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1. Overviews
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Sultanate of Oman confronts a complex array of
agricultural challenges deeply rooted in its
geographical setting and exacerbated by

accelerating climate change,
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Located on Southeastern edge of Arabian
Peninsula, Oman experiences some of the most
extreme environmental conditions for agriculture
globally. Climate change manifestations—
including intensifying wind storms, prolonged
drought periods, increasingly frequent cyclonic
activity, and their subsequent impacts—have
created a particularly precarious environment for

sustainable agricultural development.
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Severity of these climatic challenges cannot be
overstated. Summer temperatures regularly
exceed 45°C in interior regions, while coastal
areas experience its debilitating combination of
high temperatures with humidity levels frequently
exceeding 80%. These conditions create
considerable heat stress for both crops and
agricultural workers, limiting productive hours and
constraining its range of viable crop species.
Furthermore, evapo-transpiration rates under
these conditions are exceptionally high, meaning
that even when water is available for irrigation,
significant percentages are lost to evaporation

before being utilized by crops.
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Within Oman'’s total territorial expanse of 30.95
million hectares, only a fraction—4.6% (1.4 million
hectares)—possesses suitable conditions for
cultivation. This limited availability of arable land
represents one of fundamental constraints on

agricultural expansion and food security initiatives.
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Predominance of harsh climatic conditions, with
approximately 80% of the country classified as
desert or semi-desert, creates naturally restrictive
environments where conventional farming

approaches face severe limitations.
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Its climate varies considerably across Oman’s

diverse topography. Coastal regions experience
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oppressive combinations of heat and humidity,
creating challenges for crop respiration and
increasing susceptibility to fungal diseases.
Interior regions, while escaping high humidity,
face even more extreme temperature variations
and receive minimal annual precipitation, often
less than 100mm annually—far below the
thresholds required for rainfed agriculture.

For context, most conventional cereal crops
require at least 350-400mm of annual rainfall for

viable production without irrigation.

2. BEOHIES L B

2. Regional Agricultural Distribution and

Characteristics
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Oman’s agricultural landscape is characterized by
remarkable geographical diversity across five
distinct agricultural zones, each presenting unique

opportunities and challenges:
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2.1 Musandam Peninsula
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Musandam Peninsula is Oman’s northern exclave.
This northern exclave, separated from mainland
Oman by United Arab Emirates, features dramatic
mountainous terrain with limited flat areas suitable
for conventional agriculture. Agriculture here has

adapted to the challenging topography through:
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a. Terraced Cultivation: Ancient terrace systems
on steep mountain slopes maximize limited arable
land while minimizing soil erosion.

b. Microclimate Utilization: Small valleys and
protected areas create microclimates where fruit
trees, particularly pomegranates and limited citrus
varieties, can thrive.

c. Water Harvesting Techniques: Elaborate

systems capture and channel seasonal rainfall
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from mountain catchment areas to agricultural
terraces.

d. Subsistence Focus: Agricultural activity
primarily supports local consumption rather than
commercial markets due to isolation and limited

production volumes.

Musandam Peninsula
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Musandam region’s agricultural significance lies
more in its cultural heritage value and contribution
to local food security than in its overall production
capacity. Traditional knowledge of water
management and drought-resistant crop varieties
represents valuable indigenous agricultural

knowledge adapted to extreme conditions.
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2.2 Batinah Coastal Plain
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Batinah coastal plain (sl kU Jeu) represents
Oman’s agricultural heartland. This fertile strip
extending along Gulf of Oman accounts for
approximately 50% of the nation’s agricultural land
and production. Its relative prosperity stems from

several advantageous factors:
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a. Accessible Groundwater: Historically shallow

aquifers have provided relatively abundant
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irrigation water, though these resources face
increasing depletion and saltwater intrusion
challenges.

b. Proximity to Markets: Close proximity to major
population centers, including Oman’s capital
Muscat, reduces transportation costs and time to
market for perishable produce.

c. Relatively Fertile Soils: Alluvial deposits from
seasonal wadis (ephemeral streams) have
created areas of comparatively productive soils.
d. Infrastructure Development: Better developed
irrigation infrastructure, transportation networks,
and agricultural support services compared to
other regions. However, Batinah region faces
mounting challenges threatening its long-term
agricultural viability:

e. Saltwater Intrusion: Excessive groundwater
extraction has allowed seawater to penetrate
coastal aquifers up to 10-12 kilometers inland in
some areas, rendering previously productive lands
unsuitable for salt-sensitive crops.

f. Soil Salinization: Years of irrigation with
increasingly saline water, combined with high
evaporation rates, have led to salt accumulation in
top-soils.

g. Urban Encroachment: Expanding urban and
industrial development competes for limited land
and water resources, often converting prime
agricultural land to non-agricultural uses.

h. Aquifer Depletion: Withdrawal rates significantly
exceeding natural recharge have caused water
table declines of over 15 meters in some areas

over recent decades.

9 LIZRBIC b b b3, T o iR
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Despite these challenges, Batinah coastal plain

remains crucial to Oman’s agricultural sector,
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producing significant portions of the country’s

vegetables, fruits, and fodder crops.

Batinah Coastal Plain
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2.3 Eastern Region (Sharqiyah)
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Characterized by valleys and high plateaus, this
region supports diverse agricultural activities
despite water limitations. Key characteristics

include:
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a. Oasis Agriculture: Traditional oasis farming
systems persist, with date palms providing canopy
shade for more sensitive understory crops in a
multi-layered cultivation system that maximizes
limited space and water resources.

b. Wadi Agriculture: Seasonal water flows in wadis
(ephemeral streams) deposit nutrient-rich silt and
provide periodic moisture, supporting opportunistic
cultivation in and adjacent to wadi beds.

c. Diversified Production: Varied topography
creates multiple microclimates, enabling
cultivation of a wider range of crops than in more

homogeneous environments.



https://www.britishomani.org/uploads/downloads/al%20batinah%20brochure(4).pdf
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c. Pastoral Integration: Mixed farming systems
often integrate livestock (particularly goats) with
crop production, utilizing agricultural byproducts
as animal feed and returning manure to maintain

soil fertility.
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Eastern region faces specific challenges including
periodic flash flooding that can destroy agricultural
infrastructure, increasingly erratic rainfall patterns,
and competition for water between agricultural,
municipal, and industrial users. Nevertheless, its
diversified agricultural systems demonstrate
considerable resilience to environmental

variability.

Ash-Shargiyyah Region
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2.4 Interior Oases
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Scattered throughout Oman’s arid interior, these
isolated agricultural zones depend entirely on
groundwater accessed through wells or traditional
falaj (%) irrigation systems. These agricultural
islands in otherwise inhospitable environments

display several distinctive features:
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falaj system
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a. Date Palm Dominance: Date palm forms
cornerstone of oasis agriculture, providing not only
valuable fruit but also creating modified
microclimates beneath its canopy where other
crops can be cultivated.

b. Falaj Dependency: Many interior oases rely
entirely on falaj system—gravity-fed water
channels that have sustained agriculture for
centuries by tapping into underground water
sources and distributing flow through elaborate
time-sharing arrangements.

c. Extreme Heat Adaptation: Agricultural practices
have evolved to cope with some of the highest
temperatures in Oman, including night irrigation,
strategic shading, and selection of heat-tolerant
crop varieties.

d. Cultural Significance: Beyond their productive

capacity, these oases hold immense cultural and
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historical significance, representing continuous
human adaptation to extreme environments over

millennia.
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Interior oases face existential threats from
declining groundwater levels, changing
sociocultural patterns as younger generations
move to urban areas, and economic challenges of
maintaining ancient water infrastructure with

diminishing returns on agricultural investment.

Old village and gardens using aflaj to transport water from a mountain spring on Northern Jabal Akhdar



https://news.mongabay.com/2024/03/omans-mountain-oases-offer-ancient-farming-lessons-for-a-warming-future/
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6,200 acres of land allocated to boost agriculture sector in Buraimi Oasis (. s 4s)5)
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2.5 Dhofar Region
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This southern province experiences a unique
microclimate owing to annual khareef (. 3)
(monsoon) season from June to September, when
moisture-laden winds from Indian Ocean create
fog and light precipitation along coastal
mountains.

(Dhofar region means a region where khareef
blows.) This exceptional climatic advantage

supports greater agricultural diversity:

a. FHEOES: BV —71F, F~—r DMOLHT
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a. Livestock Emphasis: Khareef produces
extensive seasonal grasslands that support cattle
rearing on a scale not possible elsewhere in
Oman, making Dhofar Oman’s center of dairy
production.

b. Tropical Crop Potential: Higher humidity and

more regular precipitation enable cultivation of
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crops uncommon elsewhere in Oman, including
coconut, papaya, and various tropical fruits.

c. Commercial Scale Operations: More favorable
growing conditions support larger-scale
agricultural operations, including commercial
banana plantations and fodder production.

d. Indigenous Plant Diversity: Its unique climate
supports exceptional plant biodiversity, including
frankincense trees (Boswellia sacra), which have

cultural, economic, and ecological significance.
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Dhofar’s agricultural potential, while substantial
compared to other regions of Oman, remains
constrained by seasonal water availability, limited
infrastructure development in more remote areas,
and challenges in market access due to distance

from major population centers.

Dhofar Mountains around Salalah and Al-Hawf during khareef
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3. Water Scarcity: The Fundamental

Agricultural Constraint
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Water availability represents the single most
critical limiting factor for Omani agriculture,
conditioning virtually all aspects of this sector’s
development and sustainability. The country’s
average annual rainfall ranges from 50mm in
interior deserts to 350mm in mountainous
regions—levels that fall far below requirements for
conventional rainfed agriculture.

This precipitation shortfall necessitates irrigation
for virtually all commercial agricultural production,
creating dependency on limited groundwater
resources.

Oman'’s water resources face multiple concurrent

pressures that threaten agricultural sustainability:

31 HIFARNMNOIET

3.1 Declining Groundwater Levels
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Agricultural regions across Oman have
experienced alarming reductions in aquifer levels
due to extraction rates far exceeding natural

recharge. This imbalance has several causes:

a. REFEOHEM: 3 ISd DE AR ZH T3
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a. Increased Agricultural Demand: Expansion of
irrigated areas without corresponding water
conservation measures has accelerated
groundwater depletion.

b. Inefficient Irrigation Methods: Despite
improvements, many farms continue to use flood
irrigation, which can waste up to 60% of applied
water through evaporation and percolation beyond
root zones.

c. Competing Sectors: Growing municipal and
industrial water demands further stress limited

groundwater resources.
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d. Reduced Recharge: Climate change has
altered precipitation patterns, often reducing
effectiveness of natural aquifer recharge despite

occasional intense rainfall events.
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In the most affected areas of Batinah coast (Jal
4ilLll), groundwater levels have declined by more
than 15-20 meters over these past three decades,

rendering some wells non-functional and forcing

¥EESERIIHET D I L ERERI SN TVE farmers to either deepen wells at considerable
KR expense or abandon agriculture altogether.

3.2 THAEBA 3.2 Saltwater Intrusion
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occurs when excessive freshwater extraction

reduces hydrostatic pressure in coastal aquifers,

BYTT, allowing denser saltwater to move inland. Its
consequences include:
a. EITEEEEL: MEEME O E Y . B2 IZW | a. Progressive Salinization: Beginning near coast
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and gradually moving inland, affecting increasingly
larger agricultural areas.

b. Crop Limitations: As salinity increases, only the
most salt-tolerant crops remain viable, reducing
agricultural diversity and productivity.

c. Effectively Irreversible Damage: Once seawater
intrusion occurs, aquifer remediation is extremely
difficult, expensive, and time-consuming,
effectively representing permanent agricultural
land loss.

d. Compounding Effects: Irrigation with
increasingly saline water further concentrates
salts in topsoil through evaporation, creating a

negative feedback loop.
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Studies indicate saltwater intrusion has affected
groundwater quality up to 10-12 kilometers inland
in parts of Batinah plain, transforming what was
once some of Oman’s most productive agricultural

land.

3.3 77 7 UEEBAKEORE

3.3 Falaj System Challenges
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These traditional irrigation channels such as ,
recognized by UNESCO as Falaj (=) a World
Heritage innovation, face existential challenges
despite their remarkable sustainability over

centuries:
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a. Maintenance Requirements: The physical
infrastructure of aflaj (z>4/) (plural of falaj) requires
regular maintenance to prevent leakage, collapse,
and sedimentation—costly and labor-intensive
work traditionally performed communally but now
often neglected.

b. Reduced Flow Volumes: Many aflaj have
experienced diminished output due to
groundwater depletion in their source areas, with
some historical systems now completely dry.

c. Management Complexities: Traditional water-
sharing arrangements face challenges adapting to
changing agricultural practices, crop water
requirements, and community demographics.

d, Knowledge Transmission: The specialized
knowledge required to maintain and manage aflaj
systems faces discontinuity as younger

generations pursue alternative livelihoods.
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Despite these challenges, approximately 3,017 of
Oman'’s estimated 4,000 historic aflaj systems
remain operational, though many at reduced
capacity. These systems continue to provide

irrigation water with minimal energy inputs through
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gravity flow, representing a model of sustainable

water management adapted to local conditions.

3.4 HERBRS

3.4 Intersectoral Competition
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Agriculture must increasingly compete with
municipal and industrial demands for limited water
resources, often at a disadvantage due to

economic considerations:
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a. Economic Value Comparisons: Agricultural
water use generally generates lower economic
value per cubic meter compared to industrial or
municipal uses, creating pressure to reallocate
water away from farming.

b. Population Growth: Oman’s growing population
increases domestic water demand, with municipal
needs typically prioritized over agricultural uses
during shortages.

c. Industrial Development: Economic

diversification strategies have expanded industrial
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water requirements, further constraining
agricultural allocations.

d. Tourism Development: The growing tourism
sector, with water-intensive facilities like hotels
and golf courses, creates additional competition

for scarce resources.
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This intersectoral competition often results in
reduced agricultural water availability, particularly
during drought periods when all sectors face

shortages simultaneously.

4. KBRS DB ORE

4. Government Response to Water

Challenges
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Recognizing water scarcity as an existential threat

to agricultural sustainability, Oman’s government

THDICSEIE R A L T ET, has implemented various strategies to address
these challenges:
4.1 BEEREE 4.1 Infrastructure Development
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Physical infrastructure interventions aim to
maximize capture and efficient use of limited

water resources:
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a. Recharge Dam Construction: Over 40 dams
have been constructed specifically to capture flash
flood waters and enhance groundwater recharge,
slowing runoff and increasing percolation to
aquifers.

b. Water Transfer Systems: Limited projects have
been implemented to move water from relatively
water-rich areas to water-deficit agricultural
regions.

c. Monitoring Networks: Installation of
groundwater monitoring wells and flow
measurement devices provides data essential for
evidence-based water management.

d. Irrigation System Modernization: Government

subsidies support conversion from traditional flood
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irrigation to more efficient systems, potentially
reducing water use by 30-60% while maintaining

or improving yields.

4.2 HiE O A

4.2 Regulatory Frameworks
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Legal and regulatory measures establish
frameworks for more sustainable water

governance:
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b. Well Permitting Systems: Royal Decree 88/82
established national ownership of water resources
and implemented permitting requirements for well
construction, with specific prohibitions on new
wells within 3.5 kilometers of existing wells or falaj
sources.

b. Extraction Limitations: Regulations in critical
areas restrict pumping volumes, pumping hours,
or both to reduce overdraft.

c. Crop Restrictions: In highly water-stressed
zones, cultivation of particularly water-intensive
crops may be discouraged or prohibited.

d. Water Quality Standards: Regulations govern
water quality for different uses, including
standards for treated wastewater reuse in

agriculture.

4.3 FREKIR

4.3 Alternative Water Sources
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Recognizing limits of conventional water
resources, Oman has increasingly explored non-

conventional sources:
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a. Treated Wastewater Reuse: Expansion of
wastewater treatment capacity has increased
availability of treated effluent for agricultural use,
particularly for fodder crops and landscaping.

b. Desalination for Agriculture: While most
desalination currently serves municipal and
industrial needs due to high costs, limited pilot
projects explore economic feasibility for high-value

agricultural production.
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c. Rainfall Harvesting: Both traditional and modern
rainwater harvesting techniques are being
promoted, particularly in mountain regions where
precipitation is higher.

d. Soil Water Conservation: Techniques to
maximize soil moisture retention include mulching,

windbreaks, and conservation tillage.

4.4 FFFEER %R

4.4 Research and Development
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Investment in scientific research addresses
specific water management challenges in Oman’s

unique environment:

a. TEDIZHRWE DBISE: A~ — OfFIiE L
TR & FHE DM 2 & 8 T B dn AR O F

Feo

b. WEREORE(L: MU DSRMT TS £ S E 2 EY
(CRGEZRREE A R, B, FIEZRET S0 Ol
Gk,

c. HiTKEL: HKDRANTHL L, LT
ToH K 2 BT % = 0 DT OERR,

d. JAEEB O TR SN D REEB D KE
PRI 52 % 5B B D T8 & TS BRI 0O B
7

a. Drought-Resistant Crop Development:
Research into crop varieties with enhanced water
use efficiency and drought tolerance suited to
Omani conditions.

b. Irrigation Optimization: Field trials to determine
optimal irrigation scheduling, volumes, and
methods for different crops under local conditions.
c. Groundwater Remediation: Exploration of
techniques to address saltwater intrusion and
restore affected aquifers.

d. Climate Change Adaptation: Research into
anticipated climate change impacts on water
resources and development of adaptive

management strategies.

5. EAES A L R R ERE~DRE

5. Crop Production Patterns and Food

Security Implications
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Oman'’s agricultural focus reflects adaptations to
its environmental constraints, with emphasis on
crops demonstrating resilience to heat, water
limitations, and in some cases, soil salinity. This
strategic crop selection represents an indigenous
knowledge system refined over centuries of

agricultural practice in challenging conditions.

5.1 7Y X ¥ OFEE

5.1 Date Palm Cultivation
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Date palms (U<l 415) (Phoenix dactylifera)
dominate Omani agriculture both culturally and
economically, occupying the largest area under
permanent cropping and representing a

cornerstone of traditional agricultural systems:
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a. Environmental Adaptation: Date palms exhibit
remarkable tolerance for environmental stresses,
with some varieties withstanding irrigation water
salinity levels up to 7,000 parts per million—levels
that would kill most other fruit trees.

b. Varietal Diversity: Oman maintains more than
250 local date varieties, representing an
invaluable genetic resource with different
characteristics of fruit quality, ripening time,
productivity, and environmental tolerance.

b. Economic Significance: Dates represent
Oman’s most important agricultural export by
value, with premium varieties commanding high
prices in regional and international markets.

c. Cultural Importance: Beyond their economic
value, date palms hold profound cultural
significance, featuring prominently in Omani
traditions, cuisine, and national identity.

d. Multifunctional Use: Date palm cultivation
provides not only fruit but also materials for
traditional crafts, building materials, livestock feed,

and shade for understory crops in oasis systems.
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Omani government has actively supported date
palm cultivation, including through “One Million
Date Palm” project coordinated by Royal Diwan
Court (SUabudl B30 ol ), which aims to expand
high-quality date production through tissue culture

propagation of superior varieties.

5.2 RppAE

5.2 Fruit Production
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While dates dominate tree crop production,
several other fruit species have established

significant niches in Omani agriculture:
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a. Mango: Heat-tolerant varieties thrive in multiple
regions when provided adequate irrigation, with
production concentrated in Batinah and eastern
regions.

b. Lime: Acid lime (locally known as Omani lime)
represents an important traditional crop with
cultural significance in Omani cuisine and
emerging export potential.

¢. Banana: Humid conditions in Dhofar and
sheltered valleys support banana cultivation,
though production faces challenges from wind
damage and irrigation limitations.

d. Coconut: Limited to the Dhofar region, where
higher humidity supports tropical species not
viable elsewhere in Oman.

e. Other Fruits: Smaller-scale production includes
pomegranate, papaya, guava, and various citrus,

each adapted to specific microclimates.
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Despite these successes, domestic production
satisfies only approximately 42% of national fruit
consumption, necessitating substantial imports.

This production gap presents both challenges for

HEomFE2b7-b LET, food security and opportunities for agricultural
expansion with appropriate varieties and
technologies.

5.3 BF3RAE 5.3 Vegetable Production
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Vegetable cultivation has expanded significantly in
recent decades, particularly through protected
agriculture that creates controlled environments

despite external climate extremes:

a. Z V= 2BIRY =4 Ry 2k 1R
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a. Greenhouse and Shade-house Systems:
Temperature-controlled environments enable

year-round production of sensitive crops that
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would otherwise be restricted to brief winter
growing seasons.

b. Key Crops: Common vegetables include
tomatoes, cucumbers, eggplants, okra, carrots,
onions, and various leafy greens, with production
concentrated in the Batinah region.

c. Water Efficiency: Modern protected agriculture
systems incorporate water-efficient irrigation, often
through integrated drip systems with fertigation
capabilities.

d. Market Orientation: Unlike traditional
subsistence farming, modern vegetable
production is primarily market-oriented, supplying
urban centers and, in some cases, export

markets.
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Vegetable production has achieved remarkable

success in terms of self-sufficiency, meeting

T, ZORRITA~—OREERIEIZEB T DHHD | approximately 78% of domestic vegetable

VWIKLD 1 2 Th Y, BEGIKNEZWIRT 5729 demand. This achievement represents one of

DOEAIE I D AT REME & R LTV ET, bright spots in Oman’s agricultural development,
demonstrating potential for technological
adaptation to overcome environmental
constraints.

5.4 HH{EM 5.4 Field Crops
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Field crop production faces particular challenges
in Oman’s environment but maintains importance

for specific purposes:
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a. Alfalfa: Represents a major field crop, primarily
supporting Oman’s livestock sector through local
forage production, though its high water
consumption raises sustainability concerns.

b. Wheat: Limited cultivation occurs in cooler
regions, but yields remain modest compared to
major grain-producing nations due to heat stress

and water limitations.
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c. Barley: More drought and salt-tolerant than
wheat, barley finds limited cultivation primarily for
livestock feed.

d. Rhodes Grass: Despite extremely high water
requirements, continues to be grown for animal
feed due to productivity and relative ease of

cultivation.

F=—r T, MERIT—RIZ, L0 AFRIZRRE
TSI, EEERAMROWEARY & OB
L0 BHEOARE TR ORI ER L TWE
T, THUTL D OT . ENOEFERZH 5
FRIEMERF T2 2 L3, BB aRBED A RICESL
b, BEMRAERELET,

Field crops generally face economic viability
challenges in Oman due to competition from
imported grains produced in more favorable
environments with lower production costs.
Nevertheless, maintaining some domestic
production capacity serves food security goals

and preserves agricultural knowledge.

5.5 H BB 1B

5.5 Emerging Specialty Crops
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Several high-value specialty crops have gained
attention for their economic potential despite

limited production volumes:
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a. Saffron: Experimental cultivation in higher-
altitude regions has shown promise, though
commercial production remains limited.

b. Frankincense: While traditionally harvested
from wild Boswellia sacra trees in Dhofar, efforts
to develop more systematic cultivation have
emerged.

c. Aromatic Plants: Various native and introduced
aromatic plants show potential for essential oil
production, including varieties of thyme, basil, and
mint.

d. Medicinal Plants: Research into cultivation of
traditionally used medicinal plants aims to reduce
pressure on wild populations while creating

economic opportunities.
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These specialty crops generally offer higher value
per unit of water consumed compared to

conventional crops, potentially providing more
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sustainable economic returns from limited

resources.

6. BEER DR HME

6. Socioeconomic Dimensions of

Agricultural Change
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Oman'’s agricultural sector has undergone
profound socioeconomic transformation in recent
decades, reflecting broader changes in Omani
society and creating new challenges for

agricultural sustainability.

6.1 5@ D&k L BEIDOEL

6.1 Changing Workforce Dynamics
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Agricultural workforce has experienced significant
demographic shifts with important implications for

this sector’s future:
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a. Labor Migration: Traditional family farming
operations increasingly rely on expatriate labor,
particularly from South Asian countries, for field
operations as Omani citizens pursue alternative
employment.

b. Aging Farmer Population: Average age of
Omani farmers has increased as younger
generations pursue education and employment
opportunities outside agriculture.

c. Knowledge Discontinuity: Traditional agricultural
knowledge faces transmission challenges as
fewer young Omanis engage directly in farming,
potentially losing generations of adaptive practices
suited to local conditions.

d. Skill Gaps: Modern agricultural technologies
require different skill sets from traditional farming,
creating educational and training needs that

remain incompletely addressed.
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These workforce changes have altered not only
who performs agricultural labor but also how

agricultural decisions are made, with implications




for long-term resource management and cultural

continuity in rural areas.

6.2 RRFEHIFEITRREME D FRE

6.2 Economic Viability Challenges
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Agriculture in Oman faces fundamental economic
constraints that limit its attractiveness as a

livelihood:
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a. Low Returns: According to the Agricultural
Census, economic returns from farming are often
insufficient to support household needs, driving
diversification into other income sources.

b. High Input Costs: Water pumping costs,
imported fertilizers and pesticides, and
increasingly expensive labor create high
production costs relative to crop values.

c. Market Competition: Domestic production
competes with imported agricultural products that
often benefit from economies of scale, more
favorable growing conditions, and sometimes
subsidies in countries of origin.

d. Land Fragmentation: Inheritance patterns have
progressively reduced average farm sizes, limiting

economies of scale and mechanization potential.
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These economic challenges help explain why only
16% of agricultural households maintain farming
as their primary occupation, with 53% shifting to
government employment and its remainder
entering private and non-formal sectors. This
transition has contributed to reductions in both
cultivated area and farm production in some

regions.

6.3 BURF ORI

6.3 Government Support Mechanisms
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Recognizing agriculture’s importance beyond strict
economic measures, Oman’s government has

implemented various support mechanisms:
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a. Input Subsidies: Reduced costs for selected
inputs including irrigation equipment, seeds,
fertilizers, and pesticides aim to improve economic
viability.

b. Marketing Assistance: Programs to improve
market access, quality standards, and value
addition for agricultural products.

c. Extension Services: Technical guidance,
training programs, and demonstration projects to
promote improved agricultural practices.

d. Credit Facilities: Specialized agricultural credit
through Agricultural and Fisheries Development
Fund provides financing for farm improvements
and expansions.

e. Research Support: Government-funded
agricultural research addresses specific

challenges facing Omani farmers.
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These interventions aim to enhance sector
viability while addressing structural challenges,
though their effectiveness varies across different

agricultural systems and regions.

6.4 BABAFEDDR23 Y

6.4 Rural Development Connections
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Agriculture in Oman transcends mere food

production, serving as a cornerstone of rural

LTWET, economies, cultural heritage, and national identity:
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disproportionate importance for social stability and
rural livelihoods in many regions.

b. Cultural Heritage: Traditional agricultural
practices, particularly date cultivation and falaj
systems, represent important elements of Omani
cultural identity and heritage.

c. Environmental Services: Agricultural
landscapes provide environmental services

beyond food production, including soil
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conservation, limited carbon sequestration, and
habitat for certain species.

d. Food Security: Domestic production reduces
dependence on imports for some essential food
items, contributing to national food security

objectives.
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These multifunctional aspects of agriculture help
explain continued government support despite the
sector’s relatively modest direct economic

contribution.
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7. Technological Adaptations and

Innovations
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In response to environmental limitations, Oman
has increasingly embraced technological solutions
to enhance agricultural productivity and

sustainability:
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7.1 Advanced Irrigation Systems
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Modern irrigation technologies represent perhaps
the most important technological adaptation in

Omani agriculture:
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a. Drip Irrigation: Delivers water directly to plant
root zones, reducing evaporative losses and
improving application uniformity, potentially
reducing water use by 30-60% compared to flood
irrigation.

b. Micro-sprinklers: Provide more controlled water
application than traditional sprinklers, with
reduced evaporative losses and improved
distribution patterns for certain crops.

c. Subsurface Irrigation: Experimental systems
deliver water directly to root zones through buried
irrigation lines, nearly eliminating evaporative

losses.
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d. Smart Irrigation Controllers: Soil moisture
sensors, weather-based controllers, and
computerized scheduling optimize irrigation timing

and volumes.
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Government subsidies have accelerated adoption
rates for these technologies, particularly among
commercial producers, though traditional irrigation
methods persist in many smaller operations due to
cost barriers, knowledge gaps, or cultural

preferences.
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7.2 Protected Agriculture
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Controlled environment agriculture has expanded

significantly to overcome climate limitations:
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a. Greenhouse Systems: Temperature-controlled
environments mitigate extreme heat, enabling
year-round production of crops that would
otherwise be restricted to brief winter growing
seasons.

b. Shade Houses: Less expensive than full
greenhouses, shade structures reduce solar
radiation and temperatures while improving
humidity conditions for appropriate crops.

c. Hydroponics: Soilless cultivation systems
optimize water and nutrient delivery while
eliminating soil-borne disease issues, though high
initial investment costs limit widespread adoption.
d. Vertical Farming: Experimental systems in
urban areas maximize production per unit area
while minimizing water requirements through

recirculating systems.
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These protected systems have been particularly
successful for vegetable production, contributing
significantly to domestic self-sufficiency despite

harsh external conditions.

7.3 LB BN

7.3 Soil Management Techniques
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Recognition of soil limitations has prompted

research into improvement techniques:
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a. Organic Matter Addition: Composted green
waste, animal manures, and crop residues
improve soil structure, water retention, and
nutrient availability.

b. Mulching: Surface covers reduce evaporative
water loss, moderate soil temperatures, and
suppress weeds.

c. Saline Soil Remediation: Techniques to
manage salt-affected soils include leaching,
gypsum application, and cultivation of salt-tolerant
pioneer species.

d. Conservation Agriculture: Reduced tillage,
permanent soil cover, and crop rotation help

maintain soil structure and organic matter.
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These approaches aim to address specific soil
constraints in different agricultural zones,
recognizing that soil quality is a fundamental
determinant of water use efficiency and overall

productivity.

7.4 EMEROISH

7.4 Biotechnology Applications
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Oman has increasingly embraced plant
biotechnology, particularly tissue culture, to

address specific agricultural challenges:
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a. Date Palm Propagation: Tissue Culture and
Biotechnology Centre in Jammah (z>), Bahla has
pioneered large-scale propagation of elite date
palm varieties, producing 820,000 plants between
1997-2020 as part of the “One Million Date Palm”
project.

b. Disease-Free Material: Tissue culture produces
disease-free propagating material for banana,
pineapple, papaya, garlic, and other crops
susceptible to pathogen accumulation through

conventional propagation.
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c. Conservation of Genetic Resources: Tissue
culture techniques help conserve indigenous plant
varieties adapted to local conditions, providing
material for breeding programs.

d. Research Expansion: Additional plant tissue
culture research continues at several Omani
universities, including Nizwa University, UTAS-
Sur, and Dhofar University, targeting economically

important native plant species.
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Tissue culture technology offers particular
advantages in Oman’s challenging environment,
including:

1. Control of product supply independent of
geographical plant availability

2. Avoidance of seasonal fluctuations in
propagation material

3. Uniform growth under defined conditions

4. Rapid multiplication of elite varieties

5. Production of disease-free planting material

6. Preservation of valuable genetic resources
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These advantages explain significant investment
in tissue culture facilities despite relatively high
per-plant production costs compared to

conventional propagation methods.
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7.5 Biodiversity and Endemic Plant

Resources
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Oman’s unique ecological areas have fostered
remarkable plant biodiversity, including numerous
range-restricted and endemic species with

potential agricultural and economic significance:
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a. Endemic Richness: Over 1,200 endemic plant
species have been identified in Oman, with
estimates suggesting this number could reach
1,400 or higher as research continues.

b. Distribution Patterns: Southern Oman’s

mountains and Northern Al Hajar range contribute
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most significantly to this endemism, with unique
geological and climatic conditions creating
specialized habitats.

c. Potential Applications: Many endemic plants
possess adaptations to extreme conditions—
including drought tolerance, heat resistance, and
salinity management—potentially valuable for crop
improvement programs.

d. Conservation Challenges: Development
pressures, overgrazing, and climate change
threaten these unique plant resources, with
conservation efforts only partially addressing

these risks.
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Ggenetic resources represented by these
endemic plants could prove invaluable for
agricultural adaptation to climate change,
particularly traits for stress tolerance and resource

efficiency.
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8. Future Directions and Sustainable

Pathways

I~ = DREORRICIE, Yil OB 2R
DI & BRI 2 G IROFe il RENE D ¥ 2 HL 5
VERH Y ET, WL DDOFERIFIPER D
CENYFELL,

Oman'’s agricultural future necessitates balancing
immediate food security concerns with long-term
resource sustainability. Several promising

directions have emerged:

8.1 A KEIREH

8.1 Integrated Water Resource

Management
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Holistic approaches to water governance,
considering agriculture alongside environmental,
industrial, and municipal needs, offer potential for

more sustainable resource allocation:
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a. Basin-Level Planning: Managing water
resources at watershed levels rather than by
individual extraction points or administrative

boundaries.
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b. Conjunctive Use: Coordinated management of
surface and groundwater resources to maximize
sustainable yields while maintaining ecological
functions.

c. Demand Management: Emphasizing efficiency
improvements and appropriate crop selection
rather than expanding supply through increasingly
costly infrastructure.

d. Stakeholder Participation: Involving diverse
water users in governance decisions to improve
compliance and develop contextually appropriate

solutions.
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These integrated approaches recognize the

interconnected nature of water systems and the

VBB L TV ES need for coordinated management across sectors
and scales.
82 XEEEICEHB L EE 8.2 Climate-Smart Agriculture
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Adapting agricultural systems specifically to
enhance resilience to climate change impacts

represents an important future direction:
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a. Modified Planting Calendars: Adjusting
cultivation timing to accommodate changing
temperature and rainfall patterns.

b. Crop Diversification: Reducing risk through
cultivating multiple species with different
environmental tolerances and market
opportunities.

c. Agroforestry Systems: Integrating trees with
crop production to moderate microclimates,
reduce evaporative losses, and diversify
production.

d. Heat-Adapted Varieties: Developing and
adopting crop varieties with enhanced tolerance

for extreme temperatures and water stress.
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These approaches directly address escalating
climate challenges facing Omani agriculture while

potentially improving resource efficiency
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8.3 Value Chain Development
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Focusing beyond primary production to enhance
processing, storage, and marketing offers

opportunities to increase sector profitability:
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a. Post-Harvest Handling: Reducing losses
through improved handling, packaging, and cold
chain management for perishable products.

b. Processing Capacity: Developing value-added
products from agricultural raw materials to capture
greater economic returns and extend shelf life.

c. Market Differentiation: Establishing Omani
agricultural products in premium market segments
through quality certification, organic production, or
geographic indication.

d. Direct Marketing: Shortening supply chains to
increase producer returns and consumer access

to fresh local products.
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These value chain improvements could increase
economic returns without necessarily expanding
production area or water consumption, improving

efficiency across food system.

8.4 BEBOHSE

8.4 Agritourism Integration

I~ =V ORENPFOMAMET, BDOLE OMAIZ
Hri-lprieta b LTV T,

Distinctive nature of Omani agriculture presents

opportunities for tourism integration:
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a. Agricultural Heritage Tours: Showcasing
traditional farming systems, particularly date
cultivation and the falaj irrigation system, as
cultural heritage experiences.

b. Farm Stays and Experiences: Developing
opportunities for visitors to experience aspects of

agricultural life and production processes.
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c. Culinary Tourism: Connecting agricultural
production with Omani cuisine through food tours,
cooking classes, and farm-to-table experiences.
d. Botanical Tourism: Highlighting Oman’s unique
plant biodiversity, including endemic species and

specialized adaptations to extreme environments.
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These approaches could generate supplementary
income streams for farming communities while
raising awareness of agricultural heritage and

challenges.
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8.5 Research Prioritization
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Continued investment in applied agricultural
research targeting Oman'’s specific environmental

challenges could yield transformative innovations:
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a. Water-Efficient Production Systems:
Developing and testing cultivation approaches that
maximize production per unit of water consumed.
b. Salt-Tolerant Crop Varieties: Breeding or
selecting crop varieties with enhanced tolerance
for increasing irrigation water salinity.

c. Indigenous Species Domestication:
Investigating potential domestication of native
plant species already adapted to Oman’s harsh
conditions.

d. Sustainable Soil Management: Developing
context-appropriate techniques to maintain and

improve soil quality under intensive production.
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These research directions address fundamental
constraints facing Omani agriculture while
potentially generating innovations applicable to

other arid regions globally.
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9. Oman’s Agriculture
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Oman'’s agricultural sector exemplifies remarkable
human adaptation to extreme environmental

constraints. Despite limited arable land, scarce




T A OREITEEE MR L, AR 72
IERERITEAT & IR 2 BRI A Z B C T, —#B
OO ARBAERS AEHR L TEE LT,

water resources, and challenging climatic
conditions, Omani agriculture has maintained
productivity and even achieved self-sufficiency in
select commodities through ingenious traditional

practices and strategic modern interventions.
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This sector faces formidable challenges, including
water scarcity, climate change, workforce
transitions, and economic viability concerns.
However, it also demonstrates considerable
capacity for innovation and adaptation, as
evidenced by successful protected agriculture
systems, biotechnology applications, and water

efficiency improvements.
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Oman’s agricultural sector can continue its
evolution toward a model of desert agriculture that
balances productivity with sustainability—
potentially offering valuable lessons for other arid

regions facing similar constraints worldwide.




