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Abstract. The COVID-19 pandemic has significantly affected various
sectors, including agriculture. This study aimed to explore the perceptions
of smallholder farmers in Morocco's Fez-Meknes and Marrakesh-Safi
regions regarding the potential effects of the pandemic on agricultural
systems and the adoption of agroecological practices during the lockdown.
The findings showed that farmers implemented diverse agroecological
practices such as intercropping, organic fertilization, and local seed usage.
However, the pandemic negatively affected the regular course of ag-
ricultural practices of 51.6% of the participants. The majority expressed
concerns about market closures, labor availability, access to agricultural
materials, and fertilizers. Farmers with more than two hectares of land were
the most affected and less likely to embrace agroecological practices,
whereas those with less than two hectares continuously adopted these
practices and were less affected by COVID-19. Although 54.7% of the
respondents reported no changes in their dependence on agroecological
practices, 41.1% indicated that this dependency increased after the COVID-
19 crisis. Understanding farmers' behavior during the pandemic can inform
future agricultural policies that prioritize healthy and sustainable food
production. This study underscores the importance of investing in
agriculture and building resilience to ensure sustainable food systems in the
face of future crises.

1 Introduction

The environment continuously reacts to unreasonable human activities (deforestation,
urbanization, intensive agriculture, etc.) through catastrophic climate change, which can lead
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to the emergence of resistant ecotypes, species extinction, and new diseases and pathogens.
Zoonosis is caused by human interference with biodiversity and the destruction of
ecosystems. Among the emerging zoonotic diseases, COVID-19 is an infectious and fatal
disease that most likely passes to humans from animals, bats, or pangolins, a small mammal
that is actively consumed in China [1].

SARS-COV2 represents the causative agent of COVID-19 originating from Wuhan City,
China in December 2019, and then transmitted to the Fez-Meknes region, Morocco in March
2020, where the first case infected by this virus appeared (Moroccan from Italy). In a very
short period, the pandemic has led to unprecedented risks that affect all aspects of human life
(economic, social, environmental, etc.), both directly and indirectly, through measures taken
to circumvent its impact [2]. Either it has affected the environmental sector negatively or
positively; the negative impacts are related to increased biomedical waste generation, use of
safety equipment and solid waste generation, and reduced recycling. However, COVID-19
has also shown positive environmental impacts such as reduced air, water, and noise
pollution, etc. [3, 4]. The pandemic has led to unprecedented risks to the health sector by
increasing the number of deaths and infections worldwide [5]. The COVID-19 spread and
human response to combat this pandemic have changed the life-styles of audiences
worldwide. During the lockdown, the government of Morocco adopted several preventive
measures, such as border closures, confinement, social distancing, and movement
restrictions. These measures have significantly affected the national economy through an
increase in public debt and unemployment, a decrease in national production and
international exports, and, therefore, a fall in income with a budget deficit (to more than 6%
of GDP) [6].

Given its social, economic, and environmental importance, agriculture is also one of the
main sectors affected by COVID-19, as more than a billion people (almost a third of the
global workforce) work in this sector worldwide. This sector is considered to be among the
leading providers of jobs and a major contributor to global population development [7]. This
sector continues to face several challenges owing to climate change, loss of agrobiodiversity,
poor mastery of production techniques, and agricultural protection, especially in developing
countries, such as Morocco [8,9,10,11]. People most threatened by food insecurity and
climate change are those with low adaptive capacity, including poor people with social status
and locations in marginal areas [12]. Unfortunately, many farms remain attached to the
intensive use of synthetic pesticides, which has worsened the effects of poisoning, plant
fragility, environmental pollution, and massive biodiversity loss (70% of the terrestrial
biodiversity loss). Both farmers and consumers are exposed to significant health risks
[13,14,15]. The agricultural sector in Morocco has been subjected to drought because of
climate change [16]. Recently, Moroccan farmers suffered from the spread of the pandemic,
which resulted in a decline in international trade and demand, difficulty in trans-porting and
marketing products, changes in consumption patterns by buyers due to loss of income, market
closures, and so on [17,18].

The combined effects of the pandemic and climate change on agriculture pose poten-
tially destructive problems that require short-, medium-, and long-term intervention [19]
(Mishra et al. 2021). In this sense, many countries and organizations are making special
efforts to keep the agricultural sector safe because of the potential increase in food insecu-
rity during the spread of the COVID-19 pandemic and to keep markets well supplied with
affordable and nutritious food sustainably. Potential strategies have been proposed for long-
term environmental sustainability, such as the use of renewable energy, waste recycling and
reuse, behavioral changes in daily life, and the adoption of agroecological approaches by the
agricultural sector [4]. For years, agroecologists have warned that industrial agriculture has
become too ecologically narrow, heavily dependent on external in-puts, and extremely
vulnerable to pests, diseases, and climate change. The COVID-19 pandemic has revealed a
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strong link between human, animal, and environmental health. The agricultural sector can
either improve or negatively affect the health of the three sec-tors. Furthermore, COVID-19
has approved the unsustainability of industrial agriculture, which has been subjected to a
complete shutdown owing to unforeseen crises [20].

Faced with climate change and health crises, such as COVID-19, the transition to an
agroecological model that respects ecological, environmental, economic, and social ethics
can be an interesting pathway toward sustainable agriculture that is more resilient than
conventional agriculture [20,21,22]. As alternative and promising agricultural models based
on more efficient management of agroecosystems, biodiversity is also being pro-moted in
agroecological models [11,23]. Alternative agroecological approaches are less dependent on
chemical inputs and are based on the maximum exploitation of available natural resources.
These have been advocated as alternative approaches for promoting bi-ological diversity,
optimizing biological interactions, and improving ecosystem services [11,24,25].

To our knowledge, no scientific study has evaluated the impact of COVID-19 spread on
different aspects of agroecological practices in Morocco. The aims of this study were: (a) to
examine the agroecological practices adopted by farmers in two Moroccan regions, Fes-
Meknes and Marrakech-Safi, and (b) to investigate the perceptions of these farmers regarding
the potential effects of COVID-19 on agricultural systems and the adoption of particular
agroecological practices. This study aims to contribute to the knowledge of farmer resilience
and adaptation in the face of the pandemic, and to explore the potential role of agroecological
practices in enhancing agricultural sustainability in Morocco.

2 Materials and Methods

2.1 Research setting

The present study was conducted in Morocco in the North West of Africa, with 35.36 mil-
lion inhabitants in 2018, including more than 13.2 million in rural areas, with a population
growth rate of 1.25 % per year. According to United Nations forecasts, Morocco is expected
to have 40.8 million inhabitants by 2030 [26]. The country is bordered by eastern Algeria
and southern Mauritania. Morocco was divided into 12 regions based on the 2015 territorial
division: Tangier-Tetouan-Al Hoceima, Oriental, Rabat-Sale-Kenitra, Beni Mellal-Khenifra,
Fez-Meknes, Casablanca-Settat, Marrakesh-Safi, Draa-Tafilalet, Souss-Massa, Guelmim-
Oued Noun, Ladyoune-Sakia El Hamra, and Dakhla-Oued Ed Dahab. Morocco is
characterized by diverse climates ranging from moderately humid and humid climates to
Saharan and sub-Saharan climates. Surveys were conducted over two regions of con-
siderable agricultural importance: the Fez-Meknes and Marrakesh-Safi regions (Figure 1).

2.2 Data and sample

A cross-sectional survey was conducted with farmers to investigate the impact of
COVID-19 on different aspects of agroecological practices in the study regions. The data
collection period was June 2020 to March 2021. Of the 229 surveys received, 16 were ex-
cluded due to missing data. A total of 213 farmers participated in this study and were
randomly distributed in the Fez-Meknes (n=100) and Marrakech-Safi (n=113) regions. The
survey was prepared in two languages (French and Arabic) and often translated by com-
munication into the local languages of the participants (Darija or Tamazight) depending on
the cultural context.

The survey consisted of 38 questions: nine questions concerning the sociodemographic
characteristics of respondents, 17 questions concerning agroecological practices, and 12
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questions about the COVID-19 impact on agroecological practices and the agricultural sector

(Table S1).
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Fig. 1. Location of the studied areas of Marrakesh-Safi and Fez-Meknes

2.3 Data Collection and Processing

Data were collected and responses with missing information were deleted to eliminate the
risk of error. The selected data were coded using numbers, saved in Excel, and subjected to
descriptive analysis to calculate the percentages and frequencies of the different responses.
Multiple response analysis was used to analyze the questions with multiple choice cate-
gorical variables. The chi-square test (Chi2) was used to test the null hypotheses regarding
the relationship between the region and other categorical variables. Spearman’s correlation
was used to detect bivariate relationships between variables. Multiple correspondence
analysis (MCA) (multidimensional statistical description method) was used to summarize
information concerning the agricultural area, food security, adoption of agroecological
practices, COVID-19 influence on agricultural practices, and farmers' dependence on
agroecological practices during the lockdown. Statistical analyses were performed using
IBM SPSS Statistics 21 software, and graphical figures were prepared using Excel 2016
software.

3 Results

3.1 Farmers’ Descriptive Information

The survey was conducted in two regions of Morocco where the agricultural sector is highly
important, namely the Marrakesh-Safi and Fez-Meknes regions. The Chi2 test only revealed
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a relationship between the region considered and the sociodemographic characteristics of
household food security status, family situation, and place of residence, but with low
association values (Cramer's V less than 0.303). Among the interviewed farmers, 100
(46.1%) and 113 (53.1%) were from the Fez-Meknes and Marrakesh-Safi regions, re-
spectively. Sociodemographic characteristics included age, education level, sex, and family
status. Almost 86% of the participants were men, with 70% settling in rural areas and 30%
in urban areas. Farmer age diverges from 15 to over 50 years; farmers between 35 and 45
years were the most frequent, representing 29.6% of described farmers; the youngest (15 to
25 years old), and the oldest (over 50 years) represented 12.7 and 11.7% of the target
population, respectively. Regarding educational level, 42.7% of the investigated farmers had
university instruction and 20.2% were uneducated. Approximately 53% of farmers practiced
farming full-time; 47% had professions other than agriculture (Table 1).

The major cultivated crop species among the surveyed respondents are presented in
Figure 2. Different types of crops (fruit trees, legumes, cereals, medicinal and aromatic
plants, etc.) characterize the Fez-Meknes and Marrakesh-Safi regions, namely olives
(59.2%), vegetables (59.2%), and cereals (58.2%), followed by fruit trees (50.2%), and leg-
ume crops (45.1%). Ornamental, and medicinal & aromatic plants accounted for 4.2 and 16
%, respectively.

In addition, 32% of the surveyed farmers have less than one hectare, and 88% of the
informants are small farms with less than 5 ha, located in irrigated and non-irrigated areas,
and at the mountain level with a percentage distribution of 53, 34%, and 13%, respectively.
The farms used three irrigation systems for gravity, drip, and sprinkler irrigation, which were
used regularly (always) with percentages of 38.4, 50.7%, and 11%, respectively.
Approximately 63% of farmers declared that their farming habits were incomplete and
required financial assistance (47.9%) and/or in-depth guidance and training (43%) to better
manage their farms. Indeed, more than 53% of the respondents declared that agricultural
products were destined for home consumption (auto-consumption), 38% for the local market,
and only 0.6% for international markets (Figure S1).

Table 1. Sociodemographic characteristics of informants.

Fez-Meknes Marrakesh-Safi Total Chi-square/
100 (46.9%) 113 (53.1%) 213 (100%) Cramer’s V
Gender
Man 86 (86%) 97 (85.8%) 183 (85.9%) 0.973/0.002
Women 14 (14%) 16 (14.2%) 30 (14.1%)
Place of residence
Urban 38 (38%) 26 (23%) 64 (30%) 0.017%/
0.163
Rural 62 (62%) 87 (717%) 149 (70%)
Age
15 to 25 years old 8 (8%) 19 (16.8%) 27 (12.7%) 0.064 /0.204
25 to 35 years old 26 (26%) 33 (29.2%) 59 (27.7%)
35 to 45 years old 35 (35%) 28 (24.8%) 63 (29.6%)
45 to 55 years old 23 (23%) 17 (15%) 40 (18.8%)
Over 55 8 (8%) 16 (14.2%) 24 (11.3%)
Family situation
Married with | 46 (46%) 54 (47.8%) 100 (46.9%) 0.000%/0.302
children
Married but without | 18 (18%) 6(5.3%) 24 (11.3%)
children
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Single

26 (26%)

51 (45.1%)

77 (36.2%)

Divorced

10 (10%)

2 (1.8%)

12 (5.6%)

Academic level

Tlliterate 19 (19%) 24 (21.2%) 43 (20.2%) 0.409/0.117
Primary 12 (12%) 10 (8.8%) 22 (10.3%)
Sccondary 31 31%) 26 (23%) 57 (26.8%)
University 38 (38%) 53 (46.9%) 91 (42.7 %)

Other professions

Yes 46 (46%) 54 (47.8%) 100 (46.9%) 0.794/0.018

No 54 (54%) 59 (52.2%) 113 (53.1%)

Household Food

Security Status

Never 7 (7%) 15 (13.3%) 22 (10.3%) 0.029%/
0.225

Rarely 8 (8%) 15 (13.3%) 23 (10.8%)

Sometimes 31 (31%) 45 (39.8%) 76 (35.7%)

Often 28 (28%) 24 (21.2%) 52 (24.4%)

Always 26 (26%) 14 (12.4%) 40 (18.8%)

*Tests performed Chi-square with Cramer's V to indicate the strength of the relationship between
different regions, significant at the 5% level.
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Fig. 2. Main cultivated crops among the respondents (n=213).

3.2 Status of the agroecological practices

The results revealed that 178 (83.6%) respondents had adopted at least one agroecological
practice. Despite this, 94 (44.1 %) farmers had never heard of agroecology (Table 2). The
most commonly adopted practices were intercropping and organic fertilizers (65.6 and

55.7%, respectively) (Figure 3).
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Fig. 3. Different agroecological practices adopted by farmers in Fez-Meknes and Marrakesh-Safi.

The most common diversification and intercropping systems used were the categories of fruit
tree annual crops (agroforestry), containing the intercropping of olive trees with annual crops,
such as legumes/cereals (Figures S2) (Figures 4 and 5). More than 40% of farmers with an
area of less than two hectares (less than 1 and between 1 and 2 ha) often adopted different
agroecological practices, whereas more than 42% of farms with more than four hectares (4-
5 and above 5) adopted these practices occasionally (sometimes) (Figure S3).

Olive trees-Cereals intercropping

Olive trees-Onions intercropping
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Faba Faba bean-Berseem clover
intercropping with Washington Palm and Olive
trees at the plot borders

Olive trees-Maize-Alfalfa intercropping

Fig. 4. Photographs of some intercropping systems adopted by smallholder farms in the Marrakesh-
Safi (left) and Fez-Meknes (right) regions, Morocco.

Except for the number of people who adopted agroecology around the surveyed farmers,
the chi-square test revealed no relationship between the region and the status of
agroecological practices. Spearman’s correlation indicated a significant (p=0.012) and
negative correlation between farm area and the adoption of agroecological practices. On large
farms, agroecological practices are not always adopted but only sometimes. While
conducting their agricultural sizes, the small farms often relied on different agroecological
approaches. More than 95% of the respondents were aware of the importance of
agroecological practices and wanted to improve them. Almost 90% declared that this mode
was part of their future agriculture (Table 2).

Fig. 5. Photographs of diversified farming systems adapted to local environments. A and d ; Douar sbiti
ourika, b and ¢ ; Douar Taourirt.
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Table 2. Status of agroecological practices in the studied region.

Fez-Meknes Marrakesh-Safi Total Chi-square/
Cramer’s V
Have you ever heard of
agroecology?
No 43 (43%) 51 (45.1%) 94 (44.1%) 0.754/0.021
Yes 57 (57%) 62 (54.9%) 119 (55.9%)
Do you adopt agroecological
practices?
Never 16 (16%) 19 (16.8%) 35 (16.4%) 0.837/0.082
Rarely 14 (14%) 10 (8.8%) 24 (11.3%)
Sometimes 27 (27%) 33 (29.2%) 60 (28.2%)
Often 31 (31%) 36 (31.9%) 67 (31.5%)
Always 12 (12%) 15 (13.3%) 27 (12.7%)
How many people practice
agroecology around you?
I do not know 54 (54%) 61 (54%) 115 (54.0%) 0.001%/0.310
Nobody 23 (23%) 9 (8%) 32 (15.0%)
1 to 3 people 11 (11%) 6(5.3%) 17 (8.0%)
3 to 5 people 2 (2%) 4 (3.5%) 6(2.8%)
5 to 7 people 3 (3%) 7 (6.2%) 10 (4.7%)
More than 7 people 7 (7%) 26 (23%) 33 (15.5%)
Would you like to improve your
agroecological practices?
Yes 97 (97%) 106 (93.8%) 203 (95.3%) 0.271/0.075
No 3 (3%) 7 (6.2%) 10 (4.7%)
Do you think agroecological
practices are part of our future?
Yes 89 (89%) 103 (91.2%) 192 (89.7%) 0.599/0.036
No 11 (11%) 10 (8.8%) 21 (9.8%)

*Tests performed Chi-square with Cramer's V to indicate the strength of the relationship between
different regions, significant at the 5% level.

Agroecological practices are more profitable
Efficient operation of resources

Farm sustainability

To respect the environment

Lack of financial means

H 1 M S e e e XY
Avoid contact with hazardous chemicals 55.7%

Fig. 6. Why (s) do you practice agroecology?

According to the results presented in Figure 6, the main reasons for adopting agroecological
practices are respecting the environment (74.8), avoiding contact with dangerous chemicals
(55.7%), maintaining the sustainability of the agricultural farm (49%), and the lack of
financing means (33%). In addition, the criteria that prevented the smooth running of
agroecological practices revealed a lack of practical and/or theoretical knowledge concerning
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agroecological approaches (more than 61%) and the difficulty of setting up and succeeding
agroecological practices (more than 50%), especially at supermarket levels. In addition,
42.5% of the respondents mentioned that conventional farming, such as the use of chemical
pesticides and deep plowing, was more effective in producing successful agricultural
products (Figure 7).

fffff T ——

Conventional practices are more profitable s 04.0%

Lack of knowledge

Agroecological practices are difficult to |
carry out S i

Conventional practices are more efficient

Fig. 7. What hinders agroecological practice?

3.3 COVID-19 and agroecological practices

Relationships were recorded between the region and the effect of COVID-19 on agricultur-
al behaviors with a weak association strength (Cramer's V did not exceed 0.369), which was
the case for the variables of how COVID-19 affected farming practices, receipt of financial
assistance, and reliance on agroecological practices during and after the lockdown. More than
51% of the informants emphasized that COVID-19 spread negatively influenced their
agricultural behavior, with an economic impact on their agricultural production.
Accordingly, 44.6% stressed that their agricultural habits had changed during the lockdown.
In addition, 171 agricultures noted that they had not received any funding assistance in light
of COVID-19. Even though 45.1% (96) of the informants did not take any action against the
coronavirus, this virus affected only 18.3% of farmers. Thus, 66.4% of farmers mentioned
that the combined effects of the COVID-19 spread and drought significantly affected their
agricultural production. Among the surveyed farms, dependence on agrological practices
during the lockdown remained unchanged at 54.7% and increased by 35.4%; however, this
dependence decreased for 9.9% of informants. According to the farmers, this dependence
increased by 5.7% (from 35.4 to 41.1%) during the post-COVID period (Table 3).

During the lockdown, COVID-19 effects were manifested mainly by market closures
(150 respondents). In addition, many farmers mentioned concerns related to the lack of
transport, distance from sale places, sale price, access to the farm, limited labor force, and
access to irrigation water, agricultural materials, and fertilizers (Figure 8).

10
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Lack of customers and/or

demand
Market closing Lack of transportation
100
A.ccess and sale of Distance from points of sale
agricultural products 0
Access to fertilizers 5 Selling price too low
Access to aglzlcultural Access to the farm
material
Access to irrigation water Labor
—i— Totally agree Somewhat agree —#— Neutral
—¢— Rather disagree Not agree at all

Fig. 8. Where did the impact of COVID-19 spread manifest?

The multiple correspondence analysis (MCA) of agroecological practice adoption and
COVID-19 impacts is illustrated in Figure 9. The variables entered revealed two dimensions
that summarized 54.6% of the total information and were deemed satisfactory (greater than
50%). The projections of the first and second dimensions explained 30% and 24.6% of data
variability, respectively. Multiple correspondence analysis (MCA) did not make it possible
to distinguish precise groupings. However, there was a tendency for farmers with large areas
(greater than 2 ha) to ensure food security, to be negatively affected by the spread of COVID-
19, and to not adopt agroecological practices, except rarely or sometimes. Conversely, small
farms (less than 2 ha) do not ensure food security; rarely or sometimes, they tend to constantly
(always) adopt agroecological practices. Therefore, the COVID-19 spread did not change
farming habits.

11
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Fig. 9. Multiple correspondence analysis (MCA). Projections of the first two dimensions.

4 Discussion

The agricultural sector is a crucial part of Morocco's economic and social fabric, contrib-
uting significantly to the country's GDP and job creation. In fact, it contributes 15% to the
GDP, with a value of 131.62 billion DH, and generates 40% of jobs in the country, particu-
larly in rural areas where 74% of these jobs are located [27]. The importance of this sector
as a source of income and food for Moroccan households cannot be overlooked. The con-
tribution of the agricultural sector to GDP varies by region, with the Fez-Meknes region
recording the highest share of value-added agriculture (VAA) at 16.5%, followed by Mar-
rakesh-Safi (14.2%), Rabat-Sale-Kenitra (13.4%), Casablanca-Settat (12%), and others [28,
29]. This regional variation in VAA highlights the need to understand the specific challenges
and opportunities faced by farmers in different regions, particularly during times of crisis.

This study aimed to investigate the agroecological practices adopted by farmers in the
Fez-Meknes and Marrakech-Safi regions in Morocco and assess the potential impacts of the
COVID-19 pandemic on these practices during the lockdown period. The study found that
most of the farmers interviewed were men who were smallholder farmers situated in rural
areas of Morocco [30, 31]. This profile of farmers is similar to that in previous studies
conducted in Morocco and Malawi. In Morocco, only 1% of farmers have more than 50
hectares, whereas 70% of farmers have an area of less than 5 hectares. Of these smallholder
farmers, 55% have less than three hectares, and they only exploit 12% of the Moroccan useful
agricultural area (UAA) [27].

The agricultural products of the surveyed farmers were primarily intended for family
consumption (53.1%) and local markets (38.4%). Family farming plays a crucial role in
Morocco, not only in food and economic issues, but also in security and sociocultural is-sues.
Family farming represents a lifestyle that can be reflected in farmers and rural communities
[32]. However, most smallholders are less visible in agricultural policies be-cause they
operate on family farms [33]. Morocco has a large area of pastures, forests, and agricultural
land, with a useful agricultural area (UAA) of nearly 8.7 million hectares, which reflects a
high level of agro-climatic systems that contribute to the production of a wide range of
agricultural products. Moroccan farming is dominated by the cereal growing sector (90% is

12
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installed in Bours), which accounts for nearly 60% of the overall useful agricultural area,
followed by arboriculture (16%), fallow (12%), fodder (5%), legumes (3%), and market
gardens (3%), while other sectors occupy only 2% of the UAA [29].

The main crops cultivated by the surveyed farmers were cereals, legumes, vegetables,
olives, and other fruits. Drought, caused by the weakness and irregularity of rainfall, is one
of the primary obstacles to national agricultural development, resulting in the limitation of
irrigation water resources, need for the rational use of surface and underground water, and
adoption of more efficient irrigation systems [33]. More than half (53%) of the farms
examined in this survey were located in non-irrigated areas (Bour). Three irrigation modes
were adopted for irrigated areas: gravity, drip, and suction irrigation. It is note-worthy that
most of the national agricultural area is sown and managed under the rainfall regime (Bour).
Irrigated areas have allowed large crop varieties to grow in relatively small areas [33].

The Moroccan government has recognized the importance of the agricultural sector and
prioritized it in national development policies such as the Green Morocco Plan (GMP)
launched in 2008 [34]. GMP aims to make the sector more competitive on a global scale
while also addressing social objectives, including reducing the wealth gap and contributing
to food security. However, the intensive agricultural model promoted by these policies has
raised concerns about its environmental impact. The excessive use of mechanization,
chemical inputs, and irrigation, as well as the overloading of productive heritage sites, has
led to environmental degradation and loss of biodiversity [35,36].

The heavy use of chemical pesticides, in particular, has resulted in the loss of
agroecosystem biodiversity and can potentially lead to the emergence of new infectious
diseases [37,38,39]. As such, promoting local production and minimizing the harmful effects
of chemicals on public health and the environment have become increasingly important.
Agroecology, an ecosystem-based approach to agriculture that combines traditional farming
practices with modern scientific knowledge, has gained attention as a potential solution. It
aims to achieve a sustainable world without chemical inputs while promoting good practices
for the management of water and energy resources, conservation of farm-land, and promotion
of agroecosystem biodiversity [41,43].

In addition, the dominance of a mono-cropping system can threaten the sustainability of
the agricultural system and generate economic difficulties, particularly for small and
marginal farmers [44]. The farmers in this study, particularly those with areas less than 2 ha,
adopted various agroecological practices, such as intercropping, organic fertilization,
mulching, use of plant extracts, bio-pesticides, conservation of genetic resources (local
seeds), and integration of animal husbandry with agricultural practices. These practices
reflect the need to respect the environment, avoid contact with dangerous chemicals, and
maintain agricultural farm sustainability.

It is important to note that the majority of farms in Morocco are owner-managed, with
very little additional labor (only 5% of farmers in this study) [45]. Thus, smallholders
increasingly need to diversify their agricultural production strategies to meet their economic
and social requirements. Traditional and non-chemical practices indicate that agriculture
produces multiple positive environmental externalities [35]. Encouraging the adoption of
agroecological practices could potentially lead to a more sustainable and resilient agricultural
sector in Morocco.

The surveyed informants were aware of the importance of agroecology and expressed
their desire to improve agroecological practices. However, many smallholder farmers stated
that their farming habits were incomplete and required financial support and training in
agroecological practices. According to the respondents, the lack of knowledge and difficulty
in setting up and succeeding with agroecological practices were the main reasons for
preventing their adoption. Additionally, the effectiveness of these practices compared to
intensive practices, especially in the short term, has been questioned. Wezel et al. [21]
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conducted a study that showed that the belief that agroecology means less productivity, lack
of funding for agroecological research, material support, manpower, training and knowledge
sharing, and policies that support agroecological practices were among the main challenges
to agroecology adoption. In contrast, Schoonhoven and Runhaar [46] suggested that
voluntary motivation, capacity to implement these agricultural practices, the resources and
skills required, and other conditions related to agricultural policies were the main
requirements for adopting agroecological practices. Exploitation size in this study was
negatively correlated with the adoption of agroecological practices. Similarly, Coulibaly et
al. [47] showed that traditional agriculture based on agroecological practices was conducted
in small areas (2.37 ha), which belong to family farming with little income. Smallholder food
production in rural areas is primarily based on the diversification of agroecological
approaches, which can generate local knowledge, nourish identity and culture, promote social
justice, and strengthen the economic sustainability of local farmers.

In response to the COVID-19 pandemic, the Kingdom of Morocco has considered three
main aspects: health, economy, and society. Several measures have been implemented to
build hospital capacity, such as various preventive response measures, information and
awareness campaigns on hygiene measures, and barrier gestures. Economic and social
support measures have been developed to mitigate the impact of the pandemic, starting with
the creation of a special fund for managing the coronavirus pandemic [17]. These measures
have limited damage and provided some control over the global pandemic. However,
surveyed farmers reported that the combined effects of COVID-19 and drought significantly
affected their agricultural production. More than half of the respondents reported negative
economic impacts and influences on the normal course of their agricultural practices.
Similarly, a study conducted in Senegal reported that more than 84% of the monitored farms
were considerably affected by the COVID-19 spread [48]. The COVID-19 effects during the
lockdown were mainly reflected by market closure, lack of means of transport, distance from
points of sale, restricted labor, access to irrigation water, exploitation of agricultural
materials, and fertilizers. The impact of the pandemic on smallholder farming systems has
been identified in several aspects, such as marketing, labor accessibility, market access, and
harvesting, as pointed out by Goswami et al. [49]. Against the COVID-19 crisis in
agricultural systems, support for market access, labor management, agricultural investments,
efficient use of irrigation, and soil fertility are among the main strategies proposed [49].
Ecological farming is often associated with greater food harmony and nutritional balance,
primarily achieved through self-production, which ensures healthier diets with fewer food
purchase expenses [50]. Tittonell et al. [51] noted that the movement toward agroecological
practices has been among the responses of family farming in tackling the spread of COVID-
19. Family farming through agroecological practices plays a key role in demonstrating
adaptive and resilient strategies not only against COVID-19 but also against other possible
disasters in the future [51].

Against the backdrop of the COVID-19 pandemic, resilience and adaptation of the
Moroccan agricultural sector have become even more critical. In this context, it is essential
to understand the perspectives and experiences of farmers in navigating the impact of the
pandemic on their livelihoods and agricultural practices.

5 Conclusions

The COVID-19 pandemic has had a significant impact in many areas, including the agri-
cultural sector. This study aimed to identify potentially resilient farming systems and
examine farmers' perceptions of the effects of COVID-19 on agroecological practices in the
Fez-Meknes and Marrakech-Safi regions of Morocco.
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We found that a multitude of agroecological practices were being implemented,
including intercropping, organic fertilization, mulching, plant extracts, bio-pesticides,
conservation of genetic resources (local seeds), integration of livestock, and other practices
such as crop rotation, drip irrigation, cover crops, and direct seeding. These practices helped
farmers maintain their yields and sustain their livelihoods during the pandemic.

However, farmers also pointed out several challenges they faced because of COVID-19,

such as market closures, distance from places of sale, selling prices, and a lack of means of
transport, labor, irrigation, agricultural materials, and fertilizers. Interestingly, we found that
large farms (greater than 2 ha) were less able to adapt agroecological practices and were more
affected by the pandemic than small farms (less than two hectares), which had opted for the
adoption of agroecological practices despite not always ensuring their food security.
This study highlights the importance of strengthening the resilience of the relation-ship
between human activities and the environment against future pandemics and cli-mate change.
It also emphasizes the need to remodel future agricultural policies to help the younger
generation better understand and practice agroecological approaches and ensure that their
needs do not affect the needs of future generations.

Overall, the information gathered from this study contributes to the development of
anticipatory strategies for stakeholders in favor of health and sustainability during the post-
pandemic period. It sheds light on local agroecological practices and farmers' perceptions of
COVID-19, which can inform future agricultural policies and practices.

Supplementary Materials: Table S1. Summary of the main survey questions. Figure S1.
Farming habits, product targets, irrigation systems, agricultural zones, and land areas. Figure
S2. Different kinds of intercropping systems. Figure S3. Adoption of the agroecological
practices according to exploitation size (ha).
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