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Figure 1. Z-score evaluation of the 
15

N analysis 

 

 

Figure 2. Z-score evaluation of the 
13

C analysis 
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Increasing populations growth combined with climate 
change are putting pressure on water resources and 
agricultural systems around the world. The need for 
effective water management strategies designed to 
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maximize water use efficiency has made access to soil 
water content (SWC) information crucial to the global 
community.  

This work builds upon ongoing research that began in 
December 2013 in which a stationary Cosmic-Ray 
Neutron Sensor (CRNS) was used to monitor SWC 
within an agricultural system located in north central 
Austria (Figure 1a). Past work at this study site at 
Petzenkirchen, Austria (100 km west of Vienna) has 
focused on the calibration and validation of the CRNS 
technology, and has shown the CRNS to reliably estimate 
SWC on a large scale (circle with radius of cca. 250 m) 
when compared to other methods of estimating SWC 
(Figure 2). This was determined via comparisons of in-
situ soil sampling, time domain reflectometry (TDR), and 
time domain transmissivity (TDT) of SWC with estimates 
of SWC determined from the CRNS. However, questions 
remain regarding the effective use of the CRNS 
technology. 

The effect of hydrogen contained within plant biomass on 
the CRNS signal requires further investigation. This is 
particularly true in agricultural areas where biomass 
changes quickly in time from planting to harvest. This 
can be seen in a CRNS signal and must be quantified. 
Methods to do this are diverse and vary in their accuracy. 
The effect of plant biomass and the water contained 
within is also being partially examined. Methods to 
quantify plant biomass for the purpose of calibration of 
both a mobile and stationary CRNS include: destructive 
in-situ sampling, satellite based remote sensing, and the 
use of the CRNS itself. Due to the relationship between 
neutrons (cosmic rays) and environmental hydrogen, the 
CRNS may be capable to serve as a tool to quantify plant 
biomass in an agricultural setting. This activity has 
begun, however more data are needed. Additional 
investigation into this question is planned for the coming 
year. 

Additionally, the capacity for the CRNS to provide data 
representative of a large area is well known; however, a 
stationary sensor is incapable of capturing the natural 
heterogeneity of soil moisture within its footprint. 
Therefore, field campaigns have begun in September of 
2016, to calibrate and validate a mobile “backpack” 
version of the normally stationary CRNS (Figure 1b). 
This backpack sensor is capable of estimating SWC at the 
same spatial resolution as a stationary CRNS. This builds 
upon the advantage inherent to a CRNS in that it can 
characterize SWC over landscape scales non-invasively 
thus eliminating the intrusion of traditional in-situ sensors 
within agricultural systems. Utilizing the mobility of the 
CRNS backpack has the potential to capture the natural 
heterogeneity of soil moisture within the landscape, a 
capacity that a traditional stationary CRNS lacks. Water 

management decisions can benefit from detailed spatial 
SWC information. Results will be reported in the coming 
Soils Newsletter.  

Another key area of interest is the application of CRNS 
technology in high altitude environments. Such diverse 
environments are often disproportionally affected by 
climate change and land degradation. However, the 
remote locale and difficult terrain makes traditional SWC 
monitoring as well as stationary CRNS installation 
impractical. This mobile backpack has been deployed 
recently in the Austrian Alps in three locations where 
comparisons of in-situ soil sampling and TDR SWC 
estimations were compared to the mobile CRNS signal. 
This was carried out at different elevations to explore the 
relationship of these data in high-altitude alpine 
environments typically prone to erosion from 
hydrological and anthropogenic sources.  

Preliminary results from past and current work at the 
Petzenkirchen site show: 

1) SWC data produced from a stationary CRNS are 
similar to SWC information produced via in-situ 
soil sampling, the mobile “backpack” CRNS, and 
in-situ TDR SWC values (Figure 2). It is 
important to note that the “backpack” CRNS 
consistently shows higher SWC values than its 
stationary counterpart. More experiments over the 
course of 2017 will be needed to fully explore 
this phenomenon. 

2) Conducting in-situ sampling campaigns is 
intended to validate and improve the accuracy of 
the CRNS data (both stationary and backpack 
versions) by comparing the sensor SWC readings 
with those determined via in-situ soil sampling 
for SWC. Determining the appropriate number of 
sampling campaigns to perform is necessary for 
effective time management. Comparisons of the 
stationary CRNS signal of SWC calculated from 
a single calibration campaign (R2: 0.6398) 
compared to the same signal calculated from six 
calibration campaigns (R2: 0.6423) seems to show 
very little difference (Figure 3a). Further 
investigation into the possibility of requiring 
fewer calibration campaigns will be conducted in 
the coming year. 

3) The CRNS calibration variable “N0” (defined as 
the counts of cosmic rays per unit time in a dry 
environment devoid of biomass), is calculated via 
in-situ calibration campaigns. Changing estimates 
of SWC derived via in-situ soil sampling show a 
poor relationship with N0. However, N0 seems to 
be in wet conditions (Figure 3b), this will be 
further explored in 2017. 
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Figure 11 a) Location of the stationary Cosmic Ray Neutron Sensor (CRNS) at Petzenkirchen Austria (48.154°N, 

15.1483°E). b) Mobile backpack CRNS, photo taken near Rauris, Austria in a grazed alpine setting, photo credit to 

Dale Pulker 

 

Figure 2. Time series of mean Soil Water Content (SWC) values (24 hr) derived from a stationary Cosmic Ray 

Neutron Sensor (CRNS) (at Petzenkirchen, Austria), Time Domain Transmissivity (TDT) values in the top 10 cm, in-

situ Time Domain Reflectometry (TDR), CRNS backpack values, and in-situ soil sampling SWC values for the purpose 

of data validation (error bars represent standard deviation). 
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Figure 3. a) Stationary Cosmic Ray Neutron Sensor (CRNS) soil water content (SWC) vs. SWC determined via in-situ 

soil sampling. Red indicates CRNS SWC values determined from a single in-situ calibration campaign, black indicates 

CRNS SWC values determined from 6 in-situ calibration campaigns. b) Stationary CRNS N0 (cosmic ray neutron 
counting rate assuming dry conditions devoid of biomass) compared to SWC determined via in-situ soil sampling from 

6 calibration campaigns 
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Soil evaporation constitutes one of the most significant 
sources of water loss from agricultural soils around the 
world, particularly in arid regions. Changing climate 
and precipitation patterns combined with population 
growth will drive a need to reduce soil water 
evaporation for better water resource management. 

This work represents a preliminary effort to develop 
simple tools for determining the fate of crop residues, 
or mulch, when applied to an agricultural field, over 
the course of a growing season. Organic mulch 
protects the soils and therefore water present in the 
subsurface is less likely to evaporate thus preserving 
its presence for use by crops. The slow decomposition 
of mulch varies depending on the type used. For 
example, a legume contains a greater amount of 
nitrogen. This allows microorganisms to break down 
its tissues faster. This is in contrast to other mulch 
cover types such as grain cereal, where lower nutrient 
levels and a more stable organic composition increase 
its residence time in any particular field. Therefore, 

legumes are not likely to reduce soil evaporation as 
effectively as non-legume mulch types. 

Small plots (~ 7 m2) planted with maize located at the 
experimental fields of the SWMCNL were compared. 
Vetch (a type of legume) mulches were applied to half 
of the maize plots with the other half receiving no 
mulch. Photographs were taken above the crop canopy 
at a fixed height and pre-determined location 
approximately once a week during the growing season 
from planting until full canopy cover. This was done 
via a handheld digital camera attached to an 
expandable tripod and remotely controlled via a smart 
phone (Figure 1a). Images of the canopy were then 
processed by image analysis software for cover 
percentages (specifically, green leaves, bare soil, 
mulch, rocks, and biological soil film; (Figure 1b)). 

The gradual breakdown of applied mulch and build-up 
of living biomass has been shown (Figure 2). Vetch 
mulch was applied initially (28/7/2016) at a 
concentration of 2 tons per hectare (air dried). Figure 2 
showed that the mulch cover began at approximately 
30% and decreased to about 10% over the course of 20 
days, a decrease of approximately 1% per day. This 
rapid decrease is likely due to the acceleration of 
natural decomposition due to high nitrogen content of 
vetch mulch as well as high summer temperatures and 
moist soil conditions. As such, the use of a legume 
such as vetch may not be the best mulch type to choose 
to minimize soil evaporation. 

Because of the imperfect nature of image processing 
software, we recommend many replications of plot 
experiments and frequent image acquisition to mitigate 


