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Managing heat, dry spells and root-zone stress in Singapore vegetable farms

What is El Nifo?

El Nifo is a natural climate phenomenon characterised by unusually warm sea surface temperatures in the
central and eastern tropical Pacific Ocean. These warmer waters alter atmospheric circulation, affecting
rainfall and temperature patterns in many parts of the world. El Nifio typically occurs every 2 to 7 years,
although its intensity and duration vary.

In Singapore and much of Southeast Asia, El Nifio typically brings warmer temperatures and drier
conditions, particularly during the Southwest Monsoon season (June—September).

Depending on its intensity and duration, El Nifio may result in prolonged periods of below-average rainfall,
above-average temperatures, and increased water stress, affecting crop growth, irrigation demand and
overall farm operations. Understanding these risks and preparing early can help vegetable farms minimise
production losses and improve resilience.

Why farms should prepare

Hotter and drier conditions can place considerable stress on vegetable production. Farms that prepare early are
better placed to reduce crop losses, maintain reliable water supplies, protect farm infrastructure and equipment,
and minimise production disruptions. Taking preventive action ahead of time is often more effective and less
costly than responding after damage has occurred.

Maintain reliable Protect infrastructure Minimise production

Reduce crop losses water supply and equipment disruption

Potential Impacts on Vegetable Production

How prolonged heat and dry weather affect each growing system

Heat and low rainfall affect each growing system differently. Both need close monitoring and timely action.

Hydroponic Farms Soil-Based Farms
&: Elevated nutrient solution temperature Water scarcity
Root-zone heat stress increases, and dissolved Reduced rainfall increases irrigation demand and
oxygen declines in deep water culture (DWC) systems. strains water supplies.
Higher water demand \é/ Heat stress
Higher temperature increases evaporation and plant 77N High temperatures cause wilting, flower and fruit
water use, requiring more frequent reservoir top-ups. drop, reducing crop growth and marketable yield.
pH and EC fluctuations Soil degradation
Heat alters water and nutrient uptake, requiring Dry soil reduces soil moisture and biological activity,
closer monitoring of pH and EC. increasing the risk of erosion.
Algae and pathogens V Poor nutrient uptake
aghs Warm, light-exposed nutrient solution encourages Dry soil limits nutrient uptake, while excessive fertiliser
algae growth and water-borne pathogens. application increases the risk of fertiliser burn.
Equipment failure \xs Pestand disease pressure
S Y
\ Power or pump failures can quickly disrupt irrigation, ;"'1 Hot, dry conditions may favour some pests, while
aeration and cooling. drought-stressed crops are more susceptible to damage.

Key Point Both systems need daily checks during dry spells. Hydroponic farms feel the heat first in the root zone,
while soil-based farms feel it first through declining soil moisture.
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Monitor crops regularly so heat and drought stress is caught early, while corrective action is still possible.

| Recognising Heat and Drought Stress

* Poor seedling establishment — Delayed germination, poor establishment or reduced seedling
vigour after sowing or transplanting.

*  Wilting — Leaves drooping, especially during the hottest part of the day.

» Leaf scorch or yellowing — Browning or yellowing along leaf margins or tips.

« Stunted growth — Reduced plant vigour and slower-than-normal growth.

« Tipburn — Browning of young leaves from heat stress and poor calcium uptake and transport.

General
Signs

*  Flower or fruit drop — Premature flower drop, poor fruit set, or reduced fruit development.
« Dieback — Browning and death of stems, shoots, or branches.

Additional * Root discolouration — Brown, darkened or slimy roots instead of healthy white roots.
Signs in . » Persistent leaf yellowing or wilting — Often associated with root stress or nutrient imbalance.
gzgtr:rzgmc * Increased algae growth — More frequent or excessive green or brown algae in reservoirs or

growing channels.

What These Signs Look Like

In Hydroponic Farms In Soil-Based Farms
i ': Ay i Poor seedling establishment Poor seedling establishment
= o
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Heat stress shows as stretched,
leggy seedlings (top), or as small,
pale transplants that are slow to
root and establish (bottom).

Wilting

Canopy droops in peak heat,
especially without shading, as
warm solution and low oxygen
limit water uptake.

Root discolouration

Brown or slimy roots, a sign the
nutrient solution is too warm and
low in dissolved oxygen.

Persistent yellowing

Yellowing or wilting that does not
lift overnight, usually root stress
or nutrient imbalance in a warm
solution.

Algae growth

Green or brown algae spreading
in warm, light-exposed reservoirs
and channels, competing for
oxygen and nutrients.

How to Check

Patchy germination and slow
establishment after sowing or
transplanting, with weak, uneven
seedlings.

Wilting

Leaves droop in the afternoon
heat. If they have not recovered
by the next morning, the root
zone is already too dry.

Leaf scorch or yellowing

Browning along leaf margins and
tips, worst on exposed outer
leaves, as heat outpaces water
uptake.

Stunted growth

Plants smaller than others sown
at the same time, as dry soil limits
water and nutrient uptake.

Inspect crops daily during dry spells, preferably in the early
afternoon when heat stress symptoms are most visible.
Record which beds or growing channels are affected. Heat
stress can resemble nutrient deficiencies, pest damage or root
disease, so confirm the cause before taking corrective action.
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Farm Preparedness Checklist Trigger Values
Act at these levels, on repeated midday

Complete the general checklist first, then apply the measures specific to your growing wilting, o after several dry days in a row

system. Review and maintain these measures regularly while the heat and dry weather
persist. 35°C ambient air

General Farm Preparedness

o . .
Applies to both hydroponic and soil-based farms. 29°C nutrient solution

Weather Monitoring Cooling & Shade Infrastructure
U Assign one person to monitor daily weather [ Inspect shade screens, ventilation, 1 Inspect farm equipment and critical
updates from the Meteorological Service fans, cooling pads and misting infrastructure.
Singapore (MSS) and myENV. systems. QO Keep spare parts ready for critical
U Monitor and record daily air temperature, U Use 30-50% shade for leafy equipment such as pumps, pipes,
relative humidity, rainfall and crop conditions. vegetables, and avoid over-shading, valves and timers.
O Establish trigger points for activating heat which slows QFOWth_- Worker Safety
mitigation measures based on weather U Ensure adequate airflow throughout . .
conditions and crop performance. greenhouses and protected growing Stock essential supplies such as water,
areas. first aid kits and emergency items.
Water Management O Ensure workers have drinking water
O Confirm sufficient water availability for Crop Management and shaded rest areas.
prolonged dry periods and identify alternative L Adjust planting schedules during hot 1O Schedule physically demanding work
or backup water sources. periods if resources are limited. during cooler parts of the day.
O Inspect and maintain water storage tanks, [ Sow and transplant during cooler
rainwater harvesting systems, irrigation hours. Emergency Preparedness
systems and associated equipment (e.g. O Use heat-tolerant varieties and d Maintain a response plan for prolonged
pumps, filters, valves and backup power maintain adequate crop spacing. heat, drought and water shortages.
systems). O Increase monitoring for pests and a Keep_emergenc_y. contacF lists (e.g.
0O Repair leaks and ensure uniform water diseases during hot, dry conditions. suppliers and utility providers) up to
distribution. date.
Hydroponic Farms Soil-Based Farms
Applies to hydroponic and soilless systems only Applies to soil-grown crops only
Nutrient Solution Management Soil and Water Management
U Monitor nutrient solution temperature daily and maintain it O Apply mulch to conserve soil moisture and reduce surface
below 29°C where possible. evaporation.
O Monitor and adjust pH, EC and nutrient concentrations O Monitor soil moisture regularly and irrigate before the root zone
regularly. dries out.
U Insulate and shade reservoirs, and use chillers where U Improve soil water-holding capacity with compost or organic
available, as solution temperature approaches 29°C. matter ahead of the dry period.
U Maintain dissolved oxygen at 6—8 mg/L for deep water culture = U Check irrigation uniformity, and favour drip or targeted watering
(DWC) systems. over overhead irrigation.
U Keep reservoirs, channels and pipework clean and free of U Review fertiliser rates and schedules before the dry period to
algae and biofilm. reduce the risk of fertiliser burn.

Managing Heat and Water Stress During El Nino

What to do each day while heat and dry weather persist

Daily Monitoring & Records Heat & Water Management Crop & Farm Operations

U Monitor weather conditions and O Irrigate during the cooler parts of the U Continue weed, pest and disease monitoring
crop stress. day. and management.

U Hydroponic: check nutrient Flush hot water from irrigation lines U Hold off fertiliser while the soil is dry, and apply
solution temperature, pH, EC, before irrigating. only with adequate irrigation.
dissolved oxygen (DWC) and Increase irrigation frequency or U Delay sowing and transplanting while heat
root health. duration as needed. stress trigger levels are exceeded.

0 Soil-based: monitor soil Prioritise irrigation for young, newly O Harvest during the cooler parts of the day.
moisture and crops for signs of transplanted and high-value crops. O Check daily that pumps, aeration systems,

O 0O O O

heat and drought. Activate shading, ventilation and timers and backup power are functioning
cooling systems (e.g. chillers) when properly.
heat stress thresholds are reached. U Keep workers hydrated, and schedule physically

demanding tasks during cooler hours.
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Recovery and Future Preparedness

Once EI Nifio conditions have eased and normal weather returns, assess any damage, restore farm operations and review
lessons learnt before resuming normal production.

Assess El Nifio Impacts

Restore Irrigation and Nutrient

Preparing Vegetable Farms for El Nino

Managing heat, dry spells and root-zone stress in Singapore vegetable farms

Clean and Service Farm

O Assess crop damage, including plant Management Systems
survival, root health, leaf scorch, O Gradually return irrigation schedulesto O Clean reservoirs, pumps, filters
tipburn, bolting and marketable quality. normal as weather conditions improve. and irrigation components before
U Remove dead or severely damaged O Check and adjust pH and EC after resuming normal operations.

plants and crop residues. reservoir top-ups or heavy rainfall. O Remove accumulated algae and
O Inspect for pest and disease outbreaks, 1O Flush irrigation lines if salt build-up or biofilm.

particularly after rainfall or prolonged uneven water distribution is suspected. O Repair any damaged

humidity after the dry period. infrastructure.

Replant Carefully

U Replant damaged areas in stages
rather than all at once.

U Consider short-cycle crops to restore
production where appropriate.

U Monitor weather forecasts before Q
large-scale planting.

Review and Improve Farm
Preparedness

[ Review records of weather conditions,
crop performance and mitigation
measures. a
Update farm SOPs, trigger points and
response measures based on lessons

Seek Technical Advice

U Document significant crop losses,
equipment failures or unusual crop
symptoms.

Contact the Farm Advisory Section
at SEA-AGT@sfa.gov.sq if
problems persist or recovery is

learnt. poor.
N
Improving Energy Efficiency in Hydroponic Farms
Energy-efficient practices can reduce operating costs while maintaining crop Key Takeaway

performance during prolonged hot weather.

Prepare — Monitor — Respond — Recover

Area Recommended Practices -~ ) .
Cooling Optimise cooling by insulating nutrient reservoirs, shading EIthn? prepared'r:ess 'SCT.][.OSt effe(itlve
exposed pipework (where applicable), and maximising W eln arn:st.molnl or.t(':ont' e
natural ventilation before relying on mechanical cooling. impiement imely mitgation measures,
o ) . A and review lessons learnt after each
Lighting Use high-efficiency LED lighting and schedule the event. Building resilience through good
photoperiod during cooler night-time hours where feasible. water management, regular maintenance
Pumps & Use variable-speed drives where suitable and schedule and timely intervention will help reduce
Fans irrigation to reduce peak electricity demand. production risks and sustain vegetable

production during future El Nifio events.

Maintenance

Service pumps, fans and filters regularly, and monitor
energy use to identify inefficient equipment.

J

The Singapore Food Agency (SFA) has announced the $70 million Agri-food Cluster Transformation (ACT) Fund 2, which
supports capability development, productivity improvements and infrastructure upgrades. Farms preparing for warmer
weather can tap on the Capability Upgrading component to adopt energy-efficient solutions from SFA’s pre-qualified list.

PSG Solutions Directory Filter Equipment Search Terms: Climate & Environment Monitoring Control Equipment/
System e Heating, Ventilation and Air-conditioning (HVAC) system e Solar Panels
System and Energy Storage System e Environment/ Water/ Nutrient Sampling,

Monitoring & Control Equipment/ System e LED grow lights

Sector : Food
Agency: SFA

About the Author

Yin Yin Liew, Kai Yi Tey, Yi Chieh Lan, Mohd
Suhaime, Weng Hoy Leong, and Mohamad Yazid
are from the Farm Advisory Section (FAS) in the
Agriculture Technology Department, Agrifood
Technology Division. The team works closely with
local farms to provide technical advice and
practical solutions on crop production, farm
management, and climate resilience. Drawing on
their experience supporting Singapore's
vegetable farms, this guide provides practical
recommendations to help growers prepare for
and manage the impacts of El Nifio.

hitps: g gov.sg/aaite

Interested in piloting agri-tech solutions?
Looking for a place to translate technology from
lab to farm? Scan the QR code to find out more

about the Agritech Translation Programme!

Best practices guide for crop cultivation
covering other topics can be found here.
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