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table, soils with a claypan near the surface, and 
soils that are shallow and over nearly impervious 
material.

A literature review revealed 19 studies on Group 
B soils and each documented decreases in water 
runoff with no-till. Runoff averaged 56 percent of 
that observed from the conventional till sites. Of 
the 26 studies of Group C soils, 22 (85 percent) 
documented reductions in runoff with no-till, 
with runoff averaging 67 percent of that from 
conventional tillage. Of the 11 studies on Group 
D soils, only one (9 percent) indicated a runoff 
reduction with no-till, but there was no difference 
in the average runoff from the two systems. No 
studies on Group A soils were found. The review 
concluded that no-till could be expected to reduce 
runoff on Group B and Group C soils but not on 
Group D soils (Table 14.1) [3].

Crop and cover crop residues on the soil surface 
dissipate raindrop impact, slow surface runoff 
and often increase infiltration. Residue also 
serves as a barrier against evaporative water loss 
from the soil and this increases the amount of 
water available for crops [14]. Crops that leave a 
lot of residue on the soil surface generally provide 
greater benefits. Winter cover crops generate con-
siderable surface residue and keep the soil surface 
protected. In general, the more residue on the soil 
surface, the better the results.

CONSERVATION TILLAGE 
TRADE-OFFS
While conservation tillage can significantly 
enhance infiltration, there are trade-offs. The 

benefits of conservation tillage will vary depend-
ing on the crop being grown, soil characteristics, 
topography, surface cover, pest pressure, agri-
chemical use and weather. Normal agricultural 
practices such as spraying, planting and harvest-
ing can lead to soil compaction. This is particu-
larly true for soils with high clay contents. With 
conventional tillage practices this surface com-
paction is periodically disrupted. With reduced 
tillage, the compaction can build up over time 
and can actually lead to a reduction in infiltration. 
As a consequence, strip-till and other conserva-
tion tillage practices can lead to increased runoff 
and increased agrichemical and nutrient losses 
[7, 8, 12]. In high clay content soils, tillage may be 
required to alleviate soil compaction. In part, the 
compaction can be reduced through strip tillage 
[9] and through in-row subsoiling or paratilling 
[11, 15, 16]. Paratilling is a deep tillage technique 
in which the soil is loosened below the soil sur-
face but not inverted [10]. Compaction can also 
be alleviated by certain deep-rooting cover crops, 
including some cereal grains and radishes.

The increased infiltration typically observed with 
conservation tillage can lead to increased sub-
surface water loss because infiltration amounts 
can exceed the soil’s capacity to hold water. Many 
soils in the southeastern United States have sub-
surface layers that have lower hydraulic conduc-
tivity and restrict vertical percolation of water. 
This restriction can lead to saturated zones within 
the soil profile. Water within these zones will flow 
downslope away from cropped fields. Some of the 
infiltrated water also moves through the root zone 
and into subsurface aquifers. Driven by hydraulic 
gradients, this water also moves downslope away 
from the fields. If soils under conservation tillage 

TABLE 14.1. Anticipated benefits of introducing reduced tillage for various hydrologic soil groups (summarized from 
[3])

Hydrologic Soil Group Infiltration characteristics Water transmission
Benefits from  

reduced tillage

A High High Unknown

B Moderate Moderate High

C Slow Slow High

D Slow Very slow Low
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available for other uses on the farm.

MONITORING SOIL WATER
Soil water monitoring assists the producer in 
determining if the soil water content is between 
the soil’s field capacity and wilting point. Field 
capacity is the upper limit of water moisture that 
a soil can hold after it has been fully saturated 
and allowed to drain freely. This occurs when 
the water in the macropores has drained and has 
been replaced by air [6]. As plants use water and 
as water evaporates from the soil surface, the soil 
water content decreases. When the soil water 
content reaches the wilting point, plants can no 
longer pull water from the soil. Water contents 

near or below the wilting point will result in 
reduced yields. Saturated soils or soils with a 
water content above field capacity can also reduce 
yields. Sensors that assess the amount of water 
available help the producer determine when 
irrigation is needed and if the right amount of 
water is being applied. Sensors help the producer 
understand how many days the soil is at or below 
the wilting point or above field capacity. Soil wa-
ter measurements can be made using either water 
content methods (quantity) or water potential 
(energy) methods.

Water Content Measurement
Water content can be measured by either weight 
(gravimetric) or volume (volumetric). Gravimet-

1 Some of the stated advantages and disadvantages of indirect measuring are dependent on the type of dielectric sensor used. 
In particular, ease of use, cost and sensitivity to soil structure can vary depending on the sensor. Discuss the options with a 
knowledgeable consultant or Extension specialist.

TABLE 14.2. A comparison of the advantages and disadvantages of both the direct and indirect methods of 
determining soil water content.

METHOD

Direct Measurement Indirect Measurement1

ADVANTAGES:

Easy to use X X

Does not require calibration X

Low cost X

Durable X

Easy to install X

Instant, high-resolution soil water content measurement X

Allows for continuous data collection X

DISADVANTAGES:

Destructive X

Time consuming X

Requires oven and balance X

Sensitive to soil texture X

Requires destructive installation X

Sensitive to air gaps in soil contact X

Requires calibration X
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ric measurement only accounts for the water and 
soil, while volumetric measurement also accounts 
for the air (Figure 14.3). Gravimetric sampling 
typically involves collecting and drying soil sam-
ples. Volumetric water content can be measured 
in the field using various sensors.

Water content measurement methods can be ei-
ther direct or indirect. There are advantages and 
disadvantages to both approaches (Table 14.2). 
Direct methods are destructive, meaning that a 
soil sample is collected in the field and transport-
ed to a testing facility on or off farm. It takes time 
to process these samples, and either gravimetric 
or volumetric water content can be measured. An 
advantage of direct measurement is that it gives 
the exact amount of water in the soil and can be 
used to calibrate indirect measurement devices.

Indirect methods are nondestructive, meaning 
that the soil profile is not disrupted. The mea-
surements are taken in situ, and these measure-
ments are available instantaneously. Data from 
indirect measurements can be recorded and 
stored in specified time intervals for further anal-
ysis if needed. Since the indirect measurements 
are nondestructive, these measurements rely on 
soil properties. For indirect methods, the sensors 
need to be calibrated. Indirect measurements 
of the soil water use one of three different soil 
properties: its dielectric constant, its radioactivity 
or its thermal properties. Measurement utilizing 
the soil’s dielectric properties is discussed here 
because it is the most common.

Capacitance sensors are one of the most common 
indirect, in situ methods to measure volumetric 
water content. These types of sensors are based 
on the principle that soil can insulate or carry 
an electrical charge. The soil’s ability to do this 
is related to its dielectric constant. Water has a 
dielectric constant that is more than 10 times 
greater than other soil components (Table 14.3). 
As the soil water content increases, the dielectric 
value of the soil profile changes significantly. 
Capacitance sensors utilize this characteristic to 
make measurements of soil water content. 

Water Potential Measurement
Soil water measurements can also be based on 

the pressure or suction that exists within the soil. 
This suction contributes to the water potential 
energy within the soil, which can in turn be used 
to predict water content. Pressure-based sensors 
include tensiometers, gypsum block sensors and 
granular matrix sensors. They utilize material 
that comes into equilibrium with the suction in 
the soil. 

The tensiometer works on the principle that as 
soil water content decreases, the amount of force 
required by the plant root to extract soil water 
increases. This is mimicked in the tensiometer 
by filling a cylinder, with an attached ceramic 
cup, with water. The ceramic cup is inserted into 
the soil at the depth of interest. As the soil dries, 
the water in the tensiometer is drawn into the 
soil profile. This movement of water into the soil 
profile causes a negative pressure or suction on 
the cylinder of water and the negative pressure is 
recorded on a vacuum gauge attached to the top 
of the tensiometer. The reading on the gauge is 
an indication of the amount of water in the soil 
(Figure 14.4).

Both gypsum block and the granular matrix block 
sensors use the principle of electrical resistance to 
measure or indicate water content. As the soil wa-
ter content increases, the block gets wet and the 
resistance across two wire leads embedded in the 
block decreases, indicating a wetter soil. The re-
verse is also true. The amount of soil water is de-
termined based on a calibration of the blocks. For 
granular matrix blocks, ceramic is used instead of 
gypsum. These types of sensors are relatively in-
expensive and data readers are available for each 
type. The reader is calibrated so the resistance 
measured can be translated to soil water content. 

Component Dielectric Constant

Air 1

Soil minerals 3–7

Organic matter 2–5

Ice 5

Water 80

TABLE 14.3. Dielectric constants for various 
components of the soil


