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FIGURE 1. (top) Total N2O emissions (ppm) and (bottom) 15N-N2O signature (‰) over 
time from undisturbed soil cores as influenced by 15N labelled urea applied with or 

without nitrification inhibitor (nitrapyrin). 

Treatment legends A: Control, B: urea alone,  C: urea with nitrapyrin 
This research was conducted within the context of CRP 
D1.50.16 on “Minimizing farming impacts on climate 

change by enhancing carbon and nitrogen capture and 
storage in agro-ecosystems”. 

 

Can we screen phosphorus movement in 
the landscape through the analysis of δ18O 
isotopic abundance in phosphate?  
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Techniques in Food and Agriculture, Seibersdorf, Austria 

The SWMCNL explored the possibility of using δ18O 
isotopic signature in phosphate for screening phosphorus 
(P) movement in the landscape. Phosphorus is essential 
for crop production, but extensive use of P fertilizer and 
animal manure can lead to eutrophication of rivers and 
lakes. To study these effects, numerous studies on P 
movement in the soil plant system and P transformation 
processes have been performed in the past decades. 
Assessing losses of P through erosion processes, 
however, is challenging – particularly at the landscape 
level and on a longer timescale. Using the isotopic 
signature of stable oxygen isotope (18O) in the phosphate 
ion as a tracer could be a cost-effective way to study P 
movements. This approach is already applied as a paleo-
temperature proxy (the fractionation between phosphate 
and water is temperature dependent) and can be used for 
quantifying P losses through leaching into surface and 
groundwater, as oxygen exchange between phosphate and 
water is slow in the absence of biological activity. 

 

The aim of this study was to test if δ18O signatures in 
phosphate could be used as tracers to screen P movements 
from uplands to lowlands. As several biochemical 
reactions lead to a shift of δ18O in phosphate, this could 
lead to a limitation of the applicability of oxygen isotopes 
as tracers. Supposedly microorganisms preferentially take 
up lighter isotopologues of phosphate, leading to an 
enrichment of heavier isotopologues in the residual 
phosphate. Several enzymatic processes, which are 
necessary for living organisms to avoid phosphate 
toxication, lead to oxygen exchange from the surrounding 
water. 

The silver phosphate method was applied in 
Petzenkirchen in the foothills of the Alps in Lower 
Austria and in Rauris, located in the national park Hohe 
Tauern in the Alps. Manure and soil samples of different 
altitudes were collected and processed for silver 
phosphate analyses. 

The δ18O in phosphate values had very similar signature 
in Petzenkirchen (14.69-15.09‰ δ18O in soil and 13.77-
15.23‰ δ18O in manure samples), with no significant 
difference between different locations within 
Petzenkirchen. While the number of replicates was too 
small to show significant differences between the 
different soils at the Rauris site, at this location a 
depletion of 18O of 2‰ δ18O was observed with 
increasing altitude (Figure. 2). This decrease could be due 
to different isotopic oxygen composition of snow 
compared to that of rain water or because of different 
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microbial communities and/or different microbial 
activities. Therefore, the silver phosphate method could 
be an important tool to study biological processes 
influencing the P cycle. While the δ18O value of 
phosphate itself cannot be used to trace phosphate sources 
within sites, the results indicate additional potential for 
distinguishing processes that differ with altitude and 
climatic factors, which could be important when 
quantifying the effects of climate change on phosphorus 
cycling. 
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FIG. 2: δ18O (‰) in phosphate values in manure and soil 
samples of different altitudes at Rauris, Austria 

This research was conducted under CRP D1.20.12 on 
“Optimizing Soil, Water and Nutrient Use Efficiency in 
Integrated Cropping-Livestock Production Systems”. 
 
Publication of the TECDOC for Cosmic 
Ray Neutron Probe: Use, Calibration and 
Validation (IAEA TECDOC No.) 
Technical Officer: Ammar Wahbi 

The TECDOC consists of three chapters, including, 
overview of the cosmic ray technique, measurement 
principles and calculations, field installation of a cosmic 

ray soil moisture sensor, and field calibration and 
validation of a cosmic ray soil moisture sensor. 

A cosmic ray soil neutron probe (CRNP) can be used to 
monitor soil water content over a footprint (the area 
covered by the probe) diameter of 600 m (approximately 
30 hectares in area) and to an integrated depth varying 
from 0.1 to 0.6 m, depending on soil water content. The 
cosmic ray technique is a fairly recent soil moisture 
monitoring technology, having developed out of research 
performed mainly over the past decade. The technique is 
applicable to a number of disciplines, including ecology, 
agronomy, atmospheric science, and remote sensing 
which require a robust, readily deployable field 
instrument for automatic monitoring of near surface and 
area wide moisture conditions. These applications take 
advantage of the large footprint, which provides spatial 
representativeness, and the non-invasive nature of the 
probe, which facilitates installation and avoids disturbing 
the hydrologic properties of the soil being measured.  

In this publication the key characteristics of the technique 
are described, recent literature related to its use and field 
validation is reviewed, and procedures for installation, 
calibration and validation are provided. The data 
processing procedure is also described. This includes 
corrections based on ancillary measurements of air 
temperature, relative humidity and barometric pressure 
and corrections derived from publicly available data on 
solar activity. To aid the readers and users of the CRNP, 
this publication is complemented by an Excel spreadsheet 
which implements the raw and the processed data after 
the correction using weather data. 

High-throughput and homogeneous 13C-
labelling of plant material for fair carbon 
accounting 
Slaets, J.I.F., Resch, C., Mayr, L., Weltin, G., Heiling, M., 
Gruber, R., Dercon, G. 
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With growing political acknowledgement of the 
anthropogenic drivers and consequences of climate 
change, the development of carbon accounting 
mechanisms is essential for fair greenhouse gas emission 
mitigation policies. Therefore, carbon storage and 
emission must be accurately quantified. Plant material 
labelled with 13C can be used to measure carbon storage 
in soil and carbon losses via CO2 emission to the 
atmosphere from various cropping practices through in 
situ and incubation experiments.  

Such an approach, however, is only useful when plant 
material is labelled homogeneously, cost-effectively and 


