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Extended Abstract

Background: Wheat ranks third in production and is the world's first grain as the main source of
calories and protein for humans. Increasing wheat grain yield is essential due to the increasing
population. Drought stress is considered the most important factor in reducing plant production
in many regions. The germination stage plays a decisive role in the proper establishment of crop
plants, and genetic differences at this stage under stress conditions provide a useful opportunity
for selecting and understanding appropriate traits for stress tolerance. Considering the conditions
of water deficit and drought in Iran and the world, as well as the introduction of new varieties of
bread and durum wheat by research and scientific centers, the study and evaluation of new and
promising wheat varieties are of great importance and help plant breeders in selecting varieties to
face drought stress.

Methods: To investigate the effect of drought stress on the morphological characteristics of 15
bread wheat cultivars (Alvand, Aflak, Pishgam, Pishtaz, Chamran, Zare, Sirvan, Saison, Shiroudi,
Karim, Gaskogen, Gonbad, Morwarid, Mehan, and Mehrgan) and five durum wheat cultivars
(Behrang, Shebrang, Yavarous, D-92-5, and D-91-16) and to identify drought-tolerant cultivars,
a study was conducted at the germination stage in the laboratory of the Faculty of Agriculture and
Natural Resources, Darab, Iran, in the 2016-2017 crop year. The experiment was conducted as a
factorial experiment in a completely randomized design with three replications. Polyethylene
glycol (PEG) 6000 at a concentration of 10% was used to apply drought stress.

Results: The effect of the stress and genotype interaction was highly significant on the
germination percentage and rate, shootlet length, fresh weight of rootlet, and fresh and dry weights
of the shootlet. The highest germination percentage belonged to the Karim and Aflak cultivars in
normal and stress conditions, respectively. The average germination percentage in drought stress
conditions showed a 4% decrease compared to normal conditions. The highest germination rate
was shown by the Karim and Behrang cultivars in normal conditions and by the Behrang cultivar
in drought stress conditions. The germination rate in stress conditions showed an average decrease
of 17% compared to normal, and was more sensitive to the germination percentage. Shootlet
length in drought stress conditions showed a 14% decrease compared to normal conditions, and
the highest values were recorded for the Zare and Alvand cultivars in normal and stress
conditions, respectively. The genotypes showed different lengths of rootlet and coleoptile. The
highest average lengths of rootlet and coleoptile were shown by the Karim and Morwarid
cultivars, respectively. The cultivars Alvand, Pishtaz, Chamran, Sirvan, Shiroudi, and Shabrang
were not different from the Morwarid cultivar in coleoptile length. The highest fresh rootlet
weight was shown by the Karim cultivar (0.038 g) in normal conditions and by the Aflak (0.041
g), Karim, and Mehan cultivars in stress conditions. The cultivars Shabrang and Pishgam (0.072
g) in normal conditions, and the cultivar D-91-16 (0.055 g) in stress conditions presented the
highest fresh shootlet weight. The fresh shootlet weight decreased by 16% in drought stress
compared to normal conditions. The average dry rootlet weight of the cultivars (0.004 g)
decreased by 43% under stress conditions compared to normal conditions (0.007 g). The Karim
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cultivar showed the highest dry rootlet weight (0.008 g). The highest shootlet dry weights in
normal and stress conditions belonged to the cultivars Mehrgan (0.0087 g) and Mehan (0.0077
g), respectively. Bread wheat had the highest rootlet length, shootlet length, rootlet fresh weight,
shootlet fresh weight, and shootlet dry weight under normal conditions. Under stress conditions,
the highest germination percentage and rate were measured for durum wheats, and the highest
rootlet length and dry weight were found for bread wheats. Pishtaz, D-92-5, and D-91-16 cultivars
showed the lowest stress susceptibility index (SSI) based on the germination percentage. Higher
heritability was observed for the germination rate, and shootlet fresh and dry weight under normal
conditions compared to stress conditions. However, germination percentage, shootlet length, and
rootlet fresh weight showed higher heritability under stress conditions.

Conclusion: Bread wheat genotypes showed better performance under normal conditions, and it
may be claimed that they utilized the available moisture conditions well to improve characteristics
and growth conditions. Under stress conditions, durum wheats showed the highest germination
percentage and rate, which play an important role in the establishment of seedlings at the
beginning of the growing season. Bread wheat had the highest rootlet length and dry weight,
which are important mechanisms for dealing with drought stress in tolerant plants. The cultivars
Alvand, Aflak, Pishtaz, Chamran, Saison, Shiroudi, Karim, Gaskogen, Gonbad, Morwarid,
Mehan, Shabrang, Yavarous, and D-92-5 gained higher germination percentages under both stress
and non-stress conditions than the other cultivars and were among the desirable cultivars. Based
on heritability, it can be stated that the germination percentage and rate, shootlet dry weight, and
coleoptile length in both normal and drought stress conditions, shootlet fresh weight in normal
conditions, and shootlet length and rootlet fresh weight in drought stress conditions can be
selected for in the early generations of segregation. The cultivars in different clusters showed
similar and close germination percentage, rootlet length and dry weight, rootlet and shootlet fresh
weight, or shootlet dry weight. Under drought stress conditions, the cultivars Alvand, Pishgam,
Pishtaz, Zare, Sirvan, Morwarid, Mehan, Shabrang, and Yavarous from both bread and durum
wheat groups showed high or moderate overall drought resistance and were statistically similar
in terms of root and shoot fresh weight. The results of cluster analysis showed that cultivars might
react differently under different growth conditions, once again confirming the need to examine
cultivars under different environmental conditions for breeding. A breeding program can be
designed considering the presence of cultivars in specific groups. Cultivars that are in the same
group are more similar, and if desired, similar cultivars can be used to enhance the desired traits,
or cultivars in different groups can be used in hybridization to create genetic diversity. Finally,
based on the overall results, the cultivars Aflak, Karim Alvand, Pishgam, Pishtaz, Zare, Sirvan,
Morwarid, Mehan, Shabrang, and Yavarous were identified as resistant cultivars at the
germination stage and are recommended for drought stress conditions.

Keywords: Cluster analysis, Drought stress, Drought tolerance, PEG, Stress susceptibility index,
Wheat
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Table 2. Variance analysis of germination-related characteristics of bread and durum wheat under different drought

conditions
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ns and ** show non-significance and significance, respectively, at the 1% probability level.
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Table 3. Mean comparisons of the genotype X stress interaction for the studied characteristics

(py5) el Sis (9 (%) a8l 5055 (%) axaey $ois (e sils) el Jobo Sl o g &) Dlgr 2oy
Shootlet dry weight (g) Shootlet fresh weight (g) Rootlet fresh weight (g) Shootlet length (cm) Germination rate Germination percentage G 9)
oA Loy oA Loy 5 Jlos S Jlos 5 oy 5 iy Genotype
Stress Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress Normal
0.0067d-i 0.0056k-n 0.050e-1 0.061a-g 0.024d-i 0.020f-n 9.4la-e 9.86a-d 0.027d-i 0.033c-f 78e-i 86a-h Alvand Al
0.0069¢-g 0.0068c-h 0.052e-1 0.071ab 0.041a 0.029¢c-e 8.36d-k 9.27a-f 0.035cd 0.035¢cd 95.33a-b 94a-c Aflak S
0.0075bcd 0.0082ab 0.050e-m 0.071ab 0.025d-h 0.022¢-k 8.49¢c-h 10.21ab 0.025¢-k 0.027d-i 61.33k 74.67hij Pff“”"
ishgum
0.0068c-1 0.0062f-m 0.046g-0 0.056¢-1 0.018g-n 0.023e-k 7.70e-m 8.96a-g 0.02i-m 0.020i-m 87.33a-h 81.33b-h Pishtaz ;L.
0.0066d-j 0.0060h-n 0.0330 0.052e-1 0.023¢-k 0.017h-o0 7.41g-n 7.87e-k 0.020i-m 0.017j-m 93.33a-d 93.33a-d C}?I)A%
amran
0.0070c-h 0.0074b-¢ 0.044h-o 0.063a-f 0.017i-0 0.023e-k 8.70b-h 10.52a 0.016klm 0.022g-m 63.33jk 79.33d-i Zare ¢);
0.0067d-i 0.0077bc 0.049¢-m 0.071ab 0.018g-n 0.024¢-j 6.78j-0 9.00a-g 0.014m 0.020i-m 48-671 57.33kl Sirvan )l yw
0.00551-n 0.0061g-m 0.034no 0.052d-k 0.0141-0 0.017h-o0 6.97i-0 8.61b-i 0.021h-m 0.022g-m 90.67a-f 86.67a-h Saison ;ygusle
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iroudi
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0.0063f-m 0.0071c-f 0.0371-0 0.067a-c 0.019f-n 0.025d-g 6.261-0 8.32d-k 0.018i-m 0.019i-m 84.67a-h 85.33a-h é_')jwaf
askogen
0.0057j-n 0.0066d-j 0.040j-0 0.056¢-1 0.016j-0 0.026def 7.5g-n 8.41d+j 0.031c-g 0.044b 76.67f-i 90a-¢ Gonbad 5
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0.0077bc 0.0070c-g 0.051e-1 0.071ab 0.035a-c 0.021e-1 8.18d-k 8.97a-g 0.026¢-j 0.034c-e 75.33g+j 86a-h Mehan  ye
0.0069¢-h 0.0087a 0.042i-0 0.066a-d 0.019f-n 0.024e-j 5.520 8.62b-i 0.015lm 0.019i-m 57.33kl 83.33b-h MJL;)'Q“’
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0.0059i-n 0.0066d-j 0.037k-0 0.050e-m 0.032bcd 0.018g-0 6.15mno 9.33a-¢ 0.039bc 0.054a 91.33a-e 90a-f Bfﬁi
ehrang
0.0069¢-h 0.0070c-h 0.051e-1 0.072a 0.022¢-k 0.021f-m 8.45¢-j 10.12abc 0.025¢k 0.027d-i 83.33b-h 89.33a-h S;i];)‘“"
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0.0065d-k 0.00460p 0.054c-j 0.042i-0 0.025d-h 0.005p 7.99e-k 7.57f-n 0.024f-1 0.025¢e-k 84b-h 85.33a-h Yu*’?)lﬁLi
ayarous
0.0043p 0.0052n0 0.038k-0 0.048f-0 0.019f-n 0.0100p 6.261-0 7.12h-o0 0.022g-m 0.021h-m 93.33a-d 88.67a-g D-92-5
0.0055mn 0.00460p 0.055¢-j 0.045h-o 0.020f-n 0.013n0 7.97e-k 6.68k-0 0.020i-m 0.022g-m 80c-i 67.33i-k D-91-16
Sl
70.66 83.79 45.90 50.85 82.55 17.09 63.32 47.10 76.14 78.40 80.05 55.69 (290
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At least one common letter in each column indicates no significant difference at the 5% probability level based on Duncan's test.
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Table 4- Mean comparisons of the bread and durum wheat genotypes

drady) S Oy Jeugls Jobo arady; Jsb .
Rootlet dry weight (g) Coleoptile length (cm) Rootlet length (cm) Genotype cigj
0.0039¢f 4.03a-d 9.72¢-f Alvand 1|
0.0069ab 3.69b-¢ 10.30b-e Aflak Sl
0.0055b-¢ 3.54d-f 12.12ab Pishgum pl%.sy
0.0055b-¢ 4.16a-c 9.25¢-f Pishtaz jluiy
0.0056b-¢ 3.94a- 8.99d-g Chamran lye>
0.0047c-¢ 3.84b-¢ 9.85bed Zare ¢,
0.0058bcd 3.93a-¢ 10.58bed Sirvan gy
0.0042def 3.60b-¢ 9.28¢-f Saison (ygmsle
0.0046¢de 4.17ab 7.59fg Shiroudi (639,
0.008a 3.70b-e 13.092 Karim S
0.0047cde 2.11h 9.34c-f Gaskogen ;Swls
0.0049cde 2.69g 12.56a-c Gonbad A:5
0.0059bed 4.45a 10.92a-d Morwarid 4,lg e
0.0058bcd 3.68b-¢ 10.88a-d Mehan s
0.0062bc 1.10h 11.25a-d Mehrgan {5 e
0.0059bcd 3.39ef 8.90d-g Behrang ¢
0.0053b-¢ 4.18ab 9.29¢-f Shabrang <5,
0.0054b-¢ 3.39¢f 6.86g Yayarous wg,lsl
0.0049cde 2.99fg 7.93¢-g D-92-5
0.0028F 3.56c-F 6.82¢ D-91-16
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At least one common letter in each column indicates no significant difference at the 5% probability level based on Duncan's test.
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Table 5. The analysis of variance resulting from group comparisons of bread and durum wheat under normal and
drought stress conditions
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0.00001**  8.68ns  0.0013** 0.0005* 0.53ns 5.05% 84.38** 0.00003ns 1.42ns 1 Nglx:r)fal
0.00006ns 9.99* 0.000Ins  0.000016ns 0.08ns 0.15ns 42.04** 0.00012** 634.69%* 1 Sﬁs
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*, ** and ns show significance at the probability levels of 5%, 1%, and non-significance, respectively.
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Table 6. Mean group comparisons of bread and durum wheat under normal and drought stress conditions

SIS Length (cm) Job sy

B L e
Dry weight (g) Fresh weight (g) Silss 0‘)4"9;’ ey P'\‘i & blys
el axddy) il el 9 dzdlo dddy, Germinat Geerrrgéﬁii;l%n \z\[/ egt gk
Shootlet  Rootlet Shootlet  Rootlet Coleoptile Shootlet  Rootlet ion rate P & M
0.007a 0.004a 0.06a 0.022a 3.6la 8.83a 10.27a 0.02a 84.49a b .
Common Jboy
0.006b  0.004a 0.05b  0.020b 3.39 8.16b 7.53b 0.03a 84.13a £3)9> Normal
Durum
0.007a 0.006a 0.04a 0.02a 3.52a 7.47a 10.32a 0.020b 78.89b b
Common  gyregg e
0.01a 0.005b 0.04a 0.02a 3.6la 7.36a 8.38b 0.021a 86.40a £99°
Durum
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The presence of at least one similar letter in each column for similar humidity conditions indicates no significant difference at the 5% probability level

based on Duncan's test.
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Table 7. The drought stress susceptibility index (SSI) of the cultivars based on the germination percentage
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Figure 1. The dendrogram and clustering resulting from cluster analysis in a) normal and b) stress conditions
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