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The present world population of 7 billion is expected to 
reach 9 billion by the year 2050. Most of this increase 
will occur in developing countries, where the majority of 
the population depends on agriculture for their 
livelihoods. With two billion additional people to feed in 
the next 40 years, there is an urgent need for the world to 
grow 70% more food to feed everyone adequately. This is 
a tough challenge, as the effects of climate change are 
expected to worsen, bringing more droughts, floods, heat 
waves, unreliable rainfall distribution and extreme 
weather events, all of which threaten food security and 
make agricultural production unpredictable.  

To address these critical issues of climate change and 
population growth, FAO and the global scientific 
community are helping farmers to develop climate-smart 
agricultural practices and systems which can adapt to the 
impacts of climate change and variability (i.e., climate 
change adaptation), while having the potential to increase 
food production and at the same time reducing 
greenhouse gas (GHG) emissions (i.e., climate change 
mitigation); which potentially contribute to climate 
change. 
(http://www.climatesmartagriculture.org/72611/en/).  

During the past few years and on many occasions, I have 
visited the Joint FAO/IAEA Division of Nuclear 
Techniques in Food and Agriculture (AGE), one of the 
Divisions within the FAO Agriculture and Consumer 
Protection. The Head Office is based in the IAEA at 
Vienna International Centre and the associated 
laboratories are located in Seibersdorf, approximately 35 
km from Vienna. During my visits I had the opportunity 
to see and learn about the innovative techniques in use. 
Applying isotopic and nuclear-based techniques, the Soil 
and Water Management & Crop Nutrition Subprogramme 
of the AGE Division, working closely with other 
Divisions, assists both FAO and IAEA Member Countries 
to develop soil and water management practices which 
serve the joint goals of addressing both climate change 
adaptation and mitigation.  

Nuclear and Isotopic Techniques for Improving 
Climate Change Adaptation 
Adaptation to climate change requires soil and water 
management practices that are adaptable to drought, 
floods, land degradation and salinity to enhance the 

conservation of the natural resource base for sustainable 
agriculture.  

Fallout radionuclides for soil conservation measures: 
Nuclear and isotopic techniques (NIT) can help to assess 
the impacts of climate change on land degradation and 
soil erosion, so that appropriate soil and water 
conservation management practices can be effectively 
targeted to control soil erosion and land degradation and 
preserve both soil and water resources. For example, 
environmental radionuclides, falling from the sky 
(originating from cosmic rays or man-made activities) 
and hence often referred to as fallout radionuclides 
(FRNs), can assist in establishing soil erosion and 
deposition rates and patterns and in evaluating the 
efficiency of soil conservation measures to control soil 
erosion. This is because these radionuclides, including 
caesium-137 (137Cs), lead-210 (210Pb), and beryllium-
7 (7Be), once deposited on the soil surface by dry 
deposition and rainfall, are adsorbed into soil particles. 
The distribution of these FRNs in soil profiles and across 
agricultural landscapes therefore reflects the movement of 
eroded soil particles (Fig. 1). 

 
Fig. 1. Schematic diagram of fallout radionuclides 
(FRNs) deposited on farmlands. 

FRN techniques are being widely used in many countries. 
In China, soil erosion rates in the Loess Plateau, North-
Eastern China, Northern China and South West China, as 
measured by FRNs, were 16–70 t/ha/year. These losses 
were due to intensive tillage, downslope cultivation, 
inappropriate crop rotation and over-grazing. With the 
help of FRNs, soil conservation measures including 
minimum tillage, contour farming and appropriate 
grazing techniques were found to reduce soil losses by 
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77% over a 6-year period and enhanced annual grain 
yield per capita (347 kg to 570 kg) and farmers’ 
livelihoods (446 Yuan to 1754 Yuan/farmer).  

FRN techniques were also successfully used to assess 
land degradation in the High Pamir and Pamir-Alai 
Mountains of Tajikistan in a national technical 
cooperation (TC) project with collaboration from national 
and international partners (UNU-EHS, GEF and UNEP). 
Soil erosion (15 cm soil loss over a 50-year period) was 
found to be caused by inappropriate downhill furrow 
irrigation practices and wind erosion, resulting from 
conventional cultivation (Fig. 2). Through the use of 
FRNs, soil conservation measures such as contoured 
irrigation and shelter belts have reduced soil erosion from 
150 tonnes/ha to 8–15 tonnes/ha.  

 
Fig. 2. Soil erosion through inappropriate irrigation 
practices in the Pamir-Alai Mountains of Tajikistan. 

Stable isotopes for soil conservation measures and soil 
fertility assessment: Carbon (C) and nitrogen (N) are the 
essential building blocks of plants. Variations in 13C and 
15N signatures in plant components and soils, are used in 
combination with FRNs as tracers to: (i) identify hot spots 
of land degradation in agricultural landscapes so as to 
target appropriate soil conservation measures and (ii) 
quantify the return of crop residues to arable land for 
enhancing soil fertility, controlling erosion and improving 
soil resilience against drought and water runoff (Fig. 3). 
In addition, 15N can be used to quantify the extent of 
atmospheric N capture (biological N fixation) by crops 
for their growth and its contribution as N fertilizers to 
subsequent crops. 

 

 
Fig. 3. Soil deposition resulting from upland erosion can 
smother crop growth. Using FRNs and stable isotopes, 
the extent of erosion-deposition and sources can be 
assessed. 

Soil moisture neutron probes and water use efficiency: 
Soil moisture neutron probes (SMNPs) are used to 
measure soil water content. During the measuring 
process, neutrons emitted from the SMNPs interact with 
hydrogen atoms in soil water. This interaction slows 
down the speed of the neutrons. The change in the speed 
of the neutrons detected by the SMNPs is proportional to 
the soil water content. The soil moisture readings 
obtained can then be used to provide information on the 
availability of water to the crops and to establish optimal 
irrigation schedules. This will help to save water and 
nutrient loss resulting from excessive irrigation and to 
increase crop resilience against drought. The SMNP is the 
most suitable instrument to accurately measure soil 
moisture under saline conditions. It is currently used in 
Qatar and Algeria and this technology has also been 
successfully introduced to many other countries such as 
Kenya and Tanzania, to improve water use efficiency and 
productivity for vegetable and tea production (Fig. 4). 
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Fig. 4. The soil moisture neutron probe is used to 
measure soil moisture status and to assist with drip 
irrigation scheduling for vegetable crops and salt-
tolerant Acacia bush plants (Acacia Amphliceps) in 
Kenya (top) and Qatar (bottom), respectively. 

Stable isotopes for enhancing water use efficiency and 
water conservation: The use of the oxygen isotopic 
signature (18O) in water vapour can help scientists to 
determine how much water is lost through soil 
evaporation and transpiration from plants under different 
management practices. For example, in Vietnam, by using 
coffee branches as mulch cover to a depth of between 5 
and 7 cm (Fig. 5) and changing irrigation practices from 
furrow to drip, soil evaporation was reduced from 17% to 
5%, which saved 211 m3 per hectare (ha) of irrigation 
water per season. With a total coffee growing area of 
290 000 ha, approximately 62 million m3 of irrigation 
water could be saved. 

Fig. 5. Mulching can increase water use efficiency in 
coffee plantations through a reduction in soil 
evaporation.  

Nuclear and Isotopic Techniques for Climate Change 
Mitigation 

Agriculture contributes approximately 14% of global 
greenhouse gas (GHG) emissions such as carbon dioxide 

(CO2) and nitrous oxide (N2O). Many farming practices 
such as soil cultivation and the use of chemical fertilizers 
or organic residues and excreta from grazing livestock 
can cause GHG emissions to the atmosphere (Fig. 6). 
Nuclear techniques can help to identify soil and water 
management factors that reduce the release of GHG from 
soil and thus contribute to climate change mitigation. For 
example, with the help of 13C, 18O and 15N techniques, 
scientists can determine the extent of C and N 
accumulation and C-N interactions in soil organic matter 
from a conservation agricultural system and from 
recently-added organic manure, crop residues or 
wastewater. Using the 15N stable isotopic technique can 
help to identify the source of N2O production from 
farmlands, which will assist in targeting appropriate N2O 
mitigation tools such as liming to modify soil pH (degree 
of soil acidity) or N fertilizers with added nitrification 
inhibitors to reduce the conversion of added N into 
nitrate, a mobile form, which is readily converted into 
N2O under anaerobic conditions.  

Isotopic and nuclear-based techniques used in AGE are at 
the cutting edge of innovative practices. The Joint 
Division is continually expanding its knowledge in this 
area and through its Coordinated Research Projects 
(CRPs) and Technical Cooperation Projects (TCPs), is 
engaging with developing and developed country 
scientists in sharing knowledge and building capacity 
worldwide. Through these CRPs and TCPs, AGE is 
playing a significant role in addressing the food needs of 
the future, as well as contributing to a reduction in the 
impacts of climate change.  

  
Fig. 6. Gas released from farmlands collected for 
determining greenhouse gas (GHG) emissions. 
 

 

 

 

 

 


