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1. INTRODUCTION 
 
 A Consultants� Meeting on �Identification of Crop Species / Cultivars for Drought and 
Salinity Tolerance for Sustained Crop Yields by Using Nuclear Techniques, in Particular the 
Carbon Isotope Discrimination� was held in Vienna at the IAEA Headquarters from 12 � 16 
November 2001.  This meeting was conducted in conjunction with a Group Meeting on 
�Novel Approaches for Improving Crop Tolerance to Salinity and Drought�.  Five consultants 
from Australia, Mexico, Pakistan, UK and the USA and one representative from FAO 
attended the Consultant Meeting and nine participants from Australia, Canada, China, 
Germany, India, Israel, Pakistan, South Africa and the USA attended the Group Meeting.  Mr. 
Gamini Keerthisinghe and Ms. Karin Nichterlein (Plant Breeding and Genetics Section) 
served as Scientific Secretaries of the Consultant Meeting and the Group Meeting, 
respectively.  The list of participants is given in Annex 1. 
 
 Mr. Jihui Qian, Deputy Director General, Department of Technical Co-operation and 
Mr. James Dargie, Director, Joint FAO/IAEA Division of Nuclear Techniques in Food and 
Agriculture, welcomed the participants and highlighted the problems associated with 
increasing crop and food production and sustaining soil fertility under saline and drought 
conditions.  First two days of the meeting consisted of five technical sessions during which the 
participants presented papers on various approaches for improving crop tolerance to salinity 
and drought and the role of nuclear techniques in identification of plants tolerant to the above 
abiotic stresses.  After the presentations, two working groups were formed: one consisting of 
the participants of the Consultants Meeting and the other the participants of the Group 
Meeting.  The consultants proposed various strategies for using the carbon isotope 
discrimination technique as a selection tool for identifying higher yielding crop genotypes 
especially in wheat and rice cropping systems under drought and saline conditions.  A 
proposal was formulated to address the above issues in a framework of a CRP.  The 
participants of the Group Meeting reviewed conventional and molecular approaches for 
improving crop tolerance to salinity and drought and research priorities were identified for 
future work on crop productivity improvement under the above stress factors.  
Recommendations of both working groups were presented at the final session of the meeting.  
This report provides the details of the proposal formulated by the consultants. 
 
2. TITLE 
 
 Selection for greater agronomic water-use efficiency in wheat and rice using carbon 
isotope discrimination  
 
3. JUSTIFICATION 
 
 For established wheat and rice breeding programs, yield plateaus are being approached 
for both favourable and water-limited environments.  The understanding of physiological 
traits that contribute to yield has improved in recent years.  This has opened up new 
opportunities to improve the rate of genetic increase in yield.  Genetic increase in crop yields 
in dry and saline areas have not been as great as in more favourable environments or where 
irrigation is available.  A likely reason for this is that dry environments are characterized by 
unpredictable and highly variable seasonal rainfall, and hence highly variable yields.  
Similarly, saline environments show large spatial and temporal variability in the degree of 
salinization.  For both droughted and saline environments, the high environmental variability 
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results in slow genetic advances in breeding programs because genetic variation for yield is 
masked by large genotype x year and/or genotype x location interactions.  Even though yield 
progress has been greater in favourable environments, progress is not keeping up with 
demand.  New techniques need to be applied to accelerate progress. 
 
 Carbon isotope discrimination has been shown to have substantial potential 
application as a screening tool in breeding programs to increase the rate of genetic increase in 
yield.  Carbon isotope discrimination is attractive because it provides a time and spatially 
integrated measure of the balance among the important traits influencing carbon gain and 
water use by plants. 
 
 A breakthrough program in Australia, breeding for low carbon isotope discrimination  
in wheat, has developed a new variety with increased yield under stored-soil moisture 
conditions.  But it is not known how universal this outcome would be.  For example, in other 
environments, positive associations between yield and carbon isotope discrimination have 
been observed.  But these associations have not been tested for their application in breeding 
for these other environments. 
 
 Important questions remain to be answered.  Do breeders select for high or low carbon 
isotope discrimination in specific types of environment?  Are the associations influenced by 
genetic background? What are the most efficient breeding methods to use? What part of the 
plant should be used for measuring carbon isotope discrimination? Can the technique be 
applied to improve production in saline environments? 
 
 IAEA has long-standing experience in developing and coordinating collaborative 
research programs involving NARs in developing countries, international IARCs and expert 
scientists from other countries.  The IAEA also has the experience and facilities for making 
the numerous, precise measurements of carbon isotope discrimination in plants critical for the 
successful implementation of this CRP. 
 
4. OBJECTIVES 
 
4.1. Overall Objective 
 
 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.  
 
4.2. Specific Objectives 
 
4.2.1. To evaluate different strategies for using carbon isotope discrimination as a selection 
tool for identifying higher yielding genotypes of (a) wheat in water-limited rain-fed stored soil 
moisture cropping systems, (b) wheat in irrigated cropping systems and (c) rice in irrigated 
cropping systems. 
 
4.2.2. Within 4.2.1. to develop sets of elite isomorphic lines varying in carbon isotope 
discrimination for use in 4.2.3. 
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4.2.3. Using a set of these isomorphic breeding lines evaluated in contrasting cropping 
environments, assist national program scientists to determine the most effective breeding 
strategies for application of carbon isotope discrimination in their environments. 
 
5. EXPECTED OUTPUTS 
 
5.1.1. (a) Effectiveness of back-cross Low carbon isotope discrimination selection strategy 
  determined for wheat in stored soil moisture condition.  
 (b) Effectiveness of Low vs High carbon isotope discrimination selection strategies 
  determined for wheat in irrigated environment.   
 (c) Effectiveness of Low vs High carbon isotope discrimination selection strategies 
  determined for rice in irrigated non-saline & saline environments. 
 
5.1.2. (a) Sets of elite isomorphic lines varying in carbon isotope discrimination for both 
  wheat & rice that can be used to evaluate selection strategies.  
 (b) Individual wheat & rice lines that are developed may be useful as cultivars or 
  parents in national breeding program.  
 
5.1.3. For wheat, effective selection strategies using carbon isotope discrimination would be 

developed for specific mega environments.  
 
6. WORK PLAN 
 
6.1. Tasks: 
 
6.1.1. In relation to specific objective 4.2.1.(a): 
 

• Select a contract holder with an established wheat-breeding program, in a water-
limited stored soil moisture environment.  The contract holder would preferably 
be collaborating with CSIRO to identify a suitable recurrent parent & a low-delta 
donor.  

• To conduct a back-crossing program including selection for Low leaf carbon 
isotope discrimination at intermediate generations to generate stable lines. 

• Evaluate selected lines for yield & carbon isotope discrimination  (leaf & grain) in 
water-limited stored soil moisture target production zone. 

 
 In relation to specific objective 4.2.1.(b): 
 

• Select existing CIMMYT and CSIRO project wheat breeding lines for High & 
Low leaf carbon isotope discrimination. 

• Evaluate selected lines for yield and carbon isotope discrimination under high 
yield potential irrigated conditions. 
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In relation to specific objective 4.2.1.(c): 
 
 Select a contract holder with an established paddy rice breeding program. 
 

• IRRI and NARS to identify suitable elite rice parents for Low x High and High x 
High carbon isotope discrimination crosses. 

• Select for High & Low carbon isotope discrimination.  
• Evaluate selected stable lines for yield and carbon isotope discrimination under 

non-saline and saline irrigated conditions. 
 
 In relation to specific objective 4.2.2.: 
 

• Using the 3 selection programs described in 4.2.1. produce sets of elite isomorphic 
stable lines varying in carbon isotope discrimination, for both wheat and rice.  

 
 In relation to specific objective 4.2.3: 
 

• Under a CIMMY-type international varietal testing program, NARS would 
evaluate CSIRO sets of elite isomorphic line varying in carbon isotope 
discrimination, and their local check varieties, in wheat mega environments.  
Grain yield & grain carbon isotope discrimination and in some cases leaf carbon 
isotope discrimination will be determined & current environment would be 
characterized.  Agreement holders would interact with national program 
colleagues to evaluate the complete set of data. 

• When they become available, the additional set of elite isomorphic line of carbon 
isotope discrimination described in 4.2.2. would be evaluated in a similar manner 
under CIMMYT and IRRI-type international varietal testing programs. 

 
6.2. Sites & Partners Selection 
 
6.2.1. Agreement holders: 

 
• CSIRO 
• CIMMYT 
• IRRI 

 
6.2.2. Contract holders: 
 
For multi-location testing 

• Established breeding programs in wheat & rice. 
For conducting crossing & selection programs 

• An established wheat-breeding program in a water-limited stored soil moisture 
environment.  

• An established paddy rice-breeding program in a high yield potential environment. 
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6.2.3. Locations: 
 
Multi-location testing sites would be selected in consultation with CIMMYT for wheat and 
IRRI for rice.  
 
For wheat, environments would include: 

• Favourable, irrigated, low rainfall (CIMMYT ME1). 
• Winter-rainfall or Mediterranean-type with post-flowering stress (CIMMYT 

ME4A). 
• Winter drought with pre-flowering moisture stress (CIMMYT ME4B). 
• Receding, stored soil moisture  (CIMMYT ME4C). 

 
For rice, environments would include: 

• Non-saline paddy systems. 
• Saline paddy systems. 

 
6.3. Timeframe 
 
Proposed to start in 2003 and the duration will be for 5 years. 
 
 Tasks Duration & Comments 
1 Select a contract holder with a mature wheat-breeding 

program, in a water-limited stored soil moisture 
environment. The contract holder would preferably be 
collaborating with CSIRO to identify a suitable recurrent 
parent & a low-delta donor. 

Completed during 2003 

2 To conduct a back-crossing program including selection for 
Low leaf carbon isotope discrimination at intermediate 
generations to generate stable lines. 

The backcrossing 
program, to the point of 
BC2 stable lines, would 
take 5 years, and would 
not include any yield 
testing of the BC lines 
during the life of the CRP

3 Evaluate for yield & carbon isotope discrimination  (leaf & 
grain) in water-limited stored soil moisture target production 
zone. 

Evaluation of stable BC 
lines for yield and carbon 
isotope discrimination 
would take 2-3 years in 
more than one location in 
the target production 
zone to give a definitive 
result. 

4 Select existing CIMMYT and CSIRO project breeding lines 
for High & Low leaf carbon isotope discrimination . 

Completed during 2003 

5 Evaluate selected lines for yield and carbon isotope 
discrimination under high yield potential irrigated conditions.

Selected lines could be 
evaluated during 2003-
2005. 
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6 Select a contract holder with a mature paddy rice breeding 

program.  IRRI and this NARS to identify suitable elite 
parents for Low x High, High x High carbon isotope 
discrimination crosses. 
 

Completed during 2003 

7 Select for High & Low carbon isotope discrimination.  
 
 

Selection and 
development of stable 
lines 2003-2004 

8 Evaluate stable lines for yield and carbon isotope 
discrimination under non-saline and saline conditions. 

Evaluation 2005-2007 

9 Using the 3 selection programs described in 4.2.1, produce 
sets of elite isomorphic stable lines varying in carbon isotope 
discrimination, for both wheat and rice 

2003-2004, depending on 
breeding/selection 
scenario 

10 Under a CIMMY-type international program, NARS would 
evaluate CSIRO sets of elite isomorphic line varying in 
carbon isotope discrimination, and their local check varieties, 
in wheat mega environments.  Grain yield & grain carbon 
isotope discrimination and in some cases leaf carbon isotope 
discrimination will be determined & current environment 
would be characterized.  Agreement holders would interact 
with national program colleagues to evaluate the complete 
set of data 

2003-2004: Distribution 
and seed increasing of 
elite lines 
 
2005-2007: Evaluation in 
yield trials 

11 The additional set of elite isomorphic line of carbon isotope 
discrimination described in 4.2.2. would be evaluated in a 
similar manner under CIMMYT and IRRI-type international 
testing programs. 

2005-2007: Evaluation in 
yield trials 

 
7. FINANCIAL INPUTS 
 

Item 2003 2004 2005 2006 2007 
Research Contracts  80,000  80,000  80,000  80,000 
Co-oordination Meetings  45,000  45,000  45,000  45,000
Total 125,000 125,000  80,000 125,000  45,000
 
8. ASSUMPTIONS 
 
(1) Precise, prompt analyses of large numbers of samples for carbon isotope discrimination 

by IAEA. 
(2) CSIRO, CIMMYT and IRRI are willing to become Agreement Holders, once project 

conditions have been confirmed. 
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9. PROJECT LOG FRAME 
 

Narrative summary Verifiable indicators Means of 
verification 

Important 
assumptions 

Goal (overall 
objective): To 
contribute to increasing 
the agronomic water-use 
efficiency of wheat and 
rice production. 
 
 
 

Farmers utilize 
improved cultivars for 
increasing  wheat and 
rice yields in water 
limiting 
environments. 

Changes in water use 
efficiency in wheat 
and rice production.  

Policy and decision 
makers commitment 
to support the 
implementation of the 
strategies/ 
technologies 
developed 

Purpose (specific 
objectives) 
A. To evaluate different 
strategies for using 
carbon isotope 
discrimination as a 
selection tool for 
identifying higher 
yielding genotypes of (a) 
wheat in water-limited 
rain-fed stored soil 
moisture cropping 
systems, (b) wheat in 
irrigated cropping 
systems, and (c) rice in 
irrigated cropping 
systems. 
 
B. Within A, to develop 
sets of elite isomorphic 
lines varying in carbon 
isotope discrimination 
for use in C. 
 
C. Using a set of these 
isomorphic breeding 
lines evaluated in 
contrasting cropping 
environments, assist 
national program 
scientists to determine 
the most effective 
breeding strategies for 
application of carbon 
isotope discrimination in 
their environments. 
 
 
 
 
 

Participating institutes 
are using carbon isotope 
discrimination as a 
selection tool for 
identifying higher 
yielding wheat and rice 
genotypes under water 
limiting and saline 
conditions as stated in 
specific objectives. 
 
 
 

Reports of 
participating institutes 
on:  
 
- identification of high 
yielding wheat and 
rice genotypes using 
carbon isotope 
discrimination as a 
selection tool. 
 
 
 
 
 
 
 
- isomorphic lines 
varying in carbon 
isotope discrimination 
 
 
- performance of 
above genotypes in 
contrasting cropping 
environments 
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Narrative summary Verifiable indicators Means of 

verification 
Important 
assumptions 

Outputs: 
5. 1.1. 
(a) Effectiveness of 
backcross Low carbon 
isotope discrimination 
selection strategy 
determined for wheat in 
stored soil moisture 
condition. 
 
(b) Effectiveness of Low 
vs High carbon isotope 
discrimination selection 
strategy determined for 
wheat in irrigated 
environment. 
 
(c) Effectiveness of Low 
vs High carbon isotope 
discrimination selection 
strategy determined for 
rice in irrigated non-
saline & saline 
environments.   
 
5.1.2. 
(a) Elite isomorphic 
lines varying in carbon 
isotope discrimination 
for both wheat & rice 
that can be used to 
evaluate selection 
strategies. 
 
(b) Individual wheat & 
rice lines that are 
developed may be useful 
as cultivars or parents in 
national breeding 
program.  
 
5.1.3. 
For wheat, effective 
selection strategies using 
carbon isotope 
discrimination would be 
developed for specific 
mega environments.  
 
 

 
Standardised 
methodologies for 
determination of 
effectiveness of Low vs. 
High carbon isotope 
discrimination selection 
strategy for wheat and 
rice under the varying 
environment conditions 
stated in the outputs.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Elite isomorphic lines 
varying in carbon 
isotope discrimination 
for both rice and wheat 
are being used to 
evaluate as selection 
strategies.  
 
New lines developed are 
being used in national 
breeding programs. 
 
 
 
 
Methodologies for the 
use of carbon isotope 
discrimination as a tool 
for selection of wheat 
genotypes for specific 
environments.  

 
Publications and 
project reports. 

 
Partners institutions 
have the facilities and 
capacities, with IAEA 
support to conduct the 
studies. 
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10. RECOMMENDATIONS 
 
 Recommend initiation of CRP in collaboration with national research institutes and 
institutions of higher learning engaged in plant breeding programs for selection of drought and 
saline tolerant wheat and rice genotypes.  
 
 Carbon isotope discrimination provides a time and spatially integrated measure of the 
balance among the important traits influencing carbon gain and water use by plants and thus, 
demonstrates its potential as a screening tool in breeding programmes to increase genetic 
increase in yield in drought and saline environments.  
 
 CRP should establish a programme of collaborative experiments to evaluate the 
different strategies for using carbon isotope discrimination as a selection tool for identifying 
higher yielding genotypes of wheat and rice under drought and saline conditions. 
 
 CRP should operate in collaboration with international organization such as CSIRO, 
CIMMYT and IRRI.  It is proposed to utilize the on-going experiments related to the proposed 
project conducted by the above organizations for planning the field experiments in line with 
the project objectives.  
 
 A minimum data set for characterization of research locations should be obtained.  
Protocols for measurements should be established. 
 
 Support from the Soils Science Unit of the FAO/IAEA Agriculture and Biotechnology 
Laboratory for precise and prompt analysis of large number of samples for carbon isotope 
discrimination is essential. 
 
 Encourage linkage to the activities of the Technical Co-operation programme. 
 
 Recommend a training session at the first RCM on research protocols. 
 
 Outputs of results should include (i) dissemination of research methodology to 
scientists, (ii) publication of results in international journals, (iii) dissemination of practical 
implications of results to NARS and (iv) Preparation of an IAEA-TECDOC summarizing the 
main achievements of the project. 
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Chairperson: John Gorham (UK)  
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Annex 3 
 
 

SUMMARIES OF PAPERS PRESENTED BY CONSULTANTS 
 
 
APPLICATION OF CARBON ISOTOPE DISCRIMINATION FOR IMPROVING CROP 
PERFORMANCE IN WATER-LIMITED AND SALINE ENVIRONMENTS 

Anthony G. Condon 
CSIRO Plant Industry 
GPO Box 1600 
Canberra, ACT, 2601 
Australia 
tony.condon@pi.csiro.au 
 
The work of a breeding program aimed at improving the water-use efficiency and yield of wheat 
varieties grown in Australia�s rainfed cropping systems is described.  The work could be divided into 
three main themes covering traits associated with: 
 
(1) Pushing more of the available water through the crop rather than have it wasted as evaporation 

from the soil surface or drainage beyond the root-zone. 
(2) Acquiring more carbon (biomass) in exchange for the water that is transpired by the crop. 
(3) Partitioning more of the achieved biomass into the desired product, marketable grain. 
 
To increase the amount of water transpired by the crop, research is focussed on developing wheats 
with a faster rate of leaf area growth.  This can be achieved by breeding wheats with longer 
coleoptiles, to ensure a dense plant stand, and by breeding wheats with greater early vigour, to restrict 
loss of water by direct evaporation from the soil surface. 
 
Another important component of crop water-use efficiency is transpiration efficiency (TE), i.e. the 
amount of biomass produced per unit water transpired.  High crop TE is favoured by vigorous growth 
during those periods of the growing season when evaporative demand is low.  High crop TE may also 
be favoured by selecting genotypes with high leaf-level TE. 
 
Carbon isotope discrimination (∆) provides a measure of relative variation in leaf-level TE among 
genotypes of C3 species.  This variation in TE may contribute to greater water-use efficiency and yield 
of C3 crop species grown in water-limited environments. 
 
A summary is provided of studies investigating the relationship between grain yield and ∆ in bread 
wheat in Australia.  These studies have revealed that there is large variation in ∆ among Australian 
bread wheat cultivars.  When measured on leaves sampled from well-watered plants at full tillering, 
variation in ∆ among Australian wheats exceeds 2�.  Among wheat genotypes, variation in ∆ is 
negatively correlated with water-use efficiency of pot-grown plants. 
 
In field studies the relationships between yield and ∆ have been highly variable, ranging from strongly 
positive to strongly negative.  The reasons for this variability are discussed and opportunities to 
exploit variation in TE most effectively are considered. 
 
Details are provided of a backcross breeding program to improve the TE and yield of wheats for 
Australia�s eastern wheatbelt.  The first commercial wheat variety produced by this breeding program, 
Drysdale, will be released in Australia in late 2001 by CSIRO and partner agencies.  This new variety 
has been bred by backcrossing high TE into the widely-grown variety Hartog. 
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The use of ∆ for improving crop performance in saline environments is also discussed briefly.  It is 
concluded that there may be limited opportunity to use ∆ for this purpose.  Much greater progress 
would be made by identifying crop genotypes which are effective at either excluding salt at the roots 
or sequestering salt in vacuoles in the leaves.  
 
 
 
BREEDING FOR ADAPTATION TO DROUGHT 
 
Anthony E. Hall 
Department of Botany and Plant Sciences, 
University of California, 
Riverside, CA 92521-0124 
USA 
anthony.hall@ucr.edu 
 
I will describe an approach we have used to breed improved cowpea varieties for an environment that 
experiences very severe droughts - the African Sahel.  I will then speculate on how this approach 
might be enhanced for cowpea and some other C3 species by including selection for carbon stable 
isotope composition, i.e carbon isotope discrimination by plants (∆). 
 
The approach in breeding for adaptation to drought involved selecting parents and then progeny with 
a type of grain desired by consumers and optimal time of flowering and cycle length, incorporating 
resistances to important diseases and pests, and yield-testing advanced lines in many locations 
throughout the target production zone in experiment station and farm conditions over several years. 
 
Can we now make further progress in breeding to improve adaptation to drought by including 
selection for ∆? The approach I recommend is to choose varieties or elite lines as parents that have 
differences in ∆ but similar high grain quality and optimal time to flowering, cycle length and harvest 
index.  In many cases, pre-breeding will be needed to develop appropriate elite lines and it may be 
difficult to develop lines that differ in ∆ but also have the other necessary traits.  Then crosses would 
be made and progeny would be selected that have the required grain quality, phenology, harvest 
index, and multiple resistances to pests and diseases.  Selected stable lines would be screened for ∆ 
values.  Finally, selected advanced lines would be subjected to the necessary multilocation tests for 
yield, grain quality and other agronomic traits in the target production zone. 
 
But, should one select for ∆ values that are lower or higher than those of the best current cultivars? 
Theory and experimental tests have shown that for C3 species, ∆ is negatively correlated with 
intrinsic, integrated water-use efficiency.  Water-use efficiency (W) is the ratio of crop biomass 
production to transpiration.  A yield-component analysis might indicate that for water-limited 
environments one should select for greater W and thus lower ∆.  However, adaptation requires that W 
and other quantitative traits, such as time of flowering, cycle length and harvest index, be expressed at 
optimal intermediate levels because there are interactions among these traits.  Thus, whether one 
should select for a higher or a lower ∆ depends on whether the best current varieties have a W that is 
greater than or less than the optimal value that is appropriate for a given target production 
environment and genetic background.  What do genetic selection experiments tell us? My studies with 
selected cowpea lines having similar times of flowering and cycle lengths showed that grain yield was 
positively correlated with ∆ under both well-watered conditions and strongly water-limited conditions 
where plants were mainly supplied by water stored in the soil.  The regression was linear with no 
indication that an optimum had been reached, suggesting that for both types of environment and this 
set of germplasm one may need to select for higher ∆, that is lower W.  In contrast, for some 
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environments with very extreme water limitations, and species with genotypic variation in mesophyll 
photosynthetic capacity it may be useful to select for higher W. 
 
Selection for ∆ may only be useful for breeding programs that already have advanced conventional 
methodologies, varieties and elite lines, and sufficient resources to use the technology effectively. 
 
 
 
SUSTAINABLE CROP PRODUCTION UNDER STRESSED ENVIRONMENT 
 
S. Farooq, M. Asghar and N. Iqbal 
Nuclear Institute for Agriculture and Biology (NIAB) 
Jhang road 
Faisalabad  
Pakistan 
 
In Pakistan, 6.8 millions that is approximately 33% of the 21 million hectares of arable land have been 
affected by salinity [1] and it is further increasing at a very rapid pace.  We have 4.1 million small, 
resource poor farmers who wanted to see their land productive without loosing food and social 
security of their families.  Water for irrigation is 50% less than it was available previously.  
Agriculture productivity is the lowest in the world except Nigeria [2], drought and salinity being two 
of the probable reasons.  An interdisciplinary approach is therefore, required to increase production in 
order to ensure food security of over 140 million people.  
 
PMB program of NIAB has been working since long on one of such integrated research programs 
which is based on collection of land races, grasses and wild relatives of wheat [3, 4] native to saline 
lands.  Most promising among them appeared to the accessions of Aegilops species (Ae. geniculata, 
Ae. tauschii and Ae. cylindrica) that are generally salt tolerant in addition to have profuse tillering: a 
character that is being used for improvement of wheat [5].  
 
The germplasm was initially tested for salinity tolerance [3, 4] under artificial and natural saline filed 
of PaccaAna and NIAB respectively with Electrical Conductivity of the soil (ECe) ranges between 20-
34 dS/m.  The subsurface brackish water used for irrigation was of EC 4.6dS/m [6].  Performance of 
the material under normal and stressed fields (field with standing cotton crop) was conducted in 
collaboration with progressive farmers.  Stress tolerance of the material was further enhanced by 
hormone treatment [7] and tested under saline fields. 
 
At Paccaana, wheat lines produced at NAIB showed 26% reduction in biomass that was 16% less than 
the reduction in biomass (42%) observed in commercial cultivars growing under saline field  [8].  The 
reduction in grain yield was 36% and 54% respectively.  The study clearly indicated the potential for 
salt tolerance of the material produced at NIAB that was partly attributed to comparatively high 
K+/Na+ ratio and its ability to germinate well under low moisture and high salinity levels [5]. 
 
Results of the trials conducted for 3 consecutive years indicated continuously higher production of 
grain yield under stressed compared to the normal field.  During 2000-2001, wheat line 41 produced a 
grain yield of 4400 kg/ha which is 36% and 25% higher than Inqlab and wheat line 1076 respectively 
under stressed condition.  The higher yield was due to comparatively low input requirement of wheat 
line 1076 and the ability of the wheat line 41 to produce highest number of productive tillers.  Two-
fold increase in grain and biological yield of the two lines was further observed after seed treatment 
and was attributed to root modification [7].  This material has been fingerprinted with RAPD [9] and 
protein markers [5] and is being distributed to the progressive farmers to be cultivated on about one 
1000 hectares in the standing cotton crop during 2001-2002 season.  
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Our efforts to screen the same species for drought tolerance using cell membrane stability (CMS) 
technique [10] exhibited Aegilops cylindrica with minimum injury which further decreased with 
decrease in moisture from 100% to 25% of the saturation capacity of the field.  A known drought 
tolerant wheat culativar Chakwal-86 used as check showed maximum injury at 100% moisture level.  
It was assumed that since Chakwal-86 was developed for the drought prone areas therefore, as such it 
is unfit for cultivation in the areas with high water potential which enhances injury percentage 
particularly in stress tolerant wheat lines (unpublished data).  Thus, Chakwal-86 appeared to be 
tolerant to low water potential created by high temperature and/or evapo-transpiration.  On the 
contrary, Ae. cylindrica is tolerant to low water potential created by low osmotic potential.  In both 
the cases, osmotic adjustments were made which appeared to be selective uptake of potassium and 
high K+/Na+ ratio.  It was thus, inferred that Aegilops species as well as other salt tolerant species can 
also tolerate a type of drought that prevails in saline areas having low osmotic potential due to 
massive amount of salts dissolved in it which reduces its concentration.  Search for drought tolerance 
can thus be made first in the known salt tolerant species and than others. 
 
To see weather any of these drought tolerant species/varieties respond to DRE: Drought Responsive 
Elements [11], we amplified DNA extracted from the Aegilops species, wheat varieties tested for 
drought and some other commercial wheat cultivars using DRE primer.  These primers were 
analogous to 5� and 3� promoter region of the genes that respond to dehydration at the transcriptional 
level in many drought tolerant plants [12].  Preliminary results (unpublished data) indicated two DNA 
fragments specifically amplified in Chakwal-86 with both DRE-3 and DRE-5 primers.  Although, we 
have not been able to draw any conclusion from these results but possibility of screening for drought 
tolerance through DRE primers was indicated which can be proved an efficient screening procedure 
of short listed candidate lines.  
 
To see if the varieties that consumes less water can also tolerate certain levels of salinity, screening of 
upland rice varieties for salt tolerance was conducted in the field.  The electrical conductivity of the 
soil  (ECe) ranges between 17-31dS/m while water use for irrigation was of EC 10 dS/m.  The test 
material was obtained from WARDA and comprised hybrid derivatives of Oryza sativa and O. 
glebrrima (a wild rice species, cultivated in Africa only).  Some of these derivatives produce grains 
under the harshest environment while some other exhibited excellent ability of biomass production.  
Our experience with identification in the hybrids, of molecular markers specific for wild rice species 
[13] ensures that markers for drought tolerance can be identified from this population.  Some of these 
lines possessed high Diffusive Resistance (DR) ability that reduces the leaf water losses due to 
transpiration: a character that is of tremendous importance for drought tolerance as it enhances water 
use efficiency.  Since DR has negative relationship with ∆ that is Carbon Isotopic Discrimination 
therefore, it is better if a large field population under irrigated conditions be tested for lower DR for 
its subsequent testing under drought conditions from where lines with high ∆ can be identified.  This 
way, efficient selections for drought tolerance as well as its association with molecular markers (if 
any) would be made in short span of time. 
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SODIUM ACCUMULATION IN RICE AND QUINOA 
 
John Gorham 
Centre for Arid Zone Studies and 
  School of Biological Sciences 
Memorial Building 
University of Wales, Bangor 
Gwynedd, Wales, LL57 2UW 
UK 
 
Sensitivity to salinity is often attributed to excessive accumulation of Na+ ions in leaf cells.  This 
implies that screening for low Na+ accumulation should result in enhanced tolerance to salt.  While 
this is generally true, there are a number of examples where Na+ accumulation is not the only factor.  
In rice (Oryza sativa) there is good evidence linking genetically-determined Na+ accumulation with 
tolerance to salinity, but there are other factors that should be considered, including Cl- accumulation 
and the inter- and intra-cellular distribution of solutes.  In quinoa (Chenopodium quinoa)  There are 
large varietal differences in Na+ accumulation, but smaller differences in salt tolerance. 
 
We have studied the genetics of salinity responses in two cultivars of rice, Co39 and Moroberekan.  
The latter accumulates more Na+ than Co39 and many other rice varieties.  Experiments at a range of 
salt concentrations and with varying Na:Ca ratios showed that Na+ accumulation was initially quite 
low, but increased with time of exposure to salt.  Part of the increase in Na+, and all of the observed 
increase in K+ concentrations, could be attributed to dehydration of the leaves.  Measurements of leaf 
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solute and water potentials indicated that solutes accumulated in the leaf apoplast.  This resulted in 
reduced turgor and increased leaf rolling.  Concentrations of Cl- in the leaves were several times 
higher than those of Na+.  QTL analysis of a hybrid population derived from these varieties revealed a 
major QTL for leaf Na+ accumulation on chromosome 1 at a position where QTL for salt tolerance 
and Na+ uptake have been identified by other groups.  No QTL were identified for Cl- accumulation.  
Is rice relatively salt sensitive because it accumulates low concentrations of Na+ under genetic control, 
or is Cl- (present at much higher concentrations) responsible for salt damage.  We are looking for rice 
accessions that differ in Cl- accumulation to find Cl- QTL.  Perhaps it does not matter which ions 
accumulate, and it is the distribution of ions between the symplast and the apoplast that is important. 
 
The family Chenopodiaceae contains some extreme halophytes that accumulate very high 
concentrations of Na+ and Cl- in their shoots.  Examples include Salicornia and Suaeda species from 
coastal marshes and saline deserts.  One member of the family, Chenopodium quinoa, was an 
important crop in pre-Columbian South America.  Although it is reputed to be tolerant of salinity as 
well as drought, little is known about its physiological responses to salinity.  When plants of several 
varieties of quinoa were treated with salinity at 250 mol m-3 NaCl (+ 12.5 mol m-3 CaCl2) we found 
that some varieties (Utusaya and Kancolla) were good Na+ excluders, while others (E-DK-4, Amarillo 
de Marangani) accumulated about ten times higher concentrations of Na+.  Differences in salt 
tolerance were not as obvious.  Only E-DK-4 showed toxicity symptoms other than reduced growth. 
 
These two examples illustrate that responses to salinity are not simple, and reinforce the point that has 
been made elsewhere that breeding for salt tolerance will require the integration of a variety of 
physiological mechanisms. 
 
 
 
UTILISATION OF CARBON ISOTOPE DISCRIMINATION IN THE GENETIC 
IMPROVEMENT OF DROUGHT TOLERANCE AND YIELD POTENTIAL IN WHEAT 

 
Philippe Monneveux 
INRA/CIMMYT Project 
CIMMYT Wheat Program 
A.P. 6-641, 06600 Mexico D.F. 
Mexico 
 
Improvement of drought tolerance in cereals is an important aim for cereal breeders.  Drought 
tolerance related traits have been extensively described in cereals.  Their study, however, is based on 
instantaneous measurements (e.g., gas exchange, fluorescence or water status parameters) which 
association with yield highly depends on the environmental conditions at the moment of assessment.  
Realizing these measurements on high numbers of plants, what is a prerequisite for genetic or 
molecular studies, is tedious and often unrealistic.  As a consequence, little is known about the 
genetics of these traits, and they are not used or even taken into serious consideration in breeding 
programs.  
 
The emergence of isotopic methods may substantially modify the situation.  The tremendous 
advantages of this criterion in breeding programs are related to i) its integrative value, ii) its low 
genotype x environment interactions and high heritability values, and iii) the easiness of sample 
preparation and automatization of isotopic analysis. 
 
Researches carried out at ENSA-INRA Montpellier (1993-2000) have essentially concerned durum 
wheat adaptation to Mediterranean conditions.  They were carried out in closed collaboration with the 
CIMMYT/ICARDA Durum Wheat Program and breeding programs of Algeria, Tunisia and Yemen.  
Studies realized at CIMMYT mainly concerned yield potential and bread wheat.  
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1.  Relationship with yield, biomass and harvest index 
 
Association between grain ∆ and yield was found in a large range of climatic conditions.  Correlation 
coefficient increased as water availability ∆ correlated better with harvest index than with grain yield, 
suggesting that ∆ could reflect the efficiency of C partitioning to the kernel (Merah et al., 2001b,e). 

 
2.  Significance of carbon isotope discrimination in different organs 
 
In several experiments, ∆ has been assessed in flag leaf at anthesis (∆L) and in peduncle, grain, awns 
and rachis at maturity (∆P, ∆G, ∆A and ∆R, respectively).  Under drought, significant correlation was 
noted between grain yield and ∆L, ∆G and ∆A.  High correlation coefficient and broad-sense 
heritability were noted for ∆G, compared to ∆L and ∆A (Merah et al., 2001b;  Hafsi et al., 2001). 
 
3.  Relationship between leaf ∆∆∆∆ and morphophysiological traits 
 
Leaf ∆ was found positively related with residual transpiration and negatively with stomatal density.  
Strong positive correlations were noted between ∆L and RWC (relative water content), OP (osmotic 
potential) and OP100 (osmotic potential at full turgor), suggesting a high dependence of ∆ on water 
status parameters (Merah et al., 2001f).  Glaucous lines were found to have higher yield and ∆L 
values (Merah et al., 2000). 
 
4.  Alternative criteria for ∆∆∆∆ 
 
Highly significant correlations were noted between grain ∆ and ash content (ma) under a large range 
of climatic conditions, while correlations between leaf ∆ and ma were significant only under drought.  
Under drought leaf ∆ and silicium content were also strongly associated, and significant negative 
correlation was found between leaf specific dry weight (SLDW) and ∆.  Association with yield was 
noted only for grain ma (Merah et al., 1999; Merah et al., 2001c). 
 
5.  Screening of genetic resources for drought tolerance 
 
5.1.  Wheat related species 
 
Carbon isotope discrimination has been used to evaluate genetic resources for TE and drought 
tolerance in some Triticum and Aegilops species.  Under drought conditions, lower ∆ was noted in T. 
timopheevi than in AB Triticum species (Merah et al. 2001a).  Close association was found, within a 
collection of 157 Ae. geniculata accessions between ∆, grain and biomass yield and some 
morphological traits as leaf size, chlorophyll content, leaf temperature and epidermal transpiration 
(Zaharieva et al., 2001). 
 
5.2.  Interspecific lines 
 
Among interspecific lines, the highest ∆ values were registered in genotypes involving Ae. 
columnaris, T. dicoccoides and T. carthlicum (Merah et al., 2001c). 
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5.3.  Synthetic derivative wheats 
 
CIMMYT has developed an important program of hybridization between AB tetraploid wheats and 
Ae. tauschii (D genome) which provides a wide range of variability for biotic and abiotic stresses 
resistance.  Most of the obtained synthetic wheats was re-crossed by bread wheat to achieve 
acceptable agronomic types.  Those �synthetic-derivative� wheats are increasingly used in CIMMYT 
breeding programs.  Some of them exhibited high yield potential and drought tolerance.  Isotopes 
techniques are actually used to precise the physiological mechanisms involved in the performance of 
those lines. 
 
5.4.  Translocation lines 
 
Effects of 7DL.7Ag translocation were studied in different genetic backgrounds and under contrasted 
environmental conditions.  Lines carrying the 7DL.7Ag translocation (from Agropyron elongatum) 
were found to yield more under irrigated conditions but less under drought than their progenitor not 
carrying the translocation.  Translocation effects depend on the genetic background.  Physiological 
traits, among them carbon isotope discrimination of leaf and grain, are examined.  Negative effect 
under drought seems to be related to longer growth cycle and not to lower drought tolerance per se. 
 
6.  Use of ∆∆∆∆ as selection criteria for yield potential improvement 
 
Information is scarce concerning the relationship between ∆ and grain yield under favorable or 
irrigated conditions.  Physiological traits (including ∆) and yield were examined under irrigated 
conditions in a set of CIMMYT spring wheats released between 1966 and 1996.  Most productive 
varieties had lower ∆ during pre-anthesis, higher ∆ after anthesis, and consequently lower (∆Fa-∆Gm) 
values (r = 0.65, P < 0.01).  Significant relationships were however noted between ∆L and different 
components of photosynthetic capacity (net photosynthesis, mesophyll conductance, nitrogen and 
chlorophyll content).  The possibility to use this difference as predictive criteria for yield under 
irrigated conditions will be confirmed on a segregating population in 2001-2002. 
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USE OF CARBON ISOTOPE DISCRIMINATION (δδδδ AS A POTENTIAL TOOL FOR SALT 
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3Nuclear Institute of Agriculture, Tandojam, Pakistan 
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Several experiments focusing on methodology were conducted at the FAO/IAEA Agriculture and 
Biotechnology laboratory, Seibersdorf, in wheat, rice, lentil and chickpea.  Initial experiments were 
performed using wheat cultivars obtained from CYMMYT, to determine the influence of water stress 
and salinity on ∆.  A factorial experiment was set up, with four cultivars, wet (75% plant available 
water) and dry (35% PAW) conditions and 4 levels of salinity 0, 8, 12 and 16 dSm-1; imposed 
following germination and monitored using micro soil water samplers.  At harvest it was shown that ∆ 
decreased significantly and linearly under both wet and dry conditions in all cultivars.  Furthermore 
was a significant interaction of cultivar and salinity level on harvest index and ∆ under both wet and 
dry condition, suggesting differential cultivar response to salinity.  There was a significant positive 
correlation between harvest index and ∆ under dry conditions in the salt tolerant cultivars. 
 
In second series of experiments leaf sap sampling was tested as a means to determine ∆ response to 
short term water stress.  Using a simple microwave, freezing, centrifuging procedure, sap samples 
were collected from 5-week old lentil plants, which had been under water stress for one week.  Sap ∆ 
values decreased linearly and significantly with increasing water stress, demonstrating the rapid 
response of the isotopic composition of sap, to changes in environmental stress. 
 
In a third set of experiments eight wheat cultivars from Pakistan were grown in the greenhouse under 
3 post-germination salinity levels (0, 8 and 16 dSm-1).  A hole punch technique was used to obtain leaf 
disc samples for 13C analysis.  These values were compared with field yield data obtained in Pakistan, 
of the same cultivars grown under saline and non-saline conditions.  Again under laboratory 
conditions ∆ decreased with increasing salinity.  There was a significant positive correlation (r2=0.62) 
between the leaf disc ∆ value of the wheat grown in the green house at 16 dSm-1 and field yield of 
cultivars grown under saline conditions, suggesting that the simple early-non-destructive hole punch 
technique and carbon isotope discrimination could be used as screening tools for salinity tolerance. 
 
Work is being performed to develop plant sample preparation techniques for 13C analysis using the 
FANci breath test analyser.  This is a low cost, simple apparatus, which requires minimal training and 
expertise.  Initial results from the tests are promising suggesting that the FANci could be used in 
discrimination type studies, however, further development and testing is required. 
 
In conclusion there was a significant correlation between ∆ �and the field yields.  δ �decreased with 
increasing salinity concentration.  It appears that salinity tolerance is a trait that is correlated to ∆ 
�and thus ∆ could be used as a screening tool for plant breeding.  Sampling techniques using the soil 
water samplers allowed simple monitoring and adjustment of salinity levels.  Plant sap analysis could 
provide us with a rapid tool for determining plant tolerance to short term drought stress.  The hole 
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punch techniques proved to be a simple and effective non-destructive sampling strategy.  With some 
development the FANci apparatus may be used as a simple method for 13C analysis. 
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