


Results of survey on the quantities of mangoes lost by actors in the sector: specific case of Korhogo department, northern of Côte d’Ivoire
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Abstract
In Côte d’Ivoire, all actors in mango sector are recording enormous losses, due to the lack of pre- and post-harvest management. The general objective is to evaluate the quantities of mangoes lost by the links in sector in Korhogo department, with a view to their recovery as compost. The data was collected by the method of individual surveys. The survey, carried out among 180 producers, 120 traders and 20 packaging units, focused on the different varieties produced, the planting density, the quantities of mangoes produced and the quantities of mangoes consumed, sold and lost. According to the results of the survey, four different varieties of mango are produced, namely, Kent, Amélie, Kéitt and Zill. However, the Kent variety was most cultivated (86.75 %), consumed (87.5 %), packaged (100 %) and marketed (90%). The study also showed that the densities most encountered among mango producers were 150 and 200 plants per hectare, with respective proportions of 40 and 38.7 % of respondents. As for the quantities of mango lost, they were 53.6 % of production by producers, 67.2 % of quantities received by the packaging units and 68.3 % of the quantities purchased by resellers. These losses were caused by various factors, namely insects, diseases, physical damage and heavy rains. This study would aim to fill a gap in losses domain so that the services indicated will intervene in the sector, with a view to improving the quality of mangoes produced and revaluing the enormous quantities lost by the actors.
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1. Introduction 
[bookmark: _Hlk204249650]	In most African countries, agriculture is the main economic sector due to its contribution to the creation of wealth and jobs. It therefore represents the lifeblood of economic development. In Côte d'Ivoire, the agricultural sector represents approximately 22 % of gross domestic product (GDP), more than 50% of export revenues and two-thirds of the population's sources of employment and income [1] Agriculture is based, essentially, on the exploitation of industrial crops, notably cocoa, oil palm, coffee, rubber, cashew, banana, citrus and mango.
[bookmark: _Hlk204249696][bookmark: _Hlk204249735][bookmark: _Hlk204249765][bookmark: _Hlk204249798]The mango tree (Mangifera indica L.) is one of the major fruit crops in the world. It ranks 6th among fruits produced in the world with 56 million tons, behind citrus fruits, bananas, watermelons, apples and grapes [2] [3]. In West Africa, the mango offers many nutritional benefits and represents an essential source of income [4]. Mango plays an important role in the economic development of production areas. Côte d’Ivoire is one of the main mangoes producing countries in West Africa. National production is estimated at 150,000 tons (t), and is concentrated in the north of the country. The country currently exports around 30,000 t of mangoes per year, making it the leading West African exporting country, followed by Mali and Senegal and the 3rd global supplier to the European market after Brazil and Peru [5] [6]. This speculation represents the 2nd fruit exported by the country after banana and contributes to 4 % of the national Gross Domestic Product (GDP) and 10 % of country's agricultural GDP [7].
	Mango cultivation is practiced by around 7,000 producers, 98.5 % of whom are men and only 1.5 % women, on an area of nearly 20,000 hectares spread across regions of the country favorable to mango production. Mango orchards are mainly concentrated in the northern zone of the country, notably in the regions of Korhogo, Sinématiali, Ferkessédougou, Boundiali, Odienné and Bouaké. These areas are very favorable for growing mangoes, due to the good alternation between dry and wet seasons. 
[bookmark: _Hlk204249833]	Mangoes are known to be healthy foods, essential for a balanced diet. There are more and more clinical and epidemiological studies showing that the inclusion of mango in the diet promotes the fight against various diseases [8].
[bookmark: _Hlk204249864][bookmark: _Hlk204249892]	In highly exporting countries, notably Côte d'Ivoire, the majority of exported mangoes come from industrial plantations, targeting only foreign markets. The varieties preferred by importing countries are cultivated there with cultivation routes that maximize yields, then with good control of conservation and distribution circuits [9]. Ivorian exports mainly concern mangoes of the Kent, Keitt and Amélie varieties [10]. Kent variety is the most favored for export thanks to its organoleptic and physicochemical qualities, in particular its low water content which gives it a significant commercial lifespan. Due to the importance of mango in the country's economy and in the income security of rural families, we are witnessing a strong expansion of village plantations, with productivity still low compared to industrial plantations. The multiplicity of village plots and its traditional mode of production affect the quality of Ivorian production. This form of production would increase losses of mangoes produced.
[bookmark: _Hlk204249939]	Despite the important place occupied by the mango sector in Ivorian economy, its performance is hampered by major problems such as production losses. These losses, around 50 % [11], are mainly due to pathologies [12] [13] [14], inappropriate picking and storage conditions, but, also to the lack of mastery of pre-harvest and post-harvest management (storage-maturation).
[bookmark: _Hlk204250005]	Mangoes that are not exported and not processed are also sent to local markets. Local consumption, processing and valorization of mangoes remain very low in Côte d’Ivoire, so the rest of this production rots in plantations and on local markets [15]. This would constitute a large mass of organic matter, which cannot be used by producers. The low level of education of producers, especially villagers, means that they are unaware of the different production techniques and methods of using mangoes unfit for consumption and/or not sold or consumed, which would increase losses. In addition, they do not benefit from information allowing them to make the connection between these mangoes and any use.
	The problem of evaluating these losses and the use of these uneaten and unsold mangoes, in Côte d’Ivoire, and particularly in Korhogo region, would be very complex. The majority of Ivorian farmers are untrained, and do not master production methods, and, above all, do not know how to develop a harvest calendar, a situation made worse by the lack of control over their production. 
	Respect for good growing, harvesting and packaging practices, which could contribute to a quantitative and qualitative increase in mango production in Côte d’Ivoire, also poses a real problem for producers. This induces a double loss for the farmer, because these techniques used do not allow an increase in production, and at the same time, the producer loses money.
	During this study, the different producers, packaging and processing units and resellers of mangoes were interviewed. The general objective of this work was to evaluate the quantities of mangoes produced and lost by the actors of the sector in the Korhogo department with a view to their valorization, as compost. In this study, we will examine the perceptions of actors in the sector with regard to the following questions: (a) the different varieties produced, (b) the different production techniques, (c) the quantities of mangoes produced and (d) the quantities of mangoes sold and those not sold.

2. Material and methods 
2.1. Areas surveyed
[bookmark: _Hlk204250239]	The target population was that of actors in the mango sector (producers, packaging units and traders) in Korhogo department, northern Côte d’Ivoire. This department constitutes the largest mango production area in the country. There are large traditional orchards and some modern plantations in this region. Administrative regions were chosen, following the results of a preliminary survey, having established the typology of populations, based on the weight of mango in the area. These are the town of Korhogo, Sédiogo and Sinématiali. These regions are often characterized by land pressure like other regions of Côte d'Ivoire [16].
[bookmark: _Hlk204250263]	The Korhogo department is located between 5°16' and 16°16' West longitude and 8°32' and 10°20' North latitude [17]. The natural vegetation of these localities consists of savannah (grassy and wooded). The soils are ferruginous, with a Sudanese-type climate, characterized by two seasons: a dry season of six to seven months, extending from November to April, and a rainy season of four to five months, extending from May to October, with a maximum in August. The average annual rainfall in this region is around 1200 mm of water.

2.2.  Study Material 
	The study material consisted of specific sheets including closed questionnaires and semi-structured interviews. These survey sheets were sent to stakeholders in the mango sector, namely producers, packaging and processing units and mango resellers in Korhogo department.

2.3.  Survey Methods 
[bookmark: _Hlk204250295][bookmark: _Hlk204250319]	Data were collected using the individual survey method [18]. In some cases, it was supplemented by focus group discussions. This approach makes it possible to understand the knowledge, attitudes, practices and perceptions of the targeted groups in relation to the questions asked [19]. The survey was carried out on the basis of semi-structured interviews, using questionnaires designed for this purpose. The questionnaires were sent to farm managers or their representatives, heads of packaging companies and mango traders in Korhogo department. Some responses were verified by direct observation on the farm, in structures and in markets. The main results sought are:
- the different varieties produced in Korhogo department, 
- the different production techniques, 
- the quantities of mangoes produced, purchased or received,
- the quantities of mangoes consumed, sold or processed.
The study was carried out, according to a survey conducted from May 3 to June 27, 2023, among 180 producers, 120 traders and 20 mango packaging and processing units in Korhogo department (Côte d’Ivoire).

2.4.  Data analysis
The data collected were analyzed in Excel and their processing was performed according to the variables noted in the field. The statistical parameters (means and percentages) were calculated and used for the construction of the distribution tables and histograms for each parameter analyzed.

3. RESULTS 
3.1.  Different varieties of mangoes grown in Korhogo department
	During our study, the investigation carried out focused on the different varieties of mangoes produced, consumed, packaged and marketed in Korhogo department (Table 1). The study allowed us to show that in Korhogo department, four different varieties of mangoes are most cultivated by producers, namely, the Kent, Amélie, Zill and Kéitt varieties. Analysis of the results showed that the Kent and Amélie varieties were the most cultivated, with respective proportions of 85.75 % and 8.30 % of the producers surveyed. As for the most consumed varieties, the results showed that the Kent variety, with 87.5 %, was the most encountered among consumers in the study area. Among the 20 packaging units, the results also showed that the Kent variety was 100 % the most packaged. On the markets of Korhogo department, the Kent varieties, with 90 %, and Kéitt, with 6.30 %, were the most marketed.








Table 1: Distribution of different varieties of mangoes according to their percentage of use
	 
	Varieties
	Proportions (%)
	 

	 
	
	Cultived
	Consumed
	Conditioned
	Commercialized
	 

	
	Amélie
	8.30
	6.30
	0
	1.30
	

	
	Kéitt
	5
	6.30
	0
	6.30
	

	
	Kent
	86.75
	87.5
	100
	90
	

	 
	Zill
	2.01
	0
	0
	2.50
	 



3.2.  Parameters involved in mango production in the study area
3.2.1.  Ages and densities of mango orchards encountered in the surveyed area
	During the study, data collection also concerned the age and planting density of orchards in Korhogo department (Table 2). In terms of orchard age, the results showed a distribution into four groups, with very different proportions. The proportion of orchards, whose age varies between 7 and 9 years, was 42.5 % of the producers surveyed. As for plantations with years of cultivation varying from 1 to 3, 4 to 6 and more than 10 years, the percentages obtained were, respectively, 8.7; 38.8 and 10 % of producers.
	As for planting density, the results proved the existence of four types of density encountered in mango plantations in the studied area. The most common planting density, with a proportion of 40.0 %, was 150 plants per hectare (Table 2). The density of 100 trees/ha was used the least by producers, with a percentage of 1.3 % of the plantations surveyed. The two other densities, encountered in the orchards, were 200 and 250 mango trees per hectare, with respective percentages of 38.7 and 20.0 %.
Table 2: Summary of the age and planting density of mango orchards in the study area
	Planting features
	Proportions (%)

	
	1 - 3
	
	8.7

	Age (years)
	4 - 6
	
	38.8

	
	7 - 9
	
	42.5

	 
	10 and above
	
	10.0

	
	100
	
	1.3

	Densities (trees/ha)
	150
	
	40.0

	
	200
	
	38.7

	 
	250
	
	20.0












3.2.2.  Yields obtained by mango producers in the surveyed area
	During the survey conducted, the yields and their proportions, obtained by mango producers, were evaluated (Table 3). The results showed that producers in the study area obtained mango yields varying between 1 ton per hectare and more than 9 tons per hectare. Producers, obtaining yields of 7 to 8 tons per hectare, were the most encountered, with a proportion of 31.3 % of respondents. Planters, producing yields of 1 to 2 tons per hectare, were the least encountered, with a percentage of 2.5 % of respondents. As for the other production quantities, namely, 3 to 4 tons, 5 to 6 tons and more than 9 tons of mangoes per hectare, the proportions were respectively 8.8; 27.5 and 29.9 % of the operators surveyed.

Table 3: Summary of total production encountered by producers
	Yield (tons/ha)
	Proportions (%)

	1 -2
	2.5

	3 - 4
	8.8

	5 - 6
	27.5

	7 - 8
	31.3

	9 and above
	29.9



3.2.3.  Quantity of mangoes sold and lost by producers in the study area
	The quantities of mangoes, used and/or lost by producers, were determined during the survey (Table 4). Analyzing this table, it appears that producers, with an average yield of 1 to 2 t/ha, were able to sell 73 % and lost 27 % of this production. As for average yields of 3 to 4 t/ha, the responsible planters sold 68 % and lost 32 % of the mangoes produced. Producers, whose yields were between 5 and 6 t/ha and between 7 and 8 t/ha, sold, respectively, 45.3 % and 34 % of their production, and lost, respectively, 54.7 % and 66 % of the mangoes harvested. Producers, who recorded a yield greater than 9 t/ha, lost 68.2 % and sold or used 31.8 % of their production. The quantities of mangoes lost by producers are significantly higher compared to those sold.




Table 4: Distribution of quantities of mangoes used and lost by producers
	Yield (t/ha)
	Quantity used (%)
	Quantity lost (%)

	1 - 2 
	73
	27

	3 - 4
	68
	32

	5 - 6
	45.3
	54.7

	7 - 8
	34
	66

	9 and up
	31.8
	68.2



3.2.4.  Areas of use of quantities of useful and unsold mangoes
	The survey, carried out among mango producers in Korhogo department, showed that the quantities of mangoes produced were subdivided into two groups which are mangoes useful for producers and wasted mangoes. Figure 1 shows the different distributions of the quantities of useful and lost mangoes by producers. 
	For the useful quantities, the results showed that 87.5 % of the mangoes were sold, on the different markets and to the packaging and processing units, by the producers and the remaining 12.5 % were consumed by the populations. 
As for the quantities lost, the distribution is as follows: 90 % of the mangoes are not collected and abandoned in the field and 10 % of these mangoes were collected to be used in other areas.


Figure 1. Distribution of useful and lost quantities by producers

3.2.5.  Factors responsible for mango field losses
	During the investigation, the different factors responsible for mango losses in the field were evaluated (Figure 2). The study therefore showed that six factors were responsible for mango losses in plantations. Physical damage, caused by the fall of mangoes during harvest, represented 29.85 % of the losses of these fruits in the field. As for attacks due to insects and fungi, they had a proportion of 27.21 % of these losses. Losses, caused by shocks due to different modes of transport, represented 19.86 % of mangoes not used in the field. Poor harvesting techniques and heavy rains, which occurred during harvest, recorded respective proportions of 13.75 % and 8.38 % of mangoes lost in the field. As for the low demand on the markets for certain varieties, with a rate of 0.95 %, represented the lowest percentage of losses of mangoes in plantations.
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API: Attack by insects; DP: Physical damage; FDV: Low demand for variety; MTR: Poor harvesting technique; MDT: Mode of transport; PE: Excessive rain

Figure 2. Reasons for the quantity lost according to producers

3.2.6.  Domains of valorization of the quantity of lost mangoes
	The results of our study obtained three areas in which mangoes not sold, but collected, were valued (Figure 3). These mangoes were used to feed the animals, with a proportion of 30 % of the quantity collected. As for 8 % of this quantity of mangoes collected, they were used in agriculture, as fertilizer. 62 % of this quantity of mangoes collected, but not sold, were not used by producers in the different localities.












None
Animal feed


Figure 3: Distribution of areas for valorization of quantities of mangoes not sold by producers

3.3.  Results of the survey carried out among mango packaging units
3.3.1.  Quantities of mangoes received and rejected 
	During the survey, the quantities of mangoes received and those rejected by the packaging units were evaluated (Figure 4). The results showed that the quantities of mangoes received by the packaging units were subdivided into four groups, depending on the number of boxes received. The first group was formed by 20 % of the units surveyed, receiving 400 to 600 baskets of mangoes, and rejecting 60 % of this quantity received. As for the second group, it was made up of units having received 600 to 800 lockers, representing 35 % of the units surveyed, of which 73% of this total were not packaged. The third group is formed by 40 % of the units which receive 800 to 1000 baskets of mangoes of which 67 % of the quantity was rejected. The last group, representing 5 % of respondents, was made up of units having received more than 1000 bins of mangoes, of which 69 % of these bins were not conditioned.
	Figure 5 presents the causes of the rejection of a portion of mangoes received by the packaging units from the producers. Analysis of the results shows that three types of causes were the basis for the rejection of certain mangoes. The first cause of rejection, representing 57.5 % of losses, was due to physical damage observed on mangoes. As for the second and third cause of rejection, representing respectively 27.5 % and 15 % of losses, were caused by attacks due to insects and diseases.
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Figure 4. Distribution of quantities of mangoes received, packaged and rejected by the packaging units



Figure 5. Distribution of causes of rejection of mangoes by packaging units

3.3.2.  Results of the survey conducted among mango traders
	The survey conducted among mango traders (resellers) concerned the quantities purchased from producers and those which were resold and not resold (Figure 6). The results showed that the quantities of mangoes purchased by the resellers were divided into four groups, depending on the number of racks purchased by these traders. The first group, with a proportion of 12.5 % of resellers, is represented by traders who purchased 20 to 40 racks of mangoes from producers. Of this quantity purchased, a proportion of 35.6 % could not be sold by these resellers. Therefore, 64.4% of the lockers could be resold. As for the second group, having purchased 40 to 60 racks, and the third group, with 60 to 80 racks purchased from producers, the percentages were, respectively, 11.4 and 18.6 % of the resellers surveyed. Traders in the second group were unable to resell 44.3 % of the racks purchased and those in the third group were able to resell 61.8% of the quantity purchased from producers. Regarding the last group, with 80 to 100 racks purchased from producers, representing 57.5 % of the traders surveyed, they were unable to resell 82.6 % of the quantity purchased and 17.4 % of the quantity was resold.
The survey also concerned the use of the quantity of mangoes not resold by traders (resellers). The results showed that the unsold mangoes were used in four main areas (Figure 7). A proportion of 68.37 % of the remaining mangoes were resold at ridiculous prices by resellers. As for the areas of use of the remaining quantities, 17.09 % was offered to the population, 7.69% was thrown in the trash due to deterioration and 6.85 % of the unsold quantities was revalued in other areas. The results of our survey also concerned the areas of use of the proportion of 6.85 % of mangoes revalued by resellers (Figure 8). The distribution of this quantity was as follows. The first area, with a proportion of 55.3 % of mangoes, concerned the use as fertilizer in agriculture. The proportion of 7.59 % of mangoes was used as animal feed. The proportion of 37.1 % of mangoes was used in not very specific areas by resellers.
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Figure 6. Distribution of quantities of mangoes purchased and not resold by traders 
3.3.3. Quantity of mango lost by the actors of the mango sector in Korhogo
The total quantities of unused and/or lost mangoes by the sector in Korhogo department were determined during the survey (Table 5). Analysis of this table shows that producers, packaging units and traders lost on average, respectively, 53.62 % of their production, 67.25 % of the quantities received and 68.37 % of the quantities purchased. Following this analysis, the quantities of mangoes lost by the sector are estimated at approximately 63.08 % of the quantities produced.









PD: Sold at ridiculous prices; OP: Offer to passers-by; MP: Put in the trash; V: Revalue
Figure 7. Distribution of areas of use of quantities not sold by resellers


Figure 8: Distribution of areas of revaluation of quantities of mangoes not sold by traders

Table 5: Distribution of average quantities of mangoes lost by industry players
	Types of actors in the sector
	Proportions (%)

	Producers
	53.62

	Packaging units
	67.25

	Resellers
	68.37

	Average
	63.05



4. Discussion
[bookmark: _Hlk204250639]	The results of the survey, carried out among players in the mango sector in Korhogo department, showed that Kent variety was the most cultivated by producers, the most requested by consumers, the most packaged by packaging units and the most sold by traders in local markets. Kent variety is the most favored for exploitation and export thanks to its organoleptic and physicochemical qualities, in particular its low water content which gives it a significant commercial lifespan [10], compared to other varieties, namely, Amélie, Kéitt and Zill. The choice of variety results from a compromise between the expectations of the producer and those of distribution and consumers. It takes into consideration aspects as varied as agronomic suitability, resistance to different pests, suitability for transport and conservation, organoleptic and visual qualities, and positioning on the market. Ivorian mango production, which was initially planned for local consumption, quickly turned towards export, in particular to European countries [20].
[bookmark: _Hlk204250901]	The study of different varieties made it possible to clarify the importance of varietal choice on the construction of quality and the organization of production flows. The green-mature Kent variety has a significantly longer ripening life than other green-mature and yellow-point varieties. The Kent variety is also very popular on the international market, due to its commercial shelf life characteristic [21]. It is one of the varieties of dried mangoes most present on European markets, according to [22]. This difference between varieties is probably linked to the higher carotenoid content of the Kent variety compared to other varieties [23].
	Several studies have shown that the quality of mango evolves increasingly with the stage of maturity at harvest [24] [25]. The longer the accumulation of metabolites on the tree before harvest, the less the fruits have interesting organoleptic characteristics after ripening.
[bookmark: _Hlk204251102][bookmark: _Hlk204251150][bookmark: _Hlk204251221]According to [26], the two most important criteria for a mango variety to be appreciated on the markets are sugar content and aroma. Varieties with the following characteristics: large stone, fruit too small, too or very acidic, do not have a high commercial value for being consumed fresh. This would explain the choice of the Kent variety throughout the mango chain compared to other varieties [27]. However, for [10], other unknown and little-exploited varieties could have more interesting assets (beautiful coloring of the skin, low water content, richness in sugar and dry matter). This under-exploitation of these varieties would be due to the fact that there is little data on the varietal diversity of mangoes grown in Côte d'Ivoire. However, the assessment of varietal diversity of the mango tree would provide a good assessment of the adaptive potential of the species and provide breeders with a simple tool for identifying promising varieties [28] [29]. To this end, strategies should be put in place to identify interesting varieties present in the different orchards, with a view to their popularization and promotion. The study also showed that the densities most encountered among mango producers were 150 and 200 trees per hectare, with respective proportions of 40 and 38.7 % of those surveyed. As for the densities of 100 and 250 trees per hectare, the percentages were 1.3 and 20% of the producers surveyed. Regarding the most common yields, 31.3 % of producers would produce a total of 7 to 8 tons of mangoes per hectare and 29.9 % of respondents would obtain more than 9 tons per hectare. These yields, obtained by producers, are generally very low, compared to the average production of an adult mango tree, estimated at around 100 kg per tree per year [30]. Several factors influence the productivity of the mango tree, namely, its feeding, the production of the previous year, the percentage of flower shoots and perfect flowers, the importance of the parasitic attack on flowers and young shoots and the conditions in which pollination occurs [31].
[bookmark: _Hlk204283423][bookmark: _Hlk204283452]Mango cultivation in Côte d'Ivoire is characterized by the weakness or even total absence of the application of cultural practices in orchards, in particular, those requiring monetary investments. In traditional plantations, maintenance operations, including pruning, fertilization, irrigation or phytosanitary treatments, are hardly practiced [30]. The difficulties encountered in the implementation of such proposals lie in the inability of farmers to control all production factors and constraints, an essential element for production performance to be fully expressed. Production is also entirely subject to planting density and climatic hazards. The results of the survey showed that the densities adopted by producers in the study area were generally very high, compared to the standard density of 100 trees per hectare. This could be explained by the fact that orchards are mainly owned by village producers, associated with a few modern plantations. These orchards belong to smallholders, involved in the sector, and more rarely to agricultural professionals, well informed about the future opportunities of this crop. The number of trees per unit of surface has an impact on the yield of the orchard. A correct density makes it possible to optimize the level of production, thanks to good lighting and good aeration of the trees in adulthood. In the case of the mango tree, the planting density can have an impact on light interception, on the volume of the canopy of the trees in the orchard and the number of fruits produced. It must therefore be controlled to obtain a better yield at the orchard scale [32]. Indeed, too high a density can increase competition between trees for light, and can be counterproductive. In high-density mango orchards, of 200 to 300 trees per hectare, the yield would be low, due to the reduction in individual tree production, caused by competition between trees for mineral elements and light. Added to this are the costs incurred for planting and maintaining trees, through regular pruning to reduce competition between trees [33]. Planting density is an important factor to take into account in individual tree production and in estimating orchard yield [32]. Planting densities also vary depending on the nature of the soil, the area where the orchard is planted, the vigor of the variety and rootstock, and the space required for the passage of agricultural machinery.
[bookmark: _Hlk204283762]The survey results also focused on the quantities of mangoes lost by the various stakeholders in the sector, namely producers, packaging units and retailers on local markets. At the producer level, the quantities of mangoes lost in the field were significantly higher compared to the proportions sold. The highest losses were recorded by producers whose yields were 7 to 8 t/ha and more than 9 t/ha, with proportions of 66 and 68.2 % losses, respectively. The losses recorded by producers were caused by insect and fungal attacks, physical damage, low demand for the variety, poor harvesting techniques, modes of transport and excessive rains. At the packaging unit level, the losses (unpackaged quantities) recorded varied between 60 and 73 % of the quantities received. As for mango resellers in the different markets, depending on the number of boxes purchased from producers, losses varied between 35.6 and 82.6 % of the quantities purchased. In short, clearly enormous quantities of mangoes are lost by all actors in the sector. These losses were 53.6 % for producers, 67.2 % at the level of packaging units and 68.3 % by resellers. These losses were caused by various factors, namely insects, diseases, physical damage and rains. For the different stages of the chain, there are factors that manifest themselves and are likely to influence the level of loss at each stage [34]. 
In some producing countries, losses, approaching 50 % [11], are mainly due to pathologies, the aesthetics of the fruits deemed to be unsuitable for market standards, but also to the lack of control over pre-harvest and post-harvest management (storage-ripening).
[bookmark: _Hlk204283816][bookmark: _Hlk204283951][bookmark: _Hlk204284418]Field losses (pre-harvest and post-harvest) can unfortunately still be recorded. These losses are mainly due to insects, the most important of which are fruit flies, the mango stone weevil and mealybugs, diseases and physical damage caused during harvests. These insects and diseases cause direct damage through bites and contamination that lead to loss of sap and indirect damage through the production of honeydew and sooty mold that form on the surface of the fruits [35]. At harvest, physiologically mature mangoes (green-mature for the majority of known varieties) have a high firmness. This firmness also corresponds to a good capacity of the mangoes to be transported, with a higher resistance to shocks during harvesting, handling and transport. This firmness decreases during maturation. This decrease comes from the alteration of the structure and composition of the cell walls (skin and pulp) and the decrease in the starch content of the pulp [36] [37]. During ripening, an increase in the activity of the enzymes involved (polygalacturonase, amylase, pectin esterase, etc.) has been clearly highlighted, linked to the peak of ethylene synthesis and the decrease in firmness [36]. This would reduce the resistance of the fruits to shocks during harvesting. The losses recorded during harvests would also be due to the ideal level of maturity for harvesting not being respected, unskilled labor, heat, rain, poor cultivation practices, inappropriate harvesting methods, pest attacks, rot and animals, post-harvest losses were recorded at the level of producers, packaging units and mango resellers on the markets. These post-harvest losses would be due to inappropriate transport, heat, rain, poor sales and duration of sale, handling, road harassment (police, gendarme, foresters, customs), bad faith of buyers, jolts, loading and unloading. According to the bibliography, the losses caused by packaging would be linked to the structure of the mango skin which would come from the decrease in temperature, to the autolytic activities, responsible for the degradation [38]. [39]. Indeed, lowering the storage temperature leads to a slowdown in the metabolism of the fruits [40]. Before their marketing, the maturation of mangoes is generally initiated by exposing them to room temperature, between 20 and 23 °C, for sale fresh [41].
At harvest, physiologically ripe mangoes have very low levels of soluble sugars, volatile compounds and very high acidity. Quality potential can be defined as the quantity of metabolites stored during growth, such as sugars, organic acids, aromas and their precursors, such as fatty acids [42] [43]. Controlling ripening conditions is essential to obtain mangoes that develop their full organoleptic potential by transforming starch into simple sugars, reducing acidity and increasing the concentration of volatile compounds, making the fruits sweeter, more attractive and appreciated from a sensory point of view [44] [45] [46] [47]. The majority of studies on post-harvest techniques to improve the preservation of green-mature mangoes focus on alternative means, such as hot water treatments [48], in combination with controlled atmosphere techniques [49] and biocontrol agents [50] to reduce post-harvest losses. Some recommendations, during the harvest of mangoes, should be integrated into an approach to guarantee optimal quality. For a given variety and harvest criterion, the picker must respect the following points: favor early morning harvests, during the still cool hours, do not take fruits whose health condition leaves something to be desired (obvious presence of fruit fly bites, anthracnose), or presenting injuries (caused by the harvesting tool, or a shock during harvesting) and do not pick up fruits that fell to the ground during harvesting and those whose latex flows on them. Just like the act of harvesting, post-harvest handling must be carried out with care to guarantee optimal quality of the fruits. It is advisable not to throw the fruits, whether in buckets or in crates, to place the fruits delicately in the crates or trays and, as far as possible, in a single layer. The selection of mangoes for export should take into account the external physical appearance, absence of injuries and scratches due to friction, detection of under or over-ripeness, malformations and physiological disorders and fly bites and ant bites. All these rules contribute to the reduction of pre- and post-harvest losses.

5. Conclusion
This study, whose general objective was to assess the quantities of mangoes lost by the actors of the sector in Korhogo department, made it possible to assess the levels of pre- and post-harvest losses recorded by the different links in the chain, from production to marketing, including packaging operations. 
The results of the survey, conducted among the actors of the mango sector, showed that Kent variety was the most cultivated by producers, the most demanded by consumers, the most packaged by packaging units and the most sold by traders on local markets. The study also showed that the densities, most encountered among mango producers, were 150 and 200 plants per hectare. The survey also showed that huge quantities of mangoes are lost by all the actors in the sector. These losses were 53.6 % among producers, 67.2 % at the level of packaging units and 68.3 % by resellers. 
The study reached a significant part of the stakeholders in the chain (from the producer to the last retailer), and provided important information on the losses that were very significant qualitatively and quantitatively for the sector. Pre- and post-harvest losses, in quantity and quality, constitute a real risk for all stakeholders in the mango sector. These losses would prevent all links from fully benefiting from their work. The study therefore aims to fill a gap in the area of losses so that the indicated services will intervene in the sector with a view to improving the quality of the mangoes produced and revaluing the enormous quantities lost by the stakeholders. This study would be essential given the importance that the mango sector represents for the country. The writing of an illustrated guide to mango production, accessible to all academic levels, taking into account aspects such as common pests, diseases, good cultivation, harvesting and packaging practices could contribute to a quantitative and qualitative increase in mango production in Côte d'Ivoire. It could thus constitute a basic document for stakeholders in the sector. 
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