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Water scarcity, drought and salinity are among the most important environmental constraints 
challenging crop productivity in the arid and semi-arid regions of the world, especially the rain-fed 
production systems. 
The current challenge is to enhance food security in 
water-limited and/or salt-affected areas for the benefit of 
resource-poor farmers in developing countries.  
There is also an increasing need that water use in 
agriculture should focus on improvement in the 
management of existing water resources and enhancing 
crop water productivity. 
The method based on carbon-13 discrimination (delta, 
see Figure below) in plant tissues has a potentially 
important role in the selection and breeding of some 
crop species for increased water use efficiency in some 
specific environments.  

Under various water-limited environments, low 
delta in the plants, indicating low carbon isotope 
discrimination has been generally associated with 
high transpiration efficiency (TE).  
In contrast, for well-watered environments 
many positive genotypic correlations have been 
reported between delta and grain yield 
indicating potential value in selecting for greater 
delta in these environments. 
Few studies have been reported on the impact 
of selection for delta on adaptation and grain 
yield in saline environments.  
 

Studies of the impact of genetic selection for greater and lower delta are currently coordinated by 
the Soil and water Management and Crop Nutrition Section (SWMCN) of the Joint FAO/IAEA 
Division. A Coordinated Research Project (CRP) is currently on-going on the Selection for Greater 
Agronomic Water-Use Efficiency in Wheat and Rice using Carbon Isotope Discrimination (D1-20 
08). The overall objective of this project is to contribute to increasing the agronomic water-use 
efficiency of wheat and rice production, where agronomic water-use efficiency is defined as grain 
yield/total water use including both transpiration and evaporation. The CRP is also aiming at 
increasing wheat productivity under drought and rice yield in salt-affected areas. 
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Fig 1. Pearl millet field (ICRISAT, India) 
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Figure from Biosphere-Atmosphere Stable Isotope Network 
(BASIN) web page: http://basinisotopes.org

� Discrimination ( ∆13C ) is LESS in crop 
species or varieties which have higher
transpiration efficiency.
� Greater TE is the result of:

(1) lower stomatal conductance, and/or
(2) greater photosynthetic capacity

• About 1% of C in the atmosphere is 13C
• Discrimination against 13C isotope during:

– Stomatal CO2 exchange between plant and 
atmosphere (slower diffusion)

– Lower reactivity with Rubisco during C 
fixation
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Fig 2. Carbon-13 discrimination in plant tissues 



 
 

 
 

Experiments are conducted in different target 
production zones around the world to determine the 
environments where selection for smaller delta may 
be effective in enhancing intrinsic transpirational 
efficiency, agronomic water use efficiency and grain 
yield, and those environments where selection for 
greater delta may be effective in enhancing grain 
yield. Genetic selection studies are also conducted 
with crosses between elite parental materials that all 
are well adapted to the selection environment.             
 
In addition to the CRPs, the SWMCN section and the Agency are also involved in several technical 
cooperation projects (TCPs) that are related to improvement of water use efficiency and selection 
for tolerance to drought and salinity stresses (see table below). Through TC, technical and 
scientific capacity is enhanced in the participating countries by providing scientific equipments as 
well as technical trainings, scientific and expert visits.  
 

On-going Technical Cooperation projects with a drought-desertification component 
 

Project Country 
ALG/5/020 – Combating desertification Algeria 
KEN/5/023  – Combating desertification using nuclear technology Kenya 
MAR/5/014 –  Management practices for increased efficiency of fertilizers and 
improved productivity of saline soils 

Mauritius 

NAM/5/008 – Increasing crop productivity and resource use efficiency in the northern 
communal areas 

Namibia 

ZIM/5/011 – Combating desertification in agricultural lands Zimbabwe 
RAF/5/048 – Combating Desertification in the Sahel Burkina Faso, Kenya, Mali, Niger, 

Senegal, United Republic of Tanzania 
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To learn more on the subject and our activities, consult our websites at:  
Soil and Water Management and Crop Nutrition Section: www-naweb.iaea.org/nafa/swmn/index.html 

Soil Science Unit: www-naweb.iaea.org/nafa/swmn/soil-science/index.html 
 


