
Electrical Properties of 

Agriculture Produce – 

Resistivity and Impedance 

Assessing produce quality non-destructively is crucial for 
agriculture. Electrical resistivity and impedance serve as powerful 
indicators of quality.  
 

• theory,  
• measurement methods, and  
• practical applications. 
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Electrical Resistivity: Basics 

Definition 

Opposition to electric current 

flow in a material. 

Formula 

ρ = RA/L (Resistivity = 

Resistance × Area / Length) 

Influencing Factors 

• Moisture content 

• Temperature 

• Produce composition 
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Electrical Impedance: AC Response 

Definition 

Total opposition to alternating current. 

• Resistance (real part) 
• Reactance (imaginary part) 

Frequency Effects 

Impedance changes with AC frequency. 

Example: Fruit impedance drops by 20% from 100Hz to 1kHz. 

Cole-Cole model explains tissue behavior  
(electrical bioimpedance measurements to characterize biological tissues) 

AC reverses direction periodically, making it suitable for 
long-distance transmission, while DC flows consistently in 
one direction, making it ideal for electronic devices and 
battery applications.  
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Two-Electrode Method 

Setup 

Two electrodes inserted into the sample. 

Measurement 

Voltage applied; current measured to find resistance. 

Cons 

Electrode polarization effects reduce precision. 

Use Cases 

Quick, rough estimations in the field. 
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Four-Electrode Method 

1 Improved Accuracy 

Separate current and voltage 

electrodes eliminate contact 

resistance. 

2 Wenner Array 

Common electrode 

configuration used in soil and 

produce testing. 

3 Example 

Mapping moisture content in apple orchards accurately. 
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Impedance Spectroscopy 

Method 

Measure impedance across 

multiple frequencies for rich 

data. 

Analysis 

Extract tissue structure and 

composition characteristics. 

Applications 

Maturity checking and 

detecting diseases. 

Example 

Detect fungal infections in 

tomatoes with 90% accuracy. 
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Maturity and Ripeness Assessment 

Bananas 

Impedance decreases as starch converts 

to sugar during ripening. 

Apples 

Resistivity drops as fruit softens and 

ripens. 

Real-Time Monitoring 

Embedded sensors track quality 

continuously during storage. 
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Defect and Disease Detection 

Detect Internal 

Defects 

Higher impedance indicates 

bruises in apples. 

Disease Detection 

Impedance signatures change 

due to fungal infections. 

Benefits 

Early detection reduces waste and improves grading. 
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Case Study: Potato Quality 

Assessment 

Objective 

Assess potato quality through impedance measurements. 

Method 

Impedance measured at multiple frequencies for accuracy. 

Findings 

Strong correlation with dry matter content identified.  

the solid components of a substance after all the water has been removed 

Impact 

Potential for automated sorting in agricultural industry. 
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Summary and Future 

Directions 

Value 

Electrical resistivity and 

impedance are key in 

agriculture. 

Advantages 

Non-destructive, rapid, and 

in-situ quality assessment. 

Future 

Portable devices, AI analysis, and wider industry adoption. 
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As fruit ripeness increased,  
• the cell structure loosened 
•  the number of gaps increased 
•  membrane permeability increased 
•  the distribution of free water became more scattered 
•  and firmness gradually decreased.  

 These factors led to increased cell fluid fluidity, shorter current flow 
paths, and lower impedance values.  

 changes in various physiological indicators and electrical parameters of 
fruits during ripening  

 Detection of fruit maturity using electrical parameters 
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