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Abstract

Crop diversity is promoted for its environmental benefits. However, few analyses have been conducted on
whether crop diversity can reduce farm economic vulnerability to multiple production stresses. Deglet Noor
is the most frequently grown variety of date in Kebili Region, Tunisia. Other date varieties, termed “common
date varieties”’, were formerly considered to be less profitable and hence marginalised. Date production in
this region is facing constraints linked to climate change, decreasing water availability and rising labour
costs. The study compares the economic benefits of producing Deglet Noor dates and common date varieties
at farm level, when faced with different production stresses. A survey was made of 123 farmers producing
dates in Kebili Region. In the absence of stress, Deglet Noor is the most profitable variety, but its profitability
is particularly vulnerable to different stresses. By contrast, the profitability of common date varieties is much
less sensitive to these stresses. Stress-free environments become increasingly rare in Tunisian oases. Hence,
re-directing interest towards common date varieties could help build less vulnerable oasis farming systems.

Keywords: Climate change, Crop diversification, Dates, Economic vulnerability, Profitability, Underuti-
lised crops, Tunisia.

1. Introduction ricultural systems (Beillouin et al., 2019; Tam-
burini ez al., 2020). In practice, however, many

Crop diversity has frequently been shown to agrosystems worldwide are organised around a
enhance the environmental sustainability of ag- single or a few crops (Martin ef al., 2019). In ag-
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ricultural systems in which most farms produce
for the market, for crop diversity to be adopted or
be maintained, a key enabling factor is that plot or
farm level diversity produces a higher average in-
come. However, monoculture may be more prof-
itable or may be considered by farmers to be more
profitable than diversified systems, particularly in
the short term (Lin, 2011). Incentives to mono-
culture may include sustained market demand,
especially thanks to the creation of specialised
value chains and supporting public policies, plus
the possibility of driving down costs including
through mechanisation, simplified farm manage-
ment, or limited labour needs (Salaheen, 2019;
Bravo-Pefia and Yoder, 2024). In addition, even
when crop diversity does reduce farm econom-
ic vulnerability, farmers may not have sufficient
information and consequently continue to favour
monocropping (Ledn Araya, 2023).

The many studies on the benefits of crop diver-
sity analyse its impacts on the environment and
on agricultural production but are less focused
on farm profitability (Beillouin et al., 2019).
The few studies that considered farm profitabil-
ity showed that there is no standard correlation
between crop diversity and farm profit: the rela-
tion is context-specific (Bravo-Pefia and Yoder,
2024). Thus, a problem is what kind of econom-
ic data could be made available to the actors of
specific agrosystems to inform the discussion of
whether farmers would be better off if they di-
versified their crop production.

Moreover, over the past decade, there has been
a growing interest about the role of neglected
and underutilized species as a component of ag-
ricultural system diversification (Padulosi ef al.,
2021). Broadly, these species can be defined as
species that: 1) have long-standing cultivation in
a specific environment and are well-adapted to
it; 2) have limited production and value chain or
have been marginalised; and/or 3) have received
minimal attention from agricultural innovation
systems (Mabhaudhi et al., 2019). These species
are increasingly praised for the key role they can
play in transitions towards more sustainable ag-
ricultural systems in a context of climate change
and natural resource degradation (Hossain et al.,
2021). Studies on neglected and underutilised
species have often focused on their environmen-

tal or nutritional benefits (Ali and Bhattacharjee,
2023; Chivenge et al., 2015), whereas few stud-
ies have considered whether these species can
become a profitable alternative to major crops.
Their authors generally found that there was a
need to improve marketing and processing op-
tions to improve their profitability so that they
become of genuine economic interest to farmers
(Bandula et al., 2023; Morimoto et al., 2021).

Crop diversity is a major issue in southern re-
gions of Tunisia. More than 250 local date varie-
ties can be found in oases located in these regions
(Rhouma, 2005). In the 1970s, the government
developed an agro-industrial value chain to export
dates (Gendre et al., 2007). The chain focused on
the variety Deglet Noor because of its high yield
potential, easy storage, and market demand. In
the 2022/2023 season, Deglet Noor accounted for
85.7% of dates exported from Tunisia (Onagri,
2023). Kebili Region has become the main region
for the production and export of dates in Tunisia,
and Deglet Noor is now at the core of the entire
agricultural system of the region (Benmoussa et
al., 2022). However, production of Deglet Noor
is currently affected by an increasing number of
risks. First, in 2021, an outbreak of mites affect-
ed date production and caused serious damage
to Deglet Noor palm trees in particular. Second,
Deglet Noor palm trees require a lot of irrigation
and water is becoming increasingly scarce in tra-
ditional oases (Mekki et al., 2022). Third, pro-
duction of Deglet Noor is costly, especially due
to labour needs, and the cost of labour has been
increasing rapidly in recent years. Compared with
Deglet Noor, common date varieties have lower
production costs and the palm trees of theses va-
rieties are known to adapt to water scarcity better
than Deglet Noor.

In this context, some farmers and staff of the
regional office of the Ministry of Agriculture in
Kebili Region have shown increasing interest in
investigating whether producing more common
date varieties could help reduce the vulnerabil-
ity — particularly the economic vulnerability —
of farms facing increasing risks that affect date
production. However, little local economic data
is available to inform a discussion on this issue.
The present article compares the economic ben-
efits of producing Deglet Noor dates and those
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of common date varieties at farm level, in the
face of various production stresses.

Moreover, common date varieties can be con-
sidered as neglected and underutilised species.
North Africa possesses a rich but underexploited
genetic heritage of date palm varieties (Ismail
and Hassine, 2021; Ouamnina et al., 2024).
Discussions about the role of neglected and un-
derutilised species in fostering more resilient ag-
ricultural systems have been ongoing for several
decades in sub-Saharan Africa, Latin America,
Europe, and Asia (Padulosi et al., 2021). How-
ever, apart from a few studies (e.g., Dop et al.,
2019; Koussani et al., 2022), this discussion has
been relatively limited in North Africa. In many
regions of North Africa, the production of capi-
tal-intensive crops has contributed to economic
development but has led to increasingly fragile
agricultural systems, because of climate change
and the often-unsustainable use of natural re-
sources (Kadiri et al., 2022). Thus, the promo-
tion of common dates could become a promising
example of making use of the rich agrobiodiver-
sity in North Africa so as to improve the long-
term sustainability of agricultural systems.

2. Impacts of crop diversification on farm
economic vulnerability to production
stresses

The few studies on linkages between agrobi-
odiversity and economic vulnerability of farms
generally found that crop diversification reduces
income variability, although this is not always
the case (Lennox, 2015). Moreover, some au-
thors report that the impact of crop diversifica-
tion on average farm income is positive and oth-
ers that it is negative (Asare et al., 2014; Schroth
and Ruf, 2014). Many factors influence the link-
age between crop diversity and farm income,
including the specificities of each agrosystem or
farming practices (Bravo-Pefa and Yoder, 2024;
Niether et al., 2020). Linkage depends on the re-
spective weights of “economies of scale”, i.e. in-
creasing the production of one product increases
farm productivity, versus “economies of scope”,
i.e. when the integrated production of multiple
outputs increases productivity (De Roest et al.,
2018).

Studies of the economic impacts of diversifi-
cation on farm income variability have mostly
considered stress caused by climate, markets,
and diseases. Several studies focused on a single
stress: Clément et al. (2023) simulated the im-
pact of fluctuations in the price of farm products
on farm income in one region in Vietnam. Boz-
zola and Smale (2020) measured the impact of
diversification on the variability of farm income
in Kenya in a context of climate variability. Auff-
hammer and Carleton (2018) used a regional ap-
proach in India to study the impact of crop diver-
sification on farm income variability in the face
of drought. Other studies of crop diversification
considered different stresses simultaneously, for
example, climate and markets (Lennox, 2015)
but they did so without measuring the specific
economic impact of each type of stress. Kozicka
et al. (2020) considered risks concerning climate
and plant diseases to simulate the income of a
representative farm under various crop diversi-
fication scenarios in Uganda. The model used
in their study accounted for multiple factors and
evaluation criteria, but the complexity of the
model makes it difficult to present the data ob-
tained to agricultural system actors.

Some analyses of the impacts of crop diversi-
fication on farm vulnerability have focused on
underutilised crops. These crops are generally
considered to decrease production risks. Indeed,
such crops often only require limited quantities
of pesticides and fertilizers (Chivenge et al.,
2015), they are generally adapted to local soil,
water availability and quality, and to local cli-
mate conditions, and their production may be
less damaging to the environment (Baldermann
et al., 2016; Mattas et al., 2024; Tadele, 2018).
Some of these crops may have limited markets
but still play a major role in home consumption
(Boulay et al., 2021). Such studies often argue
that underutilised crops offer cross-cutting solu-
tions to multiple constraints (Mabhaudhi et al.,
2019). However, there is limited knowledge on
the impact of producing underutilised species on
farm economic vulnerability.

In terms of methods, most studies that an-
alysed the economic benefits of crop diversity
measured farmers’ income in situations of low
versus high crop diversity without considering
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how risks can affect these benefits (e.g. Hayran
et al., 2018; Kurdys-Kujawska et al., 2021; Za-
bala et al., 2023; Mzyece et al., 2023). Other
studies considered farmers’ perception of risks
as an explanatory factor of diversity, without
calculating the real impact of diversification on
farmers’ incomes (Bernzen ef al., 2023). Only
a few authors measured the impact of crop di-
versity on farm benefits when farms face with
specific stresses (e.g. Clément et al., 2023), and
such studies generally only assessed the impact
of one type of production stress. However, to
be able to discuss the economic advantages of
crop diversification with local actors, all ma-
jor production stresses need to be included. To
our knowledge, to date, no study has measured
farmers’ incomes by comparing a situation of
monoculture and crop diversity when the farm
faced different types of stress.

3. Method

3.1. Study site

Dates have been produced for centuries in tra-
ditional oases in Kebili Region. From the 1990s
on, farmers started planting new palm groves,
locally referred to as “extensions”. At first, the
extensions were located in the vicinity of tradi-

Figure 1 - Study area in Kebili Region, Tunisia.
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tional oases. Later on, farmers started drilling
individual boreholes much farther away from
these oases, to create additional extensions. This
led to a major increase in land planted with date
palm trees. In 2022, traditional oases in Kebili
Region accounted for 10,500 ha and extensions
for 32,700 ha (Mekki et al., 2022). In tradition-
al oases, most irrigation water is obtained from
collective boreholes that are managed by water
user associations. Plots in these traditional oa-
ses often have insufficient access to water, both
in terms of quantity and in terms of frequency,
as the time between water turns ranges from 25
to 60 days. As a result, some farmers in tradi-
tional oases have drilled individual boreholes to
supplement the water supplied by the water user
associations. Drilling boreholes in traditional
oases and in extensions is illegal, as the adminis-
tration considers that the aquifer is overexploit-
ed, but farmers continue to drill.

Two study areas were selected for the present
study (Figure 1). The first comprises the tradi-
tional oases plus the surrounding extensions in
northern Kebili district. This area was selected
because it has the largest number of common date
palm varieties in Kebili Region. The second one
is Faraoun extension area in Souk El Had district.
This area is representative of the new palm groves
that have been developed far from traditional oa-
ses thanks to easy access to groundwater.

There are three categories of date varieties:
semi-dry dates, dry dates and soft dates. Soft va-
rieties are harvested continuously, while semi-
dry and dry varieties are harvested all at once.
Dry and semi-dry varieties can be stored and are
consequently easy to export. Deglet Noor is a
semi-dry variety. Soft varieties are characterised
by high-water content, which exposes them to
fermentation and makes them difficult to store.
They have to be sold within two to four weeks
after harvest. Most soft varieties are grown for
self-consumption and any excess is distributed
to family members and neighbours.

3.2. Methodological framework

Farm economic vulnerability is sometimes as-
sessed “ex ante”, i.e. an assessment of the extent
to which farms could be affected by possible
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Table 1 - Framework for the comparison of common date varieties with the reference Deglet Noor variety in
different situations and stresses.

Type of stress

Situation involving limited stress

Situation involving high stress

Water scarcity

Plot in a palm grove extension or in a
traditional oasis but with access to an
individual borehole (no problem of access

Plot located in a traditional oasis with
no access to an individual borehole
(major problems linked to access to water)

to enough water)

Mite infestation | Year 2022 (minor problem)

Year 2021 (major problem)

Cost of labour | Year 2022 (minor problem)

Future scenario for the year 2030
(major problem)

risks. In this approach, vulnerability is generally
measured using a set of indicators that consid-
er exposure, sensitivity and adaptive capacity
of the farm to several risks (Baca et al., 2014;
Shaibu et al., 2020). In the present paper, we
consider economic vulnerability “ex post”, i.e.
the degree to which a farm is harmed due to a
perturbation or stress (Turner et al., 2003). Ad-
ditionally, methods differ in the indicators used
to measure vulnerability (Sneessens ez al., 2019)
and whether the point of view is static or dynam-
ic (Dardonville et al., 2021). Hereafter, we focus
on the extent farm annual income was affected
by a specific stress that happened. We consider
various settings in which farm exposure, sensi-
tivity and adaptive capacity differ to compare
farm vulnerability to stresses that really exist.

We built a methodological framework to com-
pare the economic benefits of producing Deglet
Noor versus common date varieties when faced
with three kinds of stress: water availability, mite
infestation, and labour costs (Table 1). The ref-
erence situation with no stress is production in
extension areas where access to irrigation water
is easy and the year was 2022, when labour costs
were a minor issue and farming practices suc-
cessfully limited mite infestation. We compared
yields and farm incomes, measured as net bene-
fit per date palm tree, which is what the farmers
in Kebili Region usually do. Production costs
were calculated and included the capital costs
of drilling boreholes and installing solar panels,
which is almost the only source of energy in the
in extensions (Mekki et al., 2022) and the cost
of the irrigation equipment (see Appendix A for
details). The capital costs of drilling a borehole
in traditional oases were also considered.

We compared a situation in which a stress is
present and a situation in which the same stress
is absent or only has a minor impact on produc-
tion. Thus, in the present paper, our definition
of economic vulnerability only applies to the
“short-term” and does not account for the “long-
term” capacities of farms to evolve, to reduce
sensitivity to stresses and apply adaptive actions.

The first stress — water availability — was taken
into account by comparing the situation in three
different types of plots. The first situation refers
to plots located in the extensions, where access
to water is easy. The second situation covers
plots in traditional oases that have an individual
borehole, so access to water is consequently also
easy. However, in traditional oases, the plots
owned by farmers are usually fragmented as a
result of inheritance, the date palms are some-
times more 60 years old so yields are decreas-
ing, and pests circulate between the farm plots
easily. Consequently, the production conditions
are much better in extensions than in plots in
traditional oases even in cases where the latter
have access to sufficient water. The third situ-
ation refers to plots located in traditional oases
but have no individual boreholes, meaning water
availability is a major constraint. We compared
net income per Deglet Noor palm and per com-
mon date palm in the three situations.

The second stress was caused by the dust
mite Oligonychus afrasiaticus, which is one of
the four main date palm pests in Tunisia. These
mites can cause severe damage to the fruit (Ben
Chaaban et al., 2011). Infestation by these mites
increases during heat waves (Palevsky et al.,
2003), which are becoming more frequent under
climate change. Deglet Noor was found to be
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more sensitive to dust mites than several com-
mon date varieties (Ben Chaaban et al., 2011).
Dust mites have been present for years in Kebili
Region but in the past, their impact was limit-
ed and farmers rarely treated their date palms
against mites. In 2021, infestation by mites was
very high due to high temperatures and a drought
and seriously affected yields and farm incomes.
In 2022, a new treatment method had become
available and information concerning it was giv-
en to farmers, which resulted in a much more
limited infestation than in the previous year. We
thus compared the income per Deglet Noor palm
and that of common date varieties in 2021 and
2022, while also accounting for the different sit-
uations in terms of water availability, as it had an
impact on tree sensitivity to stress.

In southern regions of Tunisia, agricultural
labour is becoming increasingly scarce and ex-
pensive, as young people are less interested in
farming and migrate in search of better jobs (Car-
pentier, 2018). Over the past decade, labour costs
have increased above and beyond inflation and
the cost of labour for date production increased at
an annual rate of 14.5% between 2015 and 2022
(calculated in constant currency i.e. adjusting for
inflation). Other production costs and the sell-
ing price of dates increased broadly at the same
pace as inflation over the same period. We built
a business-as-usual scenario by 2030 in which
we considered that all costs and prices would fol-
low national inflation and that labour costs would
continue to increase at the same rate above and
beyond inflation. We calculated the impact of
increased labour cost on the profitability of date
production in this scenario. We compared the
income per Deglet Noor palm with the income
per common date palm in 2023 and under such
a scenario by 2030 (considering the situation in
traditional oases and in extensions).

3.3. Dala collection and analysis

A survey of 123 farmers was carried out in
May 2023. Farmers were asked how many date
palms they had, about their production costs
(detailing cost categories as detailed in Appen-
dix A), yields, and the selling prices for all date
palm varieties they grew in 2021 and 2022.

They were also asked about the date varieties
and number of palm trees they had planted over
the period 2007-2022 and the date varieties and
the number of trees they planned to plant in the
period 2023-2032.

Together, the 123 farmers managed a total of
182 plots, of which 122 plots are located in tradi-
tional oases and 60 plots in extensions. Nineteen
percent of farmers who owned plots in traditional
oases had their own borehole they used to irrigate
the plot in addition to the water they obtained
from collective boreholes. The average planting
density in plots located in traditional oases was
150 palms per hectare and farmers had an average
0f 0.63 ha, usually divided into several plots. The
planting density in plots in the extensions was
on average 120 palm trees per hectare, while the
farmers farmed on average 4.5 ha.

The farmers interviewed reported that the De-
glet Noor variety dominated both in traditional
oases (70% of palm trees) and in extensions
(90%). Taken together, the farmers we inter-
viewed grew 41 varieties of common dates in
traditional oases and 26 varieties in extension
areas. Female trees of common date varieties
represented 28% of all trees in traditional oases
and 9.5% in extensions. The remainder were
male palm trees whose pollen can fertilize fe-
male palm trees of any variety.

Apart from Deglet Noor, the most prevalent
common semi-dry variety was Alig, which ac-
counted for 47% of common date palm trees in
traditional oases, and 56% of common date palm
trees in the extensions. Alig is often planted to
make date paste which is used in pastry mak-
ing; it has an established international market
and fetches a good price. Kenta was the most
prevalent dry variety in traditional oases and
in extensions and represented 17% of common
date palms in the oases and 19% in the exten-
sions. In recent years, actors of the date value
chain in Kebili Region have been paying in-
creasing attention to the Kenta variety because
it has an international market often in countries
where consumers want cheap dates. Moreover,
it is increasingly used to manufacture date pow-
der, since dry dates are easily ground and dried.
Gosbi was the most prevalent soft variety, rep-
resenting 2.2% of common date palm trees in
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traditional oases and 2% in the extensions. Our
comparative economic analysis with the refer-
ence variety Deglet Noor only included the three
common varieties most present in each category,
i.e., semi-dry (Alig), dry (Kenta) and soft (Gos-
bi), in the traditional oases and extensions of the
study area.

4. Results

4.1. Production costs

Table 2 lists the production costs for Deglet
Noor, Alig, Kenta and Gosbi varieties in the
plots located in traditional oases without access
to an individual borehole and in extensions. In
the traditional oases, the cost of irrigation water
corresponds to the amount paid to the water user
association. When farmers also have an individ-
ual borehole in traditional oases, irrigation costs
increase by 6.6 Tunisian Dinars (TND) per tree
(on top of what they pay to the water user associ-
ation), thus total production costs were 96.9 TND
for Deglet Noor variety and 58.9 TND for Alig,
Kenta and Gosbi varieties (in May 2022, 1 US$ =
3.1 TND). The Deglet Noor variety is labour-in-
tensive, the labourers have to climb the trees sev-

eral times in the season to perform tasks including
pollination, chiselling and destemming, bagging,
removing palm fronds and harvesting. Other vari-
eties only require two tasks: pollination and har-
vesting. Chiselling and destemming are not done
for common date varieties because these dates are
not marketed according to size. Bagging is not
used for common dates because they are more
resistant to rainfall and are harvested before the
beginning of the rainy period. Dry palm fronds
are not removed from common date palm trees
because these trees are considered to be more re-
sistant than Deglet Noor trees to insects that may
develop in these parts of the trees. Common date
palm trees also require less fertiliser than De-
glet Noor. The overall cost of producing Deglet
Noor, in both extension and traditional oases, is
thus much higher than the cost of producing Alig,
Kenta and Gosbi.

4.2. Reference situation and impacts
of waler scarcily

Table 3 lists the yields of the four main va-
rieties found in both traditional oases and ex-
tensions, in the three above-mentioned plot
situations in 2022. In traditional oases, the com-

Table 2 - Production cost of Deglet Noor, Alig, Kenta, and Gosbi in 2022.

Plot in a traditional oasis .
. Plot in a palm grove
(without access to an P
individual borehole)
Deglet Alig-Kenta- Deglet Alig-Kenta-
Noor Gosbi Noor Gosbi
Average cost per palm tree in 2022
(Tunisian Dinars - TND)
Irrigation water 7.3 7.3 8.3 8.3
Labour related to irrigation 1.8 1.8 4.2 4.2
Labour for other date production tasks 49.0 20 49.0 20.0
Plot cleaning (removing dry palm fronds, etc.) 0.6 0.6 0.8 0.8
Fertilisation 7.1 3.8 7.7 44
Tillage 6.3 6.3 6.3 6.3
Positioning plastic bags to protect the dates 4.1 0 5.8 0
Sulphur treatment to prevent against mite attacks 11.0 11.0 12.5 12.5
Transportation cost to buyer 1.6 0 2.0 0
Total production costs 88.8 50.8 96.6 56.5
Share of labour in total production cost (%) 55 39 51 35
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Table 3 - Yields and selling prices of the four date varieties in traditional oases and extensions.

Variety D]\i;géit Alig Kenta Gosbi
Yields

Plot in a traditional oasis without an individual borehole (kg/tree) 85 112 180 65
Plot in a traditional oasis with an individual borehole (kg/tree) 130 120 200 75
Plot in a palm grove extension (kg/tree) 185 155 221 85
Decrease ip yield between a plot wit.h. an indiv@dual borehole 34 6.6 10 13
and one without a borehole in a traditional oasis (%)

Average selling price (TND per kg)

In traditional oases 1.6 1.7 1 4
In extensions 2.5 2.1 1.3 4

parison between plots with and without access
to an individual borehole shows that water stress
reduces Deglet Noor yield by one third. Com-
mon date varieties are more resistant to water
scarcity. Table 3 also shows selling prices. De-
glet Noor dates are classified according to their
quality, each class has a specific selling price
(Table B1 in appendix). The price given for De-
glet Noor in Table 3 represents the average price
that accounts for the different quality classes.
This classification is not used for other varieties,
for which there is only one overall price.

Figure 2 shows the income per palm tree in
the three plot situations in 2022 (in this figure
and in following one’s bars represent standard

Figure 2 - Income per date palm tree in 2022.

errors). Income per Deglet Noor palm tree was
low in a situation of water stress resulting from a
marked drop in yield along with high production
costs. In plots located in traditional oases and
equipped with a borehole, the income was also
low. This was not due to water scarcity, but rath-
er because in 2022, problems connected with
mite infestations of Deglet Noor palm trees were
still affecting these oases. Common date varie-
ties were more profitable than Deglet Noor in
traditional oases. However, the price of Alig and
Kenta varieties has only increased significantly
in the past 10 years and farmers seldom plant
new trees in traditional oases. This explains why
Deglet Noor was still the most planted variety in

400

350
300
250
200
150
100
50 Ii_l
0

Deglet Noor Alig

TND/Date palm tree

Kenta Gosbi

OPlot in a traditional oasis without an individual borehole
OPlot in a traditional oasis with an individual borehole
[@Plot in a palm grove extension

124



NEW MEDIT N 4 2025

traditional oases. Moreover Figure 2 only gives
the income if the entire yield is sold. Gosbi is a
soft variety, it is consequently highly perishable
and can only be sold in the two weeks follow-
ing harvest, which limits its sales potential. As
a result, a considerable proportion of the yield
(approximately 80%) is destined for home con-
sumption or given to relatives.

4.3. Impacts of mile infestalion

The major mite infestation of date palms in
2021 affected many of the palm trees belong-
ing to the farmers we interviewed (Figure 3).
That year, high temperatures and long periods
between irrigation water turns in traditional
oases created a favourable environment for the
development of mites. In traditional oases, De-
glet Noor trees appeared to be more affected by
the mite than common date varieties. According
to a representative of the Kebili date technical
centre, mites develop preferably on tender leaf-
lets, which is the case of Deglet Noor palm trees.
By contrast, most common date palm trees have
hard leaflets. Moreover, there are more mites on
trees that are harvested late in the season. Deglet
Noor is harvested between November and De-
cember, i.e. later than Gosbi (mid-August), Ken-

ta (early October), and Alig (late October). In
the extensions, water is present and irrigation is
regular. This creates a humid microclimate that
is unfavourable for the development of mites.

In 2022, a sanitary protocol for mite preven-
tion had been communicated to farmers: 86% of
the farmers in the extensions we interviewed and
57% of farmers in traditional oases applied it.
Thus, palm trees were much less infested both
in traditional oases and in extensions, compared
with in 2021. Still, there were differences: farm-
ers more generally cleaned the palm groves and
sprayed sulphur power as a preventive treatment
in the extensions. In traditional oases, fewer
farmers applied the treatment and the palms be-
longing to a farmer who had applied the treat-
ment could still be infected later on because
neighbours had not carried out the treatment.
Thus, in 2022, mite infestation remained higher
than in traditional oases than in extensions.

Due to inflation, production costs and selling
prices for Deglet Noor were higher in 2022 than
in 2021 (respectively 15% and 23% higher). This
was due to mite infestation, especially because
there were far fewer dates of good quality avail-
able on the market. However, the sharp increase
in price between 2021 and 2022 did not affect
the fact that, between 2015 and 2022, produc-

Figure 3 - Percentage of palm trees infested by mites in 2021 and 2022.
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Figure 4 - Comparison of palm tree income between 2021 (high mite infestation) and 2022 (limited mite infestation).
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tion costs and the selling price followed national
inflation rates. By contrast, the selling prices for
common varieties remained stable between 2021
and 2022. In 2021, due to the drop in yield, the
income from the Deglet Noor variety (calculated
on average for a whole plot) was negative in a
plot located in a traditional oasis with no access
to a borehole (Figure 4). By contrast, the income
from common date production in plots located in
traditional oasis without access to an individual
borehole was not much affected by the mite in-
festation. In the extensions, the Deglet Noor va-
riety remained profitable in both years, because
the infestation rate remained low.

4.4. Future impacts of increasing labour
cosls

Figure 5 shows date palm tree income in tra-
ditional oases (without access to a borehole) and
in extensions, according to a future scenario for
2030 whereby: 1) production costs (excluding
labour) and selling prices increase at the same
pace as national inflation; 2) labour costs con-
tinue to increase at the same rate over and above
the inflation rate as they did between 2015 and
2022. In Figure 5, prices in 2030 are presented
using constant dinars as of 2022. In such a sce-
nario, by 2030, labour costs for Deglet Noor will
represent 84% of total production costs in an

extension and 86% in a traditional oasis. In the
extensions, Deglet Noor will remain the most
profitable variety even though the increase in
production costs reduces the difference in profit-
ability between Deglet Noor and other varieties.
In such a scenario, in traditional oases, income
from Deglet Noor will become negative due to
rising labour costs. The decrease in the profit-
ability of common date varieties is much lower
and these dates will remain profitable in tradi-
tional oases under this scenario. In fact, growing
common date varieties can help solve the grow-
ing problem of labour scarcity not only because
less work is required for production, but also
because harvesting of common date varieties is
spread out over a much longer period than that
of Deglet Noor.

4.5. Plantation of palm seedlings

Farmers mostly plant palm seedlings in exten-
sions, as space is available there to extend culti-
vated areas. In plots located in traditional oases,
planting new trees would require removing ex-
isting palm trees, which in practice, very seldom
happens. In the extensions, most of the farmers
we interviewed planned to continue planting
Deglet Noor (75% of planned trees) and Kenta,
Alig and Kentichi will represent most of com-
mon date varieties (together more than 23% of
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Figure 5 - Palm tree income in a future scenario by 2030 involving increasing labour costs.
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planned trees, Table 4). Kentichi is a dry variety
used for making date powder, a product whose
national and international markets have expand-
ed in recent years. The number of farmers who
planned to plant the Alig variety during the pe-
riod 2023-2032 was three times higher than the
number of farmers who planted Alig during the
period 2007-2022. The same evolution is ex-
pected for Kenta.

Farmers continued to favour Deglet Noor be-
cause the market for the variety remained sta-
ble, especially the export market but the farmers
we interviewed confirmed that they had become
aware of the interest of cultivating common date
varieties in order to continue making a profit
despite increasing risks. Alig, Kenta and Ken-
tichi were the preferred common date varieties
because they had also an acknowledged export
market. Moreover, unlike some other common

date palm varieties, their seedlings are easy
to find. More specifically, the 20 farmers who
planned to plant Kenta, Alig or Gosbi (instead of
Deglet Noor) mentioned that (i) demand on the
national and export market was high for Alig and
Kenta (15 farmers); (ii) these 3 varieties were re-
sistant to water stress and diseases and required
limited labour (12 farmers); (iii) they value bi-
odiversity per se, which is considered to be a
local patrimony (7 farmers); and (iv) 5 farmers
planned to grow Gosbi for self-consumption.

5. Discussion

In situations where production is fully under
control, i.e. access to sufficient water, controlled
labour costs, prevention of diseases and pest
infestations, etc.), Deglet Noor is clearly more
profitable than common date varieties. However,

Table 4 - Past and scheduled plantation of main palm varieties.

Deglet Alig Kentichi | Kenta Gosbi
Noor
Share of interviewed famers having plots in
extensions that planted each date variety during 57 7 5 7 2
2007-2022 (%)
Share of interviewed farmers having plots in
extensions than plan to plant each date variety 43 20 8 20 5
during 2023-2032 (%)
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the profitability of Deglet Noor is much more at
risk than the profitability of common date vari-
eties in the event of drought, high labour costs
and pest infestations. Common date palms are
physiologically more robust to different types of
stress and since their cost of production is low-
er, the income obtained from their production is
less affected by changes in these costs.

In the future, date production factors in Ke-
bili Region will probably be increasingly dif-
ficult to control. Water in traditional oases will
probably become increasingly scarce, due to the
growing difficulties of running water user asso-
ciations (Mekki et al., 2022). Extensions already
face a continuing drop in groundwater levels
due to intense pumping for irrigation (Mekki
et al., 2022). Moreover, the increasing number
of abandoned plots in traditional oases (already
observed in 2023), will likely significantly in-
crease the occurrence of pests and diseases. Due
to climate change, conditions will increasingly
favour infestation by dust mites. Consequently,
in extensions, and to an even greater extent in
traditional oases, factors enabling Deglet Noor
profitability may be increasingly less certain in
the future. Moreover, in extensions in which
farmers still plant trees, choosing the variety
of date and hence the degree of crop diversifi-
cation will increasingly involve a trade-off be-
tween profitability and risk management (e.g.
Kurdys-Kujawska et al., 2021).

Increasing numbers of studies point out that,
while “modern” agricultural systems perform
well when production conditions make it possi-
ble to get the best out of new crops (or varieties),
when such conditions are not met, “traditional”
varieties fare better e.g. thanks to their ability to
cope with harsh climate conditions (Assefa et al.,
2021). Underutilised species are increasingly ac-
knowledged to have a promising role to play to
build sustainable farming systems under climate
change (Hossain et al., 2021). The present study
has shown that the profitability of common date
varieties is already valid compared with De-
glet Noor, like in other examples of underuti-
lised species (Galappaththi and Schlingmann,
2023). Common dates involve lower economic
risks than “modern” input-intensive crops, due
to their lower investment costs. Thus, they do

fit the three criteria proposed by Gruere et al.
(2006) for defining underutilised species: “they
are locally abundant but globally rare, that sci-
entific information and knowledge about them is
scant, and that their current use is limited rela-
tive to their economic potential”.

6. Conclusion

Deglet Noor monoculture has been the back-
bone of agricultural — and more generally of the
economic — development of Kebili Region since
the 1970s. This model is increasingly jeopard-
ised by the increased occurrence of production
stresses. In addition to the well-known ecolog-
ical advantages of diversification, the present
study shows that producing common date vari-
eties can reduce the economic vulnerability of
farms to several production stresses.

At a time of climate change and degradation
of natural resources, Tunisian agricultural pol-
icies should focus less on economic growth of
the date sector and instead identify pathways to
build more resilient agricultural systems in oa-
ses. The promotion of common date varieties
can be a major pillar of a strategy towards resil-
ient agricultural systems. First, the type of anal-
ysis presented in this paper could be disseminat-
ed to help change in the opinion of many actors
(farmers, other actors of date value chains, staff
of public administrations) who still consider De-
glet Noor to be the only variety to be promoted
and marketed. Second, specific support could
be provided to help farmers plant common date
varieties in traditional oases — where these va-
rieties will become more and more adapt to lo-
cal production stresses than Deglet Noor. Third,
support to the marketing of common dates is
needed, both on the national and on the interna-
tional market.

Many crop diversification studies analyse the
factors that explain farmers’ decisions to opt for
crop diversification. Such studies are very use-
ful when the case for diversification is clear and
the main question is what can be done to support
farmers in diversifying. In Kebili Region, like
in many other regions worldwide, the debate is
still underway about how and to what extent it
makes sense to opt for more crop diversity, es-
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pecially from the farmer’s perspective, and in
some places the debate has hardly even started.
One of the obstacles to this debate, which should
include among others farmers and public actors
in charge of agricultural policies, is lack of data.
The present study shows it is indeed possible to
build an “economic case” for crop diversifica-
tion. By comparing the farm level profitability
of various diversification options when farmers
face a series of stresses, the method detailed in
the present paper can produce data that can be
easily used to inform discussion concerning the
appropriate level of crop diversity in an increas-
ingly uncertain environment.

Acknowledgement

The study took place as part of the Massire project
(www.massire.net) “Integrating multiple water sourc-
es and local institutions for enhanced food security in
North Africa’s hinterland by reinforcing agricultural
& rural innovation systems”. The project was funded
by IFAD (Grant number: 2000001013). The study also
benefitted from funding from CIHEAM Montpellier.

The study was possible thanks to the active sup-
port of the Regional Office for Rural Development
(Commissariat Régional de Dévelopment Agricole in
French) of Kebili. We would like also to thank inter-
viewed farmers and other members of research and
development organisations of Kebili for their help in
making this research possible.

References

Ali A., Bhattacharjee B., 2023. Nutrition security,
constraints, and agro-diversification strategies of
neglected and underutilized crops to fight global
hidden hunger. Frontiers in Nutrition, 10: 1144439.
DOI:10.3389/fnut.2023.1144439.

Asare R., Afari-Sefa V., Osei-Owusu Y., Pabi O., 2014.
Cocoa agroforestry for increasing forest connectivi-
ty in a fragmented landscape in Ghana. Agroforestry
systems, 88: 1143-1156. DOI:10.1007/s10457-014-
9688-3.

Assefa Y., Yadav S., Mondal M.K., Bhattacharya J.,
Parvin R., Sarker S.R., Rahman M., Sutradhar A.,
Prasad P.V.V., Bhandari H., Shew A.M., Jagadish
S.VK., 2021. Crop diversification in rice-based
systems in the polders of Bangladesh: Yield stabil-
ity, profitability, and associated risk. Agricultural
Systems, 187: 102986, https://doi.org/10.1016/].
agsy.2020.102986.

Aufthammer M., Carleton T.A., 2018. Regional crop
diversity and weather shocks in India. Asian De-
velopment Review, 35(2): 113-130. DOI:10.1162/
adev_a 00116.

Baca M., Laderach P., Haggar J., Schroth G., Ovalle O.,
2014. An integrated framework for assessing vulner-
ability to climate change and developing adaptation
strategies for coffee growing families in Mesoamer-
ica. PloS one, 9(2): e88463. DOI: 10.1371/journal.
pone.0088463.

Baldermann S., Blagojevi¢ L., Frede K., Klopsch R.,
Neugart S., Neumann A., Ngwene B., Norkeweit J.,
Schréter D., Schroter A., Schweigert F.J., Wiesner M.,
Schreiner M., 2016. Are neglected plants the food for
the future?. Critical Reviews in Plant Sciences, 35(2):
106-119. DOTI: 10.1080/07352689.2016.1201399.

Bandula A., Kibria A.S.M.G., Kumar Nath T, 2023.
Value Chain Map and Economic Performance of
Potentially Important Underutilized Crops in South-
eastern Sri Lanka. Economic Botany, 77(2): 169-
183. DOI: 10.1007/512231-023-09569-8.

Beillouin D., Ben-Ari T., Makowski D., 2019. Ev-
idence map of crop diversification strategies at
the global scale. Environmental Research Letters,
14(12): 123001. DOI: 10.1088/1748-9326/ab4449.

Ben Chaaban S., Chermiti B., Kreiter S., 2011. Com-
parative demography of the spider mite, Oligo-
nychus afrasiaticus, on four date palm varieties in
southwestern Tunisia. Journal of Insect Science,
11(1): 136. DOI: 10.1673/031.011.13601.

Benmoussa H., El-Kadri N., Ben Aissa N., Ben Mi-
moun M., 2022. A field survey suggests changes in
oasis characteristics in the Kebili region of southern
Tunisia. New Medit, 21(5): 1-20. DOI: 10.30682/
nm2205a.

Bernzen A., Sohns F., Jia Y, Braun B., 2023. Crop
diversification as a household livelihood strategy
under environmental stress. Factors contributing to
the adoption of crop diversification in shrimp culti-
vation and agricultural crop farming zones of coastal
Bangladesh. Land Use Policy, 132: 106796. DOI:
10.1016/j.1andusepol.2023.106796.

Boulay B., Khan R., Morrissey O., 2021. Under-uti-
lised crops and rural livelihoods: Bambara ground-
nut in Tanzania. Oxford Development Studies, 49(1):
88-103. DOI: 10.1080/13600818.2020.1839040.

Bozzola M., Smale M., 2020. The welfare effects of
crop biodiversity as an adaptation to climate shocks
in Kenya. World Development, 135: 105065. DOI:
10.1016/j.worlddev.2020.105065.

Bravo-Pefia F., Yoder L., 2024. Agrobiodiversity and
smallholder resilience: A scoping review. Journal

129


http://www.massire.net
https://doi.org/10.1016/j.agsy.2020.102986
https://doi.org/10.1016/j.agsy.2020.102986

NEW MEDIT N 4 2025

of Environmental Management, 351: 119882. DOI:
10.1016/j.jenvman.2023.119882.

Carpentier 1., 2018. Les révolutions silencieuses des
oasis du sud tunisien, Crise des modéles et réponses
locales. PhD diss., Paris I Panthéon Sorbonne. DOI:
10.3917/pour.239.0205.

Chivenge P., Mabhaudhi T., Modi A.T., Mafongoya P.,
2015. The potential role of neglected and underuti-
lised crop species as future crops under water scarce
conditions in Sub-Saharan Africa. International

Jjournal of environmental research and public health,
12(6): 5685-5711. DOI: 10.3390/ijerph120605685.

Clément R., Tuan D., Cuong V., Le Van B., Trung
H.Q., Long C.T.M., 2023. Transitioning from
monoculture to mixed cropping systems: The case
of coffee, pepper, and fruit trees in Vietnam. Eco-
logical Economics, 214: 107980. DOIL: 10.1016/].
ecolecon.2023.107980.

Dardonville M., Bockstaller C., Therond O., 2021.
Review of quantitative evaluations of the resilience,
vulnerability, robustness and adaptive capacity of
temperate agricultural systems. Journal of Clean-
er Production, 286: 125456. DOI: 10.1016/j.jcle-
pro.2020.125456.

De Roest K., Ferrari P., Knickel K., 2018. Specialisa-
tion and economies of scale or diversification and
economies of scope? Assessing different agricultural
development pathways. Journal of Rural Studies,
59:222-231. DOLI: 10.1016/j.jrurstud.2017.04.013.

Dop M.C., Kefi F., Karous O., Verger E.O., Bahrini A.,
Ghrabi Z., E1 Ati J., Kennedy G., Termote C., MEDI-
NA Study Group, 2020. Identification and frequency
of consumption of wild edible plants over a year in
central Tunisia: a mixed-methods approach. Public
Health Nutrition, 23(5): 782-794.

Galappaththi E.K., Schlingmann A., 2023. The sustain-
ability assessment of Indigenous and local knowl-
edge-based climate adaptation responses in agri-
cultural and aquatic food systems. Current Opinion
in Environmental Sustainability, 62: 101276. DOI:
10.1016/j.cosust.2023.101276.

Gendre L., Le Gal P.-Y., Rhouma A., 2007. Organisa-
tion de la chaine d’approvisionnement de la datte
tunisienne. Montpellier: Cirad-Sirma-Crrao.

Gruere G., Giuliani A., Smale M., 2012. Marketing un-
derutilized plant species for the benefit of the poor:
a conceptual framework. International Food Policy
Research Institute. DOI: 10.2139/ssrn.916572.

Hayran S., Gul A., Ali Saridas M., 2018. Farmers’
sustainable agriculture perception in Turkey: The
case of Mersin province. New Medit, 17(3): 69-78.
DOI:10.30682/nm1803f.

Hossain A., Islam M., Maitra S., Majumder D., Garai S.,

Mondal M., Ahmed A., Roy A., Skalicky M., Bres-
tic M., Islam T., 2021. Neglected and underutilized
crop species: are they future smart crops in fighting
poverty, hunger and malnutrition under changing cli-
mate?. In: Zargar S.M., Masi A., Salgotra R.K. (eds),
Neglected and underutilized crops-towards nutri-
tional security and sustainability, pp 1-50. Cham:
Springer. DOI: 10.1007/978-981-16-3876-3 1.

Ismail H.B., Hassine D.B., 2021. Tunisian date culti-
vars: economical aspect, physicochemical proper-
ties, sensory characterization and potential valoriza-
tion. In: Allouche F.K., Abu-Hashim M., Negm A.M.
(eds), Agriculture productivity in Tunisia under
stressed environment. Cham: Springer International
Publishing, pp. 57-71.

Khoualdia O., Rhouma A., Hmidi M.S., 1993. Contri-
bution to the bio-ecological study of the white scale
Parlatoria blanchardi. Targ (Homoptera, Diaspididae)
of date palm in Djerid (southern Tunisia). Annales de
I’Institut National de la Recherche Agronomique de
Tunisie, 66(1/2): 89-108. DOI:10.17660/ActaHor-
tic.2013.994.39.

Koussani W., Khamassi F., Faysse N., 2022. Zarazi ta-
ble olives in Beni Khedache (Tunisia) highlighting
an overlooked traditional product. New Medit, 21(5):
139-148.

Kozicka M., Gotor E., Ocimati W., de Jager T., Ki-
kulwe E., Groot J.C.J., 2020. Responding to future
regime shifts with agrobiodiversity: A multi-level
perspective on small-scale farming in Uganda. Ag-
ricultural Systems, 183: 102864. DOI: 10.1016/.
agsy.2020.102864.

Kurdys$-Kujawska A., Strzelecka A., Zawadzka D.,
2021. The impact of crop diversification on the eco-
nomic efficiency of small farms in Poland. Agricul-
ture, 11(3): 250. DOI: 10.3390/agriculture11030250.

Lennox E., 2015. Double exposure to climate change
and globalization in a Peruvian highland commu-
nity. Society & natural resources, 28(7): 781-796.
DOI: 10.1080/08941920.2015.1024364.

Leon Araya A., 2023. Monocrops. The Jour-
nal of Peasant Studies, 50(3): 797-808. DOI:
10.1080/03066150.2023.2174858.

Lin B.B., 2011. Resilience in agriculture through
crop diversification: adaptive management for en-
vironmental change. BioScience, 61(3): 183-193.
DOI:10.1525/bi0.2011.61.3 4.

Mabhaudhi T., Chimonyo V.G.P., Hlahla S., Massawe
F.,Mayes S., Nhamo L., Thembinkosi Modi A., 2019.
Prospects of orphan crops in climate change. Planta,
250: 695-708. DOI:10.1007/s00425-019-03129-y.

Morimoto Y., Maundu P., Gichangi Mahinda E.,
Kirori D., 2021. Enhancing the use of underuti-

130



NEW MEDIT N 4 2025

lised food crops: Partnerships in a success story of
a pop cereal business in Kenya. In: Morimoto Y.,
Maundu P., Gichangi Mahinda E., Kirori D. (eds),
Orphan Crops for Sustainable Food and Nutrition
Security, pp. 182-197. London: Routledge. DOI:
10.4324/9781003044802-17.

Martin A.R., Cadotte M.W., Isaac M.E., Milla R.,
Vile D., Violle C., 2019. Regional and global shifts
in crop diversity through the Anthropocene. PLoS
One, 14(2): ¢0209788. DOI: 10.1371/journal.
pone.0209788.

Mattas K., Nastis S.A., Michailidis A., Tsakiridou E.,
Spyridon K., 2024. Unveiling the hidden gems:
Minor crops as catalysts for sustainable develop-
ment, biodiversity conservation, and economic re-
silience. Sustainable Development. DOI: 10.1002/
$d.2930.

McCord P.F., Cox M., Schmitt-Harsh M., Evans T.,
2015. Crop diversification as a smallholder liveli-
hood strategy within semi-arid agricultural systems
near Mount Kenya. Land use policy, 42: 738-750.
DOI: 10.1016/j.1andusepol.2014.10.012.

Mekki 1., Ferchichi 1., Taouajouti N., Faysse N., Zairi
A.A., 2022. Oasis extension trajectories in Kebili
territory, Southern Tunisia: Drivers of development
and actors’ discourse. New Medit, 21(5): 85-101.
DOI:10.30682/nm2205f.

Mzyece A., Amanor-Boadu V., Ng’ombe J.N., 2023.
Strategic value of crop diversification among farm-
ers: New insights and measurement. World Devel-
opment Sustainability, 3: 100090. DOI: 10.1016/;.
wds.2023.100090.

Niether W., Jacobi J., Blaser W.J., Andres C., Armengot
L., 2020. Cocoa agroforestry systems versus mon-
ocultures: a multi-dimensional meta-analysis. Envi-
ronmental Research Letters, 15(10): 104085. DOI:
10.1088/1748-9326/abb053.

Onagri, 2023. Flash sur les exportations des dattes tu-
nisiennes, http://www.onagri.nat.tn/uploads/filieres/
dattes/Flash Dattes (sept-2023) Fr.pdf

Ouamnina A., Alahyane A., Elateri 1., Boutasknit A.,
Abderrazik M., 2024. Relationship between phenol-
ic compounds and antioxidant activity of some Mo-
roccan date palm fruit varieties (Phoenix dactylifera
L.): A two-year study. Plants, 13(8): 1119.

Padulosi S., King 1.O., Hunter D., Swaminathan M.S.
(eds), 2021. Orphan Crops for Sustainable Food and
Nutrition Security. London: Routledge. https:/doi.
org/10.4324/9781003044802.

Palevsky E., Ucko O., Peles S., Yablonski S., Gerson
U., 2003. Species of Oligonychus infesting date

palm cultivars in the Southern Arava Valley of Is-
rael. Phytoparasitica, 31: 144-153. DOI: 10.1007/
BF02980784.

Rhouma A., 2005. Le palmier dattier en Tunisie, 1. Le
Patrimoine Génétique, vol. 2. Rome: IPGRI.

Salaheen S., Biswas D., 2019. Organic farming prac-
tices: Integrated culture versus monoculture. In:
Biswas D., Micallef S.A. (eds), Safety and prac-
tice for organic food, pp. 23-32. Amsterdam: El-
sevier-Academic Press. DOI: 10.1016/B978-0-12-
812060-6.00002-7.

Schroth G., Ruf F., 2014. Farmer strategies for tree
crop diversification in the humid tropics. A re-
view. Agronomy for sustainable development, 34(1):
139-154. DOI: 10.1007/s13593-013-0175-4.

Shaibu M.T., Onumah E.E., Al-Hassan R.M., Kuwornu
J.K.M., 2020. Comparative assessment of vulnerabil-
ity of smallholder livestock farmers to climate change
in North-West Ghana. Local Environment, 25(8):
559-575. DOI: 10.1080/13549839.2020.1802585.

Sneessens 1., Sauvée L., Randrianasolo-Rakotobe H.,
Ingrand S., 2019. A framework to assess the eco-
nomic vulnerability of farming systems: Application
to mixed crop-livestock systems. Agricultural Sys-
tem, 176: 102658. URL: https://doi.org/10.1016/].
agsy.2019.102658.

Tadele Z., 2018. African orphan crops under abiotic
stresses: challenges and opportunities. Scientifica, 1:
1451894. DOI: 10.1155/2018/1451894.

Tamburini G., Bommarco R., Wanger T.C., Kremen
C., Van Der Heijden M.G.A., Liebman M., Hal-
lin S., 2020. Agricultural diversification promotes
multiple ecosystem services without compromis-
ing yield. Science advances, 6, 45: eabal715. DOL:
10.1126/sciadv.abal715.

Turner B.L., Kasperson R.E., Matson P.A., McCarthy
J.J., Corell R.W., Christensen L., Eckley N., Kasper-
son J.X., Luers A., Martello M.L., Polsky C., Pulsi-
pher A., Schiller A., 2003. A framework for vulnera-
bility analysis in sustainability science. Proceedings
of the national academy of sciences, 100(14): 8074-
8079. DOTI: 10.1073/pnas.1231335100.

Zabala J.A., Martinez-Garcia V., Martinez-Paz
JM., Lépez-Becerra E.I, Nasso M., Diaz-Perei-
ra E., Sanchez-Navarro V., Alvaro-Fuentes J.,
Gonzalez-Rosado M., Farina R., Di Bene C., Huerta
E., Jurrius A., Frey-Treseler K., Loczy D., Fosci L.,
Blasi E., Lehtonen H., Alcon F., 2023. Crop diversi-
fication practices in Europe: An economic cross-case
study comparison. Sustainability Science, 18(6):
2691-2706. DOI: 10.1007/s11625-023-01413-1.

131


http://www.onagri.nat.tn/uploads/filieres/dattes/Flash_Dattes_(sept-2023)_Fr.pdf
http://www.onagri.nat.tn/uploads/filieres/dattes/Flash_Dattes_(sept-2023)_Fr.pdf
https://doi.org/10.4324/9781003044802
https://doi.org/10.4324/9781003044802
https://doi.org/10.1016/j.agsy.2019.102658
https://doi.org/10.1016/j.agsy.2019.102658

NEW MEDIT N 4 2025

Appendix A

Hereafter we detail the costs considered for
undertaking economic analysis.

a) Irrigation water

In traditional oases, this corresponds first to
the cost paid to the water user association. This
is calculated as the tariff per hour multiplied by
the number of irrigation hours during one year.
In case farmers have a borehole (in extension
and in traditional oasis), this cost includes the
capital cost of drilling a borehole and buying
irrigation equipment and solar panels (duration
of equipment considered as being 20 years). En-
ergy costs are generally nil because of the wide
spread use of solar energy and maintenance
costs are negligible.

b) Labour related to irrigation

Cost of date palm irrigation labour per irriga-
tion multiplied by the number of times trees are
irrigated per year.

c) Labour for other date production tasks

Producing Deglet Noor variety requires that
labourers climb palm trees several times per
season: once for removal of the palm, twice for
pollination, once for chiselling and manipulation
of the date regime, once for bagging, and once
for harvesting. Each ascent involves a special
labour price per tree. By contrast, common date
trees require only two ascents for pollination and
harvest.

d) Plot cleaning

One hectare requires three days of cleaning for
one employee.

e) Fertilisation

This task is two-pronged. First, every year,
farmers deposit ammonium nitrate around each
tree. Second, once every three years, farmers
plough around the trees, put diammonium phos-
phate, and add manure around date palm trees.

f) Tillage

Every year, farmers hire a service-provider
that comes with a tractor and till the whole plot.

g) Positioning plastic bags to protect the dates

Plastic bags are used to protect date bunch-
es from rainfall and mosquitoes. A palm tree
in a traditional oasis contains an average of 12
bunches as palm trees are older, whereas in the
extension it contains an average of 17 bunches,
one mosquito net bag per bunch. They are re-
newed on average once every three year.

h) Sulphur treatment to prevent against mite

attacks

Farmers spray sulphur two times, from 2021
onwards. The calculation did not take into ac-
count additional treatment in case of mite attack.

1) Transportation cost to buyer

Yield of Deglet Noor date is generally high
in each farm so farmers need to hire a truck to
transport harvested dates to middle men. By
contrast, due to small quantities, farmers trans-
port common dates using their own vehicles.

Appendix B
Table B1 - Classification of the Deglet Noor variety.
. . Dates in bulk .
Categories of dates fruits of Deglet Noor CZZ;TZe i;fszed c]ZZl.};de (fallen from the lefZil:l)Ck
fruit bunch)

Selling price of the Deglet Noor variety (TND/kg) | 3.7 2.5 1.5 1 0.2
Percentage of quantity sold for each choice in 2022)
Plot in a traditional oasis without an individual
borehole (%) 17 25 15 7 36
Plot in a traditional oasis with an individual
borehole (%) 25 25 15 7 28
Plot in a palm grove extension (%) 50 10 25 5 10
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