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ABSTRACT 
 
 Drought is a wide-spread problem seriously influencing wheat production and quality. This research was 
done in two separate projects to determine drought tolerance of wheat cultivars and lines for selecting drought 
tolerant varieties using stress susceptibility, tolerance indices in Darab, Iran during 2009-2010. This experiment 
was conducted with 25 lines and cultivars in a randomized complete block design with three replications under 
normal and terminal drought environments terminal. Irrigation was done in normal condition based on water 
requirements until physiological maturity and in drought stress condition irrigation wasn’t done after anthesis to 
physiological maturity stage. Based on combined analysis most traits in the genotypes showed a significant 
reaction to irrigation treatments. While, in some traits interaction of genotype and environment was not 
significant. Lines No 15, 2, 24, 10 and 12 have had the highest yield in drought environments respectively. In 
normal environment, lines 13, 17, 16, 2 and 4, have had the highest performance respectively. Comparison of 
means with Duncan method in combined analysis also showed that the lines 13, 15 and 17 have higher average 
yield than other varieties. Drought resistance indices showed that except for TOL and SSI in drought 
environment all indices have a significant correlation with yield in both environments. Lines 13 and 15 with the 
highest value of STI, MP, and GMP and having the highest yield in drought environment had a good resistance 
to drought. Calculating Three times cultivar CTDs from the flowering to maturity indicated that cultivars 
canopy temperature depression have a positive and significant correlation with yield. Average three times CTD 
in both environments also showed significant positive correlation with the yield. 
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Introduction 
 
 Wheat is one of the most important cereal crops 
which is better adapted to semi-arid conditions. 
Drought is a wide-spread problem seriously 
influencing wheat production and quality. Ability of 
improving wheat cultivars that able to maximum use 
of existing water and drought tolerant is the main 
objectives of increasing yield potential in semi-arid 
and dry areas. 
 
The aims of research:  
 About the genetic diversity and screening durum 
wheat to drought stress at different stages and to 
identify genotypes tolerant to drought and crop to 
increase yield under drought stress. 
 Determine the correlation between susceptibility 
indices of drought resistance with traits will be used 
in selection of durum wheat lines tolerant to drought. 

 Considering of elimination several times 
irrigation without loss of wheat yield using of the 
new durum wheat genotypes. 
 Determine the efficiency of the plant canopy 
temperatures depression to identify durum wheat 
genotypes tolerant to drought. 
  Various research reports have shown that the 
effect of drought on grain yield in the reproductive 
stage to vegetative stage is more important.  

  
 In the study, Mostafa et al., drought stress at 
heading stage reduced grain yield of spring wheat 
under drought stress in the deal was done but did not 
affect grain yield.  
 Rapid selection of tools and methods in plant 
breeding, such as infrared thermometers measure 
canopy temperature depression (CTD) day extension 
to find and has been used in many studies. During 
grain filling, in a study about the correlation between 
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yield and CTD 0.6-0.8 was observed. Wheat 
genotypes with low canopy temperature depression 
compared with other genotypes in terms of biological 
properties and metabolic activity and cell structure 
are best, and when affected by drought or high 
temperatures or cloudy weather and rain can be Their 
superiority in terms of these characteristics are 
maintained and compatibility with a wide ecological. 
Therefore is waiting that the selection of cultivars 

with low temperature stable, leading to the 
production of high yielding varieties. Bahar et al. [5], 
the relationship between yield and CTD in several 
genotypes of durum wheat and bread investigation 
and concluded that the CTD with yield, ear number 
and grain number per spike is a positive correlation 
has been CTD can be an important role in breeding 
the figures. 

 
Table 1: the list of varieties    

1 CHAMRAN 
2 ALMAZ-21(ICW94-0375-5AP-1AP-030AP-0APS-11AP-0APS-050AP-0AP) 
3 Kauz/Sorkhtokhm//Chamran/3/Star 
4 ND/VG9144//Kal/Bb/3/Yaco"s"/4/Rsh*2/10120/5/Kauz/*2Opata//Kauz/6/Star 
5 KAUZ//STAR/LUCO-M/3/2*PRINIA 
6 KETUPA*2/PASTOR 
7 KAUZ*2//TC*6/RL5406(RL6043)/3/KAUZ/4/BAV92/5/PASTOR 
8 NG8201/KAUZ/4/SHA7//PRL/VEE#6/3/FASAN/5/MILAN/KAUZ 
9 BABAX/LR42//BABAX 
10 OTUS/3/SARA/THB//VEE 
11 PASTOR/OTUS 
12 BAU/KAUZ//PASTOR 
13 KAUZ//ALTAR 84/AOS/3/PASTOR 
14 KAUZ*2/BOW//KAUZ/3/BABAX 
15 VEE/PJN//PASTOR 
16 VEE/PJN//2*KAUZ/3/PASTOR 
17 BABAX/SERI(CMSS96Y04084S-0Y-1B-28TLA-0B-0Y-156B-0Y) 
18 PASTOR/TILHI 
19 OASIS/SKAUZ//4*BCN/3/2*PASTOR 
20 Alvd//Aldan/Ias/3/Flt 
21 KAUZ//ALTAR 84/AOS/3/KAUZ/4/SSERI1 
22 PASTOR/2*TOBA97 
23 Alvd//Aldan"s"/Ias58/4/kal/Bb//Cj"s"/3/Hork"S" 
24 CBRD-3/STORK  X  DICOCCOIDES 
25 ATTILA-3//CARP/KAUZ'S' 

  
Materials and methods 
 
 This research was done in two separate projects 
to determine drought tolerance of durum wheat 
cultivars and lines (at least 30 cultivars) for selecting 
drought tolerant varieties using stress susceptibility, 
tolerance indices and canopy temperature depression 
(CTD). 
 This experiment was done in randomized 
complete block design (RCBD) with three 
replications under normal and terminal drought 
environments terminal. Irrigation was done in normal 
condition based on water requirements until 
physiological maturity and in drought stress 
condition irrigation isn’t done after anthesis to 
physiological maturity stage. 
 Traits, including flowering and maturity dates, 
canopy temperature depression, spike length, number 
of fertile spike per square meter, grain number per 
spike and grain weight, harvest index (ratio of 
economic yield to biological yield), final plant height 
and stress susceptibility index is measured. 
 Before the final harvest to determine yield 
components including number of grain per spike 
weight, number of fertile spike per unit area and 
biological yield and harvest index of a plot an 
example of a square area of the middle line and the 

rest is allocated plot to determine the final 
performance. 
 In order to determine the amount of water in 
water treatment when about 50 mm in the water of 
basin evaporation A class is evaporating.  
 For measurements of canopy temperature 
depression (CTD) of handheld infrared thermometers 
in three stages of time, stress and the flowering stage 
to maturity is used. Canopy temperature in the 
afternoon and during the day when the temperature is 
the highest temperature done. Canopy temperature 
depression, the difference between air temperature 
(Ta) and canopy temperature (Tc), is positive when 
the canopy is cooler than the air (CTD = Ta – Tc). It 
has been used in various practical applications 
including evaluation of plant response to 
environmental stress.  
Susceptibility Indices for Drought Tolerance: 
 
 Assay sensitivity about durum wheat with 
drought, we have Five susceptibility indices include: 
Stress Susceptibility Index (SSI), 
Geometric Mean Productivity (GMP), 
Mean Productivity (MP),  
Tolerance Index (TOL),  
and Stress Tolerance Index (STI) calculated. 
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Statistical analysis of experimental design: 
 
 For statistical analysis of the index and traits 
listed in the project, a randomized complete block 
design in the end, both the normal and drought 
analysis can be used separately and the combined 
analysis of two environmental tests performed and 
mean comparisons using Duncan’s multiple range 
test is performed. Determine the correlation between 
yield susceptibility indices for drought tolerance and 
canopy temperature depression, and drought 
tolerance among the cultivars and lines under study 
was chosen. The test for statistical analysis of SAS 
and MSTAT-C software was used. 
 
Results: 
 
Analysis of variance: 
 
 Analysis of variance showed that the genotypes 
were normal in terms of all traits except plant height, 
biological yield, CTD stage and harvest index are 
significant. In this environment the early 11 lines 
were lines and lines 15, 2 and 24 respectively had the 
highest yield. The variance analysis showed that the 
genotypes of terminal drought stress environments 
for all traits except for biological yield, CTD first 
stage, plant height, number of grains per spike and 
grain weight are significant differences. In this 
environment, lines 13, 17 and 16 respectively had the 
highest yield. 
 Combined analysis of variance for all traits in 
both normal and drought conditions are shown in 
Table 2. Based on combined analysis of experiments 
in most traits Investigated genotypes showed a 
significant response to irrigation, while the 
interaction of genotype and environment on some 
traits were not significant. Irrigation effects on all 
traits except number of spikelets per spike and 
number of grains per spike is significant. The 

difference between the genotypes of all studied traits 
except the first biological and CTD was significant. 
Genotype × irrigation interaction on days to maturity 
traits, CTD third stage, the number of fertile spikes 
per square meter and grain yield at 5% level of 
significance for the other traits were significant. 
 
Drought resistance indices calculated: 
 
 In this study the yield and yield components of 
five indicators of drought tolerance SSI, GMP, MP, 
TOL, and STI were calculated to measure the 
sensitivity of cultivars to drought. Genotypes 13, 15 
and 17 respectively, the highest indices STI, GMP 
and the MP (Table 3), which indicates the high yield 
stress and tension in these figures are. TOL index 
results showed that genotypes 25, 19 and 13 
respectively, are the lowest TOL. The genotypes 25, 
13 and 19 also showed the lowest SSI index (Table 
4). 
 Correlation between indices of performance 
(Table 3) showed that all high and significant 
correlation with performance indicators in their 
normal environment, while that in this environment 
is positively correlated with yield parameters TOL 
and SSI. Correlation of terminal drought stress in all 
indicators except TOL performance is significant. In 
this environment is negatively correlated with yield 
parameters TOL and SSI. SSI's significant that it is 
significant in the case of non-TOL. Due to this 
problem can be stated that the indices MP, GMP and 
STI for the selection of drought tolerant varieties 
with high yield and efficiency are better. 
 Shafazadeh and colleagues evaluated 20 
genotypes of bread wheat in irrigated and drought 
conditions reported similar results. TOL and SSI 
indicator of drought tolerance seems to stress that 
these indicators only in the environment are able to 
distinguish varieties with high yield (Table 3). 
Khiavi & Khalil Zadeh  also reported that SSI and 
TOL parameters in comparison with the indicators of 
STI and GMP are less. The criteria for the selection 
of genotypes with high yield in both environments 
would be useful. Genotypes 13 and 15 had the 
highest yield in drought Genotypes in the same 
medium without stress respectively 3 and 8 are 
devoted to the environment. 

 
Table 2: Combined analysis traits and drought stress in the end. 

The 
number 
of fertile 
spikes 

per 
square 
meter 

Harves
t index 

Yield 
Biologic

al 
function 

Weight 
Grain 

Numbe
r of 

grains 
per 

spike 

The 
number 
of fertile 
spikelet'

s per 
spike 

Spike 
length 

Plant 
height 

CTD3 CTD2 CTD1 
Maturit
y date 

Date 
of 

flower
ing 

Change 
resources 

**
162690 

**14/0  
**

4180244 
**

2207053 
**2455  3/24 ns 02/0 ns *92/0  

*2/
280 

**
1496 

**
2642 

*04/
11 

**2/
504 

*67/0  Irrigation 

24017 012/0  65629 38980 5/122  1/28 53/5 99/0 2/112 11/28 18/19 76/8 07/55  18/1  Wrong 1 

**31611  *008/0  
110091*

* 
25621ns 

**67/
31 

**4/69  **99/5  **48/1  
*52/

99 
*72/4  *06/4  

62/1 n
s 

**88/
18 

**58/5  Genotype 

*13401  
007/0 n
s 

*76975  28173ns 43/9 ns 6/24 ns 97/1 ns 31/0 ns 
3/54 n

s 
*37/5  

47/2 n
s 

3/2 ns *47/3  47/0 ns 
Genotype 

× 
irrigation 

8006 400/0  41267 22755 74/8  1/22  75/1  29/0  8/53  76/2  11/2  01/2  51/1  44/0  Mistake 2 
* And ** mean square difference between treatments at 5% and 1 % respectively , and ns means no significant difference is significant . 
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Table 3: Correlation between indicators of performance in normal and drought stress tolerance at the end. 
 Yp Ys TOL MP GMP STI SSI 
Yp 00/1  43/0 * 7/0 ** 88/0 ** 82/0 ** 79/0 ** 46/0 * 
Ys  00/1  34/0- ns 79/0 ** 86/0 ** 88/0 ** 57/0- ** 

TOL   00/1 29/0 ns 17/0 ns 13/0  ns 94/0 ** 
MP    00/1 99/0 ** 98/0 ** 02/0 ns 

GMP     00/1 99/0 ** 1/0- ns 
STI      00/1 ns14/0- 
SSI       00/1 

* And ** mean square difference between treatments at 5% and 1% respectively, and ns means no significant difference is significant. 

 
 Estimation of drought tolerance of genotypes 
with drought tolerance indices are shown in Table 4. 
In terms of selecting the best genotypes for drought 
resistance indices based on individual genotypes with 
regard to selection criteria and then select the number 
of results were the best genotypes. 
• Select the Yp: The index of 15 genotypes, 
respectively, 2 and 13 with the highest grain yield in 
non-stress conditions were selected. 
• The choice of Ys: The genotypes of respectively 13, 
17 and 16 in high yield under drought stress 
conditions were selected, all are having. 
• The indicator TOL genotypes 25, 19 and 13 of the 
difference in minimum yield stress have with non-
stress conditions. 
• The SSI index genotypes 25, 13 and 19 
respectively, the lowest amount of SSI. 
• The MP index of 13.15 and 17 genotypes, 
respectively, are the highest index. 
• STI and GMP, respectively, based on indices of 
genotypes 13, 17 and 15 are the highest value. 
 From the above it is concluded that the selection 
criteria to select genotypes with high yield in both 
TOL environment is not Varieties with high yield 
and no low TOL. The selection of indicators based 

on SSI alone resulted in selection of genotypes which 
have high yield potential   Therefore, the index is 
able to identify genotypes that are not in both 
environments with high performance. 
 The selection criteria YS, MP, GMP and STI 
genotypes common in all scenarios are presented as 
tolerant genotypes can be reliable. The reaction of 
genotypes to environmental conditions and the 
method of Fernandez genotypes 13 and 15 are placed 
in Group A and are functioning properly in both 
environments. 
 
4-3 - Calculation of canopy surface temperature: 
 
 For measurements of canopy surface 
temperature (CTD) of handheld infrared 
thermometers at three stages of stress during the 
flowering stage to maturity were used. Canopy 
temperature recorded in the afternoon when daytime 
temperatures are at the highest temperature, was 
performed. Evaluation of canopy surface temperature 
(CTD) showed that differences in the three stages of 
plant canopy surface temperature of the ambient 
temperature stress and drought stress in the end there 
is a high correlation with yield (Table 5). 

 
Table 4: Estimation of drought tolerance of genotypes with drought tolerance indicators. 

 Indicatorsا  
Genotype 

SSI STI GMP MP TOL Ys Yp 
67/0 44/0 674 680 186 587 773 1 
11/1 92/0 970 1001 493 9/753 3/1247 2 
18/1 39/0 633 656 349 7/481 6/830 3 
63/0 67/0 827 834 212 7/727 6/939 4 
28/1 59/0 776 812 479 8/572 3/1051 5 
11/1 50/0 714 737 363 5/555 3/918 6 
35/1 55/0 750 790 501 1/540 6/1040 7 
34/1 49/0 708 746 467 4/512 3/979 8 
05/1 74/0 872 896 413 7/689 6/1102 9 
38/1 65/0 816 863 562 7/581 1144 10 
87/0 29/0 547 556 204 3/454 6/658 11 
07/1 78/0 892 918 432 702 3/1134 12 
33/0 23/1 1122 1125 141 1054 2/1195 13 
89/0 58/0 770 785 279 636 3/933 14 
43/1 97/0 998 1063 729 4/698 3/1427 15 
79/0 88/0 949 962 317 803 3/1120 16 
47/0 03/1 1026 1030 190 2/935 1125 17 
29/1 58/0 768 805 483 9/563 1047 18 
42/0 45/0 675 676 111 3/622 733 19 
67/0 58/0 769 776 210 7/670 6/880 20 
40/1 61/0 790 838 558 7/558 6/1116 21 
47/1 52/0 732 782 554 3/505 1059 22 
85/0 65/0 818 831 295 6/683 6/978 23 
21/1 77/0 888 924 508 7/669 6/1177 24 
06/0 49/0 709 709 16 3/701 2/717 25 
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Table 5: Correlation three CTD function in normal and drought ends. 
Operation /CTD CTD1 CTD2 CTD3 

YP 
YS 

78/0 * 
48/0 * 

70/0 ** 
51/0 ** 

63/0 * 
66/0 * 

* And ** mean square difference between treatments at 5% and 1% respectively, are significant. 

 
 The mean of three measurements of the surface 
temperature and canopy plant temperature in the 
environment without the stress and environmental 
stress at high correlation with yield (the order of 0/74 
and 0/79) so that in the normal lines of No. 15, 2 and 
13 had the highest yield in terms of reduced average 
canopy temperature were ranked 2, 3 and 5 are 
located. 
 The stress in end-lines 13, 17 and 16 
respectively, which showed the highest yield in terms 
of CTD in ranks 1, 2 and 6 are located. These results 
indicate that the CTD issue in both environments to 
select varieties with high yield can be helpful. 
 Amani et al [3], Ayene and colleagues [2] and 
Bahar and colleagues [5] have reported similar 
results. It should be noted that the use of a canopy 
surface temperature is affected by environment and 
must be in good condition and the least effect of the 
environment at the right time and right stage of plant 
growth occurs. 
 
Suggestions: 
 
 The results of this experiment will not only 
improve the use of indices in breeding wheat for 
resistance to drought stress is also used in other 
breeding projects. Figures used in these experiments 
and their results for Fars Fars region and areas of 
similar climate, it is recommended And the existence 
of genotype environment interactions for most traits 
suggest that similar experiments should be done in a 
few years and where the results can be generalized to 
more regions and years. 
 
References 
 
1. Khalil Zadeh, Gh., C. Patients, Khiavi, 1381. 

Effects of drought and heat stress on advanced 
lines of durum wheat. Abstract th Iranian Crop 
Science Congress. Seed and Plant Improvement 
Institute. 735 pages. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Shefazadeh, M., A. Yazdan Sepas, A. Amini and 
M. Ghanadha, 1383. Review the last season of 
drought stress in winter wheat genotypes and 
encouraging the use of intermediate indicators of 
sensitivity and stress tolerance. Seed and Plant 
Journal, 71-20:57. 

3. Amani, I.,  R.A. Fischer and M.P. Reynolds, 
1996. Canopy Temperature Depression 
Association with Yield of Irrigated Spring 
Wheat Cultivars in a Hot Climate. Journal of 
Agronomy and Crop Science, 176(2): 119-129. 

4. Ayeneh, A., M. van Ginkel, M.P. Reynolds and 
K. Ammar, 2002. Comparison of leaf, spike, 
peduncle and canopy temperature depression in 
wheat under heat stress. Field Crops Research, 
79:(2-3).   

5. Bahar, B., M. Yildrim, C. Barutcular and 
I. Genc., 2008. Effect of Canopy Temperature 
Depression on Grain Yield and Yield 
Components in Bread and Durum Wheat. Not. 
Bot. Hort. Agrobot. Cluj., 36(1): 34-37.    

6. Balota, M., A.P. William, R.E. Steven and Mark 
D. Lazar, 2007. Canopy Temperature 
Depression Sampling to Assess Grain Yield and 
Genotypic Diff erentiation in Winter Wheat. 
Crop Science, 47:1518-1525. 

7. Boyer, J.S., 1996. Advances in drought tolerance 
in plants. Adv. Agron., 59: 187- 218. 

8. Fischer, R.A. and R. Maurer, 1978. Drought 
resistance in spring wheat cultivars. I. Grain 
yield responses. Aust. J. Agric. Res., 29: 897-
912.  


