
Soil Moisture
Sensors: Why
Measurements
Differ



Introduction

Soil moisture measurement is vital
for effective turf management,
ensuring optimal irrigation and plant
health. However, readings can differ
significantly depending on the
sensor type, often causing confusion
among users. 

These variations stem from
differences in measurement
technology, the depth and volume of
soil assessed, and the sensor's
positioning during data collection. A
clear understanding of these factors
is essential for accurately
interpreting data and making well-
informed irrigation decisions.



Measurement
Principles: Dielectric
Permittivity
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Soil moisture sensors determine water
content by leveraging dielectric
permittivity, which represents the soil's
ability to transmit an electric field. Since
water has a much higher dielectric
permittivity than other soil components
(such as minerals, air, and organic
matter), variations in moisture levels
significantly impact the sensor’s
electrical response.(1,2,3,4,5). 

1.Topp, G. Clarke, J. L. Davis, and A. Peter Annan. "Electromagnetic determination of soil water content:
Measurements in coaxial transmission lines." Water resources research 16.3 (1980): 574-582.

2. Bosch, David D. "Comparison of capacitance‐based soil water probes in coastal plain soils." Vadose
Zone Journal 3.4 (2004): 1380-1389.
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soils using time domain reflectometry." Vadose zone journal 2.4 (2003): 444-475.

4. Seyfried, M. S., et al. "Dielectric loss and calibration of the Hydra Probe soil water sensor." Vadose
Zone Journal 4.4 (2005): 1070-1079.

5. Logsdon, S. D., et al. "Hydra probe and twelve‐wire probe comparisons in fluids and soil cores." Soil
Science Society of America Journal 74.1 (2010): 5-12.
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Advantages Limitations

There are three primary measurement methods based on this principle

TDR sensors send an electromagnetic pulse along a metal probe inserted
into the soil and measure the time it takes for the signal to return
(reflection). Since water slows down the signal in proportion to its
concentration, the volumetric water content can be accurately determined

Time-Domain Reflectometry (TDR)

Measurement
Principles: Dielectric
Permittivity

High accuracy, even in
complex soil textures

Can measure both moisture
and electrical conductivity
(helpful for detecting excess
salts)

Well-established and widely
validated technology

High equipment cost

Requires soil-specific
calibration for optimal
performance

Sensitive to installation
quality: poor soil contact can
reduce accuracy
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Capacitance (Frequency Domain - FD) Methods
These sensors assess the soil’s ability to store electrical charge in response
to an alternating field at a specific frequency. The measured electrical
capacitance changes with water content, providing an estimate of soil
moisture (6).

Advantages Limitations

Measurement
Principles: Dielectric
Permittivity

Suitable for large-area
deployment

More affordable and user-
friendly compared to TDR

Rapid measurements, ideal for
high-frequency monitoring

Limited measurement depth
compared to TDR sensors

Readings can be affected
by soil salinity and
temperature
fluctuations
Less precise in heterogeneous
soils compared to TDR

6. "Comparison of capacitance‐based soil water probes in coastal plain soils." Vadose Zone Journal 3.4
(2004): 1380-1389.
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Coaxial Impedance Dieletric Reflectometry 
Thesensor bases thesoil moisture calibration on the real dielectric
permittivity, while most other soil moisture methods base their soil moist
estimation on the apparent permittivity, which is a combination of the real
and imaginary components (7). Basing the soil moisture calibration on the
real dielectric permittivity instead of the apparent permittivity has many
advantages. Because the Coaxial Impedance Dielectric Reflectometry
separates the real and imaginary components, soil moisture calibrations ar
less affected by soil salinity, temperature, soil variability and inter-sensor
variability than other methods.

Advantages Limitations

Measurement
Principles: Dielectric
Permittivity

Highly accurate across different
soil textures and salinity levels

Simultaneous measurement of
moisture, salinity, and
temperature

Stable and consistent
performance without requiring
soil-specific calibration

More expensive than
capacitance-based sensors

Requires specialized
interpretation of dielectric
data

Slightly longer response time
compared to capacitance
methods

7. "Logsdon, S. D., et al. "Hydra probe and twelve‐wire probe comparisons in fluids and soil cores." Soil
Science Society of America Journal 74.1 (2010): 5-12.



Sensor

Teros12 soil
moisture

SGL Turdpod

Hydra100 Scout

TORO Turfguard

ThetaProbeSoil
Moisture Sensor

HydraProbe Soil
Moisture Sensor

TDR150/350 Soil
Moisture Meter

5

Abbreviation Manufacturer Type f (mhz) Rods’ length

ML3

Teros12

Turfpod

Hydra100

Turfguard

TDR 150/350

HydraProbe 

SGL

Toro

Stevens

Delta-T

Soil Scout

Meter Group

I

I

C

C

C

N/A

Spectrum Tech.TDR

70

50

50

100

N/A

N/A

N/A

N/A

57 mm

55 mm

76 mm

64 mm

60 mm

38 mm76
mm120
mm200 mm

Measurement
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The influence volume of a soil moisture sensor refers to the
portion of soil from which the sensor collects signals and
generates a reading. This parameter is crucial because it
determines the representativeness of the collected data: a larger
influence volume provides an averaged estimate over a broader soil
area, while a smaller influence volume allows for detailed analysis
of specific layers.



Influence Volume
of Measurement
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The image makes it particularly intuitive to understand why comparing
different soil moisture probes and expecting identical readings can be
challenging. Beyond the differences in measurement technology, the
volume of soil analyzed plays a crucial role in the accuracy and consistency
of the measurement itself. Furthermore, an experiment published by
Romain Giraud (2020)(8) illustrates this point effectively. The study tested
three different probes on a substrate composed of 50% moist soil and 50%
dry sand. The experiment was conducted twice, alternating the position o
the wet soil and dry sand between the upper and lower layers.

The results revealed that the influence of the wet soil on the measuremen
diminishes non-linearly as the length of the probe inserted into the grou
decreases. This suggests that most of the sensor's signal is primarily
affected by the soil volume closest to the sensor’s pins. In other words,
sensors tend to give more weight to the soil immediately surrounding th
electrodes, at least according to this small-scale experiment. This finding
has practical implications: if the surface layer of turf is too dry, but the
sufficient moisture around the sensor’s pins, the reading may be skewed,
underestimating the actual level of drought stress.

Ultimately, this further reinforces the idea that comparing different pr
is highly complex, as each sensor interacts differently with its surround
soil volume, leading to variations in measurement outcomes.

8. https://cliniquedugazon.fr/index.php/2020/09/10/illustration-du-volume-dinfluence-des-sondes-
dhumidite-exemple-avec-la-tdr150/
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orientation
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Soil composition changes significantly from the surface to deeper layers.
The top layer, where hand-held sensors are inserted, typically contains
higher concentrations of organic matter, which has a greater capacity t
retain water. Organic material influences soil structure, increasing its
water-holding capacity and altering the dielectric properties that senso
use to estimate volumetric water content (VWC).

In contrast, in-ground sensors are installed at specific depths where org
matter content is lower. These deeper layers generally consist of more
mineral soil components (sand, silt, clay), which hold water differently th
the organic-rich topsoil (9). Because hand-held sensors measure moisture
near the surface while in-ground sensors measure deeper layers, it is
natural for them to provide different moisture readings.

The discrepancy in moisture readings between hand-held sensors and in-
ground sensors is their placement and method of measurement.
The primary reason for the variation in readings between these sensor t
lies in the differences in soil properties at different depths and the
fundamental way these sensors operate.

 Soil Profile Variability

9. Beard, J. B. "Turfgrass: science and culture." (1973).
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Additionally, soil compaction and layering affect moisture retention at
various depths. If a compacted layer exists below the surface, it can
impede water infiltration, leading to moisture accumulation near the
surface (where hand-held meters measure), while deeper layers might be
relatively drier. (10) Therefore, even when using the same sensor, the
acquired data will differ because the measured sample varies.

Hand-Held Sensors:

These sensors require manual insertion into the soil, meaning that each
reading represents a single point in time and one specific location in the
soil profile. The advantage of this approach is that multiple readings
across different areas can assess the spatial variability of soil moisture.

Can be moved easily to different spots for comparative analysis
Detects irrigation inefficiencies, such as uneven coverage, clogged
nozzles, or improper sprinkler head placement
Provides an instantaneous snapshot of soil moisture at a given
moment

Measurement Methodology

10. Christians, Nick E., Aaron J. Patton, and Quincy D. Law. Fundamentals of turfgrass management. John
Wiley & Sons, 2016.
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In-Ground Sensors:

These sensors are permanently installed at a fixed depth and continuously
monitor soil moisture over time. This allows for tracking trends and
moisture fluctuations, providing historical data that can predict when
irrigation is needed.

Excellent for monitoring long-term moisture trends
Offers predictive irrigation scheduling based on data trends
Less effective for assessing spatial variability, as they remain in one
location



Conclusion
Comparing sensor readings, even on
the same type of soil, presents
challenges and may lead to
inconsistencies in irrigation control,
as variations between probes can be
significant.

Similarly, moisture measurements
taken in soils with different physical
properties—such as particle size,
bulk density, and organic matter
content—can yield inconsistent
results when using different sensor
models. Even when using the same
model, discrepancies may still occur,
though to a lesser degree.

To ensure reliable moisture
monitoring on sports fields and golf
courses, it is advisable to use a
single type of sensor. Additionally,
familiarizing oneself with the
characteristic moisture levels of
the specific substrate using that
sensor will improve accuracy and
consistency in irrigation
management.
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