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Abstract 

 
A pot culture experiment was conducted in glass house at the International Atomic Energy 

Agency (IAEA) laboratories, Seibersdorf, Austria to select suitable drought tolerant wheat 
genotype using carbon isotopes discrimination technique. Four wheat genotypes viz., LU-26s, 
Bhittai, Roshan, Taifu, were tested. There were two treatments. i. Control (normal irrigation) and 
ii. Drought (@ 30 % field capacity of the control treatment). Drought treatment was imposed 
after two weeks of germination. The experiment was continued up to 10 weeks after germination 
and was terminated at flowering stage. The data was recorded in terms of plant height, number of 
tillers, shoot dry weight and carbon isotopic ratio (δ). Results showed that there was a significant 
decrease in all the growth parameters. The decrease was also significant among the genotypes. 
The genotypes  LU-26s was found to have best performance under drought condition, with 
minimum decrease in the growth parameters i.e., plant height, number of tillers and shoot dry 
weight. High corbon isotopes discrimination (CID) values were also observed in genotype     
LU-26s, showing close positive correlation between SDW and CID. It is therefore concluded 
that carbon isotopes discrimination can be an important criterion for the selection of wheat 
genotypes for drought prone areas. 

 
Introduction 
 

Wheat is an important cereal crop of the world. Being a staple diet, it is cultivated on 
the largest acreage in almost every part of the world, in a wide range of climatic zones. 
The low rainfall and high temperatures are the serious threat to its low yield in arid and 
semi arid areas.  It is reported that the productivity of wheat genotypes under terminal 
drought is related to their capacity to maintain their photosynthetic activity (Monneveux. 
et al., 2006). In order to minimize the effects of drought and high temperatures, drought 
and heat tolerant varieties need to be evolved in addition to the judicious use of available 
irrigation water. 

Selection of suitable drought tolerant genotypes in the field is time consuming and 
difficult method for plant breeders. The use of Carbon isotopes discrimination is an 
important nuclear technique to screen suitable genotypes for drought prone areas and is 
less time consuming. Plants discriminate between 13C and 12C during photosynthesis, they 
discriminate against 13C during diffusion of CO2 through stomata and during the process 
of CO2 fixation by ribulose-1,5 bisphosphate caroxylase (rubisco). The degree of 



M.U. SHIRAZI ET AL., 3640 

discrimination against 13C differs among species and varies with environments (Qain et 
al., 2004). Carbon isotopes discrimination is a measure of the carbon isotopes 
composition in plant material relative to the value of the same ratio in the air on which 
plants feed.  It can be expressed as:  

 
∆ = (δa – δp) / (1 + δp) 

 
where (∆) represents carbon isotopes discrimination, δa represents C isotopes 
composition in air, and δp represents the C isotopes composition in plant tissue. It has 
been reported that there is a strong negative relationship between carbon isotopes 
discrimination (∆) and water use efficiency of plants (Condon et al, 1987; Ehdai et al, 
1991; Johnson & Bassett, 1991; Johson et al., 1990). The present work was conducted to 
compare the response of some wheat genotypes to drought condition using carbon 
isotopes discrimination technique. 
 
Materials and Methods 
 

The studies were conducted in glass house at International Atomic Energy Agency 
(IAEA) laboratories, Seibersdorf, Austria. The day and night temperature was maintained 
between 20-25°C (± 1). Four wheat genotypes viz., LU-26S, Bhittai, Roshan and Taifu, 
selected from different climatic zones, were tested in this study. The former two (LU-26S 
and Bhittai), were from Pakistan, one (Roshan), was from Iran and the later (Taifu) was 
from Germany. The study was conducted in pots containing four Kg of Seibersdorf soil 
(Typic Eutrocrepts, Kirda et al., 1992), plus sand mixed in 1:1ratio. Six seeds were sown 
in each pot and three seedlings were maintained one week after germination till harvest. 
Each pot received a basal application of 20 kg N as ammonium sulphate (applied in 2 
splits), 40 kg P as super phosphate and 50 kg K as Muriate of potash.  The fertilizers were 
thoroughly mixed with soil using electric mixture. The drought treatment was imposed 
after two weeks of germination. The control plants were irrigated normally i.e., at field 
capacity whereas under drought treatment, water was applied at 30 % field capacity. The 
experiment had three replications in a randomized complete block design (RCBD). The 
experiment was continued up to eighth week of germination and was terminated at 
physiological maturity i.e., at flowering stage. The growth observations (plant height, 
number of tillers) were recorded at the time of termination of experiment and dry weight 
was recorded after drying the samples in hot air oven after 72 hours. Carbon isotopes 
ratio (C13& C12) were determined as described by Hubick et al., (1986), by mass 
spectrometer (Isoprime, UK) The data were subjected to analysis of variance (ANOVA) 
and correlation were determined by MStat-C computer package (Anon., 1991). 
Results 
 
Growth performance: The results showed that there was a significant reduction in plant 
height, number of tillers and shoot dry weight of all the wheat genotypes due to drought 
treatment (Table 1).  

The data with respect to plant height showed a significant decrease due to drought 
treatment. However all the genotypes showed less than 50% reduction in plant height as 
compared to control treatment (i.e. normal irrigation). The genotype Roshan had the 
maximum plant height under control (56.87 cm) and minimum values for plant height were 
observed in LU-26s (33.47cm). Whereas, under drought condition, the genotype Taifu had 
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gained the maximum plant height (34.0 cm) and minimum plant height was recorded in 
Bhittai (25.57cm). It was also observed that although the genotype LU-26s had minimum 
plant height under drought condition but had maintained it successfully as it showed only 
31% reduction under drought. On the other hand, the genotype Roshan showed the 
maximum reduction (42.0%) under drought, indicating its sensitivity to drought.  
 

Table 1. Growth performance of some wheat genotypes under control and  
drought condition (@ 30% field capacity). 

Plant height (cm) Numbers of tillers Shoot dry weight (g) 
Treatments Genotypes 

Control Drought Control Drought Control Drought 

Roshan 56.87a 33.00 b 
(41.97) 

3.57 b 2.43 b 
(31.93) 

7.01c 3.57 b 
(49.07) 

Taifu 51.47b 34.00 ab 
(33.94) 

3.70 b 2.23 bc 
(39.73) 

8.44 a 3.87 ab 
(54.15) 

LU-26s 33.47 d 23.00 c 
(31.28) 

4.76 a 3.76 a 
(21.01) 

7.85 ab 4.33 a 
(44.84) 

Bhittai 43.23 c 25.57 c 
(40.85) 

3.00 b 2.10 bc 
(30.00) 

8.26 a 3.99 ab 
(51.69) 

LSD (0.05%) 6.744 0.9771 0.647 
* Values in parenthesis are the % reduction over control 
** The values having the same letter in same column are statistically similar at 5% level 

 
The tillering capacity of the wheat genotypes was also reduced due to low soil 

moisture availability. Maximum number of tillers under both treatments (control & 
drought) was observed in LU-26s (4.75 and 3.76 tillers/plant, respectively). The genotype 
LU-26s also had maintained the number of tillers quite successfully with minimum 
reduction i.e., only 21.0%. On the other hand, while evaluating crop plants against the 
genotype Taifu showed maximum reduction (39.7%).  

The shoot dry weight (SDW) is an important consideration of drought tolerant plant, 
as it reflects the amount of photosynthate produced during the particular growth period of 
plant under stress condition. The shoot dry weight was also reduced significantly with the 
induction of drought treatment. The genotype LU-26s had maximum SDW values under 
drought treatment (4.33 gm) indicating minimum reduction (i.e., 44%) in SDW under 
drought as compared to other genotypes. It was also observed that the two genotypes i.e., 
Taifu and Bhittai, which were showing maximum shoot dry weight under control 
treatment, could not maintain their SDW under drought, showing 52 and 54% reduction, 
respectively. The differences within the genotypes were significant under both the 
treatments when compared statistically.   
 
Carbon isotopes discrimination (∆): Shoot samples analysed for isotopic ratio of 13C to 
12C, showed that the wheat genotypes discriminate effectively between 12C/13C under 
both water regimes, however the (∆) values decreased under drought compared to normal 
irrigation (Fig.1). The (∆) values varied from 19.66 to 21.68% under normal irrigation 
and 18.31 to 20.36% under drought condition. The (∆) values also varied among the 
genotypes under both water regimes. Under normal irrigation the genotype Taifu had the 
maximum ∆ value (20.81%) followed by Roshan (20.63%). The (CID) value was also 
observed maximum in Taifu under drought condition.  
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Fig. 1. Carbon Isotopes discrimination (CID) in different wheat genotypes under normal and 
drought conditions. 
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Fig. 2. Relative decrease in CID values as affected by drought. 

 
The relative decrease in (∆) values showed that the genotype Roshan and Taifu had 

more reduction (i.e., 8.21 to 8.71%) under drought condition (Fig. 2). On the other hand, 
it was observed that though the genotype LU-26s had less ∆ values under control 
conditions but had maintained it quite satisfactorily under drought conditions, with only 
6.28% reduction. The higher decrease in CID values in case of Taifu (8.71%) and Roshan 
(8.21%) indicate higher sensitivity to drought in these genotypes. 
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Fig. 3. Correlation between shoot dry weight (SDW) and CID in wheat under drought condition. 

 
Discussion  
 

The carbon isotopes discrimination can prove an important criterion for the selection 
of wheat genotypes for drought prone areas. In the present study, positively close 
relationship (R2 = 0.7187) between shoot dry weight (SDW) and CID (∆) was observed 
(Fig. 3). The decrease in ∆ values under drought stress showed a general trend of less 
discrimination under stress conditions compared to well watered conditions. 

       According to Farquhar et al., 1982, a shift in the carbon isotope discrimination 
of the leaf tissues due to stress gives, information about the plant succeeded in 
maintaining water use efficiency (WUE) and confirms the stress induced changes in the 
Ci/Ca ratio. The variation between the values under well watered and drought condition 
indicates that the wheat genotypes significantly discriminate between heavier and lighter 
carbon during photosynthesis. It is also reported that the variation in CID in cereals is 
known to arise from variation in photosynthetic capacity as well as stomatal conductance 
(Condon et al., 1990; Morgan & LeCain, 1991). Many authors have suggested that (∆) 
could also be related to grain yield (GY) and water use efficiency (WUE), the dry matter 
production to water consumption ratio (Monneveux et al., 2005). It has been shown in 
earlier studies on wheat that drought stress leads to noticeable decrease in photosynthetic 
rate as well as stomatal and mesophyll conductance (Siddique et al., 1999). In the present 
study, comparatively higher reduction in shoot dry weight (SDW) of Taifu might be due 
to more decrease in photosynthetic activity.  On the other hand, less reduction in SDW in 
LU-26s showed the stability in photosynthetic activity under drought conditions, which 
might have resulted in maintaining SDW of this genotype.  Less reduction in SDW in 
LU-26s is also well supported by less reduction in CID values (i.e., only 6.28%). Better 
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maintenance of CID by LU-26s was also reported by Khan (2008).  On the other hand the 
genotypes Taifu and Bhittai though had higher values of SDW under normal water 
regimes but could not maintain it successfully under drought conditions and showed 54 
and 51% decrease, respectively, indicating their more sensitivity to drought. The high 
sensitivity of these genotypes is well supported by higher reduction in CID values (i.e., 
8.71 and 6.82%, respectively). Similarly low values of SDW and higher reduction in CID 
values in Roshan (8.21%), also indicates higher sensitivity to drought by this genotype.  
It is therefore concluded that Carbon Isotopes Discrimination (CID) technique can be 
successfully used as an effective criterion for the selection of drought tolerant genotypes 
in wheat.       
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