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Extended Abstract

Background: Avoiding the occurrence of environmental stresses and their damage to crop
production, as well as the increasing consequences of climate change, have prompted plant
breeders to continuously help seed producers in dealing with these problems with genetic
manipulation. Water deficiency is the most important abiotic stress that threatens wheat farming
and production. In this research, a community of wheat cultivars was grown under irrigated and
rainfed conditions to determine their response to water deficit stress, and the amount of genetic
diversity in these cultivars was measured in terms of stress tolerance, agronomic traits, and ISSR
markers.

Methods: The experiment was carried out at Gorgan University of Agricultural Sciences and
Natural Resources in the agricultural years of 2018 and 2019. The studied population included 34
varieties of bread wheat from tolerant and resistant to drought germplasm, which are grown in
various regions of Iran. In the field, an experiment was carried out to compare the cultivars in two
conditions of irrigated cultivation (no stress) and rainfed (water stress) in the form of a
randomized complete block design with three replications. Important agronomic and
morphological traits, such as flag leaf length and width, spike length, plant height, the number of
plants per plot, the number of spikes, the number of tillers, the number of seeds per spike, seed
weight, and seed yield, were measured during the growing season. Fernandez's drought tolerance
index was calculated for all cultivars and analyzed along with other characteristics. The markers
obtained from the ISSR primers for the DNA of each cultivar were evaluated, and their scores
were analyzed in the laboratory. Necessary statistical analyses, such as analysis of variance,
comparison of means, mean comparisons with the LSD test, and cluster analysis, were performed
in SAS software. Analyses related to polymorphic marker bands and Nei and Shannon gene
indices were performed in POPGEN and NTSYS software.

Results: The results of the analysis of the variance of wheat cultivars showed a significant
difference at the probability level of 1 or 5% in all aspects of all measured agronomic
characteristics. It confirmed the good choice of the genotypes in terms of type, agronomic
characteristics, adaptability, and their origin, which correctly realized the study of variation and
grouping of genotypes as the main objective of the study. The highest seed yield in irrigated
conditions belonged to cultivars Karkheh, Behrang, and Arta, and in rainfed conditions belonged
to s-87-18, Baz, and Zagros. Cultivars Karon, Maron, Ohari, s-87-18, and Zagros showed
relatively similar performance under both irrigated and rainfed conditions.

According to the Fernandez index, cultivars Karkheh, S-87-18, Bahar, Chamran, Arta, Pasteur,
Baz, Wibil, Behrang, Nik-Nejad, and Hirmand showed the highest tolerance, and Maron, Kavir,
Fang-Chen, Zagros, and Gonbad displayed the lowest tolerance to water stress. These values can
be directly used as a criterion for selecting high-yielding cultivars under water stress conditions.

Cluster analysis of cultivars based on agronomic traits in both stress and non-stress conditions
produced three distinct clusters. In the water stress conditions, cluster 1 included two cultivars (s-
87-18 and Gohar), and cluster 2 consisted of three cultivars (Maron, Kavir, and Fang Chen). The
other 29 cultivars of this study were placed in cluster 3. According to the drought tolerance index
value, it could be stated that cluster 1 included drought-tolerant cultivars, cluster 2 included
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cultivars sensitive to drought stress, and cluster 3 comprised moderate cultivars. The difference
in the result of clustering under stress conditions compared to non-stress conditions can be
attributed to the effect of drought stress on morphological traits, and in other words, to the
different responses of these cultivars in the face of drought. ISSR primers produced a total of 128
bands with an average polymorphism percentage of 93.27% for the 11 used primers. In other
words, each primer produced an average of 11.69 bands, and an average PIC index of 0.28 was
obtained in the primers used. The Nei and Shannon index values for the studied population were
calculated at 0.26 and 0.41, respectively. Cluster analysis based on ISSR data showed that, except
for Maron, the other cultivars were separated into three distinguished clusters.

Conclusion: In general, the results showed a significant genetic variation in the studied
population, making it possible to select cultivars with higher tolerance to water stress or
cultivation in rainfed conditions. Fortunately, since the studied cultivars are improved and are
being cultivated, their direct use or gene transfer for projects will be easier and faster to increase
wheat yield in water stress conditions.
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Table 2. The Fernandez stress tolerance index values for bread wheat cultivars along with yield values under rainfed

and irrigated conditions

5365 sl GloSle e 2Skes o) 86 pasls olol 28les 022 2,Slae o)
Fernandez index Irrigation yield R;ilglfg d Cultivars Fe}'ggg}(jez In)l/%:ltcllon R;Iilglfg d Cultivars
0.49 229.25 196.34 Kavir 1.13 370.26 278.85 Arta
0.33 170.22 176.23 Maroon 1.22 361.73 309.29 Bahar
0.91 284.83 283.67 Moghan3 1.12 315.94 323.94 Baz
0.77 271.80 258.68 Morvarid 1.03 376.19 250.47 Behrang
1.01 340.70 271.18 Niknejad 0.87 348.41 298.06 Chamran2
0.79 265.72 273.88 Ohari 1.13 289.16 275.79 Chamran
1.12 338.15 303.59 Pastoor 0.95 317.02 256.56 Chari
0.85 331.53 253.17 Pishtaz 0.79 289.66 248.94 Darya
0.82 294.65 253.36 Rasool 0.76 286.77 243.87 Dena
1.36 350.82 354.88 S-87-18 0.76 306.83 226.49 Dorinak
0.89 273.14 298.50 S-87-20 0.90 304.25 271.69 Dez
0.97 353.89 250.37 Shiroodi 0.61 266.35 208.55 Fangchen
0.67 278.60 218.66 Sirand 0.94 311.59 276.62 Gohar
0.93 283.68 299.23 Sirvan 0.66 222.16 271.85 Gonbad
0.71 241.12 269.41 Tajan 1.01 316.18 291.19 Hirmand
1.05 346.92 271.73 Weibil 1.36 414.41 301.53 Karkhe
0.64 245.18 240.50 Zagroos 0.80 271.57 270.67 Karoon

Sl S lagl F plie giel wiepn wy)lgye
I8 b VL lope g Sl (028 (Jemy (g9
Lo S-8T-18 5 ke 02 S 5yl o ¢l 5 35
P aS Cal gadge opl oniad L & 1188 )1\8 s g,
ags i 15 o) el Byl shal lar Lulpd 93 y0
Comd 53 g 3 olaid] dgsay pd bylyd (0 1) (o iy

HSen 5 LuylS (Y S3) catly S5 N bs Y
a8 L5905 o)l35 5 (Garma -Del Moral et al., 2003)
Slp o Slas i (e Logas g sy )3 4ds Slas
aS Wl S pizmed Cpdie pl Dgd o0 Cigmote pAS
aly 3,Ses oo )l (o 50 9 00§ K o3l gaime
9 <8l Sl mye yie p3 Adgd TVO (S15 L 5 S )
2 Slstne b Wgr 4b B VO Lt 4 ST I3
Py dded das oy iy 0 ol adllas yo il 5, Sas
Ol 5 95 (¥ JS3) 13 osnlito )l o8y 53 5 VYR L
pAS Calisee 08, VAY (g9 p owyp 3 (Xuetal, 2023)
PB4 Connd 5Vl 3o pglio pl8)] 45 2038 dlasMe
ol gl il i pas g G5 lalid 9 50 50 (ulus
3 8lee il omile ol 3l il baes 1y gyip
Jdinges ol adgd ol )3 (65 0hag% pAS SlacaSe)
Bl oS pn0) 08, VF 0 ) Slas o (4l 00 dalllas 18, V¥
Vo oler B3 b3 2SSl STy (sl (e ol
s g oy 5 A8 e S 5

‘_g)LJI 10)‘)&) )J ]) Plﬁ)‘ uJI ).».Q) w:.«oa 45 M)S)‘)S
b ‘_SVL 2 36 w8y Cudn (1 JS8) 0l (s (a5 (yg)
(e 5 $-87- 20.\#5&_5)&5‘ &y ul:w ‘uﬁ)L" s)l.g)J.uB)S)‘)S
22 Ja.;l)...f} Ll by 5 Slae (g5 5l (Sl a8 (g uwo
9 by $-8T-18 5 (15,18 08 93 iz 332 (L85)
93 5 sl 0 Shas 3 jab gl o a8 wiisls )3 s

(¥ JS3) 392 asdllae 390 (gl Ll

bulyd 3 pB)) candy | jgmes S Jga>

DS Joges 3l i 4 gl JSly g5 5 Stasho) glite
S g () wod cutS bulps ¢y Ll Slis (,:Sike
L3 oJLa.M.:] VY poyh b olpen 4 (LES 90)
5 ddgs Al il 5 Glusguad (gly lad Y Y IS
sanlie JIS1 )3 o5 jebplen (Shoad &l @l 5,Sla
$3g08 yome (59 32 w2 baalpd o bgrye (6la e 9 0o
B (Bl e 55y 3 kel Lailyd 4 bgrpe sl it
K,8 L3N bid eVl 3 a8 ol yl3ged po 3.0l S
azab 8 Y ks 5 0 a8 LByl g e balyd o
e dgy iy ddlllas 3)90 Cubio )l | LS)‘#J Lyl
WS 5 N s (S o b b gy &5 (B
A:.)‘Ju u.:‘ w)bw“flml)m 99y ]) d,ob L;Lmualm
Olgie 4 aadly 18 VY s (oYU as elByl e IS jsboas
plodjl 4 dag b s 4B S Jlai )5 leS A5 4 Jexie
g & by po gad dagl (isean 5l jumy 5 JS5 g9, blE
T A e R
Sb ol «Sipe) o8y il iy o Gy (o)
Byl o) 5 48,8 1,500 Las oYl 5 (5-87-20 5 )8
Ol bl pd 93 j0 1) (g5l cglay )3 )1)8 s gg) p &S
33 leg (Bl en) sdiledBl 18, YA ¢ pismed 20
P Ol iy 515 eole B3 dyd ST 6yd e
oy S OB )lype «63930d Sl «Jow)
Cuound )3 (15 9 7 Glie gy 315 55 (yg)le el
b 59 o0g Vb onimdjlis a5 wiid )3 51,8 Vi ks ol
Slllas () JS5) ol (ol cutS) 25 g0 bl 5 el
a8 Coul (6 yumio &> 59 45" Wlodly Lis g 9 pAS o LS
o Ll 5 2o a8 3 Skt lial plo 4 o
i o (59) o S o 3l (VD) 35500 )5
Gloe By B aS ol ol VY oy b gl ades
255 0l @S OlPSE (S ¥ Gz Sl


http://dx.doi.org/10.61882/jcb.2026.1471
http://jcb.sanru.ac.ir/article-1-1471-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 |

[ DOI: 10.61882/jch.2026.1471 ]

paie o303 s lousl cyume 5 315k Sl ol eolbtase cplus dlols

A Sjggygn Slio 5 ISSR (sl ySlis (sl yp pulS cilisen )1 (S5 £95 (o) 2
12
@ . 10
12 18
oy i S
ER:] ] g
= e = A
(] * 2 b
>* @ Fongchen
4 6 8 10 2 14 4 6 bt 12 14
O Ogh oM g
Normal Normal
13 ‘"':
% 11 ;:"
1E .
9y
B‘; ! 5, ® ® Weeb
3 5 1 1
Sastal
Normal
L )‘.)94..» )I ool l) u)lwf u«u) 9 un.u uf'b Ja;l).w ) aly U)? )Ja} )I P..\S PlB)l L;lm ,‘MS ‘9 ) -\ ‘S.w

B

Figure 1. Responses of wheat cultivars in terms of seed weight in non-stressed and water-stressed
conditions using a 1:1 line diagram
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Figure 2. Responses of wheat cultivars in terms of the number of spikes in non-stressed and water-
stressed conditions using a 1:1 line diagram
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Figure 3. Responses of wheat cultivars in terms of seed yield in non-stressed and water-stressed
conditions using a 1:1 line diagram
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0.23 100 10 10 52 47.4 5-AGAAGAGAGAGAGAGACT-3 ISSR-14
0.40 100 10 10 56 51.2 5-CCACTCTCTCTCTCTCTCT-3 ISSR-20

119 128 Total
0.285 93.27 10.81 11.69 Average
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Figure 7. The dendrogram resulting from the clustering of wheat cultivars based on ISSR markers with the UPGMA
method. Samples 1 to 34 represent Pishtaz, Moghan 3, Chamran 2, Rasul, Karkheh, Wibil, Karun, Marvarid, Sirand,
Niknejad, Hirmand, Maron, Gohar, Darya, Zagros, Chamran, Tajen, Dez, Bahar, s-87-18, Chari, Shiroudi, Ohari,
Arta, Pastor, Gonbad, s-87-20, Dena, Bahrang, Dari-Nak, Baz, Sirvan, Fang-Chen, and Kavir, respectively (Chis for
Chinese spring as a control).
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