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1. Introduction

Saudi Arabia faces a complex set of environmental challenges:

rapid desertification, biodiversity loss, freshwater scarcity, and growing food demands.

In alignment with Saudi Vision 2030, the Kingdom has prioritized:

• Sustainable environmental management.

• Conservation of terrestrial and marine ecosystems.

• Strengthening national food security through modern agriculture.



1. Introduction

There are three interconnected topics:

1. Environmental Sustainability & Biodiversity Conservation

2. Wildlife Conservation & Renewable Bio-based Industries

3. Agriculture and Food Security

Together, they reflect a modern scientific approach to building a resilient future for Saudi

Arabia in the context of climate change and ecological pressures.



2 . Environmental Sustainability 
& Biodiversity Conservation

2.1 Desert Greening and Land Restoration

Saudi Arabia is one of the most arid nations globally, with desertification threatening habitats, infrastructure, 

and agricultural land.

* Key Scientific Approaches:

1. Biotechnology in plant production

– Engineering drought- and salt-tolerant crop varieties.

– Using microbial biofertilizers and mycorrhizal fungi to enhance soil productivity.

2. Afforestation & Reforestation Programs

– Planting native desert species such as Acacia(Known for its drought tolerance and soil enrichment), 
Ziziphus(Offers shade and fruit, supports biodiversity), and Haloxylon(Excellent for stabilizing sandy 

soils).

– Sand dune fixation using organic mulches and polymer-based soil stabilizers.



2 . Environmental Sustainability & Biodiversity 
Conservation

2.1 Desert Greening and Land Restoration

3. Water-efficiency Technologies

- Drip irrigation, subsurface irrigation.

-Treated wastewater reuse for landscaping.

-Smart irrigation controlled by soil moisture sensors.

*Outcomes for Sustainability:

1- Reduced soil erosion.

2- Increased vegetation cover.

3- Microclimate improvement.

4- Greater carbon sequestration (supports Saudi Green Initiative).



2 . Environmental Sustainability 
& Biodiversity Conservation

2.2 Coral Reef & Marine Biodiversity Conservation

Saudi Arabia’s Red Sea hosts some of the world’s most thermally tolerant coral reefs.

* Threats

- Rising sea temperatures

- Habitat disturbance from coastal 

development

- Pollution & sedimentation

- Overexploitation of marine resources

* Conservation Programs
Marine Protected Areas (MPAs)
– Restrict harmful activities
– Protect breeding grounds
Coral Reef Restoration
– Coral micro-fragmentation
– Coral gardening in underwater nurseries
Ecological Monitoring
– Satellite-based reef health assessment
– AI-driven marine drones (AUVs) to track biodiversity



2 . Environmental Sustainability & Biodiversity 
Conservation

2.2 Coral Reef & Marine Biodiversity Conservation

* Importance

- Supports fisheries

- Promotes sustainable ecotourism

- Maintains marine ecosystem resilience

- Enhances national environmental heritage (NEOM, 

The Red Sea Project)



3 . Wildlife Conservation 
& Renewable Bio - Based Industries

3.1 Wildlife Conservation Programs 

Saudi Arabia hosts unique desert and mountain ecosystems with critically endangered fauna.

• Case Study: Arabian Leopard Protection

• The Arabian leopard (Panthera pardus nimr) is critically endangered.

• Conservation actions include:

– Captive breeding centres

–Anti-poaching laws & satellite monitoring

– Habitat restoration in the Asir and Hijaz mountain ranges

– Public awareness and community engagement



3 . Wildlife Conservation 
& Renewable Bio - Based Industries

3.1 Wildlife Conservation Programs 

• Other Species Under Protection

• Arabian oryx

• Sand gazelle

• Houbara bustard

• Hawksbill & green sea turtles

• National Centers Involved

• National Center for Wildlife

• King Abdullah University of Science and Technology (KAUST)

• Royal Commission for AlUla (Arabian Leopard Initiative)



3 . Wildlife Conservation & 
Renewable Bio - Based Industries

3.2 Renewable Bio-Based Industries

Saudi Arabia’s push toward renewable bio-based industries is a key part

of its Vision 2030 strategy to diversify the economy beyond oil and

create a sustainable, circular economy.

* Industrial  Sectors
1- Biofuels
– Microalgae-derived biodiesel.
– Bioethanol from agricultural waste.
2- Biodegradable Materials
– Bioplastics from starch and cellulose.
– Microbial biopolymers (e.g., PHB, PLA).
3- Industrial Biotechnology (Green Chemistry)
– Enzymatic processes replacing petroleum-based synthesis.
– Biorefineries producing biochemicals, fertilizers, and 
bioenergy.

* Environmental Significance

- Reduces carbon emissions.
-Minimizes plastic waste.
-Creates sustainable economic opportunities.



4 . Agriculture and Food Security in
Saudi Arabia

4.1 Genetically Modified Crops (GMOs)

Saudi Arabia does not ban GMOs, but they are strictly regulated under the Saudi 

Food and Drug Authority (SFDA) and Gulf Cooperation Council (GCC) standards.

* Benefits
- Improved tolerance to drought, heat, and 
salinity.
- Higher productivity per unit of water.
- Resistance to pests & diseases.
- Reduced dependence on chemical pesticides.
- Enhanced nutritional content (e.g., vitamin-
enriched crops).

* Examples
- Salt-tolerant wheat.
- Drought-resistant tomatoes.
- Pest-resistant corn.
- Engineered barley for desert agriculture.



4 . Agriculture and Food Security in 
Saudi Arabia

4.2 Sustainable Aquaculture

Saudi Arabia is expanding aquaculture to meet 

national protein demands.

* Technological Approaches
1. Recirculating Aquaculture Systems (RAS)
– Closed-loop systems minimizing water use.
2. Integrated Multi-Trophic Aquaculture (IMTA)
– Fish, seaweed, and shellfish raised together for nutrient 
recycling.
3. Sensor-driven Monitoring
– Real-time oxygen, pH, and salinity controls.
4. Selective breeding for fast-growing marine species

* Outcomes
- Reduced reliance on seafood imports.
- Stable high-quality production.
- Lower environmental footprint of fish farming.



4 . Agriculture and Food Security 
in Saudi Arabia

4.3 Vertical Farming & Hydroponics: 

Ideal solutions for water-scarce, urbanizing environments.

1. What is Vertical Farming?
- Growing crops in stacked layers within controlled 
environments.
- Uses LED lighting, climate control, and automation.
- Ideal for urban areas and regions with limited farmland.

Benefits:
- Up to 90% less water than traditional farming.
- Year-round production regardless of climate.
- Reduced transportation costs (local production).



4 . Agriculture and Food Security 
in Saudi Arabia

4.3 Vertical Farming & Hydroponics

2. What is Hydroponics?
- Soil-less farming using nutrient-rich water solutions.
- Common systems: NFT (Nutrient Film Technique),
Deep Water Culture, Drip Systems.
Benefits:
- Faster crop growth.
- Efficient water use.
- Suitable for leafy greens, herbs, and high-value crops.



4 . Agriculture and Food Security 
in Saudi Arabia

4.4 Biological Pest Control

A sustainable alternative to synthetic pesticides, supporting environmental health. Biological pest control uses natural 

enemies (predators, parasitoids, pathogens) or biopesticides to manage harmful pests instead of chemical pesticides, 

promoting sustainability and reducing chemical residues.

• Methods

- Beneficial insects (ladybirds, lacewings, parasitoid wasps).

- Microbial agents (e.g., Bacillus thuringiensis).

- Entomopathogenic fungi.

- Pheromone traps and mating disruption technologies.



4 . Agriculture and Food Security 
in Saudi Arabia

4.4 Biological Pest Control

• Benefits

-Environmental protection.

-Reduced chemical residues in food.

-Long-term pest suppression.

-Supports biodiversity in agricultural systems.

Entomopathogenic fungi

Pheromone traps

Mating disruption



5 . Conclusion

• Saudi Arabia is undergoing a transformative shift toward sustainability:

• Desert greening and ecological restoration enhance land productivity and combat desertification.

• Marine and wildlife conservation preserve the Kingdom’s unique biological heritage.

• Bio-based industries and modern farming technologies ensure long-term food security.

• The synergy of biotechnology, ecological science, and innovative agriculture reflects Saudi

Arabia’s commitment to a resilient, sustainable, and environmentally responsible future under

Vision 2030.
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