
 

 

 

 

 

 

 

 

 
 
 

 

 

Leaf sap analysis bridges this gap by providing a direct 
measurement of nutrients currently moving within the plant. 

Research has demonstrated strong correlations between sap 
nutrient concentrations (NO₃⁻, K⁺, Na⁺) measured using 
portable ion meters and laboratory reference methods, 
validating their use as reliable tools for fertigation management 

Why Nutrient Monitoring is Critical in Hydroponics 

Hydroponic tomato production is not limited by fertilizer 
availability, but by precision in nutrient management. In these 
systems, success depends on the grower’s ability to monitor, 
interpret, and adjust nutrient supply in real time based on 
plant uptake and environmental conditions. By integrating ion 
measurements with pH and EC monitoring, growers gain a 
complete understanding of nutrient balance and plant stress, 
allowing them to make informed decisions throughout the crop 
cycle. This approach leads to improved yield, enhanced fruit 
quality, reduced physiological disorders, and more efficient use 
of inputs. Ultimately, the key to successful hydroponic tomato 
production lies in managing the difference between what is 
supplied in the nutrient solution and what the plant actually 
absorbs. 
 
Why ion measurements matter 
In hydroponic tomato production, nutrient availability is fully 
controlled by the grower, but plant uptake is influenced by 
multiple factors such as irrigation, climate, and growth stage. 
As a result, the nutrient composition of the solution does not 
always reflect what the plant is actually absorbing. 

Ion-specific measurements of leaf sap provide direct insight 
into the nutrients actively moving within the plant at a given 
moment. This is particularly important in hydroponic systems,  

 

 

 

 

 

 

 

 

 

 

 

 

 

where changes in nutrient balance or salinity can occur rapidly 
and impact crop performance within a short time. 

By measuring key ions such as nitrate (NO₃⁻), potassium (K⁺), 
calcium (Ca²⁺), and sodium (Na⁺), growers can monitor the 
plant’s real-time nutritional status and detect imbalances 
before visible symptoms develop. 

In hydroponic tomatoes, this enables: 

• Better control of vegetative growth versus fruit 
production through nitrate (NO₃⁻) management  

• Optimization of potassium and calcium balance, 
critical for fruit size, firmness, and prevention of 
blossom-end rot  

• Early detection of salinity stress through sodium (Na⁺) 
accumulation  

• More accurate adjustment of fertigation programs 
based on plant demand rather than assumptions  

Ultimately, ion measurements allow hydroponic tomato 
growers to move from managing nutrient solutions to 
managing plant performance, improving yield, fruit quality, and 
overall crop consistency. 

From Fertilization to Precision Management 

Conventional approach 

�� Apply nutrients based on a fixed schedule 

In traditional hydroponic management, fertigation programs 
are often based on standard recipes and predefined schedules. 
While this ensures that nutrients are supplied consistently, it 
assumes that plant uptake remains stable throughout the 
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Introduction 

Hydroponic tomato production is a high-precision agricultural 
system where plant performance depends entirely on the 
grower’s ability to manage water, nutrients, and environmental 
conditions. Unlike soil-grown crops, hydroponic systems offer 
no natural buffering capacity, meaning that even small 
imbalances in nutrient supply or salinity can rapidly affect 
plant health and fruit quality. 

In these systems, nutrient management is not simply about 
supplying fertilizers, it is about ensuring that nutrients are 
absorbed, transported, and utilized efficiently by the plant. 

Traditional monitoring methods such as nutrient solution 
analysis or periodic laboratory leaf tissue testing provide useful 
information, but they do not reflect the real-time 
physiological status of the plant. 



 

 

growing cycle. In reality, nutrient demand changes continuously 
depending on plant stage, climate conditions, and stress 
factors. As a result, this approach can lead to over-fertilization, 
nutrient imbalances, and inefficient use of inputs. 

 

Modern approach 

�� Monitor plant response → adjust in real time 

Precision nutrient management shifts the focus from what is 
supplied to what the plant actually absorbs. By using tools such 
as leaf sap analysis and monitoring key parameters (NO₃⁻, K⁺, 
Ca²⁺, Na⁺, pH, and EC), growers can track plant response in real 
time and make targeted adjustments to fertigation strategies. 

This dynamic approach allows for continuous optimization of 
nutrient balance throughout the crop cycle, ensuring that the 
plant receives the right nutrients at the right time and in the 
right proportions.

 

Benefits of this transition 

By moving from routine fertilization to data-driven 
management, growers can: 

• Optimize nutrient efficiency 
Apply only the nutrients required by the plant, 
improving uptake and reducing losses  

• Reduce fertilizer waste and input costs 
Avoid over-application and unnecessary nutrient 
accumulation in the system  

• Improve fruit uniformity and quality 
Maintain consistent nutrient balance, especially 
critical for calcium-related disorders  

• Respond quickly to stress conditions 
Detect imbalances early and correct them before they 
affect yield  

• Increase overall productivity and profitability 
Achieve higher yields with better quality and more 
efficient resource use. 

 

NUTRIENT BEHAVIOR & INTERACTIONS 

How Nutrients Move in Tomato Plants 

Nutrient transport in plants is closely linked to water 
movement: 

1. Nutrients are dissolved in the irrigation solution  

2. Roots absorb water and ions  

3. Water moves upward through the xylem  

4. Nutrients are distributed to leaves and fruits  

 This process depends heavily on transpiration (water 
movement). If transpiration is reduced (e.g. high 
humidity), nutrient transport, especially calcium, is also 
reduced. 

 

Understanding Key Nutrients 

Nitrate (NO₃⁻) — Vegetative Growth Regulator 

• Drives leaf and stem development  
• Excess:  

o Dense canopy  
o Delayed fruiting  

• Deficiency:  
o Reduced growth and vigour  

 

Potassium (K⁺) — Yield and Quality Driver 

• Essential for:  
o Fruit size  
o Sugar transport  
o Colour development  

• Excess:  
o Suppresses calcium uptake  

• Deficiency:  
o Poor fruit development  

 

Calcium (Ca²⁺) — Structural Stability 

• Critical for:  
o Cell wall formation  
o Fruit firmness  
o Shelf life  

       Key limitation: 

• Calcium is immobile in the plant  
• It depends entirely on continuous water flow  

Any disruption in water movement leads to localized 
deficiency 

 

Sodium (Na⁺) — Salinity Indicator 

• Not essential for tomatoes  
• Accumulates in recirculating systems  
• Competes with K⁺ and Ca²⁺  

Even moderate increases can reduce productivity 

 



 

 

Key Nutrient Interactions 

 

 

 

 

 

 

 

 

 

STEP-BY-STEP PROTOCOL 

What to Measure 

For effective monitoring: 

• Nutrient solution (tank + irrigation lines)  
• Leaf petiole sap  
• Optional: fruit juice for quality validation 

Sampling 
 
When: Morning (8–11 am), avoid drought or heat stress 
Which leaves:  
• Fully expanded leaves 
• Mid-shoot position 
• Avoid diseased or shaded leaves 

How many: 20–30 leaves per block or variety 
Remove the petioles (leaf stems). The blades dilute sap and 
increase variability. 
 
�� Sap Extraction 
 
Equipment 
• Garlic press or handheld sap press 
• Clean plastic cup 
• Coffee filter or syringe filter (optional) 

 
Procedure 
1. Chop petioles 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 (IMPORTANT for apples) 
 
Tomato sap is often highly concentrated.. 
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. 
 
STEP-BY-STEP PROTOCOL  
Tomato Juice 
 
�� Sampling 
• 3–5 representative tomatoes 
• Avoid damaged or overripe or underripe fruit 
 
�� Juice Extraction 
1. Wash and cut the tomato into small pieces 
2. Crush or blend the sample thoroughly 
3. Filter the micture 
4. Collect clear juice only 
 
�� Dilution 
• K, Ca: usually 1:5 or 1:10 
• NO₃⁻, Na⁺: often no dilution needed 
 
 
EXPECTED VALUES  
��� These are working ranges for decision-making, not strict 
sufficiency limits. Values vary with cultivar, climate, and growth 
stage.  

 

Interaction  What Happens Impact on Crop What to Monitor Recommended Action 
K⁺ vs Ca²⁺ High potassium 

reduces calcium 
uptake 

Blossom-end rot, soft fruit, 
poor shelf life 

K⁺, Ca²⁺, K:Ca ratio Reduce K input, 
maintain/increase Ca, 
rebalance fertigation 

Na⁺ vs K⁺ / 
Ca²⁺ 

Sodium competes 
with essential 

nutrients 

Reduced growth, nutrient 
imbalance, lower yield 

Na⁺, EC Flush system, check water 
quality, reduce salinity 

NO₃⁻ vs Ca²⁺ Low nitrate reduces 
calcium transport 

Increased risk of Ca 
deficiency in fruits 

NO₃⁻, Ca²⁺ Maintain adequate NO₃⁻ 
levels for proper 

transpiration 
EC vs All 
Nutrients 

High EC limits water 
and nutrient uptake 

Salt stress, leaf burn, poor 
Ca movement 

EC, Ca²⁺ Dilute solution, increase 
irrigation frequency 

pH vs 
Nutrient 
Availability 

Incorrect pH reduces 
nutrient uptake 

Multiple deficiencies 
despite adequate supply 

pH Adjust to optimal range 
(5.5–6.5) 

 



Nutrient solution (Hydroponics) 

Parameter Typical Range Notes 
pH 5.5 – 6.5 Controls nutrient availability 
EC 2.5 – 3.5 mS/cm Higher EC = higher stress risk 
NO₃⁻ 150 – 250 ppm Drives vegetative growth 
K⁺ 250 – 350 ppm Supports fruit development 
Ca²⁺ 150 – 200 ppm Critical for fruit quality 
Na⁺ <50 ppm Keep as low as possible 
In recirculating systems, Na⁺ and EC should be closely 
monitored 

Leaf Petiole Sap (ppm, mg/L) 

NO₃⁻ K⁺ Ca²⁺ Na⁺ 

Low <300 <2000 <200   - 

Optimal 300-800 2000–
4000 

200-
600 <50 

High >800 >4000 >600 >50

Leaf sap values provide a real-time snapshot of nutrient 
uptake inside the plant. This is the most important dataset for 
decision-making during the growing cycle. Values outside the 
optimal range indicate imbalances that may not yet be visible 
but can quickly affect growth and fruit quality. Monitoring sap 
allows early intervention and more precise fertigation 
adjustments.  

Stage Based Sap Targets 
 Growth NO₃⁻ K⁺ Ca²⁺ Focus 

Vegetative 600–900 3000–
4500 

300–
500 Growth 

Flowering 400–700 2500–
4000 

350–
600 Balance 

Fruit set 300–600 2200–
3500 

400–
700 

Ca 
Supply 

Pre-harvest <300 1500–
2500 

500–
800 Quality 

Nutrient requirements change throughout the crop cycle. 
Higher nitrate supports vegetative growth, while calcium and 
balanced potassium are essential during fruiting to ensure 
quality and shelf life. Adjusting nutrients by growth stage is key 
for optimal performance.. 

 

Tomato Fruit Juice (ppm, mg/L) 
Parameter Typical Range Interpretation 
NO₃⁻ <50 High values indicate excess 

vegetative growth 
K⁺ 1500-2500 High K may reduce shelf life 
Ca²⁺ >40 – 80 Low Ca linked to soft fruit 
Na⁺ <30 Indicates salinity stress 

Advantages of LAQUAtwin instruments: 
Hydroponic tomato production is not limited by fertilizer 
supply, but by precision in nutrient management. By using 
HORIBA LAQUAtwin instruments, growers can adopt real-time 
monitoring and move toward data-driven decision-making. This 
approach improves fruit quality and consistency, reduces 
physiological disorders, optimizes fertilizer use, and provides 
greater control over crop performance. In high-value 
hydroponic systems, real-time monitoring is essential.  

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, 
rootstock, orchard age, crop load, growth stage, climate, irrigation water quality, and 
management practices. Sap analysis should be used as a decision-support tool, not as a 
standalone diagnostic method. For critical nutrient management decisions, sap 
measurements should be interpreted together with visual assessment, soil analysis, 
irrigation water analysis, and periodic laboratory tissue testing. 

HORIBA Instruments Pte. Ltd. 
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