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Abstract: Sustainable crop production has been an emphasized goal, especially in the hot and arid
regions of the world where the climatic conditions, freshwater resources and arable land are limiting
factors. Sustainable crop production aims to safeguard the fragile environment, its biodiversity, and
the quality of agricultural crops produced. With the unpredictable changing climatic conditions
brought about by global warming and the sharp rise in global population, formulating a sustainable
crop production system is crucial to ensure food security for its population. Tomato (Solanum
lycopersicum L.) is one of the most important fruit crops widely consumed in this region. Currently,
Qatar produces about 30% of its domestic demand, with the shortfall being imported from other
regions of the world. Bridging this demand and supply gap requires a multipronged approach in the
tomato R&D chain, such as greenhouse technology, automation, crop breeding and indoor plant
factories to enhance domestic crop production. This review aims to highlight the current status of
tomato production in the country: the current practices, the challenges faced in the production and
opportunities being used for enhancing tomato production in the country.

Keywords: sustainable agriculture; self-sufficiency; Qatar’s National Vision 2030; hot and dry arid
climate; tomato

Introduction

The tomato (Solanum lycopersicum L.) is a perineal herbaceous crop and also one of the largest
consumed vegetable in the world. Commercially important varieties vary in size, shape and color [1].
Depending on the geographical location and season, they are cultivated under greenhouses or open-
field conditions. In Qatar, local production accounts for about 30% of the total demand of the fruit
[2], with the remaining demand being met with imports from various countries such as Iran, Jordan,
Morocco, Netherlands, Oman, Spain, India, Syria, Turkey and Tunisia [3]. However, to overcome the
shortfall in the domestic production, Qatar has launched many initiatives including the Qatar
National Food Security Program, which aims in securing 70% of the countries food needs [2]. This
initiative is part of Qatar’s National Vision 2030, which aims to develop Qatar on four different levels
including Human Development, Social Development, Economic Development and Environmental
Development [4,5], with food security being a national priority [5].

A nation’s food security is an integral part of its security and sovereignty. Qatar, a resource rich
country has traditionally depended on imports to meet the food needs of its population. However, in
June 2017, a disruption in import, prompted Qatar to rethink its food production strategies [6,7].
Moving forward, a lot of emphasis and investments have been made to boost local production of
essential commodities with the aim of becoming self-sufficient [7]. A success story of public-private
partnership to boost local production is Baladna, the leading dairy producer in Qatar. Prior to the
2017, Qatar was a net importer of dairy products . By 2018, Qatar attained self-sufficiency in dairy
production, thus fulfilling the needs of its population in addition to now being a net exporter of dairy
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products [8,9]. Further, governmental initiatives are also instrumental in achieving 75% self-
sufficiency in poultry production in Qatar [10].

Agricultural crop production is another key focus area, in which Qatar aims to achieve 70% self-
sufficiency in vegetable crop production, thus reducing its dependance on imports of fresh produce
[2]. It aims to achieve this goal in a sustainable manner using innovative techniques and with
minimum impact on the environment and its dwindling fresh water resources. Moreover, the lack of
precipitation and overexploitation of its underground aquifers to support agriculture, has led to the
depletion and contamination of this vital resource in Qatar [11]. Therefore, for Qatar to be able to
achieve its aim of 70% self-sustenance in food crop production without exploiting and exhausting its
valuable water resources, innovative water-saving and recovery techniques needs to be adopted.

Given the unfavorable climatic conditions with extreme hot and dry summers in Qatar, open-
field cultivation is limited to the cooler months of the year. To overcome these limitations, greenhouse
cultivation can be a viable solution for year round crop production in the hot-dry arid regions [12].
These climate-controlled greenhouses support crop production by altering the microclimate ensuring
adequate conditions for crop growth [12,13]. Several factors such as the design [14], orientation [15]
and material used [16] greatly influences the requirements for the cooling systems and the water use
efficiency of the greenhouses. For example, the use of earth-air heat exchangers (EAHE) cooling
system could drastically reduce the water required to one-tenth of that of a ventilated fan-pad system
[17,18]. The cooling system is one of the most important components for greenhouse crop production
under these hot-dry arid regions and utilizes about 65%-85% of the total energy requirement [19] and
about 2.6-3.5 times the water required for irrigation of this production system [20]. A wide variety of
cooling systems working on different principles have been used for cooling the ambient temperature
conducive for crop production in the hot-dry arid regions of the world [21-26]. These climate
controlled greenhouses are known to be energy-intensive systems, which heavily rely on fossil fuels
contributing to greenhouse gas (GHG) emissions [19]. Alternatively, using renewable energy such as
wind power [27] and solar power [28] energy have been shown to drastically reduce the dependency
on fossil fuels, thereby significantly reducing GHG emission. Integration of solar photovoltaic (PV)
systems into the greenhouse infrastructure for energy production has immense potential in these hot-
arid regions, where the solar radiation is extremely high during the summer months and the energy
demand for cooling the greenhouse are at its peak [29].

An alternative controlled environment cultivation technique for tomato production in the hot
arid regions is indoor vertical farming (IVF) using artificial light, which grows crops in stacked layers,
thereby enabling more crops to be grown per unit area as compared to conventional farming. Some
studies suggest that IVF can be 50 times more water efficient compared to greenhouse cultivation,
and uses only 1% of the water used to produce the same amount of crop under open field conditions
[30]. IVF mainly relies on soil-less cultivation techniques such as hydroponics and aeroponics for
growing crops. A heating, ventilation, air condition and dehumidification (HVACD) system is also
required for modulating the ambient temperature conducive for crops grow in this system [30]. Even
though the initial set up cost of these indoor vertical plant factories is high, the water use efficacy [31]
along with the negligible pesticide usage [32] and year round crop production [30], makes this
technology promising for crop production in Qatar. Underground farming is another potential
technique that can be adopted for crop production in the hot arid region of Qatar. This technology
has been practiced for many years and mainly used for the production of mushroom. The main
advantage of this technique is that it is independent from the environmental conditions above
ground, therefore modulating the ambient conditions requires less energy as compared to the above
ground structure. In addition, the water use efficiency and recovery, negligible pesticide use and year
round production capabilities are similar to that seen in vertical farming. These systems are also
suitable for automation, thereby drastically reducing the requirement of manpower for.
Underground farming mainly relies on abandoned subterranean spaces. However, if these facilities
are not present, constructing underground structures for crop production can be an immense task.
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The lack of precipitation and fresh water to support crop production is one of the major
constrains for scaling up tomato crop production in Qatar. Therefore, the incorporation of
desalination units enables the use of saline water in the greenhouse production system. Greenhouse
cooling utilizes almost 90% of the water requirement for greenhouse production under hot arid
conditions [12]. Therefore, the use of seawater for evaporative cooling can drastically reduce the
amount of fresh water required for crop production. Such salt water greenhouses mainly rely on the
humidification—-dehumidification desalination cycle for recovery of fresh water from seawater
evaporative cooling [33,34]. The incorporation of a dehumidification unit into the closed-loop
greenhouse would enable efficient water recovery that may be re-used for irrigation and cooling of
the greenhouse, thereby significantly reducing water loss [35]. Other desalination techniques that can
be integrated into the greenhouse cultivation techniques include solar-driven distillation units or
solar stills for the production of fresh water [36,37] and PV powered reverse osmosis (RO) [38,39]
units. These can drastically reduce the GHG emission compared to the conventional energy-intensive
desalination processes. RO desalination of seawater removes both monovalent ions (Na* and CI),
which are detrimental for plant growth and divalent ions (Ca*,Mg?,504*), which are beneficial for
plants. Therefore, these divalent ions need to be reintroduced into the desalinated water through
fertilizer introduction. Monovalent selective electrodialysis (MSED) is an alternative desalination
technique, which can remove the harmful monovalent ions but retain the beneficial divalent ions in
the desalinated seawater using special monovalent selective electrodialysis membranes. The main
advantages of this desalination technique are the limited requirement of fertilizer application and a
higher water recovery as compared to an RO desalination plant [40,41]. However, this system has a
higher energy consumption as compared to RO desalination, albeit this can be negated with the
integration of a solar PV system [40].

In addition, the use of solar-driven atmospheric water generators for sustainable agriculture
crop production has immense potential in Qatar, where the relative humidity (RH) is relatively high
throughout the year [42,43]. Based on the principle of atmospheric water generation, these systems
can be further classified into active cooling-condensation and sorption-based solar-driven
atmospheric water generators. In active cooling-condensation, the air is compressed and cooled to
the dew point to retrieve water vapor from the atmosphere [44]. Whereas in sorption-based solar-
driven atmospheric water generators, hygroscopic sorbents are used for capturing moisture from the
surrounding environment. Once the sorbents are saturated, the system is sealed and exposed to
sunlight to release the captured water [45-47].

Automation and robotics integration into greenhouse cultivation has gained a lot of emphasis,
as these are an integral part of precision farming. The integration of these smart systems reduce the
reliance on labor, human errors and enable accurate early detection of pest and disease outbreak
[48,49]. Environmental sensors monitoring different parameters such as temperature [50], humidity
[51], pH [52], illumination [51], UV [53], CO2 [54], wind speed [55], solar radiation [56], soil moisture
[52,57] among others, play a key role in the greenhouse monitoring and automation system.
Integration of camera imaging [58], machine learning [59,60] and artificial intelligence (AI) [61] has
further enhanced the automation process. Advancements in the field of Wireless Sensors Network
(WSN) [62] has eliminated the shortfalls related to conventional cabled sensors. WSN have been
developed based on the Internet of Things (IoT) paradigm by integrating web-based technologies to
provide an interface for monitoring and control of different environmental parameters remotely [63].

The prolonged use of plastic film mulch for conserving water and deterring weeds growth under
greenhouse and open-field cultivation [64,65], plastic pipes for irrigation [66], shade net [67] and
plastic sheets for greenhouse [68] and polytunnel [69] covering has led to the contamination of
microplastics in the soil. It is estimated that agriculture soils accumulate about 14% of the total
released plastics in the environment [70]. The accumulation of these microplastics in the soil have
been shown to significantly increase the release of GHG into the atmosphere, thus impacting the
global nitrogen-cycle and carbon-cycle and thereby, contributing to climate change [71,72].
Microplastics have also been shown to alter the microbial content of soils [73] and are a source of
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contamination of aquifers [74]. It has also been documented that microplastics in the soil hinder plant
growth [75] and acts as vectors in the accumulation of heavy metals in the soil [76,77]. Owing to the
negative impact of single use plastics in agriculture as a major source of microplastic contamination,
the potential use biodegradable and bioplastics as an alternative for sustainable crop production has
gained a immense emphasis [78].

Global warming and climate change is another important factor that needs to be taken into
consideration for crop production in Qatar. The rising sea levels due to global warming puts at risk
about 18.2% of Qatar’s total land area which is less than 5 meter above sea level [79]. This also leads
to contamination of the ground water resources, further leading to salinization of the soil and thereby
degrading its already limited arable land. To better prepare the country against these unforeseen
challenges in the near future, Qatar is investing in cutting edge research and development in various
aspects of crop production, particularly climate controlled greenhouses technology and indoor
vertical plant factories using artificial light [80].

Qatar has seen a sharp rise in its population, with a five-fold increase in the past two decades
[81]. With limited arable land and dwindling fresh water resources, the increasing population puts
added pressure on Qatar to produce enough food for sustaining its population. Here, we review the
production of tomato, an economically important vegetable crop in the country, by focusing on the
current production practices, the challenges faced in the sustainable production and the
opportunities available to bridge the gap between domestic supply and demand of tomato in the
country.

Materials and Methods

The datasets for this review paper were sourced between December 2024-February 2025. Qatar's
agricultural sector is at a nascent stage, therefore there is a notable gap in scholarly research and peer-
reviewed publications focused on the nation's tomato production system. To address this limitation,
our research methodology primarily relied on analyzing raw data compiled from governmental and
academic institutes sources within Qatar. We extracted and processed information from annual
publications and reports issued by key national entities, including: Ministry of Municipalities,
National Planning council, Qatar Research and Development Institute (QRDI) and Ministry of
Commerce and Industry. To ensure a comprehensive analysis, we supplemented the latest available
local data with insights from the Food and Agriculture Organization of the United Nations and Trade
Economy database. This structured approach allowed us to synthesize available information and
construct a detailed picture of Qatar's food crop production, despite the scarcity of traditional
academic sources. Our methodology emphasized careful data compilation and cross-referencing
across multiple institutional sources to ensure accuracy and reliability in our findings.

For peer review article cited, the Google scholar search engine was used. Various keywords
related to the theme and sub-theme of the article were used such as: “greenhouse tomato
production”, “greenhouse cooling systems”, “saltwater greenhouse”, “desalination”, “arid
agriculture”, “indoor vertical farming”, “water recovery in greenhouse”, “atmospheric water

V7]

generator”,
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agriculture microplastic”, “desert agriculture”, “environment sensors”, “underground
farming” etc. for retrieving the articles. Articles published after the year 2000 and original
publications written in English (articles, book chapter, review and conference papers) was used as a
criteria for selection.

Current Practices

Currently, about 42778.82 ha of land accounting for 3.68% of the country is used for agricultural
activity [82] (Figure 1, Table 1). Among the different groups of crops cultivated, green fodder
production accounts for 52% of the total arable land use, followed by fruits and dates production
(27%), vegetable production (20%) and cereals (1%) (Figure 2) [83]. In recent times, there has been a
steady rise in the area utilized (Figure 3A) and in production (Figure 3B) of vegetables in the country,
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with about 2391.6 ha (77%) being cultivated under open-field conditions and 715 ha (23%) being
grown in greenhouses (Figure 3C), producing about 60918.3 ton (56.62%) and 46668.1 ton (43.38%),

respectively, of vegetables in Qatar (Figure 3D) [83].
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Figure 1. Map of Qatar showing land used [82].

Table 1. Area of different class of land use [82].

Class Area (hectars)
Settlements/Built-up 118194.51
Farms/Agriculture 42778.82
Shrubs/Rawada 23326.21
Mangroves/ Forests 968.37
Sand/Sand Dunes 13407.15
Barren Land 952851.86
Others (Water Bodies/Exposed Land) 9410.38
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Figure 2. Percentage of land use for the production of different crop groups [83].
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Figure 3. Vegetable production in Qatar [83]. A: Land utilized for Vegetable production (ha); B: Production of
vegetables (ton); C: Area used under Open-field and greenhouse cultivation (ha); B: Production of vegetables

under Open-field and greenhouse cultivation (ton) [83].

Among the different crops grown under greenhouse condition, cucumber is the most widely
grown crop in terms of hectarage, accounting for 224.4 ha (33.38%), followed by tomato with 156.8
ha (21.93%), sweet pepper with 78.3 ha (10.95%), green beans with 61.9 ha (8.66%), eggplant with 59.1
ha (8.27%), melon with 17.4 ha (2.43%), squash with 12.6 ha (1.77%) and other vegetables with 104.5
ha (14.12%)(Figure 4A) [83]. In terms of production under greenhouse cultivation, tomato has the
highest yield at 15760.2 ton (33.77%), followed by cucumber at 15645.1 ton (33.52%), eggplant at
4148.4 ton (8.89%) sweet at pepper 4071.5 ton (8.72%), green beans at 1725.3 (3.7%), squash at 586.6
ton (1.26%), melon at 549.2 ton (1.18%) and other vegetables at 4181.8 ton (8.96%)(Figure 4B) [83].
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Figure 4. Crop production under greenhouse production in Qatar. A: Hectarage of the different crops (ha); B:
Production of the different crops (ton) [83].

Under open-field conditions, marrow is the most grown crop in terms of hectarage with 396.2
ha (16.57%), followed by tomatoes at 224.9 ha (9.42%), okra at 185.8 ha (7.77%), eggplant at 165.9 ha
(6.93%), melon at 148.8 ha (6.22 %), cabbage at 123.9 ha (5.18%), cauliflower at 86.1 ha (3.6%), onion
at 85.4 ha (3.57%) and other vegetables at 974.2 ha (40.74%) (Figure 5A) [83]. In terms of production
under open-field conditions, tomato is the most produced vegetable at 11922.1 ton (19.57%), followed
by at marrow 9112.8 ton (14.96%), eggplant at 6638.5 ton (10.89%), cabbage at 3965.1 ton (6.51%),
onion at 2392 ton (3.92%), okra at 2230 ton (3.66%%), cauliflower at 2152.1 ton (3.53%) and other
vegetables at 18777.3 ton (30.82%) (Figure 5B) [83]. The current domestic production is 30% tomato,
62% cucumber, 9% pepper, 51% squash, 24% cabbage, 15% cauliflower, 3% onion, 6% lettuce and 47%
eggplant of the total vegetable demand for its population [2].
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Figure 5. Crop production under open-field production in Qatar. A: Hectarage of the different crops (ha); B:
Production of the different crops (ton) [83].

Qatar produces about 15760.2 tons of tomato from 156.8 ha under protective greenhouse
condition and about 11922.1 tons of tomato from 224.9 ha under open field cultivation (Figure 6A-B)
[83]. The yield of the greenhouse cultivated tomato is 100.551 ton/ha as compared to 52.99 ton/ha
under open field production (Figure 6C) [83]. Greenhouse tomato production accounts for 57% of the
total tomato production in Qatar, with the remaining 43% produced by open-field cultivation (Figure
6D) [83]. Hence, year-round tomato production is a possibility in Qatar as compared to the open-field
cultivation, which is mainly viable during the cooler winter months.
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Figure 6. Tomato production in Qatar. A: Area under tomato cultivation (ha); B: Production of tomato (ton); C:
Yield of tomato under different cultivation (ton/ha); D: Share of the total production under different cultivation
techniques (%) [83]. .
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According to data retrieved from the Food and Agriculture Organization Corporate Statistical
Database (FAOSTAT 2023), the top three countries with highest average yield (ton/ha) of tomato
includes Belgium 452.65 ton/ha, Sweden 437.0 ton/ha and Netherlands 410.16 ton/ha. In comparison,
the yield of tomato in the hot-dry arid region of the Middle East are as follows: Kuwait 136.88 ton/ha
having the highest yield in the region, followed by Bahrain 112.48 ton/ha, United Arab Emirates 85.19
ton/ha, Oman 79.17 ton/ha, Qatar 72.47 ton/ha and Saudi Arabia 43.61 ton/ha. Although, the yield of
this region is higher than the estimated global yield of 35.53 ton/ha [84], there is still potential to
improve yield. The production of tomato in Belgium is 6 times more per hectare as compared to that
of Qatar. Despite the climate conditions in Belgium not being conducive for growing tomato,
particularly in the winters, they are able to achieve the highest yield in the world. This has been
mainly attributed to the use of climate controlled high-tech greenhouse for 100% of the tomato
production [50].

To meet the growing needs of Qatar’s population, many initiatives and incentives have been
provided by the government for the adoption of modern and technology-driven crop production,
with the ultimate goal of sustainable year-round production of tomato. The shift from traditional
open-field flood irrigation crop production to a more sustainable climate-controlled greenhouse
supplemented with drip irrigation has seen a drastic increase in the productivity of the crop in Qatar.
Moreover, this is accompanied with an increase in the water use efficiency from 280 litre of water to
produce QR 1 (= USD 0.27) of agriculture GDP in 2016 to 174 litre to produce QR 1 (= USD 0.27) of
agriculture GDP in 2021 [85]. In addition, the promotion of advanced growing technology such as
soil-less hydroponic cultivation, grafting of tomato seedlings to elite rootstock varieties etc. has
fuelled the increase in production of tomato in Qatar.

Hassad Food, a private investor in the food and agribusiness sector in Qatar, in partnership with
the Agriculture Affairs department of the Ministry of Municipality has launched “Mahaseel for
Marketing and Agriculture Services Company” for the marketing and cold-storage infrastructure of
domestic agriculture products. Currently, the company provides its services to approximately 600
local farms, marketing the domestically produced tomato along with 30 different vegetable crops
produced in the country [86]. At present, all of the tomatoes produced in the country are consumed
in the fresh form, whereas the tomato processing industry mainly depends on imported tomato paste
for their manufacturing process. Therefore, there is immense potential for the enhancement of
sustainable tomato production to meet the demands of this sector.

Challenges

One of the major constrain of crop production in Qatar may be attributed to the climatic
condition the country faces. The country is classified as having a hot desert climate (BWh) according
to Koppen's classification [87]. With extreme hot dry summers, open-field cultivation is not viable
for about half of the year, limiting crop production using energy intensive climate controlled high-
tech greenhouses during the summer season between May and September, with traditional open-
field agricultural activities being conducted during the cooler winter season between October and
April [88]. The average monthly temperature recorded at the Doha International Airport shows that
June has the highest mean recorded temperature of 42.1°C, while the lowest mean temperature was
recorded in 2023 in the month of January 16.2°C [89](Figure 7).
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Figure 7. Average minimum and maximum temperature in the Qatar (°C) [89].

Another limiting factor of crop production in Qatar is the lack of precipitation. Qatar recorded
145.5 mm of rainfall at the Doha International Airport in 2023 (Figure 8). To overcome the acute
shortfall in water availability for crop production, underground aquifers have been exploited which
has led to the depletion of these valuable resources. In addition, overexploitation of underground
aquifers for agriculture production has also led to their contamination with brackish sea water, which
is most prevalent in the coastal region [11,90,91]. Alternatively, energy-intensive desalinated sea
water is used for crop irrigation while the use of treated sewage effluent (TSE) for irrigation is only
limited to fodder crops [92]. The agriculture sector is the largest consumer of water in Qatar, utilizing
about 396.4 million m? of which 200 million m? is abstracted groundwater and 196.4 million m?is
treated sewage effluent (TSE). This sector utilizes 92% of the total abstracted groundwater in the
country. Of the total 196.4 million m® of TSE used in this sector, 125.7 million m?is used for
greenspaces and 70.7 million m?is used for green-fodder production. Owing to the high salt (NaCl)
concentration of about 1000 mg/l, TSE has limited use in food crop production [85,93].
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Figure 8. Average rainfall received in Qatar (mm) [89].

Additionally, Qatar has poor soil fertility, with low water holding capacity and lacking organic
matter, which is not conducive for agriculture [94]. Furthermore, the rampant eroding of the topsoil
[95] and overexploitation of groundwater has led to the detrimental salinization of the arable land
[96]. These land are left barren and form about 952851.86 ha of the country [82] (Figure 1, Table 1).
Qatar is classified as a rocky desert with scattered oasis depressions formed with the gravitational
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flow and accumulation of nutrition and organic matter making them suitable for crop production.
These depressions are locally known as “rawda” and are the main agricultural soils in the country.
The rawda are made up of calcareous loam, sandy loam and sandy clay loam soils, with an
accumulated depth ranging from 30 to 150 cm. These areas are scattered all over the country and
form about 23326.21 ha [82] (Figure 1, Table 1). Sabkha is another type of land depression, where
highly saline soil is accumulated mainly in coastal areas of Qatar and the southern border of the
country [97]. Due to the high evaporation rate which occurs in this region, there is hyper
accumulation of salts in the soil. The accumulated salts make the land unfit for cultivation leading to
the abandonment of the farm [94] .

Specifically in the case of tomato cultivation, the high incidence of disease and pest outbreaks
has limited its production. Tomato crops are affected by different plant diseases induced by fungal,
bacterial, phytoplasma, virus, and viroid pathogens affecting crop growth and yield [98]. The
prevailing high relative humidity (RH) (Figure 9) along with moderate temperatures during the
growing season in Qatar are favorable for the outbreak of early blight disease caused by a fungus
pathogen Alternaria solani. Tomato plants affected by this disease have been shown to have a decline
in their yield by up to 80% [99]. Root rot and wilt disease is also common in tomato crops grown in
net houses under drip irrigation in Qatar [100]. In addition, insect pest also causes a considerable loss
in yield in tomato crop production. The South American tomato pin-worm (Tuta absoluta) has
emerged as a major pest in the global tomato production [101]. There have been several reports of
crop damage by Tuta absoluta under open-field and controlled environment tomato cultivation in
Qatar. Another major pest in the tomato production is the whitefly (Bemisia tabaci), which feeds on
the leaves of the tomato plant leading to reduction of the synthetic rate of the infested plants, thereby
affecting its growth. Moreover, these pest are also the main vectors in spreading of the tomato yellow
leaf curl virus, which devastates the growth of the plants and in turn directly affects the crop yield
[102].
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Figure 9. Average minimum and maximum Relative Humidity in the Qatar (%) [89].

One of the major drawbacks in the tomato supply chain in Qatar is the lack of post-harvest
treatment of the harvested fruits at the farm level, thereby significantly reducing their shelf life.
Efficient temperature management of the harvested fruits can extend shelf life by slowing down
metabolic activity of the harvested fruits. It has been estimated that an hour delay between harvesting
and cooling leads to a day lost of shelf life [103]. Another potential limitation to scaling up agricultural
activity is the lack of skilled workers in the local population. Currently, the agriculture and fisheries
sector employs approximately 29,998 individuals and relies entirely on an expatriate workforce for
its operations [104]. To scale up production and achieve 70% self-sufficiency in domestic food
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production, significant emphasis has been placed on robotics, automation, and Al to bridge the gap,
alongside hiring more expatriate workers to meet demand.

Opportunities

The Qatar Research, Development and Innovation (QRDI) council has been focused in
enhancing the nations resilience and prosperity through research and development that will promote
Qatar as a global leader in innovation and scientific research and diversify the country’s economy.
One of the priority areas of the council is “Resource Sustainability”, which focuses on supporting the
sustainable management of Qatar’s environment, food and water resources. The agriculture sector is
at its infancy in the country and there is a considerable gap in the R&D sector, which is evident from
the lack of peer-review articles on the production of different crops in the country. Identifying these
limitations, QRDI council along with the Ministry of Municipality (MoM) has launched an initiative
called the Food Security Call (FSC) funding various R&D projects, which aims to address Qatar’s
Food Security Strategy, with localized and sustainable food production being one of its focus areas
[105]. The QRDI council and MoM are instrumental in funding various academic institutes and
private stakeholders in the tomato chain R&D, aiming to develop effective solutions to the challenges
in tomato crop production.

A multipronged approach has been implemented to address the shortcomings faced in domestic
crop production and enhance the agriculture sector production to meet the 70% self-sustenance goal
in vegetable crops. Controlled environment agriculture is a viable technique with immense water
saving potential compared to open-field to improve tomato crop production. Climate controlled
greenhouse crop production allows effective and sustainable year-round production in Qatar.
However, these climate controlled greenhouses are expensive to construct and require a lot of energy
to run. Given the limitations of greenhouses for agricultural crop production, various groups are
currently investigating ways to increase their efficiency under the Qatari conditions. Heating and
cooling of the greenhouses is a major energy-intensive component. To overcome this limitation, a
group from Qatar University in collaboration with Agrico- a leading agriculture company in Qatar,
are currently investigating thermal energy storage using phase change materials (PCMs) as a source
of heating/cooling of greenhouses for tomato production [106], with a potential of drastically
reducing energy requirements [107]. Another group from the University of Doha for Science and
Technology (UDST) are currently investigating the use of solar photovoltaic energy for greenhouse
temperature control. Additionally, the use of Internet of Things (IOT) sensors combined with
microcontrollers can automatically control the irrigation, temperature and humidity of the
greenhouse [108]. A group from the Hamad Bin Khalifa University are currently investigating the
use of a salt-base endothermic cooling technology for greenhouse cooling, thus enabling the
cultivation of various crops including tomato under the hot arid Qatari conditions. In addition, they
are also developing a wastewater recovery system, which uses photo-electrodialysis, thus enabling
the recycling of valuable nutrients essential for plant growth, such as nitrates, phosphates, and
potassium, ultimately reducing fertilizer demand [109]. Another group is currently investigating the
use of spectrum splitting mirrors and spectrum-splitting nanofluid filters allowing only
photosynthesis-active radiation spectra ranging from 400nm to 700nm to enter the greenhouse,
thereby eliminating unwanted solar radiation heating the greenhouse. In addition, the spectrum
above 750nm is reflected to vertically aligned solar cells for energy production, which can then be
used for other activities in the greenhouse [110]. Advancements in this sector should enhance the
productivity of tomatoes, the second most cultivated crop under greenhouse conditions, utilizing
approximately 21.93% of all installed greenhouses in the country [83].

The lack of freshwater resources for agriculture is another major limiting factor for scaling-up
crop production in Qatar. VFarms, a controlled environment agriculture company located at the
Qatar Science and Technology Park (QSTP), is currently validating its high-tech indoor cultivation
facility equipped with autonomous water supply generators and solar panels for growing tomato
and other crops in Qatar [111]. This technology may significantly reduce the dependency of crop
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growth on underground aquifers for water. A collaboration between Qatar University and Agrico is
also investigating the use of a biodegradable hydrogel as a barrier to conserve water and nutrients
under greenhouse conditions enabling plant growth and limiting water loss through evaporation
[112]. Developments from such initiatives can enable the switch from open-field farming activities to
indoor protective greenhouse farming, to overcome water loss through evaporation and the States
poor soil quality [113].

The use of clear glass solar photovoltaic panels in the construction of greenhouse is currently
being validated. These panels have the potential to harness solar energy for greenhouse temperature
control, lighting, irrigation etc [114]. The Ministry of Municipality along with the Korea Trade
Investment Promotion Agency (KOTRA) and the Hyundai Research Institute has launched an
initiative to develop climate-smart agriculture and indoor farming. The adoption of this technology
in the greenhouse construction it would drastically reduce or eliminate microplastic contamination
in the soil.

Plant-microbe interaction is indispensable for plant growth and development. Microbes can
promote plant growth through nutrition acquisition, hormonal stimulation, as phytostimulators, and
as biopesticides [115]. Various reports have indicated that microbes can also promote growth in
plants under abiotic and biotic stress conditions such as drought [116], flooding [117], salinity [118]
and under biotic stress conditions [119,120]. Owing to their beneficial interactions with plants,
various microbial inoculums have been developed for enhancing plant growth and development.
Research has been carried out at the Qatar University to isolate and evaluate endemic rhizobacteria
in Qatar that are able to enhance growth and protection of tomato plants against pathogens [121].

Early detection of plant diseases is important in limiting loss of crop yield and implementation
of protection measures. Research conducted at Qatar University along with collaborating institutes,
is investigating the use of computer vision and artificial intelligence (Al) in the detection of tomato
diseases. This method may eliminate the laborious and error-prone manual method of plant disease
detection [122].

To overcome the poor soil quality lacking organic matter, Qatar has been importing expensive
soil amendment components such as peat moss and coir peat. In addition, the indiscriminate use of
chemical fertilizers to facilitate crop production has led to contamination of water tables and
degradation of the land. Towards this, research has been conducted to explore the use of municipal
biosolids class A as a source of biofertilizer in the production of tomato in Qatar. At present, biosolids
class A are only used in green infrastructure projects such as parks, open spaces and streetscapes
[123].

The use of biochar as a soil amendment component has receive a lot of emphasis in Qatar. The
benefits of using biochar in agriculture not only assists in enhancing the soil quality and water
holding capacity of the amended soil, but also helps in reducing global warming by quenching CO,
which is stored in the biochar. The use of various feedstock such as date palm biomass [124], food
waste [125], vegetable waste biomass [126], poultry litter [127], camel dung [128] etc. for the
production of biochar has been investigated in Qatar. Several reports have shown that biochar not
only significantly enhances the yield of tomato, but also enhances several qualitative parameters such
as total soluble solids (TSS) and vitamin C content of the fruits [129]. Reports have also shown that
the use of biochar along with beneficial microorganisms such as Bacillus spp. and Trichoderma spp.
significantly reduces the infection rate and the replication of tomato spotted wilt virus (TSWV) and
potato spindle tuber viroid (PSTVd) affected plants [130].

Soil salinization has an adverse effect on the growth and yield of the tomato [131]. Salinity affects
the uptake of water and ionic imbalance, which further leads to stress in tomato plants [132]. To
mitigate the effect of salts on the growth and yield of the crop, several groups in Qatar are
investigating various methods to enhance growth of tomato under stress conditions. There have been
reports of the use of halotolerant bacteria such as Bacillus cabrialesii, an endemic bacteria isolated from
the Qatari desert, which has shown to enhance the growth of germinating tomato seedlings under 5
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g/L NaCl treatment [133]. Furthermore, reports have suggested the use of endophytes and halophytes
to remediate the salinized soil [134].

The innate resistance of plants to pest and disease can be attributed to its genetic make-up. Thus,
taking advantage of this knowledge is important for the selection of cultivars to be used for
commercial production. Identification of resistant cultivars is also important for incorporating
desired traits in future breeding programs. In Qatar, the screening and identification of Early Blight
(Alternaria solani) resistant cultivars under net-house condition has been conducted to identify
resistant and moderately resistant cultivars, which can be integrated into the breeding program [99].
The identification of heat tolerant cultivars using quantitative trait loci (QTL) associated single
nucleotide polymorphism (SNP) markers has helped identify five cultivars that may be used for
commercial production under the arid climatic conditions of Qatar [135].

Cultural practice greatly influences the growth and productivity of tomato under different
climatic and growth conditions. Previous reports on organically grown hydroponic tomato under
greenhouse conditions have evaluated cultivar selection, grafting and plant density in Qatar. It was
found that Velocity and Sigma tomato genotypes show the best performance in terms of yield under
the Qatari conditions [136]. Similarly, tomato cultivar Velocity F1 grafted on Maxifort F1 planted at a
plant density of 3.5 plants/m? showed the best performance as compared to the other treatments [137].
A collaboration between the Qatar Fertilizer Company (QAFCO), Agrico and Yara International ASA
(Norway) has established a hydroponic trial and demonstration center in Qatar to facilitate the testing
of the local greenhouse technology, nutrition management and best horticultural practice best suited
for this region [138].

The Ministry of Municipality, Qatar, in collaboration with Mitsui & Co. Ltd. have worked
together to improve the vegetable production technology in Qatar. The main aim of the project is to
maximize efficiency of water consumption in vegetable production in Qatar. Some objectives of this
project include germplasm screening and selection, initiating a breeding and seed production
program from the selected varieties, conservation of vegetable germplasms and developing a
cultivation system suitable for the deficit water condition prevailing in this region.

A collaboration between the International Atomic Energy Agency (IAEA) and the Ministry of
Municipality, Qatar, has been undertaken to develop tomato along with other vegetable varieties that
are able to withstand the high temperature and salinity conditions here in Qatar. The project aims to
produce and screen mutant tomato lines using nuclear and radiation technology for improved
survival and productivity under Qatar’s climatic conditions. Currently, field trials are being
conducted at the Ministry of Municipality Agricultural research station on these mutant tomato lines
before they can be released to the farmers for commercial production.

A shift from open-field cultivation to climate-controlled greenhouse cultivation will drastically
increase the initial set up cost for the farmers, perhaps resulting in hesitancy to adoption of the
technology. In anticipation, the Ministry of Municipality launched an initiative to provide 3476
greenhouses, totaling an area of 666 hectares, to local farms along with other aids such as fertilizers,
irrigation networks, seeds, training and the know-how, thereby lowering the direct cost to farmers
for improved domestic tomato production. Additionally, Qatar Development Bank is financially
supporting climate-controlled agriculture project adoptions through its Greenhouse Financing
Program, thereby funding greenhouses, irrigation equipment and desalination plants up to QR 1
million (= USD 274,220) per farm for the adoption of more sustainable year-round cultivation
technology. In the future, funding priorities may shift focus on preserving and processing of surplus
produce to support the domestic food processing industry. Owing to its mild winters, Qatar also has
the potential to be a net exporter of tomato to other parts of the world where winter cultivation is not
feasible due to extreme weather conditions.

Conclusion

Tomato production in Qatar’s hot and dry arid region faces significant challenges, including
harsh climatic conditions, minimal precipitation, degraded arable land and the lack of germplasm
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suitable to the local environment. However, Qatar has taken these challenges as opportunities for
equipping itself for a resilient and sustainable future. By employing a multipronged approach to
address these limitations in tomato crop production, along with generous investments in research
and development for collaborative academic and industrial projects, Qatar is paving the way in
standardizing best cultural practices and promoting the adoption of advanced technology within its
farming community. With these advancing strides, the country is on track to achieve self-sufficiency
and sustainable year-round tomato production in the near future.
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