to the infertility of rice-growing land. 
Aims: This study aims to improve rice production in Vavoua through the use of organic fertilisation in a context of sustainable organic farming. 
Place and duration of study: The experiment was conducted in the field in 2024 in the village of Mignoré, in the sub-prefecture of Séitifia and in the department of Vavoua, in central-western Côte d'Ivoire, by the agropedology research team at Jean Lorougnon Guédé University in Daloa, Côte d'Ivoire.
Methodology: This consisted of developing three formulations (C1, C2 and C3) of composts based on coffee husks and rice straw in different proportions. The formulations were for compost C1 (100% rice straw), C2 (50% rice straw + 50% coffee husks) and C3 (100% coffee husks) . These different composts were applied as an organic amendment at a rate of 40 t/ha to two varieties of local rainfed rice, “Akadi” and the improved “C26”, in two applications (basal and top dressing) in a randomised Fisher block design with three replicates. The parameters collected were height, number of tillers, number of panicles and yield. 
Results: the experiment showed that C2 compost had the best physicochemical characteristics compared to the other two and most improved the agronomic performance of the rice. The C26 rice variety stood out by achieving the highest yield.
Conclusion: C2 compost in the formulation (50% coffee husks and 50% rice straw) can be recommended as a good substitute for mineral fertilisers in the ecosystem of our study.
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1. INTRODUCTION
Rice is one of the world's staple foods [1] and the basis of the diet for more than half of the population [2]. In sub-Saharan Africa, growing demand for rice is the result of population growth and urbanization [3]. In Côte d'Ivoire, annual consumption, estimated at 94 kg per capita [4], far exceeds national production, which is dominated by rain-fed rice farming, where yields remain low at around 1.3 t ha⁻¹ [5]. This low productivity is mainly due to the degradation of soil fertility linked to overexploitation and a lack of suitable soil amendments [6], as well as strong land pressure [7]. The use of mineral fertilizers, although beneficial to plant growth and development, is not without consequences for the environment [8-9] and human health [10]. Furthermore, their high cost makes them inaccessible to small farmers [6-11], and a lack of knowledge about sustainable fertilization or the misuse of these chemical fertilizers in farming practices hinders the quality and health of cultivated soils, which can adversely affect crop yields [12]. Therefore, the use of local organic resources appears to be a sustainable alternative for restoring soil fertility and improving rice productivity in the long term. Organic amendments derived from the composting of plant or animal residues contribute to enriching the soil with nutrients and improving its physicochemical and biological properties [13-14-15-16]. . With this in mind, the present study aims to evaluate the effect of compost made from coffee husks and rice straw on soil fertility and the agronomic performance of rainfed rice. It is part of an approach to sustainable soil fertility management and the use of agricultural residues in Côte d'Ivoire.
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2.1 Study Area Description
The study was conducted in 2024 in the village of Mignoré, in the sub-prefecture of Séitifia, and in the department of Vavoua, in central-western Côte d'Ivoire (Fig. 1) by the agro-pedology research team at Jean Lorougnon Guédé University in Daloa, Côte d'Ivoire. The climate in this area is tropical humid, characterized by four seasons, including a long rainy season (April to mid-July), followed by a short dry season (mid-July to mid-September), then a short rainy season (mid-September to November) and a long dry season (December to March). The vegetation is dominated by pre-forest savanna, growing on ferralsol soils. The local economy is based mainly on agriculture, with a predominance of cash crops (cocoa, coffee) and food crops for self-consumption.
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Fig. 1: Study’s site overview
Methodology	Comment by ASUS: ??
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2.2.1. Plant material
The rice seed used in this study consists of a local variety called “Akadi” and an improved variety called “C26” from the Sémivoire facility in Côte d'Ivoire (Fig. 2). Akadi rice is a highly prized local rice variety with a cycle of approximately 135 days and an estimated yield of around 2 to 3 t/ha. The improved variety is characterized by long, fragrant grains with a short production cycle ranging from 90 to 120 days and an estimated yield of around 4 to 5 t/ha.
[image: ]





                    Local rice variety « AKADI»                            Improved rice variety « C26 »
Fig. 2: Rice varieties used

2.2.2. Fertilizer material
[image: ]Two types of fertilizers were used in this study (Fig. 3). These were organic fertilizers derived from agricultural residues, namely coffee husks (shells from the husking of coffee cherries) and rice straw (biomass from dry rice stalks and leaves after harvesting), and NPK mineral fertilizer (17-17-17).
               A: Rice straw                                  B : Coffee shell                             C : NPK (17-17-17)
Fig. 3: Organic and chemical fertilizers used

2.3. Methods
2.3.1. Organic formulations and composting
The compost was produced using the windrow composting method, chosen for its simplicity and efficiency. Nitrogenous waste (coffee husks) and carbonaceous waste (rice straw) were arranged in alternating layers on a previously prepared site, sprinkled with 1 kg of wood ash and moistened using a 10-liter watering can, then covered with plastic sheeting to maintain heat and humidity. Turning the mixture twice a week for three months, adjusting the moisture content and monitoring the temperature, produced three types of mature, stabilized compost:
- Compost C1 is made from formulation F1 (100% rice straw)
- Compost C2 is produced from formulation F2 (50% rice straw + 50% coffee husks)
- Compost C3 is produced from formulation F3 (100% coffee husks)

2.3.2. Experimental design and application of organic (compost) and mineral (NPK) fertilizers
The study, conducted on a 72 m² plot using a randomized Fisher design with three replicates, aimed to evaluate the effect of different fertilizers on two rice crop varieties. The experimental design included two main factors. The fertilizer factor with four treatments (Composts C1, C2, C3, and NPK Fertilizer) and the biological factor with two varieties (improved and local). The treatments resulted from the distribution of these factors, divided into three blocks subdivided into 6 m² sub-blocks serving as experimental units. All treatments are listed in Table I. The 20 treatments generated were applied to both varieties, with a distance of 0.5 m between treatments, 0.2 m between plants within a treatment, and 1 m between blocks, as shown in Fig. 4. Fertilizers were applied as basal dressing at a rate of 20 t/ha for compost and 75 kg/ha for NPK before sowing, then reapplied at the same doses as top dressing during the growth and reproduction stages of rice, for a total of 40 t/ha of compost and 150 kg/ha of NPK during the trial. The rice was sown directly in holes in the four corners and in the center of each microplot at a rate of 4 grains per hole. 

Table I: Different treatments performed and their abbreviations	Comment by ASUS: Table 1.

	Abbreviations
	Treatments

	Te
	                     Rice plants without fertiliser application

	T1
	Compost C1 applied at a rate of 40 t/ha to rice plants

	T2
	Compost C2 applied at a rate of 40 t/ha to rice plants

	T3
	Compost C3 applied at a rate of 40 t/ha to rice plants

	T4
	                     NPK applied at a rate of 150 kg/ha to rice plants
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Fig. 4: Experimental setup

2.4. Data collection
2.4.1. Analysis of soil and compost produced
The data collected concerned the chemical parameters of the soil at the experimental site. To do this, samples were taken from the top 0-20 cm of soil not only before the trial was set up but also after the trial. This was done using an auger in the four corners and in the centre of each microplot corresponding to the treatment. Thus, for each treatment, a composite sample was made from the individual samples per plot.  These were then sent to the laboratory and 1 kg of composite soil was taken to determine the chemical parameters of the soil, in particular acidity (pH), soil organic carbon (C) and soil organic matter (MO), total nitrogen (N), available phosphorus (P2O5), exchangeable bases (K+, Mg2+, Ca2+) and cation exchange capacity (CEC). These chemical analyses were carried out at the Plant and Soil Laboratory of the Houphouët-Boigny National Polytechnic Institute in Yamoussoukro, Côte d'Ivoire, using well-known standard methods: 
· pH measurement using the electronic glass pH meter method in a soil/solution ratio of 1/2.5 wascarried out [17].  The principle of this method consists of immersing the glass electrode of the pH meter in the soil mixture and reading the pH value directly from the pH meter dial after stabilisation.
· The organic carbon content was determined using the Walkley & Black method described by [18]. The principle consists of cold oxidation of the total organic carbon present in the soil using a potassium dichromate (K2Cr2O7) solution in the presence of sulphuric acid (H2SO4). The excess dichromate is titrated in a strongly acidic medium using a 0.5N ferrous sulphate solution (FeSO₄, 7H₂O). The proportion of total organic carbon is determined after the solution turns brown. The organic matter content is determined by multiplying the percentage of carbon in the soil by a conversion factor of 1.724 (%C x 1.724 = OM) according to [19]. 
· The nitrogen content was also determined using the modified Kjeldahl method [20]. The principle consists of transforming, in an acidic environment, the organic nitrogen compounds into ammonium sulphate SO4(NH4)2, in the presence of concentrated sulphuric acid (H2SO2), at high temperature, and a mixture of catalysts (K2SO4 and CuSO4). The ammonia thus formed is displaced from its compounds by concentrated caustic soda (NaOH), distilled by steam stripping, collected in a boric acid (H3BO3) solution and titrated with sulphuric acid.
· The determination of the assimilable phosphorus content was carried out using the Olsen-Dabin method described by [21]. Assimilable phosphorus in the soil is extracted using a sodium bicarbonate solution (NaHCO₃;0.5N), pH 8.5 on an autoanalyser, by measuring the intensity of the phosphomolybdenum blue complex.
· The cation exchange capacity (CEC) and exchangeable bases (Ca2+, Mg2+, K+) were extracted by rinsing with an ammonium acetate solution (NH4C2H3O2, 1N) at pH 7. The principle of this method is based on the fact that the amount of ammonium retained by the soil after washing away the excess ammonium acetate is expressed as cation exchange capacity (CEC). The retained ammonium is released by percolation and determined by autoanalyser. Exchangeable bases (Ca2+ and Mg2+) are determined by atomic absorption spectrophotometry and K+ by flame photometry.



2.4. 2. Determination of the agromorphological parameters of rice
Rice growth and yield data were collected from 15 plants per variety in each plot and included measurements of plant height using a tape measure, the number of tillers and panicles by counting, and finally the yield using the following formula: 
Yield (tha-1) = (Dry grain weight/6m²) × (10/1000) × ((100-HUM)/86)
with HUM = Grain moisture fixed at 14 p.c

2.5. Statistical analysis
The collected data were analysed using STATISTICA version 7.1 software, and an analysis of variance (ANOVA) was used at a significance level of α = 0.05. In cases of significant differences, a post hoc test of the Smallest Significant Difference (SSD) was applied to identify homogeneous groups. A Pearson correlation analysis (r) was also performed to establish the link between the substrates and the agromorphological parameters determined. The correlation was established at a threshold of r = 0.60, with statistical significance tested at a threshold of α = 0.05.

[bookmark: _Toc211490583]3. RESULTS AND DISCUSSION
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     3.1.1. Soil content in its initial state and in the various composts
     3.1.1.1. Chemical characteristics of the soil in its initial state
The chemical element content obtained after analysis of the soil samples initially collected is presented in Table II. It indicates that the soil was initially very acidic to acidic with a pH = 5.3 ˂ 5.5, containing organic carbon (C= 0.47 ˂ 1.5%), organic matter ( 0.81 ˂ 2.58%), nitrogen (N=0.08 ˂ 0.1%), phosphorus (P= 2.34 ˂ 6 ppm) and a C/N ratio (C/N= 5.65 ˂ 10), all of which are very low compared to the standard reference values [22]. The exchangeable cations were also very low, with potassium (K= 0.07 ˂ 0.25 cmol/kg), calcium (Ca=0.86 ˂ 4 cmol/kg) and magnesium (Mg=0.43 ˂ 0.6 cmol/kg) contents. However, the cation exchange capacity (CEC = 19 cmol/kg) is average, ranging between 12 and 25 cmol/kg.	Comment by ASUS: Table 2.	Comment by ASUS: cmol.kg-1

Table II: Initial soil chemical element content
	Treatments
	pH
	C
(%)
	MO
(%)
	Nt
(%)
	C/N
	P
(ppm)
	CEC
(cmol/kg)
	K
(cmol/kg)
	Ca
(cmol/kg)
	Mg
(cmol/kg)

	Initial Soil T0
	5.3
	0.47
	0.81
	0.08
	5.65
	2.34
	19
	0.07
	0.86
	0.43

	Normative reference values for soil *
	5.5
-
6.5
	1.5
–
2.5
	2.58
-
4.3
	0.1
-
0.15
	10
-
12
	6
-
25
	12
-
25
	0.25
-
0.40
	4
-
8
	0.6
-
1.2


* soil standard [22]

3.1.1.2. Chemical quality of the compost produced
Laboratory analysis of the mature compost samples revealed the levels shown in Table III. Overall, the composts have a pH within the standard range of 6.5 to 8.5 for mature compost and close to the ideal pH value for mature compost (pH = 7.5), which is neutral to slightly alkaline. The carbon and organic matter content are within the standard range (30 to 45% for carbon and 30 to 60% for organic matter). The nitrogen content of compost C1 is low (N= 0.41 1.5%), while that of compost C 3 (N= 2.16%) is within the standard range (1.5%˂N ˂3.5%) and that of compost C 2 (N=4.31%) is slightly above the optimal value. The C/N ratio of compost C3 (C/N = 12.76) is within the standard range for mature compost (10˂C/N˂15), while composts C1 ((C/N = 37.27) and C2 (C/N = 24.80) have very high C/N ratios, exceeding the standard values for mature compost (˃15). The phosphorus content of the composts was generally low for composts C1 (P = 0.07 ppm), C2 (P = 0.70 ppm), and C 3 (P = 0.33 ppm) compared to the standard values for mature compost, which range from 25 to 250 ppm.  The exchangeable cation (K+, Ca2+ and Mg2+) contents were also very low for all composts produced compared to the standard values for mature compost. However, the cation exchange capacity (CEC) levels appear normal for all composts and are within the standard range for agricultural soil (12 cmol/kg ˂CEC ˂25 cmol/kg).

Table III: Chemical element content of compost produced

	
Treatments
	
pH
	C
(%)
	MO
(%)
	Nt
(%)
	
C/N
	P
(ppm)
	CEC
(cmol/kg)
	K
(cmol/kg)
	Ca
(cmol/kg)
	Mg (cmol/kg)

	Compost C1
	7.8
	40.51
	69.66
	0.41
	37.27
	0.07
	20.00
	1.58
	0.60
	0.24

	Compost C2
	8.1
	34.79
	59.85
	4.31
	24.80
	0.70
	18.40
	2.01
	2.64
	1.27

	Compost C3
	7.3
	26.58
	45.75
	2.16
	12.76
	0.33
	26.13
	1.75
	1.14
	0.30

	Standard reference values for compost*
	6.5
-
8.5
	30
-
45
	30
-
60
	1.5
-
3.5
	10
-
15
	25
-
250
	12
-
25
	5
-
8
	5
–
10
	1 -3


* Standard NFU 44-051[23] ; Elliott et al., [24] ; Davis et al., [25]


3.1.1.3. Chemical characteristics of different composts
The chemical element contents of the composts produced are compared in Table IV. Overall, there is a significant difference (p ˂0.05) between the contents of the composts produced. Specifically, the pH ranged from neutral (Compost C3 with a pH = 7.3 and Compost C1 with a pH = 7.8) to slightly alkaline (Compost C2 with a pH = 8.1). For carbon and organic matter content, the highest values were recorded in Compost C1 (C= 40.51% and OM = 69.66%), compost C2 (C = 34.79% and OM = 59.85%) and compost C3 (C = 26.58% and OM = 45.75%) in descending order. For nitrogen, compost C2 had the highest content (N = 4.31%), followed by compost C2 (N = 2.16%) and compost C1 (N = 0.41%). The C/Na ratio was higher in compost C1 (C/N = 37.27) compared to compost C3, which had a normal C/N ratio (C/N = 12.76), and compost C2, which had a moderate C/N ratio (C/N = 24.8). The phosphorus content was higher in composts C2 (P = 0.70 ppm), C2 (P = 0.33 ppm) and C1 (P = 0.07 ppm) in descending order. For CEC, the lowest content was found in compost C2 (CEC = 18.40 cmol/kg) and the highest content was observed in compost C3 (26.13 cmol/kg), while compost C1 had an intermediate content (CEC = 20.00 cmol/kg). Potassium and calcium showed statistically similar variations in content, with the highest levels in compost C2 (K = 2.01 cmol/kg and Ca = 2.64 cmol/kg) and the lowest levels in compost C1 (K = 1.58 cmol/kg and Ca = 0.60 cmol/kg). Compost C3 was intermediate (K = 1.75 cmol/kg and Ca = 1.14 cmol/kg). Similarly, the magnesium content was higher in compost C2 (Mg = 1.27 cmol/kg), while composts C1 and C2 showed statistically identical values. 

Table IV: Comparative chemical element content in compost products
	[bookmark: _Hlk215196262]
Treatments
	
pH
	C
(%)
	MO
(%)
	Nt
(%)
	
C/N
	P
(ppm)
	CEC
(cmol/kg)
	K
(cmol/kg)
	Ca
(cmol/kg)
	Mg (cmol/kg)

	Compost C1
	7.8b
	40.51c
	69.66c
	0.41a
	37.27c
	0.07b
	20.00b
	1.58a
	0.60a
	0.24a

	Compost C2
	8.1c
	34.79b
	59.85b
	4.31c
	24.8b
	0.70c
	18.40a
	2.01c
	2.64c
	1.27b

	Compost C3
	7.3a
	26.58a
	45.75a
	2.16b
	12.76a
	0.33a
	26.13c
	1.75b
	1.14b
	0.30a

	P ˃ F
	0.023
	0.01
	0.01
	0.04
	0.02
	0.01
	0.02
	0.03
	0.007
	0.01


Values marked with the same letter in the column are statistically identical at the α = 0.05 threshold. 


[bookmark: _Hlk213235997]3.1.2. Overall effect of composts on the agromorphological parameters of rice
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Variations in agromorphological parameters (Table V) showed highly significant differences (p < 0.05) between the effects of the different composts compared to the blank control. All agromorphological parameters evaluated (height, tillers, panicles and yield) were significantly more impacted (p˂ 0.05) by compost C2 in the same order as the positive NPK control compared to the other composts. Specifically, considering the compost treatments, the agromorphological parameters were best with the C2 compost treatment (height = 77.3 cm; Tallies = 49 tallies; Panicles = 63 panicles; Yield = 5.94 tonnes per hectare, in the same order as the positive NPK control), the C3 compost treatment and the C1 compost treatment in descending order.

Table V: Average variation in agromorphological parameters of rice according to compost types
	Agromorphological parameters

	Treatments
	Height (cm)
	Number of tillers
	Number of panicles
	Yield (t/ha)

	Control
	62.8a
	10.77a
	12.7a
	2.6a

	Compost C1
	65.06b
	16.46b
	18.66b
	4.76b

	Compost C2
	77.3d
	49d
	63d
	5.94d

	Compost C3
	71.33c
	32.33c
	47.33c
	5.33c

	NPK
	78.43d
	50.41d
	65.91d
	6.5d

	P ˃ F
	0.022
	0.003
	0.001
	0.001


Values marked with the same letter in the column are statistically identical at the α = 0.05 threshold.

3.1.2.2. Effects of composts on agromorphological parameters by rice variety
The results in Table VI show the variations in agromorphological parameters affected by composts by rice variety. It can be seen that the two rice varieties used are significantly (p < 0.05) stimulated by composts compared to the control without compost, showing the best growth and yield parameters. Similarly, regardless of the rice variety, compost C2 induced better growth and yield than the other composts C1 and C2. However, NPK remains the best positive control. Overall, the yield was higher for all varieties in descending order with the NPK treatment, compost C2, compost C3 and compost C1. Specifically, the rice yield was statistically identical for the compost C2 treatment and the positive NPK control treatment for both the local variety "AKADI ‘ (C2 compost yield = 3.05 t/ha; NPK yield = 3.20 t/ha) and the improved variety ’C26" (C2 compost yield = 5.87 t/ha; NPK yield = 6.80 t/ha). 


Table VI: Average variation in agromorphological parameters by rice variety according to composts
	
Treatments

	Local variety « AKADI »
	Improved variety « C26 »

	
	Height (cm)
	Number of tillers
	Number of panicles
	Yield
(t/ha)
	Height (cm)
	Number of tillers
	Number of panicles
	Yield (t/ha)

	Control
	12.22b
	20.66b
	21.9b
	1.82b
	14.56a
	28.166a
	25.6a
	2.15a

	Compost C1
	65.06b
	16.46b
	18.66b
	2.18b
	71.06b
	25.06b
	35.08b
	4.65b

	Compost C2
	77.3d
	49d
	63d
	3.05d
	76.33c
	62.33d
	69.33d
	5.97d

	Compost C3
	71.33c
	32.33c
	47.33c
	2.50c
	71.16b
	35c
	51.45c
	5.32c

	NPK
	78.43d
	50.41d
	65.91d
	3.20d
	76.83c
	64.91d
	71.91d
	6.80d

	P ˃ F
	0.55
	0.000
	0.000
	0.02
	0.022
	0.003
	0.001
	0.001


Values marked with the same letter in the column are statistically identical at the α = 0.05 threshold

3.1.2.3. Variety effect on the agromorphological parameters of rice
The results in Table VII show the variation in agromorphological parameters by variety effect. There is a clearly significant difference (p < 0.05) between the local variety and the improved variety. The improved variety developed better growth characteristics (height, tillers and panicles) and yield than the local variety.
 Table VII: Average variation in agromorphological parameters according to rice variety
	variety
	Height (cm)
	Number of tillers
	Number of panicles
	Yield (t/ha)

	Local variety « AKADI »
	14.56a
	28.166a
	25.6a
	2.81a

	Improved variety « C26 »
	17.22b
	51.66b
	64.9b
	6.05b

	P ˃ F
	0.032
	0.023
	0.001
	0.032


Values marked with the same letter in the column are statistically identical at the α = 0.05 threshold.

[bookmark: _Hlk213237918]3.1.2.4. Stimulatory correlations between rice agromorphological parameters and composts 

The correlation coefficients between the different treatments and the agromorphological parameters of rice (Table VIII) highlight variable relationships depending on the nature and quality of the amendment. It should be noted that all correlations established between treatments and growth and yield parameters are positive. However, these relationships are significantly correlated (R=0.60; p = 0.05) only for compost C2, compost C3 and NPK treatments with growth and yield parameters, regardless of the rice variety.

Table VIII: Correlation value between composts and agromorphological parameters of rice
	Treatments
	Height (cm)    
	Number of tillers    
	Number of panicles    
	Yield (t/ha)

	Control 
	R=0.011 ; P = 0.065
	R=0.024 ; P = 0.080
	R=0.012 ; P = 0.075
	R=0.025 ;P= 0.124

	Compost C1
	R=0.450 ; P = 0.070
	R=0.410 ; P = 0.080
	R=0.523 ; P = 0.054
	R=0.524 ;P= 0.050

	Compost C2
	R=0.870 ; P = 0.001
	R=0.750 ; P = 0.037
	R=0.860 ; P = 0.001
	R=0.910 ;P= 0.000

	Compost C3
	R=0.680 ; P = 0.033
	R=0.701 ; P = 0.025
	R=0.764 ; P = 0.035
	R=0.81 ; P = 0.001

	NPK
	R=0.880 ; P = 0.000
	R=0.770 ; P = 0.011
	R=0.886 ; P = 0.001
	R=0.93 ; P= 0.000


The correlation between substrates and parameters is established for R = 0.60 and is significant at the threshold of = 0.05.


3.1.3. Chemical content of the soil at the initial and final stages
A comparative analysis of the chemical properties of the soil before and after amendment shows an overall improvement in the chemical quality of the environment as a result of the compost (Table IX). The soil's pH, which was initially acidic (pH=5.3), rose to between 7.3 and 7.6. Carbon (C) and organic matter (OM) content showed a slight decrease after cultivation for the compost treatments. It fell from 0.47% (initial soil) to 0.27% (soil with C2 compost). However, C1 compost retained levels close to the initial state. Total nitrogen (Nt) decreased significantly, from 0.08% initially to 0.03% after cultivation with C2 compost treatment. In addition, the C/N ratio increased considerably, from 5.65 initially to 17.3 after cultivation under the C2 compost treatment. Similarly, assimilable phosphorus increased dramatically, from 2.34 ppm initially to 295.8 ppm under the C1 compost treatment. Finally, the cation exchange capacity (CEC) remained stable overall (12.4–22.4 cmol/kg). However, exchangeable bases (K⁺, Ca²⁺, Mg²⁺) increased slightly, thereby enhancing the chemical fertility of the soil.

Table IX: Comparison of chemical element content in soil at initial and final stages
	
	pH
	C
(%)
	MO
(%)
	Nt
(%)
	C/N
	P
(ppm)
	CEC
(cmol/kg)
	K
(cmol/kg)
	Ca
(cmol/kg)
	Mg
(cmol/kg)

	Initial Soil T0
	5.3
	0.47
	0.81
	0.08
	5.65
	2.34
	19
	0.07
	0.864
	0.43

	Final soil
Compost C1
	7.4
	0.41
	0.80
	0.07
	9.5
	295.8
	18
	0.2
	0.82
	0.456

	Final soil
Compost C2
	7.6
	0.23
	0.58
	0.03
	17.3
	252.6
	12.4
	0.2
	0.94
	0.453

	Final soil
Compost C3
	7.3
	0.34
	0.71
	0.05
	12.1
	278.5
	22.4
	0.2
	0.94
	0.448

	Soil reference standard values 
	5.5
-
6.5
	1.5
–
2.5
	2.58
-
4.3
	0.1
-
0.15
	10
-
12
	6
-
25
	12
-
25
	0.25
-
0.40
	4
-
8
	0.6
-
1.2


 

[bookmark: _Toc211490590][bookmark: _Toc211490591]3.2. Discussion
3.2.1. Impact of organic amendments on the dynamic properties of soil 
[bookmark: _Toc211490592]The initial physicochemical properties of the soil underwent significant changes in their final state following amendment with the various composts. First, the soil pH changed from acidic to neutral after the addition of organic fertilisers. This change is attributed to organic amendment, corroborating the work of [26], which highlights the powerful ability of composts to improve the physicochemical and biological qualities of soil. Similarly, [27] also assert that the incorporation of basic pH composts can reduce soil acidity and decrease the export of metals to plants. According to these authors, the structural improvement of the soil by compost is due to the polysaccharides and biopolymers derived from composts [28]. However, this assertion is contradicted by [29], who state that polysaccharides in composts serve mainly as a source of carbon and energy for microbial biomass, while structural improvement of the soil is ensured by polysaccharides of microbial origin. Furthermore, the change in cation exchange capacity (CEC), also due to the incorporation of compost, is consistent with [30]. They explain that the organic matter provided by compost increases the number of negative charges in the soil, thereby promoting the fixation of positive ions (Ca²⁺, K⁺ and Na⁺). Finally, the low C/N ratio of the soil (6) reflects its nutrient deficiency, a result similar to that of [31], who indicates that a C/N ratio of less than 10 is synonymous with rapid mineralisation of organic matter, which quickly becomes essential for plants.

3.2.2. Chemical characteristics of soils after treatment 
[bookmark: _Toc211490593]The soils that received the different treatments revealed varying characteristics. In particular, Soil C2 had low carbon, organic matter, nitrogen and phosphorus contents compared to Soils C1 and C3. These low levels are attributed to high mineralisation of organic matter by microorganisms, resulting in the rapid conversion of carbon (C) into organic matter (OM), nitrogen (N) and phosphorus (P). This intense mineralisation is directly linked to the high C/N ratio of Soil C2. These results corroborate those of [32], who state that a C/N ratio between 15 and 30 is optimal for efficient decomposition of organic matter. Consequently, this good mineralisation has promoted better assimilation of mineral resources by plants, explaining their low residual content in Soil (C2). Conversely, soils C1 and C3, with a C/N ratio below 15, undergo rapid mineralisation but generate little humus. According to [33], this leads to a decrease in microorganism activity, resulting in a smaller decrease in carbon, nitrogen and phosphorus content.

3.2.3. Compost performance factors and varietal response
Analysis of the pH of composts C1, C2 and C3 indicates that they are all mature, with values between 7 and 8, which corroborates the maturity criteria defined by [34] (pH between 7 and 9). However, the carbon/nitrogen (C/N) ratio appears to be the main factor responsible for the differences observed in rice growth, development and production. The C/N ratio reveals the capacity and speed of organic matter mineralisation. [31] states that the higher this ratio, the slower the mineralisation rate. Thus, the C/N ratio of C2 compost (24.8) is considered conducive to mineralisation, unlike C1, where it is very slow. This high mineralisation of C2 ensures a continuous and sufficient release of nutrients for the plant. In addition, the high levels of major (N, P, K) and secondary (Mg, Ca) elements recorded in Compost C2 also explain the superior agronomic results. Indeed, the application of this compost at 40t/ha provides more nutrients than the others. These observations are consistent with those of [35], who acknowledge that the effectiveness of compost depends on its ability to provide essential minerals to the plant. Furthermore, the basic pH of Compost C2 may have improved root absorption. This is in line with [36], who point out that high Mg2+, Ca2+ and Na+ contents deacidify the soil by fixing H+ ions on the absorbent complex. Finally, the difference in morphological characteristics and productivity between local and improved varieties results from their intrinsic characteristics and environmental factors. The improved variety benefited from suitable soil and climate factors to fully express its development and production potential. These results are consistent with [37], who link plant growth to their environment and, above all, to their genotype. According to [38], the productivity of a variety improves when environmental and health conditions and cultivation methods are favourable, this adaptability being attributable to the intrinsic values of the plant.


4. CONCLUSION
[bookmark: _Toc211490594]The study of the effect of compost in the department of Vavoua made it possible to identify the best compost formulation for optimising rice production. It appears that of the two rice varieties used, the improved variety has the greatest production potential. However, an organic amendment at a dose of 40 t/ha based on compost composed of 50% coffee husks and 50% rice straw improves rice production. This compost improves the physical, chemical and biological properties of the soil. Indeed, this compost raises the pH of the soil and improves its absorption capacity, thereby enhancing its fertilising power. This fertilising power has contributed to better development and production of rice plants. Compost based on coffee husks and rice straw could be a good substitute for NPK in rice cultivation in the Vavoua area. However, the C26 rice variety should be used for its good agronomic performance.
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