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ABSTRACT 
The market-gardening production plays an important role in contribution to food availability. However 
this activity is limited by constraints and also generates harmful effects on health and environment. 
Thus to ensure the sustainability of this activity is a great challenge. A survey on market-gardening 
farms management was carried out from 2009 to 2010 on 197 farmers in production site of Cotonou, 
Sèmè-kpodji and Ouidah in Southern Benin. The aim of study was to characterize and categorize the 
farms in order to identify the means by which this activity could be improved and made socially, 
economically and ecologically more sustainable. The production was characterized by a weakness of 
farming rotations, the use of chemical and organic fertilizers as well as the use of chemical pesticides in 
the pest and disease control. Farmers' annual earning varied widely with an average of 917,646 XOF. 
About one quarter of the farmers earn less than the minimum wage. By combining Multiple 
Correspondence Analysis (MCA) and Hierarchical Cluster Analysis (HCA), we identified seven types 
of farmers. Development Project focusing on sustainability improvement of the production and income 
of the producers could target the first five categories of market-gardeners who experience more 
hardship (difficult access to land, challenges with irrigation and pests and diseases control). These 
farms depend mostly on chemical pesticide. Authorities especially at the municipal level should help 
with a better land allocation, particularly for farmers in Cotonou and Sèmè-kpodji. Continuing 
education and awareness raising efforts by Extension services towards producers about health and 
environmental hazards of synthetic pesticides could improve sustainability of vegetable growing in 
Southern-Benin. 
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INTRODUCTION 
Agriculture constitutes the base of the economy for Africa sub-Saharan countries. It contributed between 29.9% 
and 33.2% of the Gross domestic product (GDP) of the West and Central African countries from 1985 to 1999 
(FIDA, 2001). In Benin, agriculture's weight in to the GDP evolved from 34% in 1995 to 32.6% in 2005 then to 
29.89% in 2008, that is an average of 34.3% from 1995 to 2005 and 30.48% from 2005 to 2008 (Aly et al., 
2007 ; PSRSA, 2009). It made an average contribution of 0.9% to the economic growth between 2007 and 2009 
(SCRP 2007-2009). 
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Urban and periurban agriculture contribute to food safety in African countries cities where rural migration is 
significant (Mwangi et al., 1995 ;Cofie et al., 2003). Market-gardening is an important branch of urban and 
periurban agriculture. It contributes significantly to jobs creation in Benin (PADAP, 2003).  
 

 Several systems of production exist in market-gardening. The two mains systems are conventional production 
systems (using pesticides and chemical fertilizers) and the biological production systems. The Conventional 
system is more widespread in vegetable growing (Akogbéto et al., 2005 ;Ahouangninou et al., 2011). 
Production is done on small-size farms in large cities or in their suburbs. Farmers often occupy marshes areas 
for production with limited resources. Their small harvests rarely allow them to improve their economic and 
social standing. The activity generates important harmful effects: biodiversity reduction and human health issues 
in relation with the use of chemical pesticides. Such effects are called the negative externalities of the 
production because they generate costs which are usually not incorporated to the market prices (Dobbs and 
Pretty, 2004 ; Pretty et al., 2011). A recent study in rural area in Southern Benin, indicated the presence of 
pesticides residues in vegetable samples taken just before harvest (Ahouangninou et al., 2012). Since it cannot 
be any sustainable local development without sustainable income-generating activities within the communities; 
it is important for public authorities and local government officials to become more knowledgeable about 
market-gardening in order to include it in communal development programs to ensure the sustainability of the 
natural resources used in production. Because each farmer has a unique way of combining resources and 
managing his farm, there are as many production systems as they are farms. (De Bon, 2001 ;Tittonell et al., 
2005). As it is not possible to formulate individualized policies, it is necessary to categorize the farms based on 
their common characteristics (Abdulkadir et al., 2012). To classify the farms in homogeneous categories, the 
multivariate analysis methods are the most widely used (Lazard et al., 2009 ; Sanogo et al., 2010 ; Joffre et 
Bosma, 2009 ; Tittonnel et al., 2010 ; Abdulkadir et al., 2012). 
 
The main objective of this study was to characterize and make a typology of the market-gardening farms in 
three communes of southern Benin in terms of their income, their resources endowment, their structure and their 
modes of operation in order to identify means of social, economic and environmental improvements. 
 
METHODOLOGY  
 Study area 
The study was conducted in the market-gardening exploitations in urban and periurban area in three communes 
of Southern-Benin: Houéyiho in Cotonou, Sèmè-kpodji and Ouidah (Figure 1). They belong to two agro-
ecological areas: the littoral zone (Sèmè-kpodji) and the intra-urban zone (Houéyiho and Ouidah). Temperatures 
in these three communes vary between 24° and 31°. The climate is subequatorial, characterized by two dry 
seasons and two rainy seasons. The average annual rainfall varies from 950 mm to 1500 mm. In the three 
communes, vegetable growing is a key economic activity that supplies fresh food to the populations. 
 

 
Figure 1. Study area 
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 Selection of study farms and statistical analysis 
A cross-sectional study was conducted from Décembre 2009 to May 2010 with 197 randomly selected farmers. 
Overall 105 farmers in Cotonou, 48 in Sèmè-kpodji and 44 in Ouidah were included in this study. We 
interviewed these farmers and filled the questionnaires. The data collected covered socio-demographic 
information, sources of income, the management of their exploitations, husbandries, quantities of inputs, 
volumes of harvests, marketing systems, and the costs and the incomes resulting from the 2009 production. 
Descriptive statistics were done with the software Excel 2007. The SPAD 5.5 software was used for the multiple 
correspondence analysis (MCA) and the hierarchical cluster analysis for a proper classification of the farms. 
Multiple correspondence analysis was used to identify both the similarities and distinctive factors of the market-
gardening exploitations, in term of main characteristics, farmers’ behaviors, production methods and income. 
 This method was able to emphasize the multiple bonds existing between the variables and even covered factors 
occulted by the descriptive analysis. The hierarchical cluster analysis was used to identify clusters of producers.  
 
 RESULTS 
 Sociodemographic characteristics of farmers 
The farmers included in this study were between 17 and 77 years old (Table 1). One third of the farmers 
(33.0%) were less than 30. About 59.4% had an age ranging between 31 and 60 years old. The average age was 
36.7 (Table 2). 
 

Table 1.Sociodemographic characteristics of the producers 
  Houéyiho (N=105) Sèmè-kpodji (N=48) Ouidah (N=44) Total (N=197) 

 Percent Number Percent Number Percent Number Percent Number 

Age (years)                 
17-30 34.3 36 33.3 16 29.5 13 33.0 65 
31-60 56.2 59 66.7 32 59.1 26 59.4 117 
61 and more 9.5 10 0.0 0 11.4 5 7.6 15 
Education level        
Not educated 15.2 16 29.2 14 20.4 9 19.8 39 
Primary school 41.9 44 43.8 21 43.2 19 42.6 84 
Secondary school 40.0 42 20.8 10 34.1 15 34.0 67 
University 2.9 3 6.2 3 2.3 1 3.6 7 
Gender         
Males 87.6 92 85.4 41 84.1 37 86.3 170 
Females 12.4 13 14.6 7 15.9 7 13.7 27 
Marital status        
Single 24.8 26 16.7 8 6.8 3 18.8 37 
Married 75.2 79 83.3 40 90.9 40 80.7 159 
Widowed 0.0 0 0.0 0 2.3 1 0.5 1 
Principal activity        
Yes 86.7 91 89.6 43 81.8 36 86.3 170 
No  13.3 14 10.4 5 18.2 8 13.7 27 
Experience (years)        
1-5 15.2 16 45.8 22 25.0 11 24.9 49 
6-14 29.5 31 16.7 8 38.6 17 28.4 56 
15 and more 55.2 58 37.5 18 36.4 16 46.7 92 

 
The average age of farmers in Sèmè-kpodji (34.4 years) was lower than those in Houéyiho (37.9 years) and 
those in Ouidah (36.4 years). The majority of producers were male (86.3%). About 1/5 of them never attended 
school, 2/5 got basic primary education and 1/3 reached the secondary level. The majority of farmers (86.7%) 
had gardening as their main income-generating activity. About half (49.8%) of respondents had this activity as 
their only job. Regarding their work experience in farming, 24.9% reported 1 to 5 years of experience; 28.4% 
had between 6 and 14 years of experience. About half (46.7%) had more than 15 years of experience. The  
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average experience was 14.36 years. The farmers of Houéyiho (in Cotonou) were in average more experienced 
than their peers of Sèmè-kpodji and Ouidah (p=0.0001). 
 

Table 2. Averages and standard deviation of the variables 

  Houéyiho Sèmè-kpodji Ouidah Total  

  Mean 
Standard 

dev Mean 
Standard 

dev Mean 
Standard 

dev Mean 
Standard 

dev p-value 

Farmer characteristics         

Age (years) 37.86 13.64 34.40 9.64 36.43 12.52 36.70 12.55 0.5551 

Experience (years) 17.23 10.60 10.83 10.49 11.34 6.89 14.36 10.29 0.0001 

Area (m²) 603.75 460.66 2478.75 2941.61 1861.64 2290.38 1341.55 2001.87 0.0001 

Inputs quantity         

Urea (kg/year) 182.72 255.62 448.87 677.60 353.92 364.12 285.81 382.67 0.002 

NPK (kg/year) 132.14 255.35 592.66 1025.52 107.00 114.04 238.73 411.44 0.0001 
Poultry droppings 
(kg/year) 3367.48 - 6008.10 - 4744.20 - 4318.37 - 0.0001 
Compost 
(kg/year) 2147.29 - 9737.50 - 933.33 - 3725.53 - 0.0001 

Water (l/day) 4505.71 2655.21 12652.08 5894.03 11809.30 5672.71 8121.87 4118.32 0.0001 

Fuel (l/week) 12.96 - 12.58 - 18.28 - 13.25 6.18 0.001 

Cost and Result         
Pesticide cost 
(Fcfa/year) 42381 24111 92532 47443 76682 48804 62107 42974 0.0001 
Earnings 
(XOF/year) 552129 477851 1388831 882336 1275883 1132589 917646 862567 0.0001 

 
Farming techniques and pests control methods 
The plots sizes generally varied between 5 and 12 square meters. Their average size was 7 square meters. Most 
of the market-gardeners used hoes and rakes to make plots. 
 
For fertilization, almost all the farmers used chemical fertilizers (99.5%) and organic manures, especially the 
poultry manure (100%) (Table 3). 
 

Table 3. Frequency of use of fertilizers and fossil energies 

  Houéyiho (N=105) 
Sèmè-kpodji 
(N=48) Ouidah (N=44) Total (N=197) 

  Percent Number Percent Number Percent Number Percent Number 

Urea 100.0 105 97.9 47 100.0 44 99.5 196 

NPK 93.3 98 95.8 46 95.4 42 94.4 186 

Poultry droppings  100.0 105 100.0 48 100.0 44 100.0 197 

Compost  28.6 30 8.3 4 6.8 3 18.8 37 

Fuel  25.7 27 85.4 41 15.9 7 38.1 75 
 
The average quantities of NPK, urea, poultry manure and compost used during 2009 by these farmers were of 
238.73 kg; 285.81 kg; 4318.37 kg and 3725.53 kg respectively (Table 2). The average amounts of mineral 
fertilizer (urea) and organic fertilizer (poultry manure) used to grow Solanum macrocarpon were 333.33 Kg/ha 
and 16.08 t/ha respectively. 
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To control pests and diseases, farmers used chemical pesticides (99.5%) (Table 4). Some of them combined the 
chemical pesticides with bio-pesticides to produce tomato and Solanum macrocarpon. 
 

Table 4. Characteristics of the market-gardening exploitations 
 

Spendings on pesticides in 2009 rose on average to 62,107 XOF (124 USD based on a 500/1 exchange rate) per  
farmer. These expenditures amounted to 42,381 XOF (85 USD), 92,532 XOF (185 USD) and 76,682 XOF (153 
USD) in Houéyiho, Sèmè-kpodji and Ouidah respectively (Table 2). Approximately 43.5% of the farmers 
implemented farming rotation. This technique was most common in Houéyiho and Sèmè-kpodji.The main 
sources of water used to irrigate the fields were water taken from wells (27.4%), rainwater from shallows (36%) 
and groundwater (36.5%) (Table 4). Most of the farmers (61.9%) used watering cans to sprinkle the plants. 
Some of them (32%) used a motorized pump and sprinkler pipes. The others (6.1%) used a motorized pump and 
swivel system. The motorized systems of irrigation dominated in Sèmè-kpodji. The average daily volume of 
water consumed was 8,121.87 Liters (L) per farmer. It was significantly higher in Sèmè-kpodji compared to 
Houéyiho and Ouidah (p=0.0001). For farmers using the motorized systems of irrigation, the average weekly 
volume of gasoline used was of 13.25 L per farmer (Table 2). There was a significant variation between diverse 
production sites (p=0.001). The average volumes of gasoline consumed were significantly higher in Ouidah. 
 

  Houéyiho (N=105) Sèmè-kpodji (N=48) Ouidah (N=44) Total (N=197) 

  Percent Number Percent Number Percent Number Percent Number 

Area (m² )               

<500  46.7 49 0.0 0 20.4 9 29.4 58 

[500, 1000[ 39.0 41 20.8 10 25.0 11 31.5 62 

[1000, 3000[ 13.3 14 66.7 32 34.1 15 31.0 61 

>3000 1.0 1 12.5 6 20.4 9 8.1 16 

Land ownership        

Public land 100.0 105 97.9 47 4.5 2 78.2 154 

Renting 0.0 0 2.1 1 38.6 17 9.1 18 

Family's land 0.0 0 0.0 0 2.3 1 0.5 1 

Personal 0.0 0 0.0 0 54.5 24 12.2 24 

Labor         

Family  45.7 48 66.7 32 36.4 16 48.7 96 

Temporary 47.6 50 20.8 10 61.3 27 44.2 87 

Full time 13.3 14 18.7 9 9.1 4 13.7 27 

Irrigation system        

Watering can 74.3 78 14.6 7 84.1 37 61.9 122 
Motor-driven pump and 
pipe 16.2 17 81.2 39 15.9 7 32.0 63 
Motor-driven pump and 
swivel 9.5 10 4.2 2 0.0 0 6.1 12 

Source of water        

Wells 38.1 40 0.0 0 31.8 14 27.4 54 

Shallows 40.0 42 0.0 0 65.9 29 36.0 71 

Drillings 21.9 23 100.0 48 2.3 1 36.5 72 

Farming rotation        

Yes 50.5 53 58.3 28 9.1 4 43.1 85 

No 49.5 52 41.7 20 90.9 40 56.9 112 

Chemical pesticide use       

Yes 100.0 105 97.9 47 100.0 44 99.5 196 

No 0.0 0 2.1 1 0.0 0 0.0 1 
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Distribution of the vegetables produced and incomes 
Several vegetable species were grown in Houéyiho, Sèmè-kpodji and Ouidah (Table 5). The most grown 
vegetables are solanum (Solanum macrocarpon), amaranth (Amaranthus hybridus), vernonia (Vernonia 
amygdalina), tomato (Lycopersicon esculentum), lettuce (Lactuca sativa), carrot (Daucus carota), cucumber 
(Cucumis sativus) and cabbage (Brassica oleracea). 
 

Table 5. Vegetables speculations production Frequency 

  Houéyiho (N=105) Sèmè-kpodji (N=48) Ouidah (N=44) Total (N=197) 

  Percent Number Percent Number Percent Number Percent Number 

Solanum 79.0 83 75.0 36 95.4 42 81.7 161 

Celosy 7.6 8 6.2 3 4.5 2 6.6 13 

Amaranthe 72.4 76 70.8 34 72.7 32 72.1 142 

Vernonie 46.7 49 29.2 14 20.4 9 36.5 72 

Coriandre 1.9 2 0.0 0 0.0 0 1.0 2 

Celery 1.0 1 0.0 0 2.3 1 1.0 2 

Crin-crin 1.0 1 2.1 1 0.0 0 1.0 2 

Tomato 11.4 12 52.1 25 13.6 6 21.8 43 

Pepper 1.9 2 22.9 11 0.0 0 6.6 13 

Sweet pepper 11.4 12 20.8 10 15.9 7 14.7 29 

Onion 10.5 11 14.6 7 4.5 2 10.2 20 

Eggplant 0.0 0 2.1 1 0.0 0 0.5 1 

French bean 3.8 4 2.1 1 0.0 0 2.5 5 

Cucumber 23.8 25 52.1 25 18.2 8 29.4 58 

Cabbage 26.7 28 31.2 15 25.0 11 27.4 54 

Parsley 4.8 5 2.1 1 6.8 3 4.6 9 

Basil 6.7 7 16.7 8 6.8 3 9.1 18 

Turnip 3.8 4 10.4 5 0.0 0 4.6 9 

Mint 1.9 2 2.1 1 0.0 0 1.5 3 

Bissape 1.9 2 2.1 1 0.0 0 1.5 3 

Beet 0.0 0 2.1 1 0.0 0 0.5 1 

Water melon 0.0 0 4.1 2 11.4 5 3.6 7 

Carrot 52.4 55 75.0 36 9.1 4 48.2 95 

Lettuce 82.8 87 41.7 20 47.7 21 65.0 128 
 
Generally farmers sold their production to the retailers who came to supply themselves directly on the 
production areas. Some (2.53%) sold their products to restaurants. The average return on investment was 
42.64%, thus 100 XOF of initial investment generated a profit of 42.64 XOF. It was higher in Sèmè-kpodji 
(48.69%) compared to Houéyiho (40.85%) and Ouidah (40.34%). No correlation between profitability and 
farms size was observed. The average earning of the production per annum per farmer was 917,646 XOF (1,835 
USD) in 2009 without their own consumption and losses estimated at 45 or 50% (Table 2). The annual earning 
was significantly lower in Houéyiho compared to the other sites (p=0.0001). About 28.93% of the farmers made 
less earning than the minimum wage in Benin. The coefficient of Gini was 0.4366 (Table 6). There was an 
uneven distribution of earnings. The earning gap between two exploitations chosen randomly could be as high 
as 400,644 XOF (801 USD). Moreover, farmers who focused exclusively on their farming activities had an 
average annual earnings of 1,019,000 XOF (2,038 USD) which is higher than the average earning of farmers 
who carried simultaneously other activities (817,300 XOF) (1,635 USD) (p=0.0222). 
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Table 6. Farmers’ incomes (earnings) distribution 

Income range Number Percent 
Annual income 
mean 

Monthly income 
mean 

(XOF)     (XOF) (XOF) 
<379500 57 28.93 238116.49 19843.04 
[379500, 759000[ 56 28.43 546850.54 45570.88 
[759000, 
1500000[ 47 23.86 1026518.81 85543.23 
[1500000, 
3000000[ 29 14.72 2006649.59 167220.80 
>=3000000 8 4.06 3767593.75 313966.15 
TOTAL 197 100 917646.00 76470.50 
Gini Coefficient 0.4366       

 
.Characteristics and typology of farms 
Most farmers work on small plots of land. The average size of farms was 1,341.55 m² (Table 2). A significant 
difference was observed in farms sizes depending on the sites (p=0.0001). The lowest average size was observed 
in Houéyiho (603.75 m ²) compared Sèmè-kpodji (2,478.75 m²) and Ouidah (1,861.64 m²). Approximately 3/10 
of the farmers cultivated lands smaller than 500 m ² (Table 4). The others, 31.5% and 31% exploited surfaces 
ranging between 500 and 1000 m², and 1000 and 3000 m² respectively. More than 3/4 of the market-gardeners 
were farming on lands belonging to the National Community (Table 4). Almost all the farmers in Houéyiho 
(Cotonou) and Sèmè-kpodji were in such a situation. In Ouidah, 38.6% leased their farm lands from someone 
else and 54.5% were owners of their land.  
 
With regard to labor, the main manpower used was relatives of the lead farmer (members of a same family). 
About half of the farms employed that type of labor. The producers also used temporary labor (44.2%) and paid 
labor (13.7%). 
 
 Results of the multiple correspondences analysis (MCA) 
The method of multiple correspondences analysis (MCA) used made it possible to illustrate the main similarities 
and differences characterizing market-gardening farms. The factorial axes are indeed combinations of the terms 
structuring variables used in the analysis. Each axis can illustrate both associations and oppositions between 
terms.  Certain terms are thus correlated positively with an axis while others are correlated with it negatively. 
The correlations analysis makes it possible to interpret the nature of these axes. Moreover, these axes are also 
characterized by the part of the total inertia of the individuals whom they represent, which provides an estimate 
of the quantity of information that each of them explain.  
 
The first four axes of the analysis explain 26.88% of inertia, which is rather satisfactory given the high amount 
of indicators initially selected. 
 
The first axis alone explains 10.15% of inertia. It characterizes the levels of resources endowments, the 
irrigation systems and the income earned from the exploitation. It can be interpreted as reflecting the opposition 
between: 

- On one hand, the small farms whose owners cultivated surfaces less than 500 m² and producing local 
vegetables. They used less than 100 kg/year of NPK, less than 100 kg/year of urea, less than 5,000 
kg/year of poultry manure and did not use bio-pesticides but spent  5,000 to 40,000 XOF/year (80 
USD/year) for pesticides. They consumed less than 4,000 L of water per day; using the water of wells 
or shallows with a system of manual watering can with temporary labor and had a net income (earning) 
below 357,000 XOF/year (714 USD/year). 
 

- On the other hand, medium size farms whose owners cultivated surfaces between 1,000 and 3,000 m² 
or more, producing local and exotic vegetables. These exploitations consumed between 100 and 500 
kg/year or more of NPK and urea, more than 5,000 kg/year of poultry manure. The producers used bio-
pesticides, but still spent more than 60,000 XOF/year (120 USD/year) in pesticides. They consumed  
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- more than 4,000 L of water per day. They used groundwater with motor-driven pumps systems and 
pipes and consumed fuel. The workforce was compensated labor and the net income of exploitation 
was above 1,785,000 Fcfa/year (3,570 USD/year). 

 
The second axis explains 6.67% of inertia and characterizes the mode to put forward and the place of supply 
pesticide. It is interpreted as the opposition between: 

- On one hand, farms whose producers cultivated on lands belonging to the public domain and supplying 
themselves in pesticides in shops in Cotonou. 
 

- On the other hand, farms whose producers cultivated their own land or rented lands and obtained their 
pesticides supplies in Extension services. 
 

The third axis explains 5.06% of inertia. It opposes: 
- On one hand, farms whose producers did not belong to any farmers association didn’t have the market-

gardening as main activity and whose production had a low likelihood to continue in the long run. 
 

- On the other hand the farms whose owners belong to a professional association and had market-
gardening as principal activity and had a high likelihood to continue in the long run. 

 
The fourth axis explains 5.00% of inertia. It is characterized by the socio-demographic situation of the owners 
and opposes: 

- On one hand, the producers of 17 to 30 years of age, generally single and with less than 5 years of 
experience in market-gardening. 
 

- On the other hand, the producers more than 30 years old, married and with more than 15 years of 
experience.  

 
Categorization of the farms 
Categorization sets up relatively homogeneous groups on the basis of variables used in the multiple 
correspondences analysis. 
 
The most relevant grouping includes 7 categories, each one of them containing between 8.12% to 23.35% of 
farms (Figure 2). 
 
Class 1: small-scale farming, manual watering, public domain, weak experience 
With 12.7% of the farms, this category includes small farms (less than 500 m²), which consumed less than 2,000 
L of water per day, more than 100 kg of urea and less than 3,000 kg of poultry manure per year. They didn’t use 
any chemical fertilizer and relied on manual watering (with watering-can). The farmers were young with little 
experience. They joined farming through a more experienced relative. They mostly used public domain lands 
located in Houéyiho (Cotonou). These farmers had a little starting capital and mainly produced solanum, 
amaranth and lettuce. They used chemical pesticides. Their annual net income (earning) was below 357,000 
XOF (714 USD) and the average return on investment was 38.87%. These farmers had little confidence about 
the long term prospects of their exploitation. 
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Classification hiérarchique directe
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Fig 2. Typology of the market-gardening exploitations 
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Class 2: intermediate size farms, manual watering, public domain, weak or average experience 
This category includes 23.35% of farms whose size range between 500 and 1000 m ². They consumed between 
2,000 L and 4,000 L of water per day and had an annual net income from 357,000 to 714,000 XOF.  They 
exploited public domain lands and produced any type of vegetables. They used less than 100 kg/year of 
chemical fertilizers (NPK and urea respectively), organic poultry manures and compost (less than 5,000 
Kg/year).  These farmers had less than 15 years of experience and no system of motorized irrigation. Market-
gardening was their main activity. The average return on investment was 39.48%. The farmers were not 
absolutely confident about the continuation of their activities. 
 
Class 3: large farms, manual watering, public domain, average experience 
This category includes 8.63% of sample. Farms sizes range from 1,000 to 3,000 m². They consumed more than 
4,000 L of water per day, used more than 300 kg per year of chemical fertilizer NPK and urea respectively, and 
more than 5,000 Kg of organic compost. The owners were knowledgeable about pests, adopted farming rotation, 
and spent more than 60,000 XOF/year in chemical pesticides. They did not however use biopesticides and did 
not have motorized irrigation systems. They used temporary labor for the manual watering and were 
predominantly located in Houéyiho. Gardening was their main source of income. Their annual net income was 
in the range of 714,000 XOF to 1,428,000 XOF and the return on investment was 39.42%. The farmers were 
confident about the continuation of their activities. 
 
Class 4: large farms, manual watering, public domain, high experience 
8.12% of the farms belong to this category. Their size was in the range of 1,000 to 3,000 m ². They consumed 
more than 500 kg of urea, more than 500 kg of NPK and more than 5,000kgs of organic poultry manures and 
compost. The farmers had in average, more than 15 years of professional experience. They were knowledgeable 
about pests, adopted farming rotation, but also spent more than 60,000 Fcfa/year on chemical and biological 
pesticides. They used family labor and a system of manual watering. They belonged to a farmers' association. 
Market-gardening was their exclusive income yielding activity. Their annual net income was between 714,000 
XOF and 1,785,000 XOF and the average return on investment was of 42.22%. These farms didn't have any 
going concern issue. 
 
Class 5: intermediate size farms, manual watering, private field, high experience 
This category included 20.8% of the farms, whose size was below 2,000 m² and that suffered a lot of erosion. 
These farms were located in Ouidah. They consumed more than 150 kg of NPK and 300 kg of urea per year and 
more than 6,000 Kg/yearof organic poultry manure. The producers used very little compost of household waste.  
They were very experienced with gardening, used chemical pesticides but little biopesticides. They either 
farmed their own land or rented from particulars. They barely adopted farming rotation techniques, took water 
from well for their irrigation. Most of them belonged to farmers' associations. Gardening was their main activity 
and brought them an annual average net income of 714,000 to 1,428,000 XOF which corresponds to an average 
return on investment rate of 41.88%. The continuation of these exploitations was deemed certain by most of 
these farmers. 
 
Class 6: intermediate size farms, motorized watering, public domain, weak experience 
This category includes 13.2% of the farms with sizes ranging between 1,250 and 2,500 m ² and an annual 
consumption of more than 500 kg for urea and NPK respectively, and more than 5,000Kg for organic manures 
poultry manure and compost. The farmers had between 1 and 5 years of experience, and generally lived on the 
site of their exploitation. They went through a 18 months training before starting. Most of them undertook at 
least three years of secondary studies. They were knowledgeable about pests and adopted farming rotation. They 
used both chemical and biological pesticides for pests control. Their annual pesticides expenditures sometimes 
exceeded 60,000 XOF/year. They used a motorized apparatus that consumed less than 2L per day of gasoline 
and more than 4,000 L of water per day. The farmers used public domain lands in Sèmè-kpodji or Cotonou. 
Market-gardening was their sole economic activity. Their annual net income ranged from 1,071,000 XOF to 
1,785,000 XOF and the average return on investment was of 46.22%. Most of the farmers had no going-concern 
issue, but highlighted land availability as their main potential threat. 
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Class 7: large farms, motorized watering system, public domain, high experience 
This category also included 13.2% of the farms with sizes ranging between 2,500 and 5,000 m², consumed more 
than 500 kg of urea and NPK respectively and more than 5,000Kg of organic poultry manures and compost. The 
farmers used a motorized apparatus that consumed more than 2L/day of fuel and employed paid labor. They 
were very experienced in the gardening field and were knowledgeable about pests. They widely adopted 
farming rotation, used both chemical pesticides and bio-pesticides. They spent more than 60,000 XOF/year for 
pesticides. These farms were located in Houéyiho or Sèmè-kpodji with annual net income above 1,785,000 
XOF/year and average return on investment of 51.90%.  Some of these farmers used protection gears before 
spreading pesticides. No going concern issue was indicated. 
 
DISCUSSIONS 
Most of the farmers did not have a high educational level and exploited small plots of land for their production. 
Farm sizes were smaller in Houéyiho because of urbanization constraints and limited land availability, Cotonou 
being the main city of the country. They used land belonging to the public domain. The majority of the 
producers were full-time farmers. These results confirm those of Broutin et al. (2005). The authors reported 
market-gardening as the principal source of income for 85.23% of the farmers surveyed and the only source of 
income for 34.09% of them. The average experience was 14.36 years. This can be explained by the fact that 
many young people learn gardening with their parents and embrace that career due to the high unemployment or 
after dropping out of school. The farmers in Houéyiho in Cotonou were more experienced than those in Sèmè-
kpodji and Ouidah. Houéyiho is one of the oldest market-gardening site in the country; it was established forty 
years ago. 
 
Overall, the production was characterized by weak farming rotations, the use of chemical and organic fertilizers 
as well as a widespread use of chemical pesticides for pests and diseases control. Indeed the major constraint of 
this activity is the attack of pests and germs induced diseases, the other constraints were irrigation problems, 
soils fertility, markets, lands availability and the access to production inputs. Akogbéto et al. (2005) reported a 
dependence of the Beninese periurban market-gardening to the use of chemical pesticides. Similar observations 
were also made in market-gardening production in rural environment in Tori-Bossito in Benin (Ahouangninou 
et al., 2011). Research by  Obopile et al. (2008) in Botswana on the analysis of farmers’ perceptions in regards 
to pests and diseases control reported that the chemical pesticides were critical for them. Most gardeners 
couldn't conceive of gardening without chemical pesticides. Chemical pesticides use affects vegetables quality 
(Ahouangninou et al., 2013), human health (Ton et al., 2000) and the environment. The environmental 
consequences of the use of pesticides in Benin were documented in a study by Pazou et al. (2006a, 2006b). 
According to the growers, the biopesticides available on the market: LASER 480 SC (Spinosad 480 g/L) and 
BIOBIT (Bacillus thuringiensis) do not eliminate all the pests. Biopesticides are less harmful for agro-
ecosystems and decrease the risk of presence of residues in harvested vegetables. However, some of them have a 
slower action, require a specific environment to be effective or have side-effects. (Birch et al., 2011). According 
to the farmers, their production would not be competitive on the market without the use of chemical pesticides. 
Moreover, the production is for local market and most of the local consumers are less aware of and less sensitive 
about the chemical quality of the vegetables they consume. According to the farmers, these consumers were 
very price-sensitive and were not willing to pay more to have organically grown vegetables. This was also 
reported in other cities in West Africa. The consumers in Thiès (Senegal) never used the production methods as 
criteria in their assessment of quality (Broutin et al., 2005). But researches conducted by Coulibaly et al. (2011) 
reported that the consumers of cabbages and tomatoes in Benin and in Ghana were willing to pay a premium of 
more than 50% to have vegetables produced without chemical pesticides. According to that study, consumers' 
selection criteria were harmlessness of the product, its color, its weight and its freshness. 
 
Market-gardening in Southern Benin consumes both chemical fertilizers (urea, NPK) and organic fertilizers 
(poultry manures and compost of domestic solid waste). All the seven categories of market-gardening farms use 
chemical and organic fertilizers. The farms of category 1 consumed neither NPK nor compost. Those of 
category 5 used a very small amount of compost. Brock and Foeken (2006) reported that market-gardening 
plays an important role for the recycling of solid waste in urbanized areas in Benin. The consumed levels of 
organic manures are comparable with those of the market-gardeners of northern-Benin implied in the approach 
FFS (Farmer Field School) whose levels of organic manure used increased by 481% (Settle and Garba, 2011). 
The use of poultry manure and compost is an efficient waste disposal method and can reduce production costs  
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and environmental pollution due to chemical fertilizer consumption. This is a strong point for market-gardening 
sustainability in southern-Benin. But producers of categories 1 and 4 overused chemical fertilizers (urea and 
NPK). The average amount of organic poultry manure applied to Solanum macrocarpon, in southern Benin was 
overall in conformity with the standards. The amount of chemical fertilizers (urea) used was on average 333.33 
Kg/ha. This is much higher than the recommended norms: 75 to 150 Kg/ha (INRAB, 2006). These findings are 
in conformity with those of Assogba-Komlan et al. (2007) who concludes that urea is overused in the 
production of Solanum macrocarpon in Southern Benin. 
 
The watering of seedlings is a burdensome task that along with tillage and sowing, make gardening a painful 
activity. Market-gardening is very water-intensive. The market-gardener must sprinkle twice a day to ensure that 
the seedlings have enough water. This requires a lot of manpower. A few can afford a motorized irrigation 
system to reduce the pain of work, their labor costs and production costs in general. Farmers in categories 6 and 
7 adopted this type of irrigation. Motorized irrigation was more frequent in Sèmè-kpodji. This could be 
explained by the fact that most of the producers on that site are young and new to the profession. These young 
producers were trained with news techniques and tools and are more likely to adopt new technologies. The 
average gasoline consumption was significantly higher in Ouidah. This could result from the combination of 
two factors:  the type of soils and the fact that groundwater is very deep in certain districts of Ouidah. Farms that 
use a motorized system tend to have a higher annual income than those that don't. If on one hand, the use of the 
motorized systems reduces the painfulness of work and the production costs; on the other, it is also polluting, 
because it releases gases with greenhouse effect and can negatively impact the environment. Several specimens 
(both local and exotic) of vegetables were produced. These specimens were sold on markets in the main cities. 
From the producers to the final consumers, they are few intermediaries. The farmers sell most of their harvest to 
retailers (women mainly) who sell them directly to the consumers. Very few wholesalers or traders intervene in 
the supply chain. Broutin et al. (2005) reported that the distribution chains in market-gardening in Senegal are 
often short (direct sales or only one intermediary). 
 
According to Moustier (1997), periurban agriculture in Africa plays an essential role for food safety and 
employment instead of being leisure or a landscaping tool. The annual average income is 917,646 XOF per 
farmer in 2009, so about 76,470.5 XOF per month for each producer. This is 2.42 times the minimum wage in 
Benin (currently 31,625 XOF per month since March 25th, 2009). The significant differences observed in 
earnings among the various production sites could be related to the small size of farms in Houéyiho (Cotonou). 
Farms in categories 1, 2 and 5 were small in size. This made it hard for to make significant profits. These results 
are in conformity with those of Tokannou and Quenum (2007) who reported that the availability of lands in 
Cotonou is very limited and even insufficient to let the farmers make a decent living. However, larger farms 
(categories 4, 6 and 7), made more money. More than a quarter of the farmers made less than minimum wage.  
This group is dominated by people who did not have market-gardening as principal activity but combine it with 
other income-generating activities such as livestock farming and taxi-motorbike driving. Market-gardening also 
allows women to market fresh vegetables, sell them for profits to consumers, and use the proceeds to care for 
their children. According to Tokannou and Quenum (2007), market-gardeners often come from a poor social 
background. The annual earnings are comparable to those reported by Lemay-Boucher and Dagnelie (2012) 
among inhabitants of three poor districts of Cotonou. A project of improvement of the production and income of 
the producers could target the first five categories of market-gardeners who experience more hardship (difficult 
access to land, challenges with irrigation and pests and diseases control). A follow-up program for the 
acquisition of systems of motorized irrigation could help these farmers increase their productivity and their 
income (Atidégla, 2006). Also, it will be appropriate to educate these farmers about the adoption of the 
biopesticides. This has the potential of improving the environmental impact of this activity. Farms categories 6 
and 7 include the producers who exploit larger farming areas with a motorized irrigation system and use both 
chemical pesticides and biopesticides. These farmers earned sufficient income from their production. Motorized 
systems are also polluting because they consume fossils fuels and release gases with greenhouse effect. A 
system of motorized watering using renewable energies such as solar energy or the wind energy would ensure 
the ecological sustainability of the production. The municipal authorities must add market-gardening production 
activity to their priorities. They must guarantee the sustainability of this activity by allocating lands to farmers 
especially those of Cotonou and Sèmè-kpodji who are threatened of eviction because they are occupying lands 
belonging to the national community (Brock and Foeken, 2006; Tokannou and Quenum, 2007). The producers 
of Sèmè-kpodji are especially threatened by the construction project of a new port. This insertion of market- 
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gardening on the municipal or communal agendas could safeguard the livelihood of an important fringe of the 
active population (current producers and graduates without employment). The municipalities could also 
encourage farmers to contribute to the financings of the infrastructures by imposing contractual sums to them. 
 
CONCLUSION 
Through this study, we characterized the urban and periurban market-gardening activity conducted on the 
production sites of Cotonou, Sèmè-kpodji and Ouidah and identified the typology of the farms as well as the 
constraints they face. Market-gardening constitutes the principal activity for most of the producers and generates 
incomes allowing them to provide for their household needs. It also generates incomes for the retailers. In spite 
of its economic and social value, the sector has some going concern issues. Thus to ensure the sustainability of 
this activity, the municipal or communal authorities must insert it in their priority action plans and take action in 
order to safeguard the livelihood of an important fringe of the active population. Extension service’s action is 
also need to improve the productivity and the environmental impact of this activity. 
 
 ACKNOWLEDGEMENTS 
We thank Dr Françoise ASSOGBA-KOMLAN, Mrs. Pierre AHOUANGNINOU and Angelo MANKPENON 
for their contributions to this work.  
 
REFERENCES 
Abdulkadir A, Dossa LH, Lompo DJP, Abdu N, van Keulen H (2012) ‘Characterization of urban and peri-urban 
agroecosystems in three West African cities.’  International Journal of Agricultural Sustainability 1-26, 
doi:10.1080/14735903.2012.663559 
 
Adékambi SA, Adégbola PY, Arouna A (2010) ‘Famers’s perception and agricultural technology. The case of 
botanical extracts and biopesticides in vegetable production in Benin’  Third African Association of Agricultural 
Economists (AAAE) and 48th Agricultural Economists Association of South Africa (AEASA) Conference, Cape 
Town, South Africa, September 19-23, 2010. 
 
Ahouangninou C, Fayomi BE, Martin T (2011) ‘Evaluation des Risques Sanitaires et Environnementaux des 
Pratiques Phytosanitaires des Producteurs Maraîchers dans la Commune Rurale de Tori-Bossito (Sud-Bénin).’   
Cahiers Agricultures 20(3): 216-222, doi:10.1684/agr.2011.0485  
 
Ahouangninou C, Martin T, Edorh P, Bio-Bangana S, Samuel O, St-Laurent L, Dion S, Fayomi B (2012) 
‘Characterization of health and environmental risks of pesticide use in market-gardening in the rural city of 
Tori-Bossito in Benin, West Africa.’ Journal of Environmental Protection 3: 241-48, doi: 
10.4236/jep.2012.33030 
 
Ahouangninou C, Martin T, Assogba-Komlan F, Simon S, Djogbénou L, Siddick I, Pennetier C,  Corbel V, 
Fayomi B (2013) ‘Using Aedes aegypti larvae to assess pesticide contamination of soil, groundwater and 
vegetables in southern-Benin.’  British Biotechnology Journal 3 (2): 143-157. 
 
Akogbéto M, Djouaka R, Noukpo H (2005) ‘Utilisation des insecticides agricoles au Bénin.’ B Soc Pathol Exot 
98 : 400-5. 
 
Aly D, Dah-Dovonon ZJ, Dansi A (2007) ‘Rapport national sur l’état des ressources phytogénétiques pour 
l’alimentation et l’agriculture.’  2ème rapport, Ministère de l’Agriculture, de l’Elevage et de la Pêche, Bénin, 57 p. 
 
Assogba-Komlan F, Anihouvi P, Achigan E, Sikirou R, Boko A, Adje C, Ahle V, Vodouhe R, Assa A (2007) 
‘Pratiques Culturales et Teneur en Eléments Antinutritionnels (Nitrates et pesticides) du Solanum macrocarpon 
au Sud du Bénin.’  African Journal of Food, Agriculture, Nutrition and Development 7: 1-21.  
 
Atidégla SCC (2006) ‘Atouts et Contraintes des Modes d'Irrigation dans les exploitations maraîchères urbaines 
et péri-urbaines de Grand-Popo.’  Mémoire de DEA, FLASH, UAC, Bénin, 116 p. 
 
 



 

 All rights reserved        
This work by Wilolud Journals is licensed under a Creative Commons Attribution 3.0 Unported License 

37 
 

Ahouangninou, C et al.,: Continental J. Sustainable Development 4 (1): 24 - 38, 2013 
 
 
Birch ANE, Begg GS, Squire GR (2011). ‘How agro-ecological research helps to address food security issues 
under new IPM and pesticide reduction policies for global crops production systems.’  Journal of Experimental 
Botany, June, 1-11. doi:10.1093/jxb/err064  
 
Brock B, Foeken D (2006) ‘Urban horticulture for a better environment: a case study of Cotonou, Benin.’  
Habitat International 30: 558-578, doi:10.1016/j.habitatint.2005.02.001 
 
Broutin C, Commeat PG, Sokona K (2005) ‘Le maraîchage face aux contraintes et opportunités de l’expansion 
urbaine. Le cas de Thies/fandène (Sénégal).’  Gestion partagée et durable des espaces agricoles et naturels à la 
périphérie des centres urbains Document de travail n°2, Ecocité, GRET, 41p. 
 
Cissé I, Tandia AA, Fall ST, Diop EHS (2003) ‘Usage Incontrôlé des Pesticides en Agriculture Périur- baine: 
Cas de la Zone de Niayes au Sénégal.’  Cahiers Agricultures 12(3), 181-186.  
 
Dobbs T, Pretty JN (2004) ‘Agri-environmental stewardship schemes and multifunctionality.’ Review of 
Agricultural Economics 26(2): 220-237. 
 
Cofie OO, Van Veenhuizen R, Drechsel P (2003) ‘Contribution of urban and peri-urban agriculture to food 
security in sub-Saharan Africa.’  Paper presented at the Africa session of 3rd WWF, 17 March 2003, Kyoto. 
 
Coulibaly O, Nouhoheflin T, Aitchédji CC, Cherry AJ, Adegbola P (2011) ‘Consumer’s perceptions and 
willingness to pay for organically grown vegetables.’  International Journal of Vegetable Science 17 (4): 349-
362, doi:10.1080/19315260.2005.563276 
 
Fonds International de Développement Agricole (2001) ‘Evaluation de la pauvreté rurale en Afrique de l’Ouest 
et du Centre’ , Rome, 130 p. http://www.ifad.org 
 
INRAB (2006) ‘Fiches techniques sur les légumes feuilles traditionnelles’ , Bénin. 
 
Joffre OM, Bosma RH (2009) ‘Typology of shrimp farming in Bac Lieu Province, Mekong Delta, using 
multivariate statistics.’  Agriculture, Ecosystems and Environment 132: 153-159 
 
Lazard J, Baruthio A, Mathé S, Rhé-Valette H, Chia E, Aubin J, Clément O, Morissens P, Mikolasek O, 
Legendre M, Levang P, Blancheton J-P, René F (2009) ‘Adaptation des typologies d’exploitations aquacoles 
aux exigences du développement durable.’ Cahiers Agricultures 18(2-3): 199-210, doi:10.1684/agr.2009.0297  
 
Lemay-Boucher P, Dagnelie O (2012) ‘The divorced financial spheres of beninese spouses.’ Journal of 
International Development 1: 1-13, doi :10.1002/jid.2839 
 
Moustier P (1997) ‘Le périurbain en Afrique: une agriculture en marge ?’  Economie Rurale, n°241, 48-55 
 
Mwangi AM (1995) ‘The role of urban agriculture for food security in low income areas in Nairobi’ . Nairobi, 
Kenya: Unit of Applied Nutrition, Department of Food Technology and Nutrition, College of Agriculture and 
Veterinary Services, University of Nairobi 
 
Obopile M, Munthali DC, Matilo B (2008) ‘Farmers' knowledge, perceptions and management of vegetable 
pests and diseases in Botswana.’ Crop Prot 27: 1220-4. 
 
PADAP (2003)  Programme d'Appui au Développement Agricole Périurbain au Sud-Bénin, étude de faisabilité. 
Tome 2, IIED, Bénin 158p. 
 
Pazou EYA, Boko M, Van Gestel CAM, Ahissou H, Laleye P, Akpona S, Van Hattum B, Swart K, Van 
Straalen NM (2006a) ‘Organochlorine and Organophosphorous Pesticide Residues in the Ouémé River 
Catchment in the Republic of Benin.’  Environment International 32(5): 616-623.  
 



 

 All rights reserved        
This work by Wilolud Journals is licensed under a Creative Commons Attribution 3.0 Unported License 

38 
 

Ahouangninou, C et al.,: Continental J. Sustainable Development 4 (1): 24 - 38, 2013 
 
 
Pazou EYA, Laleye P, Boko M, Van Gestel CAM, Ahissou H, Akpona S, Van Hattum B, Swart K, Van 
Straalen NM (2006b) ‘Contamination of Fish by Organochlorine Pesticide Residues in the Ouémé River 
Catchment in the Republic of Bénin.’  Environment International 32: 594-599.  
 
Pretty J, Toulmin C, Williams S (2011) ‘Sustainable intensification in African agriculture.’ International 
Journal of Agricultural Sustainability 9(1): 5-24, doi.org/10.3763/ijas.2010.0583 
 
PSRSA (2009) Programme Stratégique de Relance du Secteur Agricole au Bénin, version 2009, 173p. 
 
République du Bénin (2007) Programmes d’Actions Prioritaires de la Stratégie de Croissance pour la Réduction 
de la Pauvreté (SCRP 2007-2009). 
 
Sanogo OM, de Ridder N, van Keulen H (2010) ‘Diversité et dynamique des exploitations agricoles mixtes 
agriculture-élevage au sud du Mali.’ Cahiers Agricultures 19(3) : 185-193, doi:10.1684/agr.2010.0401 
 
Settle W, Garba MH (2011) ‘Sustainable crop production intensification in the Senegal and Niger river basins of 
francophone West Africa.’  International Journal of Agricultural Sustainability 9(1): 171-185, 
doi.org/10.3763/ijas.2010.0559 
 
Tittonnel P, Muriuki A, Shepherd KD, Mugendi D, Kaizzi KC, Okeyo J, Verchot L, Coe R, Vanlauwe B (2010) 
‘The diversity of rural livelihoods and their influence of soil fertility in agricultural systems of East Africa-A 
typology of smallholder farms.’Agricultural Systems 103: 83-97 
 
Tokannou R, Quenum R (2007) ‘Etude sur le sous secteur maraîchage au sud Bénin.’  Rapport final, AD consult, 
PAIMAF, 122p. 
 
Ton P, Tovigan S, Vodouhe SD (2000) ‘ Intoxications et Morts au Bénin par l’Endosulfan’ In: Pesticides & 
Alternatives. Bulletin de Pesticide Action Network Africa, N. 10-Avril, 2000.  
 
Wade CS (2003) ‘L’utilisation des pesticides dans l’agriculture périurbaine et son impact sur l’environnement.’  
Thèse de Pharmacie, Dakar, 55 P. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


