


Assessment of the sale price of agropastoral waste in the Sassandra agricultural basin




ABSTRACT
Agricultural residues (straw, stalks, tops, bagasse, etc.) constitute a resource with promising energy potential. waste can be not only a source of wealth for these holders, but also a mine of raw materials for economic operators who would make use of it. It is therefore necessary that the prices of these residues be estimated and regulated, in order to make their pre-collection attractive. The objective of this study is to evaluate the selling price of agro-pastoral waste in the Sassandra agricultural basin. The methodology was based on a survey of planters. The sample size is composed of three hundred and five (305) planters from four localities, including 52 in Daloa, 100 in Issia, 70 in Soubré, and 83 in Sassandra. The estimated prices were made per kilogram. The results of the study showed that the planters surveyed, whose age is between 18 and 76 years, are made up of 44.54% men and 55.46% women. 95% of them have no monthly income. It also appears that the estimated price of residues from perennial crops varies between 10 and 600 francs for hulls, between 25 and 300 francs for bunches, between 25 and 1000 francs for pods and between 10 and 700 francs for fibers. The average prices are 290 francs, 160 francs, 215 francs and 170 francs respectively for hulls, bunches, pods and fibers. Regarding residues from food crops, their prices vary between 10 and 700 francs, 25 and 500 francs, 20 and 600 francs and 10 and 1000 francs respectively for stalks, straw, ears, stem and stalks. The average price of these is 100 francs for the stalks, 180 francs for the straw, 120 francs for the ears, 245 francs for the bales and 230 francs for the stalks. The value gaps highlight the importance of structuring value chains around these wastes and by-products, as well as the need for logistical or technical support to facilitate their collection, storage and transport to markets. This economic dynamic around residues shows that they are not only secondary elements, but can become essential commercial inputs in certain rural areas, provided that distribution channels are better organized. It is necessary to strengthen awareness, training, as well as technical and organizational support for producers in the management and recovery of these residues.
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1. INTRODUCTION

The expansion and monetary growth of a country are customarily be influenced by the energy sector. Sufficient and consistent power availability is essential for the continued growth of a country’s economy. Agriculture is the leading resource which contributes high amounts of grains to the central pool every year. The increased production of grains also produces high amounts of residues. There is no satisfactory method for the disposal of this crop residue (Ravi et al., 2021; Channi et al., 2022). Since its independence, Côte d'Ivoire has focused its economic development on the agricultural sector. This sector creates more than 47% of the national added value [1]. Agriculture represented 20% of GDP in 2019 and employs 40% of the country's active population [2]. Côte d'Ivoire is a major player in the agricultural sector on a continental scale and is in the world or African trio for several products such as cocoa, cashew nuts, bananas, mangoes, cotton, rubber, oil palm, etc. [3] ; [4]. Various agricultural crop residues are used to produce biofuel through different treatments and conversion technique. Agricultural waste and biogas production possibilities, updated technologies, government initiatives, and policy regulations discussed earlier [9]. They highlighted the challenges in biogas production and opportunities for circular economy development from agricultural waste management and climate change scenarios (Rao et al., 2024). Agricultural residues (straw, stalks, tops, bagasse, etc.) constitute a resource with promising energy potential. They are thus generated in large quantities and without additional production costs, wherever there is agricultural activity [5]. According to GBN [2], agricultural waste from the main raw materials (cocoa, cotton, rubber, palm oil) is estimated at between 15 and 17 million tonnes per year. Their recovery, in the form of electricity for example, would allow the development of decentralized and rural energy production while reducing energy dependence, expenses and greenhouse gas emissions linked to the importation and use of fossil fuels [6]. In addition, this waste could constitute not only a source of wealth for rural populations (holders of this waste), but also a mine of raw materials for economic operators who would recover it (fodder, composting, manufacturing of various materials, etc.) [7];[8];[9]. However, according to Global Business Network [2], discussions with processors show that the biomass of cocoa pods, for example, is not currently valued and that the removal of pods is generally free (otherwise sold at 5F CFA per kg). It is therefore necessary that prices be estimated and regulated, in order to make their pre-collection by producers attractive, while ensuring a price that allows other stakeholders in the chain to remain competitive. Few studies address this estimation. However, it is important to consider them to allow each economic operator wishing to valorize residues to be competitive on the market. This study aims to evaluate the selling prices of crop residues that planters practice in the localities of Soubré, Sassandra, Daloa and Issia.



2. MATERIALS AND METHODS

2.1. Study area

The Sassandra Agricultural Basin (BAS), with an area of ​​approximately 42,000 km2, is located in the west of Côte d'Ivoire. It includes four (4) departments, including Daloa, Soubré, Issia and Sassandra (Figure 1). The departments of Daloa and Issia are located between longitudes 6°20 and 6°50 West and latitudes 6°1 and 6°80 North. As for the departments of Sassandra and Soubré, they are located between longitude 6°10 and 6°40 West and latitude 5°19 and 5°80 North. The areas of the BAS departments are 5,658 km2 for Issia, 1,080 km2 for Daloa, 8,500 km2 for Soubré and 25,800 km2 for Sassandra 
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Figure 1: Location of the Sassandra agricultural basin [10] 

2.2. Data collection

A survey sheet was sent to planters in four (4) localities of the Sassandra Agricultural Watershed (Daloa, Issia, Soubré and Sassandra). In total, three to five (305) planters were interviewed, including fifty-two (52) in Daloa, one hundred (100) in Issia, seventy (70) in Soubré, and eighty-three (83) in Sassandra. The questionnaire is structured in two sections, namely the socio-economic characteristics of the planters, and the estimation of the price of agricultural residues in the event of sale. The survey method based on simple random sampling [11] was used. This sampling method is characterized by an equal probability of selection of all sampling units, each unit being chosen independently of the others [11].  

2.1. Data processing


The collected data were subjected to numerical processing. The relative frequencies of each variable were calculated in relation to the number of planters surveyed according to formula 1:

			
With:
F  : Frequency (%);
nj : Number of modality (number of planters per locality, variable);
n  : Total number of planters surveyed.

2.2. Statistical processing

Statistical tests were performed using R Studio software. They include the Shapiro-Wilk (W) test, one-way ANOVA, and the t-test [12. The significance threshold for these tests is set at p < 0.05. The Shapiro-Wilk test was used to verify the normality of the distribution. Comparisons of crop residue prices between different locations were made using the parametric ANOVA tests and the t-test. As for the one-way ANOVA parametric test, it was used to examine the variation in residue prices of the locations considered. The parametric test (T-test) was then used to determine the differences in variation of these descriptors between the location prices two by two. At the level of descriptive statistics, the mean was calculated for each variable considered. In addition, dispersion parameters such as the standard error on the mean, the minimum and the maximum values ​​were determined. They were carried out using Statistica 7.1 software [13]. The representation of the variations of these descriptors was carried out in the form of box plots indicating the mean and the maximum and minimum values ​​(Figure 2).
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Figure 2 : box plots
3. RESULT AND DISCUSSION

3.1. Socio-economic characteristics of households

3.1.1.  Demographic profile of people surveyed

In the agricultural basin of Sassandra, agricultural activities are carried out by both men and women. During the surveys, 44.54% of men and 55.46% of women responded to the questions (Figure 3). This high proportion of women could be explained by the fact that in these areas, there is a high proportion of polygamous couples characterized by families of 2 to more than 4 women for one man [14. The age of the respondents is between 31 and 74 years in the locality of Sassandra, between 30 and 65 in the locality of Daloa, between 24 and 73 in the locality of Issia and between 18 and 76 in the locality of Soubré (Figure 4). Analysis of the ages of the people surveyed, varying between 18 and 76 years depending on the locality, indicates that crop residues are produced by a diverse working population, divided between young adults and older people. This generational heterogeneity can have an impact on residue management and recovery strategies. According to [15], age plays a determining role in the adoption of agricultural technologies: young farmers are generally more inclined to experiment with innovative practices, due to their better exposure to information and networks. This result shows the involvement of mature people in agricultural activities. This age group, often with extensive experience, plays a crucial role in crop residue management [15].
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[bookmark: _Toc57955958]Figure 3 : Proportion of the number of planters by sex (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
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Figure 4: Variation in the age of planters (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).	
3.1.2. Instruction profile of the people surveyed
Regarding the level of education, the survey revealed a predominance of people with a relatively low level of education among the planters surveyed. Indeed, only 15% of the planters have reached secondary school (high school), while the majority, 55%, have a level equivalent to the Certificat d’Études Primaires Élémentaires (CEPE). In addition, a significant proportion, estimated at 30%, have no formal education (Figure 5). These results reflect a worrying educational situation in the agricultural environment studied, with direct implications for the adoption of technological innovations, farm management and the ability of planters to access certain technical, administrative or commercial information. Indeed, several studies have shown that the level of education has a positive influence on agricultural productivity as well as on the adoption of good cultural practices and residue recovery techniques. According to Asfaw et al. [16], a higher level of education promotes the adoption of improved agricultural technologies. Furthermore, the low proportion of farmers who have reached high school could be explained by socio-economic factors, such as poverty and the lack of educational infrastructure in rural areas. Indeed, Leavy and Hossain [17] highlight that, in many rural communities, children are often forced to leave school early to participate in family farming activities in response to the economic needs of the household [18].
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[bookmark: _Toc57955959]Figure 5 : Number of planters identified according to their level of education (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).

3.1.3. Economic profile of the people surveyed
The results of the study show that 66% of the surveyed farmers live with dependents, such as their spouse, children or other family members, while 34% live alone (Figure 6). This distinction in family composition may have a significant influence on agricultural resource management strategies, including the valorization and sale of crop residues. Indeed, farmers with dependents may have a greater incentive to optimize their income by selling crop residues to meet household needs; in this case, crop residues can become a complementary source of income. This economic pressure could therefore encourage greater involvement of these farmers in the commercialization of their agricultural residues [19]. In addition, IFAD [20] highlights that rural families organized around a solidarity workforce can improve their overall productivity, particularly in the small-scale processing or marketing stages. Holden et al. [21] also showed that the availability of family labor is a key factor in labor investment decisions, particularly for activities with low immediate profitability. The study also shows that 95% of planters have no regular monthly income (Figure 7), which highlights a high level of economic insecurity within the population studied. This lack of stable income can play a determining role in agricultural resource development practices, particularly with regard to the sale of crop residues. Indeed, according to Barrett et al. [19], situations of financial vulnerability mean that planters are generally forced to exploit all possible sources of income, even modest ones. Thus, crop residues, usually underestimated or neglected, can become an alternative economic resource, used to cover daily needs or unforeseen events. Their sale then represents an opportunity, both accessible and inexpensive, to generate additional income.
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[bookmark: _Toc57955960]Figure 6 : Proportion of the number of planters identified according to their family situation (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
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Figure 7 : Proportion of the number of planters surveyed according to their monthly income
3.2.  Economic value of crop residues
               
3.2.1. Residues from food crops (rice husks, straw, stalks, cobs)

 Figure 8 shows the prices rice husk offered by planters in the different localities visited. These prices vary between 10 and 1000 CFA Francs. The averages of these are 266.40, 259.4, 256.96 and 200.3 CFA Francs respectively in Daloa, Issia, Soubre and Sassandra. The statistical analysis shows that the average prices applied do not differ significantly from one locality to another (ANOVA test: p> 0.05).
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[bookmark: _Toc57955962]Figure 8 : Variation in rice husk prices across localities (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
[image: ]Concerning the price of straws, they vary between 25 and 500 CFA francs in the localities of Daloa, Issia and Soubré, while in Sassandra, they vary between 50 and 500 CFA francs (Figure 8). The average prices, from one locality to another, of the order of 180 francs (Daloa), 176.92 francs (Issia), 176.09 francs (Soubre) and 178.03 francs (Sassandra) are approximately identical (ANOVA test: p>0.05).

[bookmark: _Toc57955963]Figure 9 : Variation in straw prices in the locations investigated (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).

[image: ]Figure 9 illustrates the variations in stem prices in different localities. These prices vary between 10 and 300 francs in Sassandra with an average of 120.15 francs, between 10 and 700 francs in Soubré with an average price of 170.98 francs, between 20 and 1000 francs with an average price of 144 francs in Daloa and between 25 and 500 francs in Issia with an average of 49.62 francs. The statistical analysis does not show a significant difference between the prices offered in the localities of Sassandra, Soubré and Daloa (T-test: p>0.05). On the other hand, those of Issia differ significantly from the three other localities (T-test: p<0.05).

[bookmark: _Toc57955964]Figure 10 : Variation in stem prices in the locations investigated (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
As for the price of corn cobs, they vary between 25 and 400 francs in Sassandra, between 25 and 600 francs in Soubré, between 20 and 100 in Issia and between 25 and 400 francs in Daloa (Figure 10). Average prices are 141.04 francs in Daloa, 50.38 francs in Issia, 163.15 francs in Soubre and 84.09 francs in Sassandra. The prices offered in Soubré and Daloa do not present a significant difference (T-test; p>0.05). The same is true for those offered in Issia and Sassandra (T-test; p>0.05).
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[bookmark: _Toc57955965]Figure 11: Variation in prices of corn cobs in the locations investigated (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
Regarding roundup, prices vary between 25 and 400 francs in Sassandra, between 25 and 600 francs in Soubré, between 20 and 100 in Issia and between 25 and 350 francs in Daloa (Figure 11). The average price of cobs is 114.80 francs in Daloa, 38.27 francs in Issia, 151.63 francs in Soubré and 67.42 francs in Sassandra. By comparing the roundup prices in the locations studied, we see a significant difference (ANOVA test: p<0.05). However, the prices of Issia and Sassandra remain in the same value range, as do those of Soubré and Daloa Test T: p>0.05).
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[bookmark: _Toc57955966]Figure 12 : Variation in the price of roundup in localities (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).

· Residues from perennial crops (pod, hull and fiber)
Figure 12 shows the fiber prices offered by growers.  These vary between 10 and 300 francs in Sassandra, between 50 and 700 francs in Soubré, between 50 and 200 in Issia and between 50 and 300 francs in Daloa. The average price of cobs is 173 francs in Daloa, 109.62 francs in Issia, 223.91 francs in Soubre and 128.33 francs in Sassandra. Furthermore, fiber prices do not differ significantly between the localities of Issia and Sassandra, as well as Daloa and Soubré (T-test: p >0.05).
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[bookmark: _Toc57955967]Figure 13: Variation in fiber prices in the locations investigated (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
[image: ]Regarding the prices of pods, they are between 50 and 700 francs in Sassandra, between 25 and 1000 francs in Soubré, between 50 and 300 in Issia and between 50 and 400 francs in Daloa (Figure 13). The average price of pods is highest in the locality of Soubré (242.93 francs) and low in the locality of Issia. However, the statistical analysis shows that the average prices do not differ significantly from one locality to another (ANOVA test: p>0.05).
[bookmark: _Toc57955968]
Figure 14 : Variation in pod prices in the locations investigated (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
[image: ]hull have prices varying between 10 and 600 francs in all localities, with an average price of 288.18 in Sassandra, 280.87 in Soubré, 294.62 in Issia and 298.40 in Daloa (Figure 15). However, the ANOVA test does not indicate a significant difference between prices (p>0.05).

Figure 15 : Variation in hull prices in the locations investigated (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).

Prices for clusters remain in the range of 25 to 300 francs in the localities visited (Figure 16). As for the average prices, they are 140.15 francs in Sassandra, 161.41 francs in Soubré, 159.62 in Issia and 158 francs in Daloa. By comparing these average values, no significant difference is observed (ANOVA test: p>.0.05).
[image: ]Figure 16 : Variation in cluster prices in the locations investigated (Université Nangui ABROGOUA/LEBA/KOUASSI-KOUADIO).
Analysis of average prices of crop residues in the studied localities reveals a significant heterogeneity of economic values, ranging from 10 to 1,000 CFA francs per kilogram, depending on the type of residue. This variation suggests that agricultural residues, long considered as waste without value, now represent significant economic potential for planters. The data show that certain residues reach high values, such as hulls (290.52 CFA francs/kg) and rice husks (245.67 CFA francs/kg), followed by pods (204.49 CFA francs/kg) and straw (177.76 CFA francs/kg). These products may be of interest to several markets for composting, animal feed, energy production (biomass), or even local crafts [22]. Their development can therefore contribute to diversifying and strengthening the income of planters, particularly for those who do not benefit from a fixed monthly income. On the other hand, residues such as stalks (94 FCFA/kg) or stems (121.19 FCFA/kg) have relatively lower prices. This may be explained by lower demand or difficulty in processing and transporting them, thus reducing their commercial profitability. These value gaps highlight the importance of structuring value chains around these wastes and by-products, as well as the need for logistical or technical support to facilitate their collection, storage and transport to markets. This economic dynamic around residues shows that they are not only secondary elements, but can become essential commercial inputs in certain rural areas, provided that distribution channels are better organized. It also confirms the observations of several authors [23] ;[24], who emphasize that small producers, in a context of precariousness, naturally tend to exploit all available resources.

4. CONCLUSION
At the end of this study, it appears that the planters surveyed in the Sassandra basin are predominantly women (55.46%), with a high proportion (over 95%) having no regular monthly income. Agriculture constitutes their main, if not only, source of livelihood. In addition, 80% of them have dependents, reinforcing their economic vulnerability but also their motivation to diversify and optimize their sources of income. In this context, the valorization of crop residues appears to be a promising economic alternative. The estimated selling prices of these residues show a wide variability, ranging from 10 to 1000 CFA francs per kilogram depending on the type of residue, with relatively attractive average prices: 245.67 CFA francs for rice husks, 290.52 francs for hulls, and 204.49 francs for pods. These values ​​indicate real potential for profitability, both for producers and for economic operators wishing to invest in processing or recovery units. Thus, crop residues, long considered simple waste, can become strategic economic resources. Their commercialization represents not only an opportunity to improve the income of planters, but also a lever for the development of local agro-industrial activities. To fully capitalize on this potential, it is necessary to strengthen awareness, training, as well as technical and organizational support for producers in the management and recovery of these residues.
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