HORIBA

Nutrient Monitoring in Hydroponic

Bell Peppers (Capsicum annuum)

Introduction

Hydroponic bell pepper production requires precise control of nutrient
balance, salinity, and plant uptake efficiency. Unlike soil-grown crops,
nutrient availability in hydroponics changes rapidly with irrigation
cycles, plant demand, and environmental conditions.

| Real-time monitoring of nutrient solution and plant sap using ion, pH,
and EC meters provides growers with immediate insight into plant
health and nutrient dynamics—allowing faster and more accurate
decision-making.

As seen in hydroponic systems, improper salt management can lead to
physiological disorders such as “Elephant’s Foot”, linked to sodium
accumulation and high conductivity around the stem base

High K* or Mg?* - reduces Ca uptake
Why lon, pH, and EC Monitoring Matters in Bell
Peppers High Na* - displaces Ca and increases stress

Modern hydroponic pepper production is limited not by Low NOs™ - reduces Ca transport

fertilizer availability, but by nutrient balance and uptake
efficiency. Maintaining the correct K:Ca balance is critical for pepper fruit

quality and shelf life.
Common issues include:
What to Measure
e Blossom-end rot (Ca deficiency)
e  Poor fruit firmness and shelf life
e Tip burn and leaf disorders e K* (Potassium): Fruit size, yield
e Reduced yield due to salinity stress

Key Parameters

e  (Ca?* (Calcium): Fruit firmness, disorder prevention

lon-specific measurements (K*, Ca?*, NOs™~, Na*), combined

e NO; (Nitrate): Vegetative growth balance
with pH and EC, allow growers to: a ): Veg 8

e Na* (Sodium): Salinity and toxicity indicator
e Detect imbalances early (before visible symptoms)
e  Optimize fertigation strategies *  pH: Nutrient availability
e Prevent salt accumulation and stress conditions

. . . e EC: Total salt concentration and stress indicator
e Improve fruit quality and consistency

Why Calcium is Critical in Bell Peppers Method

Calcium plays a central role in cell wall strength, water Sample Collection

transport, and fruit quality, and is essential for preventing

physiological disorders such as blossom-end rot. 1. Nutrient solution

However, calcium is immobile in the plant, meaning a e Collect from reservoir and irrigation lines
continuous supply and proper transport conditions are * Ensure representative sampling across the system
required.

2. Leaf petiole sap
Key interactions:
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e Select fully expanded leaves (mid-plant)
e Avoid stressed or diseased plants
e Sample at consistent times (morning recommended)

STEP-BY-STEP PROTOCOL
Leaf Sap (Petiole Sap) — Recommended Method

E3 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.

E) Dilution (IMPORTANT for Hydroponics Bell peppers)

Bell pepper (especially in hydroponics) can be highly
concentrated, particularly for:

e K*(Potassium)
e Ca?* (Calcium)

If the concentration is too high:
e |t can exceed the meter’s measurement range
e  Readings become inaccurate or unstable
e You risk underestimating or overestimating nutrient

levels

This is why dilution is commonly recommended in sap analysis

LAQUA

Standard dilution (recommended starting point):

Meter Dilution
NOs~ 1.5

K* 1:10
Ca?* 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.

TARGET RANGES (Hydroponic Bell Peppers)

. These are typical indicative working ranges, not absolute
sufficiency standards. Adjust by cultivar and stage.

Nutrient Solution

e pH:55-65
e EC:2.0-3.5mS/cm
Leaf Sap (ppm, mg/L)

Status NOs- K* Ca?* Na*
Low <300 <2000 <200 -

Optimal 300-800 2000-4000 | 200-600 <50
High >800 >4000 >600 >50

Low values indicate nutrient deficiency or limited uptake >
may reduce growth and yield

Optimal range reflects balanced nutrition = supports healthy
growth, fruit set, and quality

High values suggest excess or imbalance - can lead to
antagonism (e.g., high K reducing Ca uptake)

Very high Na* or EC signals salinity stress - may restrict water
and calcium movement

»  For best results, interpret values together (not
individually), especially K:Ca balance, and always
consider pH and EC to understand nutrient availability
and plant stress.

Common Problems & Diagnosis

The “Common Problems & Diagnosis” table helps identify likely
causes, but effective management depends on confirming the
full nutrient picture.

Always interpret:
e lon values together (not in isolation)
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e K:Ca balance (critical for fruit quality)
e ECand Na* (salinity and stress indicators)
e  pH (controls nutrient availability)
For example:
e Low Ca?* alone suggests deficiency
e But low Ca** + high EC - transport limitation (not
supply issue)
e High K* + normal Ca** - potential Ca suppression

The goal is not just to detect problems, but to understand
the underlying cause before adjusting fertigation.

Symptom Likely Cause What to check
2+ .
Blossom-end rot Low Ca or poor Ca. , EC, K:Ca
transport ratio
+ 2+
Soft fruit High K, low Ca K" vs Ca
balance
Leaf burn / tip burn High EC or salt EC, Na*
stress
Elephant’s Foot sodium . EC, Na* levels
accumulation
E tati
xcess vegetative High nitrate NO3~
growth

Practical Recommendations

1. Monitor Regularly
e  Measure nutrient solution + leaf sap weekly
e Increase frequency during:
o  Fruit set
o Rapid growth stages
o  Stress conditions (heat, salinity)

LAQUA

2. Maintain Nutrient Balance (Not Just Levels)
e Avoid focusing on single nutrients
e  Pay close attention to:
o K:Caratio - key for fruit firmness and shelf
life
o Excess K can suppress Ca uptake
e  Adjust formulations gradually to avoid shock

3. Control EC and Salinity
e  Keep EC within optimal range (2.0-3.5 mS/cm)
e IfECis high:
o Increase irrigation frequency
o Reduce fertilizer concentration
e Monitor Na* accumulation, especially in recirculating
systems

4. Optimise Calcium Uptake (Critical for Peppers)
e  Ensure consistent water supply (Ca moves with
transpiration)
e Avoid:
o HighEC
o Excess K* or Mg?*
e  Maintain stable climate conditions to support
transpiration

5. Manage pH for Nutrient Availability
e Keep pH between 5.5 -6.5
e Qutside this range:
o Ca, Mg, and micronutrient uptake may be
reduced
e Adjust using appropriate acid/base dosing

6. Act Early, Not Reactively
e Use sap data to detect imbalances before symptoms
appear
e Small early corrections are more effective than late
interventions

7. Combine Sap and Fruit Monitoring
e Use leaf sap for real-time decisions
e  Use fruit analysis to confirm quality outcomes
e  Adjust strategy based on both
e lon meters + pH/EC = full picture of plant nutrient status
and stress risk.

Leaf Sap vs Fruit Measurement (Big Difference)

Measurement What it tells you When it’s useful

Leaf sap What the plant is Decision making
absorbing now during the season

Fruit (pepper) | What actually ended | Quality control &
up in the fruit post harvest insight
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Advantages of measuring bell pepper fruit

1. Direct fruit quality indicator
Fruit measurement tells you:
e Calcium levels - firmness, shelf life
e  Potassium levels - size, taste
e Nitrate levels - excessive vegetative push

2. Early detection of quality issues

You can catch problems like:
e Low Ca - risk of blossom-end rot
e High K/ low Ca - soft fruit, poor storage
e High Na - salinity stress affecting quality

3. Validate your fertigation strategy
Leaf sap tells you what’s happening today
Fruit tells you if your strategy worked.

4. Post-harvest & export quality control

For large hydroponic operations:
e  Ensures fruit meets export standards
e  Predicts shelf life and storage performance
o Helps reduce rejections and waste

5. Diagnose hidden imbalances

Sometimes leaf readings look fine, but fruit reveals:
e Ksuppressing Ca
e High EC limiting Ca movement
e Poor nutrient partitioning

“Leaf sap tells you how the plant is performing. Fruit analysis =

tells you if your management decisions delivered market-
quality produce.”

Advantages of LAQUAtwin instruments for
Hydroponic Peppers

The HORIBA LAQUAtwin instruments are uniquely suited for
your measurements because they combine laboratory-grade
ion-selective technology with true field practicality.

Key advantages include:

Direct measurement of nutrient solution and plant sap
Minimal sample volume required

Fast, on-site results for real-time decisions

Portable and easy to use in greenhouse environments

Enables proactive nutrient management
e Proven reliability across agriculture, research, and advisory
services worldwide

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 laqua@horiba.com
www.horiba-water.com www.horiba-lagua.com
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The practical bottom line

Hydroponic pepper growers who adopt ion, pH, and EC
monitoring move from reactive to data-driven nutrient
management.
This results in:

e Improved fruit quality and consistency

e Reduced physiological disorders

e  Optimized fertilizer use

e  Greater control over crop performance

In high-value hydroponic systems, real-time monitoring is no
longer optional it is essential.

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 c U K
labinfo@horiba.com

www.horiba.com/us/en E C n
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