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Abstract 

The Mikondo district was a village under the authority of 

traditional chiefs. From 1926 onwards, it was home to 

Kinshasa’s first brewery, formerly known as the ‘Brasserie de 

Léopoldville’, which earned it the nickname ‘N’djili-

Brasserie’. 

In 1968, a presidential decree issued by President Mobutu 

officially incorporated Mikondo as a district of the commune 

of N’Sele, transferring its administration from the traditional 

authorities to state bodies, located south of the city-province 

of Kinshasa (DRC), an agricultural experiment that enables 

them to observe and interpret climate change with precision. 

The results show that the perception of climate change is 

widely shared: market gardeners note a shift in the seasons and 

frequent flooding. 

Keywords: climate change, perception, market gardener, R 

software, Mikondo 

1. Introduction 

Climate change represents a major challenge for agriculture 

worldwide. Its impacts are particularly felt in developing 

countries, where agricultural systems often remain vulnerable 

to climatic variations. The Mikondo neighbourhood, 

commonly known as N’djili Brasserie, located in the 

commune of N’sele in the city-province of Kinshasa, capital 

of the Democratic Republic of the Congo, perfectly illustrates 

this reality. Market gardeners in this area, who are heavily 

dependent on weather conditions for successful harvests, face 

a range of challenges linked to rainfall variability, rising 

temperatures and the increased frequency of extreme weather 

events. 

Farmers’ perceptions of climate change play a decisive role in 

their ability to adapt and implement effective strategies to 

improve their productivity. Indeed, the way market gardeners 

interpret the signs of climate change influences their technical 

choices, their resource management and their resilience to 

climate hazards. In this context, it is essential to understand 
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how these farmers perceive the risks associated with climate 

change to their production. 

This study aims to examine the perception of climate change 

among market gardeners in N’djili Brasserie and to analyse 

the strategies they implement to improve their agricultural 

productivity. Through field surveys and interviews with local 

stakeholders, this study aims to identify the specific 

challenges these farmers face, as well as the solutions they are 

considering or already implementing to adapt to new climatic 

realities. The findings of this research will not only provide a 

better understanding of the local dynamics of climate change, 

but also enable the formulation of concrete recommendations 

to support market gardeners in their pursuit of sustainable and 

resilient agriculture. 

- How do market gardeners in N’djili Brasserie 

perceive climate change and its potential effects on 

their agricultural production? 

This research is based on the hypothesis that market gardeners 

in N’djili Brasserie perceive climate change as a growing 

threat to their production, characterised by unpredictable 

rainfall, high temperatures and crop losses. 

2. Materials and Methods 

This section of the research describes the spatial scope of the 

study as well as the technical and methodological approaches 

employed. It begins by presenting the study area, situating the 

Mikondo neighbourhood within its geographical context. It 

then outlines the materials and methods used, specifying the 

nature of the data collected, the analytical tool (GIS); the field 

survey form; and the R software, as well as the main stages of 

data processing and interpretation that led to the production of 

the results. 

2.1. Study Area 

The Mikondo neighbourhood is situated on terrain 

characterised by plateaus and small hills, with sandy, slightly 

undulating soil and subsoil. 

Covering an area of 18 km², Mikondo is crossed by three main 

rivers—the N’djili, Bansimba and Nsingu-Ndumba—which 

provide a favourable environment for the development of 

local agriculture thanks to the abundance of water and the 

fertility of the land. 

Before 1968, the Mikondo district was a village under the 

authority of traditional chiefs. From 1926 onwards, it was 

home to Kinshasa’s first brewery, formerly known as the 

‘Brasserie de Léopoldville’, which earned it the nickname 

‘N’djili-Brasserie’. 

In 1968, a presidential decree issued by President Mobutu 

officially incorporated Mikondo as a district of the commune 

of N’Sele, transferring its administration from the traditional 

authorities to the state authorities. 

 

Figure 1: Overview of the Mikondo district 

The Mikondo district is bounded as follows:  

- To the north: by the Bansimba River, which separates 

it from the municipality of Kimbanseke; 

- To the south: by the Nsingu-Ndumba River, which 

separates it from the Dingi-Dingi district; 

- To the east: by Edo-Mafuku Avenue, which 

separates it from the Kikimi district; 

- To the west: by the N'djili River, which separates it 

from the municipality of Mont-Ngafula. 

2.2. Materials and methods 

This research was conducted using a range of proven methods 

and tools, widely employed in similar geographical and 

environmental studies. These approaches enabled a rigorous 

and integrated analysis of the study area, involving field 

observation, processing of data collected in the field, and a 

systemic interpretation of market gardeners’ perceptions of 

climate change. 

- The descriptive method: This was useful in 

describing our study area, the Mikondo 
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neighbourhood—commonly known as N’djili 

Brasserie—located in the commune of N’sele, as 

well as all market gardening activities in the said 

neighbourhood. 

- The analytical method was used to characterise the 

Mikondo neighbourhood through our survey data 

and observations; this method enabled us to analyse 

the information received in greater detail in order to 

draw conclusions that would allow us to determine 

and evaluate market gardeners’ different perceptions 

of climate change, with a view to proposing 

sustainable strategies for green agriculture. 

- The systemic method This method is commonly used 

in geographical and environmental science research, 

urban planning and spatial planning, etc. It enables 

us to understand the consequences of climate change 

on agricultural production. 

- The systemic method has been useful to us in 

understanding the relationship between climate 

change and market gardening, the reciprocal 

relationship that influences our study area. 

- The cartographic method will enable us to produce 

administrative maps of the neighbourhood and the 

municipality 

- Documentary technique 

According to Gacha (1971), in his general sociology textbook, 

the documentary technique involves the study and analysis of 

documents in order to identify the events or phenomena 

covered by the documentation, which leads to evidence. 

Document review is one of the basic techniques in scientific 

research in general, and in Geography and Environmental 

Sciences in particular. 

It involves reading scientific papers and works related to the 

subject of study. 

This technique has helped us gain an overview and a clear 

direction for the development of our research and an 

understanding of our research field.  

- Survey methodology 

A survey is a primary data collection method based on a 

questionnaire administered to a sample drawn from a target 

population. 

It can take various forms, such as a poll, an interview, a cross-

sectional study, etc. 

We used this technique in the field, along with our research 

letter, to distribute a survey questionnaire to the target 

population. 

- Interview technique 

The interview is an excellent data collection technique used to 

fill in gaps in the information during our investigations. 

Furthermore, or in other words, certain technical questions 

require more detailed explanations to enable some 

respondents to answer our survey questionnaire. 

This technique enabled us to familiarise ourselves with the 

study environment whilst getting to know the residents of the 

site under study, including the head of the local council 

department, the head of the neighbourhood in question, and 

the target population. 

- The R software 

R is a programming language and statistical software designed 

to perform complex statistical analyses, manipulate databases, 

produce professional graphs and automate calculations or 

reports. It is widely used in environmental sciences, social 

sciences, agriculture, geography, etc. In the context of this 

study, R was useful to us for: 

- Analysing the results of our survey (frequencies, 

averages, correlations, etc.);  

- Create clear graphs to visualise perceptions and the 

perceived effects of the climate; 

- Process observational data (weather, soil, etc.); 

- Perform statistical tests to validate hypotheses. 
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Table 1: Summary of the equipment and methods used 

Category Materials / Methods 
Objective / 

Contribution 

Descriptive method 
Direct field 

observation 

To describe the physical 

and human environment 

of Mikondo 

Analytical method 
Analysis of survey 

and field data 

Market gardeners’ 

perceptions of climate 

change 

Systemic approach 
Integrated analysis of 

pressure factors 

Understanding 

ecological and social 

interrelationships 

Cartographic 

method 
ArcGIS 10.8 Map production 

Literature review 
Books, articles, 

technical reports 

Strengthening the 

theoretical and scientific 

basis 

Field surveys 

Questionnaires for 

market gardeners and 

economic operators 

Collecting socio-

environmental data 

Analysis of results R software 
Analysing the results; 

Creating graphs 

3. Results 

The main results from the survey of 80 market gardeners in 

N’djili Brasserie. The results are organised into four areas: (i) 

the socio-demographic profile and characteristics of the farms, 

(ii) perceptions of climate change, (iii) the impacts on market 

gardening, and (iv) access to information. 

3.1.1. Level of education 

 

Figure 2: Distribution of market gardeners by educational 

attainment 

Figure 2 shows the educational attainment of the market 

gardeners surveyed. The majority (76%) have completed 

primary education, 20% secondary education, whilst 4% 

report having no formal education. None of the respondents 

have completed higher education. 

This low level of schooling may limit access to certain written 

technical information (guides, agro-meteorological bulletins, 

input leaflets, etc.) and increase dependence on informal 

channels (neighbours, cooperatives) for acquiring knowledge. 

The Spearman correlation between educational attainment 

(dependent variable) and the perceived intensity of the impact 

nevertheless shows a positive relationship, suggesting that 

producers with a higher level of education better understand 

and identify the challenges associated with climate change. 

3.1.2. Experience in market gardening 

 

Figure 3: Distribution of market gardeners by years of 

experience 

The years of experience of market gardeners are summarised 

in Figure 3. The results show that 16% of producers have less 

than 10 years’ experience, 27.5% between 10 and 20 years, 

34% between 20 and 30 years, and 22.5% have 30 years’ 

experience or more. 

Thus, a large majority of respondents have more than 10 

years’ experience, and over half have more than 20 years. 

Market gardening therefore appears to be a long-established 

activity, which often constitutes the main source of income 

and livelihood. 

The Spearman correlation between experience (dependent 

variable) and the perceived intensity of climate impact shows 

a strong and significant relationship: the longer the 

experience, the more market gardeners consider that climate 

change has a significant impact on their work. This 
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observation can be explained by the fact that experienced 

producers compare changes in seasons, yields and climatic 

hazards over a longer period. 

3.1.3. Land tenure and plot size 

Information on land tenure is summarised in Figure 4. The 

results reveal that 42.5% of market gardeners own their plots, 

whilst 57.5% are tenants. 

 

Figure 4: Distribution of market gardeners by land tenure 

The size of cultivated plots is shown in Figure 5. Almost all 

producers (95%) farm areas of less than 1 ha, compared with 

only 5% who have 1 ha or more. 

 

Figure 5: Distribution of market gardeners by size of 

cultivated plots 

These results confirm the nature of small-scale urban and peri-

urban agriculture, characterised by limited but intensively 

cultivated areas. The predominance of tenants may hinder 

long-term investment (irrigation systems, drainage 

infrastructure, hedgerows) due to fears of land tenure 

insecurity. A χ² independence test between land tenure status 

and yield trend (see Section 4.6, Table 25 and Figure 25) 

allows us to examine whether land tenure security is 

associated with better yield prospects. 

3.1.4. Main water source 

The main water source used for irrigation is shown in Figure 

6. 

 

Figure 6: Main water source 

The results indicate that 40% of market gardeners obtain their 

water from wells, 15% from rivers, and 45% from other 

sources (often runoff, ditches, or water reservoirs). No 

respondent reported using exclusively REGIDESO water or 

rainwater as their main source. 

Market gardening therefore relies heavily on informal and 

vulnerable water sources, which are susceptible to being 

affected by variations in groundwater levels, fluctuations in 

river flow or flooding. Some of these sources may also pose 

health risks, particularly where wastewater or polluted water 

is involved. 

3.2. Perception of climate change 

3.2.1. Perception of the existence of climate change 

Perceptions of the existence of climate change over the last 

ten years are illustrated in Figure 7. An overwhelming 

majority (95%) of market gardeners report having noticed 

changes in the climate, compared with only 5% who have not 

observed any. 

This near-unanimity shows that climate change is not 

perceived as an abstract phenomenon, but as a concrete reality 

directly affecting production conditions. It provides an 

important basis for the acceptance of adaptation measures, 

insofar as producers recognise the existence of the problem. 
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Figure 7: Perception of the existence of climate change 

3.2.2. Types of changes observed 

The types of climate changes observed are summarised in 

Table 2. Three combinations of observations stand out: 

Heavier rainfall, warmer temperatures and an unpredictable 

season: 45%; Heavier rainfall, warmer temperatures, an 

unpredictable season and flooding: 20%; Heavier rainfall, 

warmer temperatures and a shifted ‘ ’ season: 35%. The 

responses as a whole highlight two recurring factors: heavier 

rainfall, causing runoff, localised flooding or soil saturation; 

and warmer temperatures, exacerbating water stress and 

creating conditions favourable to pests. 

The elements of an ‘unpredictable’ or ‘shifted’ season indicate 

that the traditional sowing calendar is becoming less reliable, 

complicating the planning of crop management strategies. 

Table 1 : Types of changes observed 

Types of changes observed Fr % 

Heavier rainfall, warmer temperatures and an 

unpredictable season 
36 45 

Heavier rainfall, warmer temperatures, an 

unpredictable season and flooding 
16 20 

Heavier rainfall, warmer temperatures and a shifted 

season 
28 35 

Total 80 100 

Source: Field survey, 2026 

 

3.2.3. Severity of the impact on market gardening 

The intensity of the impact of climate change on market 

gardening is shown in Figure 8. 

The results show that 59% of respondents consider this impact 

to be ‘strong’ and 41% ‘very strong’. No responses fell into 

the ‘not at all’, ‘slight’ or ‘moderate’ categories. 

The perceived impact is therefore unanimously high, 

reflecting a significant sense of vulnerability: increased 

production difficulties, more frequent hazards, risks of 

flooding or water stress, etc. This perception is particularly 

pronounced among the oldest and most experienced 

producers, as indicated by Spearman’s correlations. 

 

Figure 8: Severity of the impact on market gardening 

3.2.4. Perceived causes of climate change 

The perceived causes of climate change are shown in Figure 

9. 

It appears that 16% of market gardeners attribute these 

changes to human activities, 29% to natural causes, whilst 

55% state that they do not know. 

These results reveal a limited understanding of the root causes 

of climate change among the surveyed population. Despite a 

strong perception of the effects, more than half of the 

producers are unable to identify the responsible factors, which 

may limit support for mitigation measures (emissions 

reduction, conservation of natural resources) and the adoption 

of truly climate-smart practices. 
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Figure 9: Perceived causes of climate change 

3.3. Impacts of climate change on market gardening 

3.3.1. Yield trends 

The trend in market garden yields is shown in Figure 10. The 

results show that 39% of respondents report an increase in 

their yields, whilst 61% indicate that yields have remained 

stable. No decrease was reported in the responses. 

These reports can be explained by an intensification of 

farming practices (increased use of fertilisers, pesticides and, 

in some cases, irrigation), which helps to offset the negative 

effects of climatic hazards. However, this apparent stability or 

increase in yields must be analysed in conjunction with 

changes in production costs. 

 

Figure 10: Yield trends 

 

 

 

3.3.2. Relationship between age and the perceived impact 

of climate change 

The relationship between age groups and the intensity of the 

perceived impact is illustrated in Figure 25. The results show 

that the older age groups have a higher proportion of 

‘enormously’ responses compared to the younger age groups. 

The chi-square test indicates a statistically significant 

association between age and perceived impact (p < 0.05), and 

Cramer’s V suggests a strong association. The Spearman 

correlation between age (dependent) and impact (dependent) 

is strong and positive, confirming that older producers view 

climate change as more disruptive to their business. 

 

Figure 1 : Relationship between age and perceived impact of 

climate change 

3.3.3. Trends in production costs 

The trend in production costs is summarised in Figure 12. The 

results show that 39% of market gardeners report an increase 

in production costs, whilst 61% report stable costs. No 

respondent reported a decrease. 

It is thus observed that, in order to maintain or improve their 

yields in an unfavourable climate context, producers are 

making greater use of inputs and irrigation, which increases 

costs. Even when yields remain stable, profit margins may 

shrink due to rising costs. This situation exacerbates the 

economic vulnerability of market gardening households. 
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Figure 12: Yield trends 

3.3.4. Technical problems encountered 

The main problems faced by market gardeners are set out in 

Table 3. Three dominant combinations are reported: Flooding, 

diseases/pests and seed destruction: 35%; Diseases/pests and 

seed destruction: 54%; and diseases/pests, seed loss and 

difficulty accessing water: 11%. Diseases and pests appear to 

be a recurring problem, associated with the destruction or loss 

of seeds. Flooding is also frequent on some plots, whilst others 

suffer from difficulties accessing water. These results 

illustrate a dual pressure on production systems: a water-

related pressure, ranging from excess (flooding) to a lack of 

access to water; and a biotic pressure, through the resurgence 

of pests and diseases favoured by changing climatic 

conditions. 

Table 2 : Technical problems encountered 

Problems Fr % 

Flooding, disease/pests and seed 

destruction 
28 35 

Disease/pest and seed destruction 43 54 

Disease/pest, seed loss and difficulty 

accessing water 
9 11 

Total 80 100 

Source: Field survey, 2026 

3.3.5. Frequency of crop losses 

The frequency of crop losses is shown in Figure 13. No 

respondent reported never suffering losses or suffering them 

often. However, 66% stated that they experience losses 

‘rarely’, and 34% ‘sometimes’ Although ‘frequent’ recurring 

losses were not reported, the existence of ‘rare’ or ‘occasional’ 

losses among all producers indicates a constant vulnerability 

to climatic hazards. These losses, even when moderate, can 

have a significant impact on food security and incomes when 

they recur over the course of the seasons. 

 

Figure 12: Frequency of crop losses 

3.4. Access to information and support needs 

3.4.1. Sources of information 

The sources of information for market gardeners are shown in 

Figure 14. 

The vast majority (86%) obtain information from neighbours 

and cooperatives, 9% via schools or training courses, and 5% 

through NGOs or projects. None of the respondents cited 

radio/TV, telephone/WhatsApp or technical services as their 

main source. This heavy reliance on informal networks has a 

twofold effect: it facilitates the rapid dissemination of 

information and practices; however, it does not guarantee the 

scientific quality or relevance of the advice, which can lead to 

inappropriate or risky practices (incorrect application rates of 

inputs, inappropriate timing, etc.). 
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Figure 14: Sources of information 

3.4.2. Quality of information received 

The perceived quality of the information received is illustrated 

in Figure 15. Market gardeners rate this quality as ‘good’ 

(29%), ‘very good’ (40%) or ‘excellent’ (31%). No responses 

mention poor or average quality. This generally positive 

assessment reflects strong confidence in the available sources 

of information, particularly local networks (neighbours, 

cooperatives). However, this favourable opinion does not 

imply that this information complies with agronomic or 

climatic recommendations derived from scientific research. 

 

Figure 15: Quality of information received 

4. Discussion 

4.1. Level of Education 

The level of education is generally low: 76% of respondents 

have only primary education, 20% have secondary education, 

and 4% have no formal education. No market gardener 

reported a higher level of education. This situation is 

consistent with numerous studies showing that small-scale 

urban and peri-urban producers rarely have a high level of 

education, which can limit their access to technical 

information, innovation and formal financing schemes (FAO, 

2012). A low level of schooling can also hinder understanding 

of global climate issues and complex technical 

recommendations (Gbetibouo, 2009). 

4.2. Experience, land tenure and farm structure 

The results indicate that the majority of market gardeners 

have extensive experience: 27.5% have between 10- and 20-

years’ experience, 34% between 20 and 30 years, and 22.5% 

more than 30 years. This pattern of seniority suggests that 

market gardening is a long-standing feature of the 

respondents’ career paths. This is consistent with observations 

made in other African cities, where peri-urban agriculture 

constitutes a survival strategy that has become established 

over time (Rakodi, 1997; Lee-Smith, 2010). 

The Spearman correlation between years of experience and 

the perceived intensity of the impact of climate change is 

positive and significant: the more experience a market 

gardener has, the more strongly they report feeling the effects 

of climate change on their work. This may be explained by the 

fact that the most experienced producers have a longer climate 

memory and are able to compare current conditions (rainfall, 

temperatures, seasonal patterns) with those observed 10, 20 or 

30 years ago. These results are consistent with those of Mertz 

et al. (2009) in the Sahel, which shows that experienced 

farmers are often the most sensitive to seasonal changes and 

climate extremes 

In terms of land tenure, 57.5% of market gardeners are 

tenants and 42.5% are owners. This predominance of tenancy 

reflects significant land tenure insecurity, typical of urban 

and peri-urban market gardening areas where land is sought 

after for urbanisation, infrastructure or other uses (FAO, 2012; 

Mbiba, 2001). Land tenure insecurity can limit long-term 

investments (sustainable irrigation systems, planting hedges, 

drainage, flood protection structures) and increase 

vulnerability to climate shocks. Tests of independence 

between land tenure status and changes in yields, or other 

variables, allow for a better analysis of whether secure land 

tenure constitutes a factor of resilience. 

The size of the plots confirms the small-scale nature of the 

farming: 95% of market gardeners farm less than 1 ha. These 

results are consistent with the literature on urban market 

gardening, which generally reports very limited but 

intensively cultivated areas, often with heavy use of inputs 

(Drechsel et al., 2006). Such small areas make producers 

particularly vulnerable to hazards: a flood or a disease can 

affect the entire plot and thus their entire income. 
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4.3. Access to water and water vulnerability 

The main sources of water used are wells (40%), rivers (15%) 

and ‘other sources’ (45%), which may include runoff, drains, 

water reservoirs or wastewater. No market gardener mentions 

REGIDESO or rainwater as a main source. This heavy 

reliance on informal, and sometimes unregulated, sources 

expose market gardeners to a dual vulnerability: 

1. Quantitative vulnerability, as river flow, 

groundwater depth or the availability of runoff are 

highly sensitive to variations in rainfall and extreme 

events (droughts, floods) (IPCC, 2014); 

2. Qualitative vulnerability, as these waters may be 

contaminated (domestic and industrial pollution, 

urban discharges), posing a health risk to producers 

and consumers, as highlighted in several studies on 

urban agriculture irrigated with wastewater 

(Drechsel et al., 2010). 

Thus, climate change, which alters the frequency and intensity 

of rainfall, has a direct impact on the water security of farms. 

4.4. Perception of climate change and understanding of its 

causes 

An overwhelming majority (95%) of market gardeners 

report having noticed climate change over the last ten years. 

The types of changes cited – heavier rainfall, higher 

temperatures, unpredictable or shifted seasons, and 

flooding – are consistent with the trends described for the 

Central and West African region in IPCC reports (IPCC, 2014, 

2021), which mention an increase in the frequency of extreme 

rainfall, rising average temperatures and disruption to 

agricultural seasons. 

The severity of the impact is perceived as high or very high 

by all respondents (59% ‘high’, 41% ‘very high’). No 

responses fell into the ‘not at all’, ‘slightly’ or ‘moderately’ 

categories. This consensus on the severity of the impact 

clearly reflects the vulnerability of market gardening, which 

is heavily dependent on rainfall patterns, temperature and 

extreme events (Mertz et al., 2009; Morton, 2007). 

However, when examining the perceived causes of climate 

change, 55% of market gardeners state that they do not know, 

29% attribute it to natural causes and only 16% to human 

activities. This limited understanding of anthropogenic causes 

is consistent with similar observations in several rural African 

contexts, where farmers perceive climate change but do not 

always identify greenhouse gas emissions, deforestation or 

urbanisation as the causes (Gbetibouo, 2009). This 

disconnects between the perception of effects (very strong) 

and the understanding of causes (weak) may act as a barrier 

to the adoption of mitigation practices (reforestation, reducing 

deforestation, sustainable land management). 

4.5. Access to information, training and support needs 

The main sources of information used by market gardeners 

are neighbours and cooperatives (86%), followed by 

schools or training courses (9%) and NGOs/projects (5%). 

None of the respondents cited radio/TV, the 

telephone/WhatsApp or technical services as their main 

source. This confirms the importance of informal networks 

in the dissemination of knowledge in urban agricultural 

settings (Lee-Smith, 2010). Whilst these networks may be 

effective for the rapid dissemination of practices, they do not 

always guarantee the scientific quality of the advice, which 

can lead to inappropriate practices (overuse of inputs, poor 

pesticide management, etc.). 

However, the quality of the information received is rated as 

‘good’ (29%), ‘very good’ (40%) or ‘excellent’ (31%) by 

market gardeners. This high level of trust in informal sources 

highlights a possible disconnect between the perceived quality 

of the information and its compliance with technical 

recommendations derived from research. This discrepancy 

has been reported in other contexts, where farmers rely 

heavily on peers, even when the practices disseminated are not 

sustainable (Gockowski et al., 2011). 

Conclusion 

This study has enabled an in-depth examination of the 

information gathered from the 80 market gardeners surveyed 

in N’djili Brasserie. The analyses reveal that producers 

operate within a socio-economic context characterised by low 

levels of education, but with extensive agricultural experience 

that enables them to observe and accurately interpret climate 

change. The results show that the perception of climate change 

is widely shared: market gardeners note changes in the 

seasons, frequent flooding, as well as losses of seeds and 

crops. 

Statistical analysis highlights a significant relationship 

between market gardeners’ experience and their perceived 

sensitivity to climatic effects, underscoring the importance of 

environmental memory in assessing these changes. 

Thus, this study highlights a real vulnerability among market 

gardeners to climate hazards, which is still limited by 

technical problems and a lack of reliable information. 
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