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Abstract: Since its appearance in Algerian agriculture, the greenhouse production system has turned
the agricultural sector upside down, bringing great advantages for production in terms of quality
and quantity, creating a very important socio-economic dynamic, especially in the Saharan region.
This paper makes a new contribution by providing information on the impact of agricultural policies
on greenhouse development in Biskra (southeastern city in Algeria). This study aims to understand
the type of farms/farmers most specialized in greenhouses as well as the relationship between
the use of these land acquisition and financing policies (PNDA) and their degree of specialization
in greenhouses. A field survey was held from February to April 2021 in the M’ziraa region (a
municipality of Biskra City), completing 97 questionnaires. Collected data were analysed by Ordinary
Least Squares (OLS) regression and Truncated regression. The results show that farmers who used
PNDA to acquire the land and for greenhouse investments and those with a lower education level
are less likely to specialize in greenhouse production. Similarly, the effect of farm size is negative on
the specialization in greenhouse production. Conversely, we found that farmers who do not directly
manage the farm and those who have a longer experience with greenhouse production invest a higher
share of their land in greenhouses.

Keywords: agricultural policies; greenhouse production; Algeria; Saharan agriculture

1. Introduction

Modern agricultural techniques aimed at increasing food production often have a
negative impact on other ecosystem services, such as water conservation and soil fertil-
ity [1]. However, sustainable intensification of agriculture can help solve these problems,
addressing the food security challenge by producing more food using less land and re-
ducing overall negative environmental impacts [2]. One promising option for agricultural
intensification is the cultivation of vegetables in a greenhouse. Greenhouses provide a con-
trolled environment for plant growth, allowing for year-round production and the ability
to grow crops in regions where they might not otherwise be able to grow. According to a
recent report by the Food and Agriculture Organization (FAO) of the United Nations [3],
the total area of greenhouse crops worldwide was estimated at 4.9 million hectares in 2019,
with most greenhouse crops grown in Asia (59%), followed by Europe (21%) and North
America (16%). The most grown greenhouse crops globally include vegetables such as
tomatoes, cucumbers, and peppers, as well as ornamental plants like flowers.

Algerian agriculture has undergone considerable economic and social changes over
the past two decades as a consequence of specific State efforts aiming at better organizing
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the agri-food chains and the market and encouraging agricultural investments and exports
through some agricultural policy reforms, as the “National Agricultural Development Plan”
(PNDA—Plan National de Developpement Agricole), launched in the 2000s. These State
actions brought new prospects for agricultural development, especially in the Saharan
regions, through the transition from the old oasis production system, based on date palms
and livestock farming, to a new diversified system comprising greenhouse crops, underly-
ing crops, and livestock farming [4–6]. It was under this policy program that greenhouse
crops began to flourish in the wilaya (province) of Biskra. The PNDA has several objectives
that refer to the different dimensions of sustainability: i.e., ensuring food security in the
country, making rational and sustainable use of natural resources (i.e., water and land)
by subsidising farmers with irrigation systems (drip irrigation), and the construction of
boreholes and water storage basins to reduce the environmental impact of a greenhouse.
This promotes job creation and local economic development and improves farmers’ living
conditions and profitability.

Previously, greenhouse production in Algeria was faced with several challenges, in-
cluding the high cost of building and equipping greenhouses, lack of production factors
(land and water), limited availability of qualified personnel in greenhouse vegetable pro-
duction, and inadequate marketing infrastructure. In this case, the Algerian government
has implemented policies to support the development of greenhouse crop production,
including subsidies for greenhouse construction and equipment and facilitation of access
to land development. Most greenhouse production in Algeria is concentrated in the south
of the country (e.g., Biskra region), where the climate is more favourable for year-round
production. Moreover, these Saharan regions have a huge territory that covers about 75% of
the national scale area [7]. They also have significant water resources, mainly consisting of
non-renewable groundwater reservoirs, which enable them to become excellent agricultural
sites. Since the promulgation of the “Access to Agricultural Land Development” (APFA)”
law in 1983, the Saharan regions, including Ziban (Biskra region), experienced a certain
agricultural dynamism by attracting new investors from other cities of the country [8–10].

This article contributes to the knowledge of the greenhouses’ development in the
Biskra region. It sheds empirical light on agricultural development policies during the last
thirty years, which were marked by a clear orientation to encourage the development of
agriculture in the southern regions, where date palms used to be the only source of income
for farmers. These policies are considered a very important choice, allowing the lifting
of the constraints of access to production resources (land). However, little research has
been conducted on this topic to understand the specific factors impacting the adoption and
success of greenhouse cultivation in the Biskra region. This study aims to understand the
relationship between the degree of specialization of farms in greenhouse production and
the use of PNDA to acquire land.

2. Background on the Policy Support to Agricultural Production in Algeria

The agricultural development of the arid regions in Algeria started in the early 1980s
under Law No. 83-18, which encouraged access to agricultural land [11–13]. Its main
objective was to increase agricultural production by mobilizing new natural resources (land
and water) not exploited yet by the sector. The land was the private domain of the State,
especially that located in the arid zones of the country (i.e., steppes and Sahara). These
lands were allocated to Algerian farmers, i.e., holders of agricultural projects, according
to two possible regulatory channels. The first concerned the transfer of the ownership
right subject to the effective land development (see Law no. 83-18 granting access to land
development), while the other concerned the transfer of a 40-year concession right (see Law
no. 08-16 on agricultural policy) [14]. In addition to these legal and regulatory instruments,
the State mobilized large financial resources to support development operations on the
ground [11]. Thus, it promoted numerous development programs (i.e., land acquisition,
agricultural electrification, the realization of collective drilling, and opening of agricultural
tracks) along the perimeter of several cities in the country and, at certain periods, it funded
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individual farm investments and facilitated the access to credit for private farmers. So far,
only a relatively small proportion of the distributed area has been developed. Indeed, for
the areas allocated under APFA, the total balance sheet established in 2013 by the National
Office of Agricultural Lands (ONTA) shows that 17.7% of the 810 thousand allocated ha
were developed [15].

The development of greenhouse vegetable production in the Biskra region began
in the 1990s in the wake of the agricultural land development policy, but the real boom
dates to the 2000s, thanks to the multiple public support for farm investments provided
under the PNDA. Under this program, the State also funded drilling and equipment for
drip irrigation [15,16]. This additional support played an important role since vegetable
farmers are mostly small producers (with, on average, 0.5 ha), often specialized in one
or two crops [12], and direct bank financing for greenhouses is marginal. In this respect,
in 2009, total operating loans granted to the greenhouse sector amounted to just USD
42,000 nationally. In addition, investment loans for greenhouses were considerably reduced,
from USD 1.9 million in 2009 to USD 500 thousand in 2012 and USD 74 thousand in
2020 under the new El-Tahadi program [17]. Today, according to [18], the emergence of
this new production zone as an agricultural hub is no accident. In fact, it is the result of a
process of transformation of production methods (e.g., introduction of new crops, adoption
of new technologies) in coordination with the new development of agricultural land and the
new funding opportunities offered by the PNDA. The launch of the PNDA has generated
renewed interest and activity in these regions, which has not only helped to improve food
security in these areas and in the country but also to create jobs and improve farmers’ living
standards [19]. Moreover, in areas where the development has been successful, the results
have been quite impressive: veritable agricultural poles have emerged, bringing about
a change in the geography of agricultural production in Algeria. The Biskra region is a
good example of the success of greenhouse farming in southern Algeria, with its 37% share
of national vegetable production [18]. As reported in Figure 1, in the last 20 years, both
greenhouse area and greenhouse production experienced a continuous increase, which has
been particularly sharp after 2010.
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Sustainability 2023, 15, 14396 4 of 14

3. Study Area

Biskra region is located in the northeast of the Algerian Sahara, covering an area of
3 thousand square kilometers. The study area is characterized by a hot desert climate
according to Koppen’s classification; the mean annual rainfall rarely exceeds 150 mm, the
mean annual evaporation is 2.5 thousand mm, and the mean temperature ranges from
11 ◦C (coldest month: January) to 35 ◦C (hottest month: July) [20]. The study area is
generally flat, with undulating ridges and mountain ranges (the lowest altitude in the
Oumache area is 43 m, and the highest altitude in the western part of the area is 283 m).
Geologically, almost the entire study area belongs to the recent Quaternary, which is a
favorable situation for groundwater recharge and occurrence [21,22]. Like all soils in the
world’s arid regions, the soils of Algeria’s Saharan zone contain relatively large quantities
of soluble salts, whose accumulation is due to the scarcity of rainfall that slows down the
leaching of these salts [23]. This region has favorable conditions to produce greenhouse
crops, including abundant sunshine and access to water resources through irrigation
systems. Greenhouses in this region represent an important source of employment and
income for the rural population. Accordingly, they offer small farmers the opportunity to
increase their yields and incomes and create job opportunities [24,25]. Thirty years ago,
the Biskra region was known for three main agricultural activities, namely date palm,
sheep livestock, and cereals production, while in recent years, it has undergone a change
in the production system mainly due to the development of greenhouse production. This
sector, like a date palm, experienced very significant growth in the last two decades,
especially in some regions such as El-Ghrous, M’ziraa, Doucen, and Ain Naga [26]. The
main crops grown in these regions include tomatoes, hot and sweet peppers, cucumbers,
and melons [9]. The introduction of greenhouses in the region of Biskra has breathed a
real socio-economic dynamic through the creation of wealth. Experts in the agricultural
sector explain this dynamic by the concurrence of several factors, such as the increase in
public support to agriculture through different rural development programs (e.g., PNDA
and APFA), the use of innovations in production technologies and their improvement,
the new expertise acquired by young investors, the greenhouse surface multiplication
and the installation of new types of greenhouses such as the Multi-Greenhouse and the
Canarian Greenhouse [27]. Greenhouses are a major source of income for the region’s
populations, with growers, traders, input suppliers, temporary farm employees, collectors,
seed merchants, and other suppliers providing growers with the necessary equipment.
The large amount of commercial activity generated in these regions at the harvest time
in the six wholesale markets also benefits the people living in these areas. Overall, the
socio-economic dynamism of the production areas is very strong. Indeed, there has been a
major improvement in the income and, consequently, the standard of living of producers
and households. This has made a major contribution to reducing poverty in the communes
where the vegetable is grown and decreasing the unemployment rate from 23.8% in 1992 to
less than 10% in recent years. Agriculture is making a major contribution to this decline in
the region [27].

The growth of greenhouse in Biskra is partly linked to fruit and vegetable wholesale
markets, which include three wholesale markets (i.e., M’ziraa, Ain Naga, and El-ghrous),
most of whose production is destined for the eastern and central regions of the country. A
large proportion of off-season market garden produce passes through these markets, which
are frequented by traders from all the country’s urban centers. They are also characterized
by their system of direct sales from producers to traders. This makes them a real hub of
information, both between local producers and between producers and traders. Producers
receive information about consumer preferences and periods of imbalance between supply
and demand. A study on the structure of the El-Ghrous market, how it operates, and its
role in price formation and producer remuneration was carried out by [28].

The agricultural area in the Biskra region is estimated at 1.6 million hectares, including
grazing land and land used for agriculture. The Utilized Agricultural Area (UAA) for
farming is 185 thousand ha. The area irrigated in this region is 111 thousand hectares, of
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which 24 thousand hectares are cultivated with winter cereals. Palm-growing occupies an
area of 42 thousand hectares, i.e., approximately 4.5 million palm trees. Greenhouses cover
an area of around 25 thousand ha, while forage crops occupy an area of only 7 thousand
ha. The area under trees does not exceed 5 thousand ha, and the area under olive trees is
4.5 thousand ha [29].

To date, the Biskra region has become a pole of greenhouse crop production, which has
experienced a considerable evolution in the last twenty years. According to the statistics
provided by the Agricultural Services Direction of Biskra [29], in 2000, the agricultural
area occupied by greenhouses was about 1 thousand ha, with most of them devoted to
the production of tomatoes (689 ha), hot peppers (438 ha), and sweet peppers (202 ha). In
terms of production, 77 thousand tons were harvested in 2000, including 51 thousand tons
of tomatoes, 17 thousand tons of hot pepper, and 9 thousand tons of sweet pepper. In 2020,
the total greenhouses’ area was estimated at 7 thousand ha, with the majority devoted
to tomatoes (2 thousand ha), hot peppers (1 thousand ha), and sweet peppers (778 ha).
Also, the total production under greenhouse amounts to 725 thousand tons, and among the
major crops, we find 316 thousand tons for tomatoes, 99 thousand tons for hot peppers,
and 62 thousand tons for sweet peppers. As further evidence highlighting the agricultural
importance attained by the Biskra region, the regional planted area with greenhouses
represents more than 49% of the total national greenhouse planted area. Moreover, the
production represents about 60% of the total Algerian greenhouse production. The recent
achievements in greenhouse production at the national level, and especially in the Biskra
region, are mainly due to several factors such as favourable climatic conditions, availability
of water resources, and the launch of the PNDA in 2000 [9]. In addition, a role is played by
the benefit generated by greenhouses compared to date palms since, according to [30], the
income from a greenhouse is equivalent to that of 20 Deglet-nour palms. Despite all these
advantages, the phytosanitary situation on greenhouse farms in Biskra is very worrying due
to the microclimate that favors the development of pests and diseases. These are causing
major losses and a loss of earnings in terms of both quantity and quality. This is due to the
very traditional way in which crops are grown, and phytosanitary treatments have been
abandoned. The main diseases and pests that attack crops in Biskra, according to producers,
are (i) diseases caused by insects (white-fly, mites, aphids, trips, defoliating noctuid moths),
(ii) fungal diseases: root diseases (fusariosis, pythium, verticillium), mildew, oidium [31].
In this region, there is little rational management of agrochemicals, and farming is based
on the preventive use of pesticides. The growing quantity of chemical inputs is the result
of their great potential to improve crop productivity to increase crop yields and farmers’
incomes through the systemic elimination of all harmful pests and diseases. However,
these doses used can lead to undesirable effects such as an increase in the resistance of
harmful vectors, leading to the appearance of a new generation that is more tolerant to
insecticides; a risk of intoxicated farmers; and contamination of water and air [32–34]. The
risk of inappropriate use of pesticides can be exacerbated by a lack of training and technical
advice. This leads to risky practices and also hampers the development of healthy and
sustainable agriculture [35].

4. Materials and Methods

The study survey was conducted from February to April 2021 on a sample of green-
house farmers (N = 97) in the Biskra region in Algeria, particularly in the leading munici-
pality for greenhouse crop production, i.e., M’ziraa (Figure 2).

Face-to-face interviews with a questionnaire were carried out among producers of
tomatoes, eggplants, hot peppers, and sweet peppers. Those farmers represent more than
40% of the total regional farmers in the case study area. A pre-investigation was carried out
from February to March 2019 to test the feasibility of the study questionnaire on a sample
of 45 farmers.
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The questionnaire was structured as follows: first, we collected data on household
characteristics (i.e., age, level of education, experience in greenhouse cultivation and
training). Then, in a second section, we included questions about the mode of acquisition
of agricultural land, the tenure of land (i.e., direct or indirect), and farms’ characteristics,
such as the total farm size and the greenhouses area, both in hectares. As for the mode of
agricultural land acquisition, it is aimed at understanding the different mechanisms by
which farmers and landowners have access to the agricultural land and can implement
their greenhouse investments, namely purchase, rent, and use of public support provided
by PNDA. The farm management mode refers to the way in which the surveyed farms are
managed, i.e., directly or indirectly by the farm owner.

The collected variables were used to study the relationship between several farm char-
acteristics and the degree of farm specialization in greenhouse production. Among these
characteristics, we included farmers’ use of PNDA for land acquisition and greenhouse
investments. This responds to the overarching aim of our study, i.e., to assess the impact
of agricultural policies on the promotion of greenhouse crops in the study region. The
farm specialization in greenhouse production was measured by a variable indicating the
proportion of land used in each farm for greenhouse crops in relation to the total farm area.
This variable, named greenhouse share, was obtained by dividing the farm area allocated
to greenhouse production and the total farm area.
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Table 1 reports the summary statistics of the considered variables for the sample used
for the statistical elaborations. The average age of the farmers surveyed is 42. Moreover, 42%
of the farmers have a middle school level, while 84.5% of them have no formal agricultural
training. In terms of access to land, it is shown that 65% of the sample used the PNDA to
acquire land and to implement greenhouse production at their farm. Therefore, we can
observe that the greenhouse share for the respondent farmers amounts to 0.2 on average.
Furthermore, for the tenure of land, 70% of landowners use the indirect mode to manage
their farms, while only 30% manage their farms directly.

Table 1. Sample descriptive statistics (N = 97).

Variable Description Mean Median Std.Dev. Inter-Quartile
Range Min Max

Share of
Observations

(%)

Age (years) (X3) 41.63 41 9.62 14 21 66 -

Educational level

1 = Illiterate/
Primary (X4) 14.4

2 = Middle school 42.3
3 = Secondary/
high school (X5) 24.7

4 = University (X6) 18.6

Acquisition of land
1 = Purchase (X1) 9.3

2 = PNDA (X2) 64.9
3 = Rent 25.8

Tenure of land 1 = Direct 29.9
2 = Indirect (X8) 70.1

Total Area (hectares) (X9) 13.24 11.00 9.81 8.00 1.00 58.00

Greenhouse area (hectares) 2.37 2.00 2.01 1.50 0.30 12.50

Greenhouse share (%) (Y) 0.23 0.17 0.19 0.18 0.03 1.00

Training 1 = yes (X7) 15.5
0 = no 84.5

Experience (years) (X10) 17.72 19 8.27 13 4 36

Phytosanitary
problems 1 = yes 100

Chemical plant
protection 1 = yes 100

Water source Borehole 100

To identify the relationship between the different farm characteristics and greenhouse
specialization, we adopted a regression approach. Specifically, the log of the greenhouse
share was used as the dependent variable in an OLS framework. Since the greenhouse
share is a proportion (i.e., taking values in the [0; 1] set), its logarithm potentially displays a
right truncated distribution (taking values in the (−∞; 0] set). However, a visual analysis
of this distribution, as well as the Shapiro–Wilk test, reveals that the normality assumption
cannot be rejected. Nevertheless, to check the robustness of the results, we also performed
a truncated regression. In addition, as a further robustness check, we implemented a beta-
regression on the original greenhouse share variable (i.e., without the log transformation).
The beta-regression is, in fact, specifically devised for proportion-dependent variables.
Overall, the three models provide similar results. All the data elaborations were performed
in Stata 17 and SPSS 26.
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5. Results

Table 2 presents the results from the OLS and the truncated regression on the loga-
rithm of the farm greenhouse share in the Biskra region. For convenience, we decided
to omit the results of the beta-regression, considering that they are similar and that this
regression was performed only to check the robustness of the original model. They are
available, however, from the authors upon request. The R-square and the pseudo-R-square
of the OLS and truncated regressions are 0.33 (adjusted OLS R-square: 0.25). These val-
ues are comparable to other studies investigating the impact of farm characteristics on
technology adoption [36,37]. The analysis of residuals confirmed the goodness of the model
(normality, absence of non-linear relationships, absence of influential observations), while
heteroskedasticity was not detected (Breusch–Pagan test p-value = 0.959).

Table 2. Results from the ordinary least squares and truncated regressions (sample size = 97).

OLS Truncated Regression (TR)

Variable β Std.err. p-Value β Std.err. p-Value

Purchase (X1) −0.248 0.251 0.325 −0.262 0.246 0.287
PNDA (X2) −0.420 0.158 0.009 −0.436 0.155 0.005

Age (X3) −0.010 0.0088 0.260 −0.010 0.008 0.229
Education_illi_prim (X4) −0.717 0.209 0.001 −0.732 0.201 0.000
Education_second (X5) −0.005 0.162 0.976 −0.003 0.157 0.987

Education_univ (X6) 0.033 0.182 0.856 0.032 0.176 0.854
Training (X7) 0.254 0.184 0.171 0.259 0.177 0.143
Tenure (X8) 0.305 0.147 0.041 0.312 0.142 0.028

Total area (X9) −0.026 0.007 0.000 −0.027 0.007 0.000
Experience (X10) 0.028 0.0097 0.004 0.029 0.009 0.002

_cons −2.096 0.4847 0.000 −2.096 0.466 0.000

Prob > F 0.000 0.000
R2 0.332 0.332

Adjusted R2 0.254 -
Log-likelihood - −84.99

Looking at the estimated parameters, the first evidence is the similarity between
standard OLS and the truncated regression estimates, which supports the robustness of
the findings. The coefficients associated with PNDA suggest that farmers who made use
of PNDA to acquire the land and for greenhouse investments are more likely to be less
specialized in greenhouse production. Indeed, we found that, on average, these farmers
have 42–44% less greenhouse share in their farms compared to those who rented the land.
Moreover, we find a significant effect of education since an F test for joint significance of the
education variables provided a p-value of 0.005. Specifically, farmers with a lower education
level are less likely to specialize in greenhouse production (βOLS = −0.72; βTR = −0.73),
while no difference is observed between farmers with middle, secondary, and university
levels of education. Furthermore, farmers who do not directly manage the farm (i.e.,
those who employ external workers) are more likely to have a higher share of greenhouse
(βOLS = 0.31; βTR = 0.31). Similarly, we found a positive effect of having a longer experience
with greenhouse production: farmers being involved in greenhouse production for a
longer time invest a higher share of their land in greenhouses. Finally, the effect of farm
size is negative on the specialization in greenhouse production, namely decreasing the
greenhouse share by 2.6–2.7% on average for each additional hectare. Opposite this, we
found no significant effect for age and training. In addition, the greenhouse specialization
does not vary between farmers purchasing or renting the land.

Over the last two decades, Algeria has experienced remarkable agricultural devel-
opment driven by prosperity in greenhouses due to favourable climatic conditions and
government policies, which are the focus of this paper. Obviously, each new agricultural
system can have an economic, social, or environmental impact. To this end, several studies
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have been carried out on greenhouse crops in Biskra based on the socio-economic status
of farms [16,27]. However, the sustainability of the protected cropping system has not yet
been assessed. Given the income generated by the greenhouse cropping system, farmers
have been convinced that increasing profits requires the implementation of intensive farm-
ing practices based on high doses of chemical inputs and abundant irrigation despite the
damage done to certain social and environmental dimensions. Recently, some researchers
have taken an interest in the sustainability of this production system.

According to a study by [38], a greenhouse in southeast Algeria shows strong economic
and social sustainability, whereas environmental indicators show the opposite. These
results are due to the lack of environmental farming practices implemented by the farmers.
For instance, we can cite the high number of passes when working the soil (the number of
passes by mechanical tools can reach eight times per season, which will negatively affect
the biological and physical structure of the soil). [39] attest that soil compaction is mainly
(70%) caused by narrow, high-pressure tyres. Also, excessive water consumption is the
main cause of groundwater depletion. In recent times, a reduction in water depth has been
recorded in the municipalities of Lioua and M’ziraa. In addition, the intensification of
chemical inputs (fertilisers and pesticides) can harm human health and the environment,
which is why [40] noted that excessive use of fertilisers could contribute to problems of
eutrophication, acidification, and toxic contamination of soil, water, and air. These results
are confirmed by a recent study carried out by [27] on the hot pepper value chain in the
Biskra region.

Biskra is one of the Saharan regions where agricultural policies have led to spectacular
agricultural development. From the 1980s, drilling techniques became widespread, and
their cost fell considerably, leading to a phenomenal increase in the number of individual
boreholes, the basis for the development of a new form of Saharan agriculture outside
the oases, which is intensive and totally market-oriented [41]. The region has more than
100 thousand hectares under irrigation, but the exact number of boreholes in use is un-
known. The local branch of the southern river basin agency estimates the total number of
boreholes in the region at 17 thousand, of which only 8 thousand have been drilled with
the authorisation of the relevant authorities [42]. However, this increase in the number of
individual boreholes raises concerns about the risk of over-exploitation of groundwater
and refocuses the debate on agricultural development in arid regions around the issue of
water governance as a necessary condition for the sustainability of these activities [43,44].
The risk associated with the overexploitation of groundwater (in the sense of abstraction in
excess of recharge) requires governance to be put in place to ensure efficient, equitable, and
sustainable allocation of the resource [45–47].

6. Discussion

The agricultural policies put in place have been successful in promoting agricultural
development in the Saharan regions of Algeria [7,8,16,18]. This success has had a sig-
nificant effect on greenhouse market gardening, and the Biskra region has become an
inspiring example of the effectiveness of greenhouse production under difficult climatic
conditions [7,16]. This paper shows that farmers in our sample who used the PNDA to
acquire land and invest in greenhouses are more likely to be less specialized in greenhouse
production. It follows that the access to public support (i.e., the PNDA) is used more by
farmers who prefer to diversify their agricultural production as this program does not
specialize solely in greenhouse crops but is also related to other crops such as date palms [5],
cereals, olive growing and milk production [48]. It is likely that the public support effort
is effective in implementing greenhouse production but not in stimulating greenhouse
specialization. Consequently, policymakers need to strengthen their efforts to implement
farmers’ specialization. In line with the literature, this study finds that, while it is true that
the public authorities have intervened massively to support agricultural investments, in
particular greenhouse crops with all their advantages and benefits, the greenhouse share of
the surveyed farms is still unsatisfactory in relation to the total area of the farms. Another
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particularly interesting result of the analysis is the small amount of farmland used by most
greenhouse growers. This may explain why farms with other types of production (e.g., date
palms and cereal crops) must have a large surface area. According to [9], the importance of
date palms for farms in the Biskra region is due to their perfect adaptation to local climate
and soil. The importance of cereal growing is also due to subsidies for seeds and fertilisers
and the guaranteed purchase of the product by the State. As for the small area devoted to
greenhouse crops, their intensive nature is a reward for the small size of their surface area.
As for [9,19], this small area is due to the method of financing the farms, where greenhouse
growers depend largely on their own financing, which reduces their investment capacity.
In addition, the availability and affordability of water is one of the main constraints limiting
the agricultural area used due to the need to irrigate all crops in this region.

Today, as a result of economic development, the way in which land is farmed is
changing considerably. However, the small size of some farms is the result of the high
cost of production factors (i.e., water and land), which has forced owners of large areas to
invest in renting out their land. This has led to the emergence of a new form of farmland
management, the indirect tenancy system [10,20,49]. The landowner generally has an
interest in giving the worker a share of the production, according to a formula that varies
from 1/3 to 1/4 of the profit made, which makes him a partner whose essential role is to
do the cultivation work, while all the expenses belong to the landowners, and the working
relationship is materialized between the landowner and the tenant by a contract. Recent
works on agrarian contracts in Algeria [13,15,19–21,49–52] show that they have played a
role in alleviating the difficulties of accessing land ownership (e.g., high purchase price,
undivided status, etc.) and have played a significant role in agricultural and land dy-
namics. These transactions have contributed to the development of agricultural dynamics
that are beneficial to local and sometimes regional economies [15,19,21]. These contracts
have provided access to land for private investors with capital and landless farmers with
technical innovations and have also indirectly accelerated the agricultural development
launched by the agricultural land ownership and concession program in arid and semi-arid
regions [13,19]. For instance, the sharecropping contract enables landless farmers (i.e.,
young beginners or people with know-how) to enter the market-gardening system and
accumulate the productive resources they need (financial capital, managerial capital, social
and relational networks, etc.) to become farmers. This has attracted many farmers with
off-farm incomes who are known to have technical skills and long experience in greenhouse
crop production to set up in the region.

Moreover, in the context of agriculture in the Biskra region, another possible reason for
a greater involvement in the development of greenhouse crops is the farmer’s know-how
(experience). As an example, the young investors from the northern regions (e.g., Tipaza
region) are known for their expertise in greenhouse tomato cultivation. Since their arrival,
they have specialized in multi-chapel greenhouses, the Canary greenhouses of Spanish
origin drawing on Moroccan technical expertise [53]. Indeed, our results show that previous
experience matters as those farmers who have already made good profits from greenhouse
production and have the know-how are more inclined to continue along this path. Hence,
the experience can be seen as an investment for the farmer.

In addition, the level of education of farmers also plays a very important role. This
shows that those with a lower level of education are less inclined to invest more in inno-
vation, such as greenhouse production, for which more knowledge is needed. This result
is confirmed by [54], showing that farm performance increases with increased levels of
education. One explanation could be that using the most modern tools effectively requires
specialized training and manual reading to generate a product with a higher market value.
Furthermore, Refs. [55,56] confirmed that a higher level of education improves agricultural
productivity. Ref. [57] has also confirmed that an improvement in the level of education of
the farm manager in one year translates into an increase in farmers’ income.
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7. Conclusions

In conclusion, agricultural policies in the Biskra region seem not to play a significant
role in the specialisation of farmers in greenhouse crops, while they are mainly used by
farmers as a means to diversify their production and include greenhouses in their farms.
Despite the initiatives and measures taken by the authorities to promote this practice, the
results remain mixed, and the economic potential of greenhouse farming remains under-
exploited. Several factors explain this situation. Firstly, the PNDA aims to support and
promote agricultural development as a whole. As such, subsidies and incentives might
not be sufficiently attractive to encourage a deeper transition to this more intensive and
technologically advanced type of agriculture. In addition, the infrastructure needed to
develop this practice, such as access to water, electricity, and modern equipment, remains
inadequate in many of the development areas in the Biskra region. This might limit
several farmers from fully engaging in greenhouse cultivation and reap significant benefits.
Finally, it is important to note that agricultural policies must consider the particularities
and specificities of each region, as one-size-fits-all approaches cannot be effectively applied
to diverse agricultural environments such as the Biskra region. If the objective of the
government is to encourage farmers to specialise in greenhouse crops, additional and/or
complementary agricultural policies that encourage and support the development of
greenhouse farming should be put in place. This could include more targeted subsidies
for the installation of greenhouses, tax incentives for agricultural businesses involved in
greenhouse specialisation, or research and development programmes aimed at improving
greenhouse production techniques. In this context, the State has begun to reinforce its
investments in the Biskra region by building new water points, using solar energy, acquiring
water-saving irrigation equipment, acquiring new greenhouses, and supplying the new
perimeters with electrical energy through the two agricultural development programmes
(i.e., R’fig and ETTAHADI). According to the Ministry of Agriculture, in 2022, more than
a thousand investment files will be granted to farmers, with a total amount exceeding
6 billion dinars. Nevertheless, greenhouse crops represent a promising approach to meeting
the agricultural challenges of the future. With greater efforts to incorporate technological
advances and make this method accessible to all, greenhouse growth could play a crucial
role in building a sustainable future for agriculture in Algeria. However, it is essential to
continue and expand research in this area. Specifically, it will be important to continue
monitoring the use of the PNDA and similar policies by farmers since, in a dynamic
context, the type of farms benefiting from State subsidies may change. In addition, it will
be important to understand whether farms will be able to survive and operate without
State subsidies in the future. As far as the sustainability of greenhouse crops is concerned,
the development of a tool to assess the sustainability of greenhouse farming in arid regions
now seems necessary to support the changes in farming practices that will ensure their
sustainability. This will provide decision-makers, managers, and politicians with a clearer
picture of the projections for the development of agriculture in a fragile environment
evolving in a difficult climatic context. Also, it seems necessary to carry out in-depth
studies in this area to be able to accurately assess the current state of the environment, e.g.,
by quantifying pesticide residues in cultivated vegetables, soil, and groundwater. Hasty
agricultural development to meet immediate and urgent needs could have disastrous
long-term consequences for the soil and groundwater reserves, whose renewal will be
increasingly uncertain in the face of global warming.
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