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• October 1957, the First General Conference established 

the IAEA 

• Headquarters in Vienna, Austria 

• Opening the Vienna International Centre, August 1979 
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The Joint FAO/IAEA Division of  

Nuclear Techniques in Food and Agriculture 
Established on 1 October 1964 
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Use of nuclear techniques in soil science 
Soil and Water Management and Crop Nutrition (SWMCN) Subprogramme 



 

 

  

 

Meeting the Challenges related to Climate Change 

Activities 
 
 Coordinated research projects 
 Technical cooperation projects 
 Research and Development  
 Laboratory Services 
 Publishing ativities 

 
 



 

 

  

 

  

Meeting the Challenges related to Climate Change 

Coordinated Research Projects 
 
Main objective 
 Developing new nuclear techniques and improving methods 

 
Management 
Managed by Programme Officers from NSA 
 Concept: cooperation of scientists from developed and developing countries 
 Duration: 5 years 
 Budget: 500 kEuro in total 

 

Implementation tools 
 Consultant meeting 
 Research contracts: 7 kEuro/year + meeting attendance 
 Technical contracts: 10 kEuro/year + meeting attendance 
 Research agreements: meeting attendance 
 3 Research Coordination Meetings 
 Support from Soil Lab 

 
Fellowships and training courses (regional or national) 



Technical Cooperation Projects 

Technical Cooperation Projects 
 
Main objective 
 Disseminate nuclear technologies to Member Countries 

 
Management 
Managed by Project Management Officers from TC 
 Technical support by Technical Officers from NSA 
 Concept: national or regional projects 
 Duration: 2, 3 or 4 years 
 Budget: 20 – 300 kEuro/year 

 

Implementation tools 
 Expert missions  
 Fellowships and training courses (regional or national) 
 Procurements 
 Scientific visits 
 Others (subcontracts, home based assignments) 
 



 

 

  

 

  

Meeting the Challenges related to Climate Change 

Research and Development 
 
 Research activities carried by Soil Lab (supporting CRPs) 

 
Laboratory services 
 
 Laboratory intercomparison tests 
 Training of fellows and training courses 
 

Publishing 
 
Methodological handbooks 
 Papers in scientific journals 
 Presentations at conferences 
 Awarenes rising and dissemination 
 



 Results of the test for the Grabenegg agricultural site 

 

 

 

 

 

 

Tests of the suitability of  239+240Pu for soil erosion  
assessment in Austria (Grabenegg agri. site) – Second year    

11 bulk cores collected (2-3 increments) end Q4_2017 + pre-treatment 24 samples [Q1_2018]  

24 137Cs analysis in Seibersdorf [Q2] + 24 239+240Pu analysis at CNESTEN (Morocco) [Q3-

Q4]  
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[RS] 137Cs = 8180 Bq/m2 

[RS] 239+240Pu = 56 Bq/m2 

Erosion rates ≤ 5 t/ha/yr 



  

Coordinated Research Projects  



Technical Cooperation Projects 



Technical Cooperation Projects 



Technical Cooperation Projects 



Soil Erosion and soil 

conservation 

 

Water Scarcity and 

Low Water Use 

Efficiency 

Salinity and Nutrient 

Toxicities 

 

Low Soil Fertility 

and Poor Crop 

Nutrition 

Soil-related problems to be addressed 



 

 

  

 

  

Meeting the Challenges related to Climate Change 

1. Minimising impact of agriculture on climate change 
 Agriculture contributes to GHG emissions by 30%; therefore they need to be 

reduced. 
 Nuclear techniques help to reduce the agricultural greenhouse gas (GHG) 

emissions and thus reduce the temperature increase and impact of extreme 
weather events (drought and flood).  

 
2. Achieving food security under the conditions of climate change 
 Rising human population (current 7.3 billion, will reach 9 billion by 2050) 

requires more food. 
 Food security problem affects especially developing countries. 

 Nuclear techniques help to achieve food security. 



Greenhouse gases (GHGs) 

Carbon dioxide (CO2):   
 Mainly from fossil fuel burning   
      (57%), land use changes and  
      deforestation (17%). Can stay  
     for 40 years in atmosphere. 
 
Nitrous oxide (N2O):  
 N2O is a powerful GHG as well as ozone depleting gas, mainly originate from 

N fertilizer, animal manure and urine. Its half life 120 years and 300 times 
more powerful than CO2 in Global Warming. 
 

Methane (CH4) 
 CH4 originate from animals (cow, sheep, goat, buffalo, deer, camel), paddy 

(rice) soil and wetland, half life 12 years.    

 

Methane 

Carbon 
dioxide 



Agriculture: The victim or the source of GHGs? 

Agriculture  is the victim of climate change but it 
also contributes 24% to the total GHGs due to: 
 
 Increasing demand of food and animal protein for 

growing human population 
 
 Increased nitrogen fertilizer use (112 million t/year) 
  
 Increasing number of dairy animals (260 million 

worldwide; majority in developing MS) 
 

 Conversion of peatland into farming ( in Asia and 
Africa) 

  



Greenhouse gases (GHGs) continued 

 

 

Deforestation:  

 The world's forests continue to 
shrink  due to conversion into 
agriculture land 

 130 million hectares of forest - 
an area almost equivalent in 
size to South Africa - have been 
lost since 1990 

 Africa and South America are 
the most affected areas 

http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwik3YKdjfHOAhUFchQKHTI-CIAQjRwIBw&url=http://science.howstuffworks.com/environmental/green-science/deforestation.htm&psig=AFQjCNEJPPfDLDrbRo2Oqc5Rb0fTHaXqIA&ust=1472920121288416


Sources of agricultural greenhouse gases (Mt CO2-eq) 



80% of degraded land is located in developing countries! 

Soil Degradation 



 

 

  

 

Soil Erosion 

• Harsh arid climate, extreme rainfalls and inappropriate land 
management are making the soil more prone to erosion. 
 

• Soil erosion affects 1.9 billion ha (65% of global soil resources; 
80% in developing countries) and the affected area increases 
at alarming rate. 

 
• Worldwide economic cost of soil erosion is US $400 billion y-1 

(on and off-farm). This includes essential plant nutrient losses, 
poor water quality with reduced aesthetic value, deposition of 
sediments in dams and water reservoir.  
 

• Slow soil formation rate: for 1 cm of fertile soil to develop, it 
takes about 100 to 300 years. 



• Globally about 250,000 to 500,000 ha of arable land is lost to 
production every year due to salinization 

• Salinization can cause yield decreases of 10 to 25 % for many 
crops and prevent cropping altogether when it is severe  

Salinity 



 

 

  

 

  

Nutrient Imbalance 

 
• Strongly weathered tropical soils (oxisols, etc.) have poor fertility 

and low nutrient content. 
 

• Approximately 40% of the world’s arable soils are acidic leading Al, 
Mn and Fe toxicities, with P, Ca, Mg, and K deficiencies. 
 

• Acidic soils mobilize many of toxic heavy metals and results in 
increased plant uptake of toxic substances which end up in human 
and animal food chains.  
 

• Regular lime applications can correct most soil acidity problem and 
improve soil health.  



Water Scarcity and Low Water Use Efficiency 



70% of global freshwater is used by agriculture 



27 

 
Water use efficiency is below 40% meaning 60% of 

the applied water is lost 

 



 

 

  

 

  

Depleting Soil Fertility and Nutrient Mining 

• Subsistence family farming in developing countries is lucking 
balanced chemical fertilizers due to high cost. 
 

• Low nutrient use efficiency on farm is always a challenge (NUE 
<40%; PUE<20%). 
 

• Climate change worsen nutrient depletion, deterioration of soil 
fertility, loss of crop productivity and income decrease.  



 

 

  

 

  • Wide range of nuclear techniques can be used 
• Isotopes, neutrons and X-rays are used 
• Two groups of isotopes can be used:  

• Stable isotopes  
• Radionuclides 

• Two approaches are used:  
• Observation of independent environmental processes (natural 

abundance of isotopes and neutrons) 
• Man-designed experiments (isotopic labelling techniques, 

emitting neutrons and X-rays) 

Nuclear Techniques Used in Soil Science 

General principles 



 

 

  

 

  

1. Comparing proportion (expressed as isotope signature) of 2 or more isotopes 
of the same element in the same substance or chemical compound, (used 
mostly for stable and for few radioactive isotopes of major biogenic elements:  
Carbon, Hydrogen, Oxygen, Nitrogen, Sulphur, Phosphorous) to trace chemical 
processes of environmental circulation of these elements 
• Two isotopes of one element differs in number of neutrons and 

consequently in their atomic weight. 
• Isotopes of one element differing by their weight have different capability to 

enter into chemical reactions and physical processes.  
• Mutual proportion of two isotopes in compound entering into chemical 

reaction or into physical process is different than their proportion resulting 
from the chemical reaction or physical process. 

• Investigating the differences in isotope signatures of environmental objects 
such as air, water, soil, plant tissues, etc. we can trace the circulation of 
biogenic elements and water. 

Nuclear Techniques Used in Soil Science 

General principles of isotopic techniques 



 

 

  

 

  

2. Comparing amounts of one isotope at two different places 
• Fallout radionuclides used as erosion tracers 
• Physical processes of transport 

Nuclear Techniques Used in Soil Science 

3. Measuring the energy of free neutrons in environment 
• Used for soil water measurements 
• Emitting own neutrons 
• Measuring naturally occuring neutrons (cosmic rays) 

4. Bombarding elements by X-rays (X-ray fluorescence) 



Isotopes 

 

• The chemical properties of a single element are 

nearly identical (exception isotopes of hydrogen)  

 

• The physical properties of isotopes are different 

from each other since these properties often depend 

on mass 

 

 

 

 



Isotopes 

• Isotopes are samples of an element with different 

numbers of neutrons in their atoms 

 

 

 

 

 

 
          (Source:Climatica) 

 

 

• 275 isotopes of the 81 stable elements 

• 800 radioactive isotopes (natural and synthetic) 

 



Nuclear Techniques Used in Soil Science 

15N 

13C 
12C 

13CO2 

12CO2 

18O 
2H 

To assess  adaptation of crop 
tolerance to drought and 
salinity 

To quantify the flow and fate 
of N fertilizers to improve 

fertilizer use by crops  

To quantify biological 
nitrogen fixation to 
save N fertilizers 

To estimate sources 
and fluxes of water to 
improve WUE 

15N 15N 32P 13C 

18O 

16O 

16O 

18O 

32P 

31P 

32P 

14N 

15N 

12C 

13C 

To assess soil organic carbon 
storage ‘sequestration’ 



Role of Nuclear Techniques 

N-15 technique precisely measure N2O emissions and identify 
the Nitrogen source (fertilizer versus soil N) enable us to adjust 
fertilizer N rate to crop need and demand  



Isotopic compositions of N 

  

 

 

       

Source: Vitoria et al. 2004 

 

 

• Atmospherically-derived nitrogen and fertilizer nitrogen have light δ15N values 

  

• Animal-derived nitrogen (such as manure or septic-tank) is typically heavier 

 



Role of Nuclear Techniques continued 

Nitrous oxide is produced from 4 different microbial processes.   
 

 N-15 technique identifies the exact microbial process which enables us to 
put more control on that process to reduce N2O.  
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Carbon-13 techniques 
 
 Precisely measure both CO2 and CH4 emissions from different 

agroecosystems 
 
 Identify their exact sources (different plant residues and organic matter  

in soil) 
 

 Determine C storage (sequestration) in soil 
 

 Labelling plant materials with carbon-13 
 
 

Role of Nuclear Techniques continued 



Simplified Water Cycle 



The δ notation  

 
Isotopic ratios are reported in standard "δ" notation as 

deviations in per mil (‰) from the Vienna-SMOW (Standard 

Mean Ocean Water) 

 

Is defined as: δ18O (or δD) = 1000(Rsample/RVSMOW − 1) 

 

R ≡ [18O]/[16O] (or R ≡ [D]/[H])  

 







Components of runoff 



» Cosmic Ray Neutron Probe (COSMOS Cosmic Ray Neutron Sensor Soil Moisture Neutron Probe 

Measure area-wide soil 
moisture (70 cm depth; 300 m 
radius (i.e.  30 ha in area) 

Measure soil moisture to 
determine when and how much 
to irrigate, thereby helping  
farmers to save water. Also ideal 
for saline conditions. 



Role of Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture 
 

Joint FAO/IAEA Division through Soil and Water Management and Crop Nutrition 

Programme promotes the use of nuclear techniques for soil moisture assessment through: 

• Coordinated Research Projects 

• Technical Cooperation Projects 

• Research and Development activities of Soil Lab 



Validation of soil 

moisture assessment by 

remote sensing 

Input data for 

hydrological 

modelling 

Soil moisture 

monitoring 

using CRNS 

CRNS data 

CRNS data 

Hydrological model MIKE-SHE 

Soil moisture maps 

Remote sensing 

Stationary CRNS 



Flood forecast 

Improving irrigation management  

Traditional irrigation  

(poor WUE) 

Modern irrigation 

(improved WUE) 

Further improving WUE by 

irrigation scheduling and 

heterogeneity mapping 

Improving dryland management  

Early warning system 
Overgrazing control 

CRNS data 

CRNS data 

CRNS data 



 

 

  

 

  

Minimizing Water Pollution from Agriculture 



IAEA TC Project SLO5004 



To estimate erosion and sedimentation 

Nuclear Techniques Used (continued) 

  

Fallout radionuclides:  
137Cs, 210Pb and 7Be  

Compound Specific Stable Isotope Analyses 
(CSSI) 

To identify the sediment sources 

Pasture 

Native Forest 

Exotic Pine 
Clear felled Pine 

13C in fatty acids of different ecosystems 





d13C of grassland 

(Source 5) 

d13C of wheat 

(Source 1) 

d13C of maize 

(Source 2) 

d13C of coniferous forest 

(Source 3) 
d13C of deciduous forest 

(Source 4) 

d13C of sediment 

(Mixture of Sources 1-5) 





During 1 year over 600 downloads 
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