Samir Derouiche
WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

SUSTAINABLE POTATO PRODUCTION IN DESERT
AGRICULTURE: WATER, SOIL, AND CLIMATE
ADAPTATION APPROACHES

Omar Mostefaoui', Abdelmalek Zaater>3, Ahlem Frahtia® Islam Boulaares?, Sara
Chetehouna?, Wafa Ahmed Zouari?, Samir Derouiche®®

Faculty of Economic, commercial and Management sciences, University of El-Oued, El-
Oued 39000, Algeria.
Department of Cellular and Molecular Biology, Faculty of natural sciences and life,
University of EI-Oued, EI-Oued 39000, Algeria
3Laboratory of Biodiversity and application of biotechnology in the agricultural field, Faculty
of natural sciences and life, University of El Oued, EI-Oued 39000, Algeria

*Corresponding

Abstract

The potato (Solanum tuberosum L.) is the fourth most important food crop globally and a key
contributor to food and nutritional security. However, its cultivation in arid and desert regions is
constrained by severe challenges, including high temperatures, water scarcity, soil salinity, and
reduced microbial diversity. This review synthesizes recent advances in sustainable farming practices
and their potential to enhance potato productivity under desert conditions. Key strategies include
climate change adaptation through optimized planting schedules and stress-tolerant varieties, water
management practices such as drip and deficit irrigation, and the use of treated wastewater. Soil health
restoration via organic amendments, microbial inoculants, and biofertilizers plays a critical role in
nutrient cycling and stress tolerance. Additionally, eco-friendly pest management and the exploitation
of genetic diversity enhance crop resilience against biotic and abiotic stresses. Desert-grown potatoes
often exhibit unique nutritional and biochemical profiles, shaped by environmental stresses that
stimulate antioxidant production. Strengthening the potato value chain in desert agriculture—from
input supply to processing and marketing—remains vital for food security and rural livelihoods.
While promising advances are being made, further research is needed to close knowledge gaps on
plant-microbe interactions, the long-term impact of biofertilizers, and socio-economic implications of
adopting sustainable practices.
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1. Introduction

The potato (Solanum tuberosum L.) is one of the most important staple food crops worldwide, ranking
as the fourth most consumed crop after rice, wheat, and maize [1]. Beyond its economic value, the
potato plays a vital role in ensuring global food security, as it provides an excellent source of
carbohydrates, dietary fiber, vitamins, and essential minerals. Its adaptability to different agro-
ecological conditions has facilitated its cultivation across diverse regions, making it a cornerstone of
both subsistence farming and commercial agriculture [2]. Despite its significance, potato cultivation
faces considerable challenges in arid and desert environments. These regions are characterized by
harsh climatic conditions, including high temperatures, limited and irregular rainfall, poor soil
fertility, and elevated salinity levels [3]. Such stresses not only reduce potato yield but also
compromise tuber quality and increase vulnerability to biotic and abiotic stress factors [4]. Water
scarcity, in particular, remains one of the most critical constraints, necessitating innovative
approaches to optimize irrigation and soil management. Additionally, desert cultivation systems are
often marked by low soil microbial diversity and limited organic matter, further complicating

E-ISSN: 2224-3496 1 Volume 21, 2025



Samir Derouiche
WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

sustainable potato production [5]. Given the increasing demand for potatoes under the pressures of
climate change and expanding desertification, it is essential to explore strategies that enhance crop
resilience and productivity in these challenging environments [6]. This review aims to provide a
comprehensive overview of sustainable farming practices, soil microbial diversity, water management
strategies, genetic resources, and biotechnological interventions that can support potato cultivation in
arid and desert regions. By highlighting recent advances and identifying knowledge gaps, this work
seeks to inform future research directions and practical applications to secure potato production in
water-limited ecosystems.

2. Research methodology

For this review, the literature on the Potato value chain, Arid and desert agriculture, Water
management strategies, Soil health and microbial diversity, Biofertilizers, was collected, examined,
and summarized. All articles that have been published concerning this element have been collected
using scientific search engines including PubMed, Science Direct, Springer Link, Web of Science,
Scopus, Wiley Online, Scinder, and Google Scholar (e.g., WIPO, CIPO, USPTO). These search
engines, as well as numerous patient offices, used to use Scopus, Wiley Online, Scifnder, and
PubMed. It's common to hear the phrase « Sustainable farming practices” either by itself or in
conjunction with the phrases " Sustainable farming practices, Potato value chain, Water management,
Soil health and microbial diversity." There were no restrictions on languages. The obtained data were
identified and modified using their titles, abstracts, and contents. To discover if there were any other
papers that were pertinent, the reference lists of the papers that were retrieved were also examined.

3. Climate change and potato cultivation

The phenomenon of climate change is inducing a notable alteration in the geographic distribution of
potato cultivation, whereby countries with elevated temperatures are encountering constraints
attributed to rising thermal levels and a deficiency in water resources, significantly influencing potato
growth and agricultural output [7]. For instance, in Gansu Province, China, the phenomenon of
climate change has resulted in a diminishment of the most optimal regions for potato cultivation;
nonetheless, certain sub-optimal and cultivable areas have experienced an expansion [8]. In contrast,
Jilin Province, China, has experienced favorable effects from climate change on potato cultivation,
demonstrated by a rise in both "Most suitable" and "Suitable™ areas, thereby indicating a northward
geographic extension [9].

Effect of rising temperature and water scarcity on potato growth

Potato (Solanum tuberosum L.) is highly sensitive to abiotic stress, and rising temperatures combined
with water scarcity pose major risks to its productivity. Heat stress accelerates shoot growth at the
expense of tuber formation, disrupts hormonal regulation, and reduces dry matter, with tuberization
particularly affected when night temperatures exceed 18-22 °C [10-12]. Moreover, potato’s shallow
roots and high water demand make it highly drought-sensitive. Early deficits slow canopy growth,
while stress during bulking most severely reduces tuber size and number. Overall, drought limits
photosynthesis, accelerates senescence, and decreases yield, with impacts depending on genotype,
timing, and severity [13,14].

Adaptation strategies

Adaptation is widely recognized as a strategy to mitigate the adverse effects of climate change on
crop production. Its primary goal is to reduce potential negative impacts while optimizing
opportunities for adjustment [15]. To sustain potato production under climate stress, several
adaptation strategies are being adopted.

Adjustment of planting schedule and variety choice

Shifting planting dates to bypass periods of high temperature or water stress has proven effective in
reducing yield losses. In semi-arid regions of Pakistan, advancing spring sowing and postponing
autumn planting improved yield outcomes and compensated for part of the reductions expected under
climate change [16]. Furthermore, cultivars with tolerance to heat and drought, including landraces
and wild relatives, play a pivotal role in adaptation. Breeding efforts targeting enhanced resistance to
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abiotic stresses—such as elevated temperatures, water scarcity, and extended thermal time—can raise
the tolerance limits of potato under hot and arid conditions [17].

4. Water management strategies

Effective water management in potato cultivation is crucial due to the crop's sensitivity to both water
deficit and excess, which can significantly impact yield, quality, and disease susceptibility. Various
strategies have been explored to optimize water use efficiency and maintain high tuber quality
[18,19]:

*Sprinkle and drip irrigation: These irrigation strategies are recommended due to their high efficiency
in water utilization and their capacity to alleviate water stress in potato crops. By enabling precise
water distribution, they play a critical role in sustaining optimal soil moisture conditions [20].
«Irrigation Scheduling: Incorporating local crop coefficients, soil moisture measurements, and crop
modeling approaches enables accurate determination of irrigation timing and volume, thereby
enhancing water use efficiency [20].

-Light-to-Moderate Deficit Irrigation: Potato is considered a promising crop for deficit irrigation [21].
This practice has been effectively applied in vegetable production under water-scarce conditions,
allowing substantial water savings while sustaining yield and quality [22]. Irrigation at 10-30% below
full requirements can improve both water and nitrogen use efficiencies while maintaining yield and
guality. Moreover, this strategy decreases nitrate leaching and lowers energy demand [20].

*Root Distribution-Based Irrigation: Irrigating 80% of the root zone can markedly enhance water
productivity and nitrogen use efficiency, thereby promoting improved plant growth and higher tuber
yields [23].

5. Soil Health and Microbial Diversity

Soil health is increasingly being hailed as a banner of unity of sustainable agriculture, especially in the
face of mounting challenges of resource limitation and climate change. Healthy soils have structural
stability, nutrient resources, and biological activity, which are ruled by intricate relations in microbial
communities. Recent research highlights that microbial diversity, apart from being an index of soil
health, is also the causative factor of agroecosystem productivity and resilience [24]. It is essential to
identify the way microorganisms in the soil function in stress tolerance, plant growth promotion, and
nutrient cycling for developing ecologically sustainable agricultural systems.

Role of Soil Microbes in Nutrient Cycling and Plant Resilience

Soil microorganisms control key biogeochemical cycles through nutrient cycling. Bacterial nitrogen
fixers can convert atmospheric nitrogen into plant-accessible forms, and phosphate-solubilizing
bacteria increase the available phosphorus for plants [25]. Mycorrhizal fungi can link root systems
and enhance water and nutrient uptake, while decomposer microbes facilitate decay of organic matter
and add to the bank of soil organic matter. Moreover, aside from helping nutrient supply,
microorganisms are able to adjust plant hormone balance and induce systemic resistance, defending
plants against abiotic stresses (such as drought and salinity) [26]. Experimental evidence suggests that
microbial consortia inoculation enhances enzymatic activity and nutrient mobilization, which in turn
can be directly translated to the improved crop performance under stress conditions [27].

Impact of Arid Soils on Microbial Communities

Arid and semi-arid environments subject terrestrial organisms to severe selective pressures due to
water limitation, low organic carbon, and temperature fluctuation. Aridity reduces microbial
abundance and shifts the community composition towards xeric organisms such as Actinobacteria and
Proteobacteria [28]. Long-term experiments confirm that microbial functional redundancy declines in
arid systems and results in compromised nutrient cycling and lowered fertility of soil [29]. Moreover,
the loss of fungal diversity due to aridification erodes symbiotic processes like mycorrhizal
colonization, reducing the plant's abiotic stress resistance [30] . This discovery shows the vulnerability
of desert agriculture to climatic conditions and the need to search for means of microbial diversity
restoration.
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Approaches to Enhance Microbial Diversity

Different management practices have been suggested to mitigate loss of biodiversity in dry soils.
Organic matter amendments like compost and biochar enhance the quantity of organic matter in soils
and their water-holding capacity, hence improving microbial colonization [31]. Reducing tillage and
cover cropping improve habitat complexity and stability of microbial networks. Inoculation with
arbuscular mycorrhizal fungi (AMF) and plant growth-promoting rhizobacteria (PGPR) has always
been found to be beneficial, not only enhancing microbial diversity but also functional characteristics
associated with stress tolerance as well as nutrient cycling [25,32]. Furthermore, the application of
irrigation management with microbial inoculants is viewed as having excellent prospects for ensuring
soil functioning in water-limited environments [29].

6. Application of Biofertilizers

Types of Biofertilizers (Rhizobacteria, Mycorrhizae, etc.)

Biofertilizers are a green alternative to chemical fertilizers with the added benefit of increasing yield
and fertility of the crop and soil. Rhizobacteria Bacillus spp and Azospirillum have the property of
fixing nitrogen, solubilizing phosphate, and phytohormone synthesis, which causes root elongation
and nutrient uptake [25]. Arbuscular mycorrhizal fungi, on the contrary, increase absorptive root
surface area, water use efficiency, and promote plant abiotic stress tolerance [30]. Synergistic activity
of microbial inoculants also generates enhanced aggregation and long-term soil fertility build-up, and
hence biofertilizers are an integral part of sustainable intensification policy [31].

Their Effect on Potato Yield and Stress Tolerance

Potato (Solanum tuberosum L.) is highly sensitive to abiotic stress and deficiency of soil nutrients and
therefore is the most suitable crop to be benefited from application of biofertilizer. Field experiments
conducted during the last few years on semi-arid environments found that AMF inoculation with
reduced chemical fertilizer application significantly increased tuber yield, uptake of nutrients, and
water use efficiency [32]. Similarly, PGPR inoculation with Bacillus cereus improved tuber quality,
potassium efficiency in use, and oxidative stress protection compared with single conventional
fertilization [33]. The findings indicate that biofertilizers not just promote productivity but also
enhance abiotic stresses resistance in potato production.

Case Studies from Desert Agriculture

Desert and semi-arid cropping proof supports the agronomic value of biofertilizers in conditions of
resource limitation. A Tunisian research indicated that AMF biofertilization on deficit irrigation
enhanced potato yield and economic performance with reduced input on chemicals [32]. Parallel
findings in South Asia indicated that the combination of PGPR with soil organic amendment activated
microbial activity, tuber yield, and soil fertility indicators [33]. Together, the case studies depict the
dynamic potential of biofertilizers in reaching food security and sustainability for arid
agroecosystems.

7. Eco-Friendly Pest and Disease Management

The adoption of biological control agents, including natural predators, parasites, and pathogens, has
become increasingly popular as an environmentally friendly approach to pest management.
Researchers and practitioners are investigating the potential of entomopathogenic fungi, nematodes,
and beneficial insects to control pest populations [34]. Plant-based pesticides, also known as botanical
pesticides or botanicals, have been utilized for over 150 years [35]. The motivation to use plant-based
products stems from the harmful effects of synthetic pesticides on humans and the ecosystem due to
their high toxicity and persistence. Additionally, synthetic pesticides are often too costly for
impoverished farmers in developing countries. Conversely, plant-based products are affordable,
biodegradable, and thus environmentally sustainable [35]. To tackle the problem of pesticide
resistance, integrated pest management (IPM) practices are advised. IPM combines biological,
cultural, physical, and chemical control methods to reduce dependency on pesticides and lessen the
selection pressure for resistance. Strategies such as crop rotation, planting pest-resistant varieties, and
employing alternative pest control methods are part of IPM to prevent the emergence of resistant pests
[36].
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8. Genetic Diversity and Stress Resilience

The use of diagnostic DNA-based markers can significantly improve the efficiency and accuracy of
plant breeding, as demonstrated in potato breeding. Numerous genetic mapping studies have been
conducted on potatoes, identifying DNA markers associated with genes that confer resistance to
various diseases [37]. Crop plants are constantly subjected to a range of abiotic and biotic stressors,
which can impede their growth and development, ultimately leading to reduced productivity and
quality. These stressors include abiotic factors like drought, salinity, and heat, as well as biotic
challenges such as fungal pathogens and insect attacks [38]. Plant breeders utilize the genetic diversity
present in different traits to create new genetic combinations that enhance resilience to both biotic and
abiotic stresses. Improving salt stress tolerance involves a variety of factors that vary widely, which is
essential for selecting parent genotypes in indirect selection or hybridization programs [39]. Over the
past three decades, advancements in plant breeding and biotechnology have opened up numerous
novel applications [40]. Plant breeding technology encompasses various techniques and methods
aimed at enhancing the genetic composition of plants for desirable traits such as disease resistance,
yield, tolerance, and quality. The goal of plant breeding is to develop new varieties that are better
adapted to specific environments and meet the needs of farmers, consumers, and the food industry.
Several breeding technologies are employed to improve crops' tolerance to abiotic stress. One
traditional approach involves identifying and selecting plants with desirable traits like drought, salt,
and heat tolerance. These traits can be passed down to future generations, resulting in new varieties
with enhanced stress tolerance. This method has been used for centuries and has led to the
development of widely cultivated crop varieties [41].

9. Nutritional and Biochemical Properties of Potato

Recent studies show desert cultivation significantly impacts potato nutritional composition due to
complex interactions between water management, nitrogen supply and environmental stress.
Researchers conducted a two-year field trial in Northwest China's desert oasis, finding regulated
deficit irrigation timing crucially affects tuber nutritional quality. Specifically, mild water deficits
during tuber formation boost starch content, while deficits during tuber expansion reduce starch,
protein and reducing sugar levels. This highlights the importance of precise water management for
optimal potato quality in desert cultivation [42]. Research in a cold arid oasis showed that tuber starch
content, protein and vitamin C, and levels increase with adequate water and nitrogen but decrease
with excessive nitrogen. The optimal balance for nutritional quality was achieved with mild water
deficit during the seedling stage and moderate nitrogen application [43]. Additionally, It was
conducted as long-term research in an arid region, showing irrigation with saline water in desert
conditions creates complex soil-plant interactions affecting tuber development. These findings
highlight the need for further research to understand specific changes in nutritional parameters under
these challenging conditions. This underscores the complexity of managing irrigation in desert
agriculture and the importance of optimizing water use for crop quality [44]. Desert cultivation
induces heat or drought stress responses in potatoes, leading to increased production of beneficial
phytochemicals like polyphenols and flavonoids, carotenoids, and polyamines associated with
improved nutritional profiles and enhanced antioxidant capacity [42]. Potatoes respond to stress by
producing biochemical adaptations like: osmolytes (including proline, sugar alcohols, and quaternary
ammonium compounds) that help maintain cellular balance and protect against damage [45]. Potatoes
combat oxidative stress from heat or drought by ramping up antioxidant enzymes, including
superoxide dismutase, peroxidase, and catalase, which neutralize damaging reactive oxygen species
and safeguard cell membranes [46]. High temperatures disrupt starch and sugar metabolism in plants,
prompting them to reallocate carbon resources to prioritize essential functions and maintain a balance
between supply and demand within the plant. They also adjust hormone levels and signaling pathways
to coordinate adaptive responses, and in some cases, increase phenolic compounds [47]. Desert
cultivation's impact on potato nutritional value hinges on careful management of irrigation timing,
water quality, and nutrient supply. When done optimally, desert cultivation can preserve or even boost
specific nutritional benefits. Furthermore, the unique biochemical profile of desert-grown potatoes
highlights their potential as a valuable source of nutrient-dense food, rich in vitamins, minerals, and
phytochemicals.
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10. Potato Value Chain in Desert Agriculture

As a staple food for billions worldwide, potatoes are cultivated in over 125 countries, making the
potato supply chain a critical focus for research and investment. Given its importance to global food
security and the livelihoods of many communities, the supply chain faces a complex array of
challenges, including technological limitations, environmental sustainability, and socio-economic
factors that impact its efficiency and resilience [48]. Given the distinct challenges of desert
agriculture, maintaining a seamless potato supply demands rigorous control over the entire supply
chain. To ensure uninterrupted availability, cutting-edge technologies are being integrated at every
stage, encompassing precision water management, advanced pest control measures, eco-friendly
practices to minimize environmental disruption, enhanced traceability systems, climate-resilient
strategies, and productivity-boosting innovations [49]. Key value chain stages for potatoes in desert
agriculture encompass several critical areas [50]. These include input supply, where drought-tolerant
seeds play a vital role in ensuring crop resilience. Production stages focus on efficient irrigation
systems, the use of organic manure to enhance soil fertility, and minimum tillage practices to preserve
soil health and reduce erosion. Post-harvest handling is another crucial stage, where a combination of
traditional storage methods and modern cold storage facilities can significantly reduce losses and
maintain quality. Processing, although limited in many desert contexts due to infrastructure and
resource constraints, presents opportunities for value addition through products like chips, fries, or
dehydrated potatoes [51]. Distribution and marketing are also essential, requiring efficient logistics
and market linkages to ensure potatoes reach consumers in good condition. Enhancing the potato
value chain in desert regions involves a multi-faceted approach. Building the capacity of farmers and
service providers through training and technical assistance can improve productivity and quality [52].

11. Future Perspectives and Challenges

The future of potato cultivation in arid and desert environments relies on the integration of sustainable
practices that simultaneously address water scarcity, soil degradation, genetic resilience, and nutrient
limitations [53]. Advanced irrigation systems, such as drip irrigation and deficit irrigation scheduling,
combined with soil amendments and organic matter enrichment, can improve water use efficiency and
soil health. At the same time, the use of stress-tolerant potato varieties, supported by modern breeding
and biotechnological tools, offers promising solutions for enhancing resilience to heat, salinity, and
drought [54]. Biofertilizers and microbial inoculants further provide eco-friendly alternatives to
chemical fertilizers, fostering soil microbial diversity and plant nutrient uptake. However, the large-
scale implementation of these practices requires strong policy support. National and regional policies
should encourage investment in sustainable agriculture, promote farmer training, and provide
incentives for adopting water-saving technologies and environmentally friendly inputs [55] Despite
growing interest, several research gaps remain, including limited understanding of plant—microbe
interactions under desert conditions, the long-term effects of biofertilizers on potato productivity, and
the socioeconomic impacts of adopting sustainable practices[56]. Future research should therefore
focus on multidisciplinary approaches that link agronomy, biotechnology, environmental science, and
policy frameworks to ensure resilient potato production in the face of climate change and
desertification [57].

12. Conclusion

Potato cultivation in arid and desert environments presents both challenges and opportunities. While
harsh climatic and soil conditions reduce yield and quality, innovative strategies integrating
sustainable water management, soil restoration, microbial diversity, biofertilizers, and genetic
improvement can significantly enhance resilience and productivity. Eco-friendly pest control and
optimized value chain approaches further strengthen the sustainability of potato farming under desert
agriculture. However, the successful implementation of these strategies requires strong policy support,
farmer training, and investment in research and technology transfer. Future efforts must adopt a
multidisciplinary approach that bridges agronomy, biotechnology, environmental science, and socio-
economic frameworks to secure potato production in water-limited ecosystems and contribute to
global food security.
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