
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Unlike some field crops, carrots have continuous root 
enlargement during development and are highly sensitive to 
nutrient imbalance, salinity, soil compaction, and irregular 
irrigation. 

Small imbalances in salinity, nutrient availability, or irrigation 
management can significantly affect: 

• Root yield 
• Root uniformity 
• Sugar accumulation 
• Color intensity 
• Root cracking 
• Forking 
• Storage quality 
• Root diameter 
• Marketable yield 

Routine field monitoring allows growers to detect stress 
conditions early and apply corrective management before 
irreversible yield losses occur. 

Importance of Nutrient Monitoring 

Carrots require balanced nutrition throughout the crop cycle. 

The crop has particularly high demand for: 

• Nitrogen during vegetative growth 
• Potassium during root enlargement and sugar 

accumulation 
• Calcium for root firmness and structural quality 
• Boron for root development and internal root quality 

Improper nutrient balance can result in: 
• Forked roots 
• Root cracking 
• Reduced root enlargement 
• Poor colour development 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Hollow roots 
• Reduced storage life 
• Lower sugar accumulation 
• Reduced market quality 
• LAQUAtwin portable meters allow growers to rapidly 

evaluate nutrient-related conditions directly in the 
field. 

Importance of Salinity and Irrigation Monitoring 

Carrots are relatively sensitive to salinity, particularly during 
germination and early root development. 

Excessive dissolved salts may reduce water uptake, restrict 
nutrient absorption, and reduce root quality. 

Monitoring EC and sodium concentrations helps growers 
evaluate irrigation quality, fertigation concentration, and 
salinity risk. 

Portable LAQUAtwin meters support rapid salinity assessment 
directly in the field. 

Importance of pH Monitoring 

Soil pH strongly influences nutrient availability and 
micronutrient uptake. 

High or low pH conditions may reduce nutrient efficiency, 
restrict root development, and increase deficiency risk. 

Routine pH monitoring helps optimise fertilisation and improve 
nutrient-use efficiency. 

LAQUAtwin pH meters provide rapid field measurements that 
support immediate agronomic decisions. 

Importance of Stress Detection 

    

 Carrot Crop Monitoring and Precision 
Nutrient Management 
Introduction 

Carrot production requires careful management of soil fertility, 
nutrient balance, irrigation quality, and crop health to achieve high 
root yield, uniformity, colour development, and storage quality. 

Environmental stress, nutrient deficiencies, salinity, and improper 
irrigation management can significantly reduce productivity and 
root development. 

HORIBA LAQUAtwin portable meters provide rapid field-based 
measurements that allow growers, agronomists, and researchers to 
monitor critical crop parameters directly in the field. 

The compact and portable design enables fast agronomic decisions 
without waiting for laboratory results. 

Carrot production is highly influenced by soil chemistry, nutrient 
availability, irrigation quality, environmental stress, and crop health 
throughout the growing season. 
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Environmental stress such as drought, salinity, heat, nutrient 
deficiency, and waterlogging can rapidly reduce carrot 
productivity and root quality. 

Early stress detection allows growers to adjust irrigation and 
fertilisation before severe yield losses occur. 

Routine monitoring with LAQUAtwin meters supports rapid 
field-based crop management decisions. 

Importance of Root Quality and Yield Optimisation 

Final carrot crop value depends on root size, uniformity, colour, 
sweetness, and storage quality. 

Balanced nutrient management supports root enlargement, 
sugar accumulation, and harvest uniformity. 

Routine monitoring helps optimise both yield and final market 
quality. 

Why Nutrient Monitoring is Critical 

Carrot productivity is not determined solely by fertiliser 
application, but by the efficiency with which nutrients are 
absorbed, transported, and utilised by the plant. 

The crop exhibits dynamic nutrient demand throughout the 
season: 

• Nitrogen demand is highest during canopy 
establishment 

• Potassium demand increases strongly during root 
enlargement 

• Calcium supports root firmness and cell-wall stability 
• Boron supports root development and internal root 

quality 
Environmental conditions strongly influence nutrient 
movement and uptake. 

High temperatures, drought, salinity, poor soil structure, or 
inadequate transpiration may reduce nutrient transport even 
when nutrients are present in sufficient quantities. 

As a result, carrot crops frequently experience: Hidden nutrient 
deficiencies, Reduced nutrient-use efficiency, Salinity stress, 
Root cracking, Poor root enlargement, Reduced sugar 
accumulation & Uneven crop development. 

These problems are often associated with: 

• Excessive EC or sodium accumulation 
• Nutrient imbalance 
• Poor irrigation quality 
• High soil pH reducing micronutrient availability 
• Irregular irrigation scheduling 

By monitoring nutrients and salinity directly in the field, 
growers gain real-time insight into plant and soil conditions 
before severe productivity losses occur. 

 

How Nutrients Move 
Nutrients dissolve in soil water and are absorbed by roots 
before being transported through the plant via transpiration. 

Environmental conditions strongly influence this process. 

Drought limits nutrient mobility, low transpiration reduces 
calcium transport, excess salinity restricts water uptake, and 
high temperatures increase crop water demand. 

As a result, most nutritional disorders in carrot production are 
caused not by lack of nutrients, but by nutrient imbalance, 
transport limitations, environmental stress, and salinity 
interactions. 

Sampling and Measurement 
What to Measure 

 Soil Extract or Irrigation Water 
 Leaf Sap (Optional) 

 
Step-By-Step Sampling Protocol 

1. Soil Solution / Irrigation Water 

Sampling 

• Collect representative samples 
• Avoid stagnant or contaminated water 
• Sample multiple field locations when possible 

Preparation 
• Filter suspended particles if necessary 
• Allow samples to stabilize at ambient temperature 

Measure:  
               EC, pH, NO₃⁻, K⁺, Ca²⁺, Na⁺. 
 

2. Leaf Sap Sampling  
 

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

• Healthy leaves from specific growth stages 
• 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 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 
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. 
 
EXPECTED VALUES  
��� These values are typical agronomic working ranges and 
should be interpreted according to cultivar, soil type, irrigation 
quality, and environmental conditions. 

Soil and Irrigation Monitoring: 1 mg/kg ≈ 1 ppm 

 

Leaf Sap Reference Values  

Status NO₃⁻ K⁺ Ca²⁺ Na⁺ 
Low <300 <2500 <80 - 
Adequate 300-800 2500-5000 80-300 <70 
Excessive >800 >5000 >300 >70 

 
Common Problems and Diagnosis 

Forked Roots 

Often caused by excessive nitrogen, soil compaction, or 
irregular moisture conditions. 

Measure NO₃⁻, EC, and soil moisture to evaluate nutrient 
balance and irrigation conditions. 

Corrective actions include reducing excessive nitrogen supply, 
improving soil structure, and maintaining stable irrigation. 

 

 

 

 

 

 

 

 

Root Cracking 

Often linked to irregular irrigation, calcium imbalance, or rapid 
root enlargement after drought stress. 

Measure Ca²⁺, EC, and irrigation water quality. 

Corrective actions include maintaining stable soil moisture, 
improving calcium availability, and reducing salinity stress. 

Poor Root Enlargement 

Frequently associated with potassium deficiency or restricted 
root development. 

Measure K⁺, EC, and soil moisture. 

Corrective actions include improving potassium availability and 
optimising irrigation scheduling. 

Leaf Chlorosis 

Often linked to high pH or micronutrient limitation affecting 
nutrient uptake. 

Measure pH and EC to evaluate root-zone conditions. 

Corrective actions include correcting soil pH and improving 
micronutrient availability through targeted fertilisation. 

Poor Storage Quality 

Usually related to excessive nitrogen or calcium imbalance. 

Measure NO₃⁻ and Ca²⁺ levels to evaluate nutrient balance. 

Corrective actions include reducing excessive nitrogen input 
and maintaining adequate calcium availability. 

Salinity Stress 

Caused by excessive dissolved salts and sodium accumulation 
in the root zone. 

Measure EC and Na⁺ to evaluate salinity conditions. 

Corrective actions include flushing salts when possible, 
improving irrigation management, and regularly monitoring 
water quality. 

Uneven Crop Development 

Commonly associated with variability in nutrient availability, 
salinity, or irrigation distribution. 

Measure EC, pH, NO₃⁻, and soil moisture across different field 
zones. 

Corrective actions include improving irrigation uniformity and 
applying site-specific nutrient management strategies 

 
 
 
 
 
 
 

Parameter pH EC NO₃⁻ K⁺ Ca²⁺ Na⁺ 
Range  6.0-

7.2 
0.8-
2.0 
dS/m 

20 – 
60 
ppm 

150 – 
300 
ppm 

800-
2500 
ppm 

< 70 
ppm 

 



Key Parameters for Carrot Nutrient Management 

Advantages of LAQUAtwin instruments 

Effective carrot nutrient management requires regular 
monitoring throughout vegetative growth and root 
enlargement, with emphasis on trend analysis and early 
intervention rather than isolated measurements. 
Gradual adjustments to fertilisation, irrigation, EC, and nutrient 
balance help prevent stress and maintain stable crop 
performance. 
HORIBA LAQUAtwin portable meters support this approach by 
providing rapid on-site measurements for EC, pH, NO₃⁻, K⁺, 
Ca²⁺, and Na⁺ directly in the field using small sample volumes 
and simple operation. 
Their portability and fast response enable immediate 
agronomic decisions, improved salinity and nutrient 
management, and better integration into modern precision 
agriculture systems.  
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Disclaimer: The sap value ranges and interpretations presented in this application note 
are indicative agronomic guidelines only. Actual optimal values may vary depending on 
carrot cultivar, soil type, growth stage, climate conditions, irrigation water quality, 
salinity levels, fertilisation strategy, and crop management practices. 

Sap analysis should be used as a decision-support tool and not as a standalone 
diagnostic method. 

For accurate nutrient management decisions, sap measurements should be interpreted 
together with visual crop assessment, soil analysis, irrigation water analysis, 
environmental conditions, and periodic laboratory tissue testing. 

Parameter Primary Role in Carrot Production Main Agronomic Importance Potential Risk if Imbalanced 

NO₃⁻ (Nitrate) Vegetative growth and canopy 
development 

Supports photosynthesis and 
root enlargement 

Excess may cause forked roots, 
delayed maturity, and poor 
storage quality 

K⁺ (Potassium) Sugar accumulation and root 
enlargement 

Supports root filling, sweetness, 
and stress tolerance 

Deficiency may reduce root size 
and sugar accumulation 

Ca²⁺ (Calcium) Root firmness and structural 
quality 

Improves cell-wall stability and 
storage quality 

Poor transport may increase 
cracking and internal disorders 

Na⁺ (Sodium) Salinity indicator Evaluates irrigation quality and 
salt accumulation risk 

Excess sodium may reduce 
water uptake and root quality 

EC (Electrical 
Conductivity) 

Overall salinity and nutrient 
concentration 

Indicates dissolved salts and 
fertigation concentration 

High EC may reduce nutrient 
mobility and water absorption 

pH Nutrient availability control Influences nutrient uptake and 
micronutrient availability 

High or low pH may reduce 
nutrient efficiency 

HORIBA Instruments Pte. Ltd. 
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