HORIBA LAQUA

Nutrient Monitoring in
Hydroponic Cucumber Production

Introduction

Hydroponic cucumber production is a fast-growing, high-
demand system where plant performance depends on precise
control of nutrient supply, water availability, and
environmental conditions. Unlike soil-grown crops,
hydroponics offers no buffering capacity, meaning that
nutrient imbalances or salinity issues can rapidly affect plant
growth and fruit quality.

Cucumber plants have rapid nutrient uptake and high water
demand, making them particularly sensitive to fluctuations in
nutrient balance. As a result, relying only on nutrient solution
composition is not sufficient to ensure optimal crop
performance.

What matters is not only what is supplied, but what the plant
actually absorbs.
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Leaf sap analysis provides a real-time snapshot of nutrient
uptake, allowing growers to detect imbalances early and

adjust fertigation strategies proactively.

As a result, the nutrient composition of the solution does not
always reflect what the plant is actually absorbing.

lon-specific measurements of leaf sap provide direct insight

Why Nutrient Monitoring is Critical in Cucumbers into nutrients actively moving within the plant at a given
moment. This is particularly important in cucumber production
Hydroponic cucumber production is not limited by fertilizer due to the crop’s rapid growth rate and high nutrient demand.

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 measuring key ions such as nitrate (NOs~), potassium (K*),
calcium (Ca?*), and sodium (Na*), growers can:

e  Control vegetative growth and fruit balance (NOs")
e  Optimize fruit quality and size (K*)

e Prevent tip burn and leaf damage (Ca?*)

e Detect salinity stress early (Na*)

* Rapid growth imbalances Ultimately, ion measurements allow growers to move from

e  Fruit deformation and poor shape managing nutrient solutions to managing plant performance.
e  Bitter taste development under stress

e Tip burn and leaf disorders
e Reduced yield under suboptimal conditions

Cucumber crops are particularly sensitive and prone to:

From Fertilization to Precision Management

These issues often result from: .
Conventional approach

e Nutrient imbalance Apply nutrients based on a fixed schedule
e Excess salinity

e Environmental stress (temperature, humidity) In traditional systems, fertigation follows standard recipes.

However, cucumber nutrient demand changes rapidly
Because these problems can develop rapidly and before visible ~ depending on growth stage and environmental conditions,

symptoms appear, early detection through ion monitoring is leading to inefficiencies and imbalances.
essential to maintain crop uniformity, yield, and fruit quality.

Why lon Measurements Matter Modern approach

In hydroponic cucumber production, nutrient availability is fully Monitor plant response - adjust in real time
controlled by the grower, but plant uptake is strongly
influenced by irrigation, transpiration, and climate conditions.
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Precision nutrient management focuses on plant uptake rather
than supply. By combining sap analysis with pH and EC
monitoring, growers can continuously adjust nutrient delivery.

Benefits of this transition

e  Optimized nutrient efficiency

e Reduced fertilizer waste

e Improved fruit uniformity

e  Faster response to stress

e Increased productivity and profitability

Nutrient Behaviour & Interactions
How Nutrients Move in Cucumber Plants
Nutrient transport is driven by water movement:

e Nutrients dissolve in irrigation solution

e Roots absorb water and ions

e  Water transports nutrients through the plant

e Nutrients reach leaves and fruits
This process depends on transpiration. Any reduction (e.g. high
humidity) limits nutrient movement—especially calcium.

Key Nutrient Interactions

LAQUA

Cucumber Leaf Sap — Recommended Method

ED sampling

When: Morning (8—11 am), avoid drought or heat stress
Which leaves:

e  Fully expanded leaves

e  Mid-shoot position

e 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.

a Sap Extraction

Equipment
e  Garlic press or handheld sap press

e Clean plastic cup

e  Coffee filter or syringe filter (optional)

Procedure

1. Chop petioles into 5-10 mm pieces

2. Press firmly to extract sap

3. Collect 20.5 mL total sap

Typical yield: 20 petioles - ~0.6—-1.0 mL sap.

Maintaining balanced nutrient levels, controlling EC, and
keeping pH within the optimal range (5.5-6.5) are essential for
proper nutrient uptake. Regular monitoring allows timely
adjustments such as reducing K, increasing Ca, flushing the
system, or diluting the nutrient solution to maintain optimal
crop health and performance.

STEP-BY-STEP PROTOCOL
What to Measure
e Nutrient solution
e Leaf petiole sap
e  Optional: cucumber fruit juice

Interaction What Happens Impact on Crop
High K reduces . .
+ 2+
K* vs Ca Ca uptake Tip burn, poor quality
Sodium
Na* vs K*
C:’* sk*/ competes with Reduced growth E) Dilution
nutrie_nts Cucumber sap can be quite concentrated and dilution is often
NOs~ vs Low nitrate . _ recommended, but not always mandatory.:
Ca?* reduces Ca Tip burn risk
transport Meter Dilution
PH V? If’lc9rrect PH Deficiencies NOs~ 1.5
Nutrients | limits uptake K+ 110
ECvs All High EC reduces Salt stress Ca™ 1:10
uptake 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

Cucumber Juice

ED sampling
e Select 3-5 cucumbers
* Avoid damaged or overripe cucumbers.
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£} Juice Extraction

1. Chop cucumber (with peel)
2. Crush or blend

3. Filter solids

4. Collect clear juice & Measure
E) Dilution

Strongly recommended for consistent, high-quality
measurements, especially for K and Ca

e K, Ca: usually 1:5 or 1:10

* NOs™, Na*: often no dilution needed

EXPECTED VALUES

. These are typical working ranges, not absolute sufficiency
standards.

Nutrient Solution

Parameter | pH EC NOs;~ | K* Ca?* | Na*

Range 5.5 20- 120- | 200- | 120- | <50
- 3.0 200 |300 |180 | ppm
6.5 | mS/cm | ppm | ppm | ppm

Nutrient solution values define what is supplied to the crop,
but they do not always reflect actual plant uptake. Since
absorption is influenced by environmental conditions and
nutrient interactions, solution monitoring should be combined
with leaf sap analysis for accurate nutrient management.

Cucumber Leaf Sap (ppm, mg/L)

Status NOs3~ K* Ca% Na*
Low <300 <1800 <150 -

Adequate 300-700 1800-3500 | 150-500 <50
High >700 >3500 >500 >50

Leaf sap values provide a real-time indication of nutrient
uptake and plant balance. Values within the optimal range
support healthy growth and fruit development, while low or
high values indicate potential deficiencies or imbalances that
may affect crop performance. Results should be interpreted
together, particularly the balance between K and Ca, and
considered alongside EC and pH for accurate decision-making.

Cucumber Juice (ppm, mg/L)

Range Note
NO.- | <40 High values indicate exces§|ve vegetatwe
growth and may affect fruit quality
K 1200- Supports fruit size and quality; excessive
2000 levels may reduce Ca uptake
2 Critical for fruit firmness and shelf life;
Ca >30 . .
low levels linked to tip burn
Na* | <30 Indicator of sallmty.stress; should be
kept as low as possible
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Practical, Stage-specific Sap Ranges

Below are practical, stage-specific sap ranges tailored for
hydroponic cucumber production using HORIBA LAQUAtwin
NO;-, K*, Ca?*, and Na* meters.

These are working target ranges, not strict sufficiency levels.
They are designed for real-time decision-making in
greenhouses, not laboratory diagnostics.

Leaf Petiole Sap (ppm, corrected for dilution)
STANDARD HYDROPONIC CUCUMBER PRODUCTION

NO;~ K* Ca** Na*
Early Vegetative 600— 2500- 200- <50
(establishment) 900 4000 400
Rapid Growth / Pre- 500 2200- 250—- <50
Flowering 800 3500 450

- 400- 2000- 300-

Early Fruiting 700 3000 500 <50
Full Production 300- 1800 350—- <50
(harvest phase) 600 2800 550

Cucumbers have rapid growth and high nutrient demand,
especially during early development. As the crop transitions to
fruiting, nitrate levels should decrease while calcium becomes
increasingly important for maintaining leaf health and fruit
quality.

HIGH-STRESS / HIGH-PERFORMANCE SYSTEMS
(High light, high density, recirculating systems)

Stage NO;- K* Ca?* Na*
Vegetative Zgg_ g;gg_ :gg_ <40
L
Peak Production igg_ ;zgg_ 46(5)8— <40

Under high-performance conditions, maintaining lower Na*
and balanced K:Ca ratios is critical. Stress conditions increase
the risk of tip burn and reduced fruit quality, making
monitoring even more important.

Cucumber JUICE TARGETS (AT HARVEST)
NO;~ K*
<40 1200-2000

ca2+
> 30

Na*
<30

Desired Range

Fruit juice values reflect final crop quality. Low calcium or high
potassium can indicate reduced shelf life or poor texture, while
elevated sodium signals salinity stress affecting fruit
development.

K : Ca ratio (leaf sap)
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The K : Ca (potassium : calcium) ratio is critical in cucumbers
because it directly affects Tip burn risk, Leaf health and fruit
quality.

Stage Target
Post-bloom <8:1
Mid-season <5:1
Pre-harvest <4:1

Even when calcium levels appear sufficient, excess potassium
can block its uptake, leading to physiological disorders.
Maintaining balance is more important than absolute values.

Practical Tips for cucumber Monitoring

What to Measure

LAQUA

High EC effects:
e  Reduced water uptake
e Increased Na* accumulation
e  Reduced Ca transport - tip burn
Typical ranges:
e Nutrient solution: 2.0 —3.0 mS/cm
e  Drain monitoring recommended

lon measurements show what the plant absorbs, while pH and
EC explain why uptake may be limited. Together, they provide
a complete picture of nutrient status and plant stress

Advantages of LAQUAtwin instruments for
Hyroponic productions:

e Leaves (Petiole Sap): Good for rapid assessment of nutrient

status (especially nitrate and potassium) during growing
season.

e Cucumber Juice: Suitable for quick quality checks (e.g.,
potassium or calcium content that might relate to fruit
quality), but values may not directly reflect plant
physiological status like sap measurements do.

Consistency

e Sample at the same time of day
e  Avoid stress conditions (heat, drought)
e Use consistent leaf position
Dilution & Compensation
e Dilute when readings exceed meter range
e  Apply correction factor based on dilution ratio

What about pH and EC?
pH and EC are essential complementary parameters that help
interpret ion data correctly.

ED pH (Nutrient Availability)
Why it matters:
pH controls how easily nutrients are absorbed by the plant.
Typical ranges (hydroponic cucumbers):

e Nutrient solution: 5.5 - 6.5

e  Sap: typically similar range
Out-of-range pH can cause:

e Reduced Ca and Mg uptake

e Micronutrient deficiencies

e Imbalances despite correct nutrient supply
Takeaway: Correct pH ensures nutrients are usable.

B} EC (Electrical Conductivity)
Why it matters:
EC measures total salt concentration in the system.

HORIBA UK Limited HORIBA Instruments Pte. Ltd.
Kyoto Close, Moulton Park, 163 Kallang Way, #08-14, Mapletree Hi-Tech
Northampton NN3 6FL, UK Park @ Kallang Way, Singapore 349256
Phone: +44 1604 542600 Phone: + 65 6908-9660
waterquality@horiba.com lagua@horiba.com
www.horiba-water.com www.horiba-lagua.com

Explore the future

The HORIBA LAQUAtwin instruments make frequent
monitoring practical, which is essential in hydroponic
cucumbers where nutrient demand and plant response change
rapidly during:

e  \Vegetative growth

o  Flowering

e  Fruit set and continuous harvest
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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, not as a
standalone diagnostic method. For critical nutrient management decisions, sap
measurements should be interpreted together with visual crop assessment, nutrient
solution analysis, irrigation water analysis, and, when necessary, periodic laboratory
tissue testing.

HORIBA Instruments Incorporated

9755 Research Drive, Irvine, California 92618 E : E

USA .

Phone: +1 949 250 4811 'a U K
labinfo@horiba.com E g C n

www.horiba.com/us/en
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