
precision ag

Soil properties vary considerably over 
most fields and farms, often leading to 
variable production. The ability of farmers 
to understand and manage this variability 
in soil properties has been a considerable 
constraint on profitability, mainly through 
inefficient use of inputs. 

To test and analyse soils on a farm 
and identify constraints to production 
accurately, relies on efficient sample 
collection and cost-effective analysis. 
Proximal soil sensing offers farmers and 
their advisors a means of assessing where 
to take samples from as well as the 
collection of samples. Soil property data 
can then be analysed using a range of 
commercially available tools to assist with 
decision making and input application.

Assessing variation in soil properties 
across paddocks, vineyards and orchards, 
and how those properties change 
within and between seasons in response 
to environmental conditions and 
management, can assist farmers with 
decisions about crop and variety choice, 
planting time, irrigation (if available), 
nutrient and ameliorant application 
rates and timing and the identification 
of constraints to production, including 
salinity and sodicity, compaction and 
biological activity.

Through a combination of soil tests, 
laboratory analyses and proximal soil 
sensing techniques, farmers can increase 
their knowledge and understanding 
of soil characteristic across their farm 
and may choose to utilise variable rate 
technology to apply ameliorants such  
as lime, gypsum and fertiliser to  
optimise production.

Conventional soil tests 
Identifying and mapping soil properties 
(types) can assist with farming efficiency 
through the reduction in variability within 
production units. This can be achieved 
through a combination of methods 
including noting visual differences in 
surface soil characteristics, such as colour 

and texture, and collecting samples from 
representative locations using a soil auger 
or corer, or from soil pits. A number 
of field tests allow the assessment of 
pH, salinity, texture, sodicity and soil 
aggregate stability throughout the  
soil profile.  

These field tests are ‘observations’ rather 
than an accurate (although are increasing 
in accuracy) measure of soil properties. 
When combined with laboratory testing 
of samples representing each production 
zone, a farmer can obtain valuable 
insights into the soil characteristics across 
the property. 

Conventional soil testing and observations 
do not provide sufficient information to 
implement variable rate application of 
inputs or amelioration of constraints  
to productivity.

Laboratory soil tests 

Farmers have used laboratory testing of 
soil samples for many years, particularly 
to assist with crop nutrition decisions. 
While laboratory testing provides 

detailed analysis of the samples, the 
standard method of collecting soil from 
several locations within a paddock, 
combining them and then extracting a 
sub-sample for analysis provides only 
an approximation of the overall nutrient 
status of the area sampled. The cost of 
laboratory testing generally limits the 
number of samples submitted for analysis.

Combining laboratory testing  
with proximal soil sensing enables  
farmers to more accurately identify 
management zones and fine-tune their 
management practices. 

Proximal soil sensing (PSS)

Proximal soil sensing (PSS) involves the 
‘on-the-go’ collection of information 
related to soil properties, often employing 
one or more soil sensors. They are an 
expanding set of tools and technologies 
using field-based sensors placed close to 
(within 2 m) or in direct contact with the 
soil. The sensors detect signals that can be 
related to specific soil chemical, physical 
and/or biological properties. The depth of 
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soil from which a response is made by the 
sensor depends on the sensing unit being 
used. Some are more accurate towards 
the surface of the soil while others detect 
changes in soil properties lower in the  
soil profile. 

Some soil sensors directly measure 
agronomically-useful soil properties 
while others measure parameters that 
are indirectly related to a soil property. 

For example, active gamma radiation 
directly measures soil density and some 
electrochemical sensors may directly 
measure pH or nutrient concentrations. 
Other sensors measure electrical 
conductivity which may be related to 
salinity, clay and moisture content and 
texture. Calibration, laboratory testing 
and ground-truthing are necessary 
when using these technologies to make 
agronomic decisions.

Devices that indirectly measure 
agronomic parameters must be 
calibrated and ground-truthed before 
the information can be used to make 
decisions about input applications.
PSS has the potential to rapidly and cost-
effectively provide farmers with more 
detailed information about the variability 
in soil moisture and chemical and physical 
properties, enabling the more efficient 
and environmentally responsible use of 
inputs. Multi-sensor PSS platforms have 
the potential to collect data on several 
soil properties of the surveyed area at 
the same time, allowing more detailed 
assessments and decision-making.
Table 1 shows the type of soil sensors that 
can be deployed to directly or indirectly 
measure and map agronomically-
important soil properties. 
Both stationary and mobile soil sensing 
devices can collect soil data that is 
integrated with global positioning systems 
(GPS) data to generate geo-referenced 
maps showing variation in soil properties 
across the surveyed area. If high accuracy 
(i.e <2 cm) GPS units are used, (e.g. RTK 
GPS), elevation data as well as longitude 
and latitude coordinates can be acquired 
in order to enable the production of 
topographical maps (i.e digital terrain 
models). A combination of these maps 
can then be integrated with variable 
rate technology (VRT) and used to 
address constraints through the targeted 
application of inputs. 

PSS devices for key  
soil properties
The development of PSS technologies 
offers farmers the ability to rapidly collect 
information and to analyse that data with 
respect to soil properties.
There are commercially available PSS 
technologies that can be operated 
‘on-the-go’, such as electrochemical 
sensors (directly measures pH), electrical 
resistivity (linked to soil texture) and 
electromagnetic induction (linked to 
salinity), which, when linked with GPS 
data, can provide spatial information 
about soil properties across the  
assessed area. 
Most ‘on the go’ or mobile PSS tools 
measure soil properties indirectly and are 
useful for deriving ‘covariates’ that can 
be used to inform sampling strategies 
or for deriving management zones. 
These PSS tools require information from 
other sources (e.g. additional sampling 
for laboratory testing, field or crop 
observations) to generate maps suitable 
for decision making and VRT application 
of inputs. There are several multi-sensor 
instruments available for use in the field 
that can collect data relevant to several 
soil properties in one pass.
Many ‘on-the-go’ sensors in commercial 
use only provide information about the 
surface layer of the soil. Platforms that 
collect small soil cores for on-board 
analysis are under development (these  

Table 1: Proximal soil sensors and their mode of inference for soil properties of  
interest to grain growing.

Source: Viscarra Rossel, R & Lobsey, C (2016). Scoping review of proximal soil sensors for grain 
growing. CSIRO, Australia. Table used with permission from R.A. Viscarra Rossel, CSIRO. 

Illustration used with permission of Rob Bramley (CSIRO) and Randall Wilksch (Farmer, Yeelana)

A high resolution soil survey using EM38 was conducted on this 96 ha cereal field 
on the Eyre Peninsula, SA and a cluster of yield data collected from five cropping 
seasons was used to generate a map showing two management zones within the 
field. The grower then did further soil testing within these management zones to 
identify constraints to production. Variable rates of phosphorus have since been 
applied at seeding to build P fertility in the low production zones. The grower 
has also conducted pH mapping and applied lime at variable rates to adjust pH. 
Most recently the grower has used the management zones to implement a soil 
amelioration program that includes deep ripping and the placement of biosolids and 
gypsum at depth.  

Zone based management
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use static sensors but can provide  
data to derive maps of soil properties 
at the surface and to depth across a 
surveyed area). 

Soil moisture 

Soil moisture is the most rapidly 
changing soil parameter. In dryland 
cropping situations, soil moisture levels 
can determine when a crop is sown. 
Periodic assessment of soil moisture at 
representative sites across a paddock or 
farm using a hand-held PSS device can 

provide useful information, particularly 
when viewed alongside short-range 
weather forecasts.

In irrigated production systems, 
monitoring soil moisture status helps 
farmers schedule their water applications 
to maximise water use efficiency and 
avoid plant stress from both waterlogging 
and drought conditions.

Semi-permanent PSS probes are installed 
in suitable locations within the paddock 
to measure soil moisture levels (volumetric 
water content or tension) throughout 
the profile. Most of these devices 
automatically collect data at set intervals, 
which can be used in irrigation scheduling 
computer programs that determine when 
the next irrigation is likely to be required. 
To obtain useful information, probes need 
to be placed in representative locations 
according to soil type and topography. 
Analysis of the soil’s water holding 
capacity is required and, where practical, 
the irrigated area may need to be levelled 
to reduce ponding. Some PSS probes can 
acquire salinity data in addition to soil 
moisture data.

Soil pH and nutrient status

Electrochemical sensors that directly 
measure pH can be used to generate a 
map suitable for calculating the variable 
lime requirement for the surveyed area 
and integrated with VRT that are widely 
available on farm machinery.

To date, there are no commercially 
available PSS tools that directly measure 
the nutrient status of soils. With some 
specific calibrations, visible–near 
infrared (vis-NIR) sensors can indicate 
variability in pH, organic carbon, cation 
exchange capacity (CEC), texture 
and sodicity, and can infer biological 
activity. UV-absorption / electrochemical 
sensors can be correlated to available 
nitrogen, electromagnetic induction can 

indicate moisture levels and gamma ray 
spectrometry (attenuation) can indicate 
variation in bulk density in the upper 
layers of the profile.

PSS tools can indicate where soil samples 
could be collected to provide the most 
useful information for decision making, 
such as identifying the constraint or 
determining suitable input rates within a 
management zone. Laboratory analysis 
and field inspections are essential to 
maximising the value of PSS tools.

Making informed decisions  
using PSS

In practice, PSS tools are usually part of a 
decision making process that also draws 
information from other sources, rather 
than being a stand-alone management 
tool. This process can be described 
using the Soil Condition ANalysis System 
(SCANS) that was developed by CSIRO 
researchers and is summarised below: 

Step 1: Prior information – Gather 
relevant data from all sources (e.g. mobile 
sensors, regional maps, remote sensing, 
yield maps and other data that may help 
characterise soil variability).

Step 2: Sampling design – Determine 
the most efficient and cost-effective soil 
sampling design.

Step 3: Soil sensing – Use appropriate 
proximal soil sensing (PSS) tools to collect 
and process data relevant to site-specific 
management decisions.

Step 4: Statistics and modelling – Validate 
and analyse the data to define the soil 
property or properties of interest.

Step 5: Inference – Use the available 
information to generate 2D or 3D maps 
showing variability of the soil property 
across the surveyed area. These maps 
can be used to implement variable 
rate technology or other site-specific 
management practices.

Figure 1: Integration of proximal soil sensing (PSS) data for on-farm management.
Source: Viscarra Rossel, R & Lobsey, C (2016). Scoping review of proximal soil sensors for grain 
growing. CSIRO, Australia. Diagram used with permission from R.A. Viscarra Rossel, CSIRO.

Table 2: Soil sensing techniques and 
technologies.

Examples of conventional soil 
tests and observations 

Acidity (pH kit), salinity (EC meter), soil 
moisture (ball test for field capacity), 
texture (ribbon test), soil profiling (soil 
pits and core sampling), slaking and 
dispersion (test for aggregate stability 
and sodicity).

Examples of laboratory 
analyses 

macro and micro nutrients, organic 
matter, pH, Cation Exchange Capacity 
(CEC), salinity, sodicity, texture, water 
holding capacity.

Examples PSS devices capable 
of direct measurement (mostly 
static or stationary sensors) 

Neutron probes, capacitance probes, 
gypsum blocks and tensiometers –  
Soil moisture  
UV-absorption – Nitrate e.g. No-Wait 
Nitrate (Solum)
Electrochemical – Nitrate e.g. SoilSens, 
Redshield Technologies
Active gamma-ray attenuation –  
Bulk density e.g. SCANS Core  
Sensing platform
Gamma-ray (and neutron) 
spectroscopy – Total soil potassium 
‘On the go’ pH e.g. MSP and MSP3 
(Veris Technologies)

Examples PSS devices capable 
of indirect measurement 
(mostly ‘on-the-go’ or mobile)

Electrochemical Resistivity (electrical 
conductivity) – Salinity, soil moisture, 
texture e.g. Veristech
Electromagnetic induction – Salinity, 
soil moisture, texture e.g. EM38 
Geonics and Dualem
Visible-near infrared (VIS-NIR) –  
Clay content, CEC, clay and iron 
mineralogy, carbonates, water e.g. 
OpticMapper, MSP3, P4000 (Veristech), 
FieldSpec (ASD)
Multi-sensor SCANS core sensing 
platform – Bulk density (gamma 
attenuation), Clay content, CEC,  
clay and iron mineralogy, carbonates, 
water (spectroscopy – under 
commercialisation)
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publication without any independent verification. 
Neither SPAA and its editors nor any contributor 
to this publication represent that the contents 

of this publication are accurate or complete; nor 
do we accept any omissions in the contents, 

however they may arise. Readers who act on the 
information in this publication do so at their risk. 
The contributors may identify particular types of 
products.  We do not endorse or recommend the 
products of any manufacturer referred to.  Other 

products may perform as well or better than 
those specifically referred to.
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Case study: Sensing 
solutions for acidic soils
In conjunction with his father Don, Russell 
Zwar runs a 1240 ha winter cropping 
enterprise at Wirrabara in the Flinders 
Ranges, SA. The crop sequence includes 
wheat, barley, canola, faba beans and 
oaten hay in winter with sunflower  
and maize grown as opportunistic 
summer crops.
As very early adopters of no-till farming 
and stubble retention, the Zwar family is 
aware of the potential risk of increasing 
soil acidity due to the accumulation of 
fertiliser, particularly nitrogen, in the 
top layer of the soil profile. This effect is 
particularly evident in soils with marginal 
pH levels, and within high production 
zones. Over the years they have 
conducted soil testing within a number of 
paddocks annually and have monitored 
changes in pH over time. With pH testing 
indicating that soils on the farm ranged 
from pH 4.5 in lower areas to pH 7.5 
on the rises, Russell was confident that 
farm productivity would respond to lime 
applications on the more acidic soils.
To more accurately measure, map and 
monitor pH, Russell has employed his 
brother Michael (Agtech Services) to 
progressively map the pH status of his 
farm since 2015. Initially, samples were 
collected at a rate of 1 sample/ha, but this 
was increased to 2 samples/ha due to the 

variability in pH across the farm. 
The ‘on-the-go’ pH sensor machine 
assesses the soil pH of small soil cores 
collected on a grid sampling pattern. 
During the soil survey Michael also 
collects representative samples from 
each pH zone, which he sends away 
for independent laboratory testing. 
The field test results are then calibrated 
to the laboratory-derived pH (CaCl2) 
analysis. These results also show the soil’s 
cation exchange capacity (CEC), which 
can be used to further fine-tune lime 
application calculations. The CEC and 
buffering capacity of the soil make a large 
difference to the rate of lime required to 
cause a desired shift in soil pH.
In 2015–16 a 300 ha area of the farm 
was mapped and 150 ha was identified as 
having a soil pH less than 5.5, indicating 
there should be a crop response to lime 
applications if lime was applied to the 
lower pH area. In another 35 ha paddock, 
which Russell had never considered to 
be affected by acidity, one quarter of 
the paddock was found to be below 
the pH 5.5 threshold. Applying lime to 
the 9 ha of this paddock that required 
amelioration, rather than the whole 35 
ha, saved Russell $2380 (see table 1) 
while also evening out germination and 
yield across the paddock and achieving 
stronger crop competition against weeds. 
Using the field generated pH maps, 
Russell applies lime where it is needed the 

most. In zones where the pH is below 5.5 
(CaCl2) he applies lime at a rate of 3 t/ha. 
His aim is to increase the soil pH across 
the farm to above pH 5.5. 
Lime is applied to dry soil in March using 
a Marshall spreader. This spreader does 
not have variable rate capacity, so Russell 
uploads the pH map to a Topcon X20 
GPS console unit and simply shuts the 
spreader off when it moves out of a zone 
that requires lime. This allows him to 
apply lime at 3 t/ha in low pH zones and 
no lime in zones where the pH is above 
5.5. Being a no-till farming system, Russell 
relies on some minor incorporation during 
the disc seeding operation and natural 
movement of the lime though rainfall and 
biological activity. 
Russell has observed positive production 
responses in all crops sown immediately 
after lime application. However, the  
yield response in faba bean crops is  
the greatest and so lime is generally 
applied to paddocks that are to be sown 
to this crop. 
Two years after liming some highly 
acidic (pH 4.5) grey silt soil, a faba bean 
crop yielded 3.2 t/ha and Russell now 
budgets on yields of about 3 t/ha for faba 
beans, now that the acidity constraint on 
production has been addressed.
When choosing between lime sources, 
Russell takes into account the cost of lime 
and freight, the neutralising value and 
the particle size (preferably less than 0.25 
mm or 250 microns). Along with the soil’s 
buffering capacity, the neutralising value 
and particle size of the lime also influence 
the rate of lime applied to achieve a 
change in pH. 
Now that the soil pH status of the farm 
has been completely mapped, Russell 
plans to re-map it over the next few 
years to assess the impact of the liming 
program and then expects to continue 
monitoring as required to monitor pH 
levels and to assess the long-term efficacy 
of lime application. In the future he hopes 
to include mapping of other production 
constraints, such as potassium variability, 
in the same pass.

Table 3: Cost benefit of pH mapping and patching out liming.

 Uniform  Application 
 paddock area based on 
 application  pH mapping

Area limed (ha) 35 9

Amount of lime required (t) applied @ 3 t/ha 105 27

Cost of lime ($15/t) $1575 $405

Cost of freight and spreading ($20/t) $2100 $540

Cost of mapping ($10/ha) - $350

Total cost $3675 $1295

Saving  $2380


