
 

 

 

 

 

 

 

 
 
 

 

 

 

 
 

Why Nutrient Monitoring is Critical 

Hydroponic salad production is not limited by fertilizer 
availability, but by the precision with which nutrients are 
managed and absorbed by the plant. In fast-growing leafy 
crops, even small imbalances in nutrient supply or 
environmental conditions can quickly affect plant development, 
uniformity, and final product quality. 

Unlike soil systems, hydroponics provides no buffering capacity, 
meaning that changes in nutrient concentration, pH, or salinity 
are immediately experienced by the plant. As a result, growers 
must continuously monitor and adjust nutrient levels to match 
plant demand throughout the crop cycle. 

Leafy greens are particularly sensitive because of their rapid 
growth rate and high water content. Nutrient-related issues can 
develop quickly and often before visible symptoms appear, 
making early detection essential. 

Common challenges in hydroponic salad production include: 

• Tip burn caused by insufficient calcium transport  
• Uneven growth and variability between plants  
• Excess nitrate accumulation affecting food safety and 

compliance  
• Reduced shelf life and post-harvest quality  
• Growth reduction under salinity or stress conditions  

These issues are typically linked to: 

• Imbalances between key nutrients such as potassium 
and calcium  

• Elevated EC levels limiting water and nutrient uptake  
• Environmental factors such as high humidity or low 

airflow reducing transpiration  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By monitoring nutrient levels directly in the plant through leaf 
sap analysis, growers gain real-time insight into nutrient uptake 
and plant status. This allows for early correction of imbalances, 
improved control overgrowth and quality, and more efficient 
use of inputs. 

 In hydroponic salad production, proactive nutrient 
monitoring is essential to maintain crop uniformity, 
optimize yield, and ensure consistent, high-quality 
output. 

Key Principle 
 
Successful nutrient management in hydroponic salad 
production is based on understanding the difference between 
what is supplied, what is absorbed, and what ultimately defines 
product quality. 

Nutrient solution = what you supply 
This represents the composition of the irrigation water and 
fertilizers delivered to the crop. It defines the availability of 
nutrients, but does not guarantee that the plant will absorb 
them efficiently. 

Leaf sap = what the plant absorbs 
Leaf sap analysis provides a real-time snapshot of nutrients 
actively circulating within the plant. It reflects actual uptake 
and transport, which are influenced by environmental 
conditions such as temperature, humidity, and transpiration. 
This is the most important indicator for in-season decision-
making. 

Leaf tissue = what you sell 
In salad crops, the harvested product is the leaf itself. Final 
nutrient accumulation directly affects quality, shelf life, taste, 

Nutrient Monitoring in Hydroponic 
Salad Production 
Introduction:  

Hydroponic salad production is one of the most intensive and 
fast-paced horticultural systems, characterized by short crop 
cycles, high planting densities, and strict quality requirements. 
In these systems, plant growth and product quality are entirely 
dependent on the grower’s ability to precisely manage nutrient 
supply, irrigation, and environmental conditions. 

Unlike soil-based systems, hydroponics offers no natural 
buffering capacity. As a result, even minor fluctuations in 
nutrient concentration, pH, or salinity can rapidly affect plant 
physiology and market quality. 

Leafy greens are particularly sensitive because: 
• They have shallow root systems  
• They exhibit rapid biomass accumulation  
• Their harvested product is the vegetative tissue itself 

In these crops, the harvested product is the leaf itself, making 
nutrient management directly linked to quality, shelf life, and 
food safety. 
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and compliance with food safety standards, particularly in 
relation to nitrate levels. 

Understanding the relationship between these three levels 
allows growers to identify gaps between supply and uptake, 
detect hidden imbalances, and adjust fertigation strategies 
accordingly. 

The goal is not just to provide nutrients, but to ensure they 
are effectively absorbed and translated into consistent, high-
quality produce. 

Why Ion Measurements Matter 

Understanding Plant Uptake 

In hydroponic systems, supplying the correct nutrient solution 
does not guarantee optimal uptake. Plant absorption depends 
on: 

• Transpiration rate  
• Root activity  
• Environmental conditions  
• Nutrient interactions  

 

Role of Ion Measurements 

Ion-specific measurements provide real-time insight into plant 
nutrition. 

By measuring: 

• NO₃⁻ (Nitrate) → growth and accumulation  
• K⁺ (Potassium) → leaf development  
• Ca²⁺ (Calcium) → tip burn prevention  
• Na⁺ (Sodium) → salinity stress  

Growers can: 

• Detect imbalances early  
• Adjust fertigation precisely  
• Control growth and quality 
• elf life  

 
Nutrient Behaviour & Interactions 
 
How Nutrients Move 

• Nutrients dissolve in irrigation water  
• Roots absorb nutrients  
• Transport occurs via transpiration  

 Low transpiration = reduced calcium movement 
 

 
Key Nutrients 
 
                Nitrate (NO₃⁻) 

• Drives growth  
• Excess → high nitrate accumulation  

  

                Potassium (K⁺) 
• Controls leaf size and turgor  
• Excess → reduces calcium uptake 

 
Calcium (Ca²⁺) 

• Prevents tip burn  
• Depends on water movement  

 
Sodium (Na⁺) 

• Indicator of salinity stress 
 
Maintaining nutrient balance and controlling EC and pH are 
essential. Most disorders are caused by imbalance or transport 
limitations rather than lack of supply. 

 
Sampling And Measurement 

What to Measure 

• Nutrient solution  
• Leaf sap  
• Optional: leaf juice 

 
Step-By-Step Protocol  

1. Leaf SAP 
�� Sampling 
 
When: Morning (8–11 am), avoid drought or heat stress 
Which leaves:  
• Fully expanded leaves 
• Consistent Sampling Location  
• Avoid diseased or shaded leaves 

 
�� Sap Extraction 
 
Equipment 
• Garlic press or handheld sap press 
• Clean plastic cup 
• Coffee filter or syringe filter (optional) 

 
Procedure 
1. Chop leaves / petioles (depending on your type of salad) 

into 5–10 mm pieces 
2. Press firmly to extract sap 
3. Collect ≥0.5 mL total sap 
Typical yield: 20 petioles → ~0.6–1.0 mL sap. 
 
 
 
 
 
 
�� Dilution  
Sap is usually too concentrated for Ca and K meters. 
Standard dilution (recommended starting point): 
 

 

 



 

 

Meter Dilution 
NO₃⁻ 1:5 or Direct 
K⁺ 1:10 
Ca²⁺ 1:10 
Na⁺ 1:5 
How to dilute (example 1:10) 
Take 0.10 mL sap and add 0.90 mL distilled / deionized water. 
Mix gently. 
Use disposable pipettes or syringes for accuracy. 
 
2. Salad Juice 
 
�� Sampling 
• 3–5 representative Salad Leaves 
• Avoid damaged Leaves 
 
�� Juice Extraction 
1. Chop Leaves 
2. Crush or blend 
3. Filter solids 
4. Collect clear juice 
 
�� Dilution 
• K, Ca: usually 1:5 or 1:10 
• NO₃⁻, Na⁺: often no dilution needed 
 
 
Expected Values  
��� These are typical working ranges, not absolute sufficiency 
standards.  

1. Nutrient Solution 

Parameter Range 
pH 5.5 – 6.5 
EC 1.5 – 2.5 mS/cm 
NO₃⁻ 100 – 180 ppm 
K⁺ 150 – 250 ppm 
Ca²⁺ 100 – 150 ppm 
Na⁺ <50 ppm 

 

Solution values define nutrient supply but do not reflect plant 
uptake. Always combine with sap analysis. 
 
       2.   Leaf Sap (ppm, mg/L) 

Status NO₃⁻ K⁺ Ca²⁺ Na⁺ 
Low <200 <1500 <100 - 
Adequate 200-600 1500-

3000 
100-400 <50 

High >600 >3000 >400 >50 
 
Sap values provide real-time nutrient status and are the most 
important tool for decision-making. 

    3.    Leaf Juice Values (ppm, mg/L) 

  Range Note 
NO₃⁻ <2500 Regulatory limit 
K⁺ 100-2000 Growth support 
Ca²⁺ >20 ppm Prevents tip burn 
Na⁺ <30 ppm Salinity indicator 

 
Note: Leaf juice reflects final product quality and compliance. 
 

 
Interpretation, Action & Grower Decision Support 
 
Interpreting Results: From Data to Action 
Measuring nutrient levels is only valuable if the results are 
correctly interpreted and translated into practical actions. In 
hydroponic salad production, nutrient data should never be 
evaluated in isolation. 
Always interpret: 

• Ion values together (NO₃⁻, K⁺, Ca²⁺, Na⁺)  
• K:Ca balance (critical for tip burn prevention)  
• EC levels (salinity and water uptake)  
• pH (nutrient availability)  
• Environmental conditions (humidity, temperature, 

airflow)  
The objective is not only to identify a problem, but to 
understand its root cause before making adjustments. 

 
Common Problems & Diagnosis 
 

 Problem  
Likely 
Cause 

What to 
Check  

Recommended 
Action  

Tip burn 
Low Ca or 
poor 
transport 

Ca²⁺, EC, 
K:Ca ratio, 
humidity 

Increase Ca, 
improve airflow, 
reduce EC 

Leaf edge 
necrosis 

High EC or 
salinity EC, Na⁺ Dilute solution, 

flush system 

Uneven 
growth 

Nutrient 
imbalance 

NO₃⁻, K⁺, 
EC 

Adjust 
fertigation, 
improve 
uniformity 

High nitrate 
levels 

Excess 
NO₃⁻ or 
low light 

NO₃⁻, light 
conditions 

Reduce nitrogen, 
adjust lighting 

Slow growth 

Low 
nutrient 
uptake or 
stress 

All ions, 
EC, root 
health 

Optimize 
irrigation and 
root conditions 

 
Most issues in hydroponic salad production are linked to 
nutrient imbalance, salinity stress, or limited nutrient transport 
rather than simple deficiencies. Correct interpretation requires 
evaluating all parameters together, particularly the balance 
between potassium and calcium, as well as EC and 
environmental conditions. Early detection and targeted 



adjustments are essential to prevent quality loss and maintain 
consistent crop performance. 

Decision-Making Strategy 
Effective nutrient management requires a structured approach: 

1. Measure regularly
o At least once per week
o Increase frequency during rapid growth or

stress
2. Compare values over time

o Focus on trends, not single readings
3. Act early

o Small adjustments are more effective than
late corrections

4. Adjust gradually
o Avoid sudden changes in EC or nutrient ratios

Practical Recommendations for Growers 
• Maintain stable environmental conditions
• Ensure consistent irrigation and drainage
• Monitor both nutrient solution and plant sap
• Keep EC within optimal range (1.5–2.5 mS/cm)
• Maintain pH between 5.5 and 6.5
• Focus on K:Ca balance for tip burn prevention
• Adapt nutrient strategy to light and growth stage

Advantages of LAQUAtwin instruments for 
Hydroponic Salad Production 

HORIBA LAQUAtwin instruments are uniquely suited to 
hydroponic systems because they combine laboratory-grade 
ion-selective technology with true on-site practicality, enabling 
rapid and accurate monitoring directly in the greenhouse. 

Key advantages include: 
• Direct measurement of nutrient solution, leaf sap,

and leaf juice with minimal preparation
• Extremely small sample volume requirements, ideal

for fast-cycle leafy crops
• Fast, repeatable results enabling immediate, same-

day management decisions
• Ion-specific accuracy for precise monitoring of K⁺,

Ca²⁺, NO₃⁻, and Na⁺
• Portable and easy-to-use design, perfectly suited for

greenhouse environments.
• Proven reliability across agriculture, research, and

advisory applications worldwide

Frequent monitoring is essential in hydroponic salad 
production, where nutrient demand and plant response can 
change rapidly due to growth rate, climate conditions, and 
short production cycles. LAQUAtwin meters make this level of 
monitoring practical and accessible. 

HORIBA UK Limited 

, UK 

HORIBA Instruments Incorporated 

Disclaimer: The sap value ranges and interpretations presented in this application note 
are indicative guidelines only. Actual optimal values may vary depending on cultivar, 
plant density, growth stage, climate conditions, irrigation water quality, and greenhouse 
management practices. 

Sap analysis should be used as a decision-support tool and not as a standalone 
diagnostic method. For accurate nutrient management, results should be interpreted 
together with visual crop assessment, nutrient solution analysis, irrigation water quality, 
and environmental conditions such as temperature, humidity, and airflow. 

HORIBA Instruments Pte. Ltd. 

mailto:waterquality@horiba.com
http://www.horiba-water.com/
mailto:laqua@horiba.com
http://www.horiba-laqua.com/
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http://www.horiba.com/us/en
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