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Abstract

Given the importance of salinity at the germination stage, this study was carried out with the aim of investigating the diversity of germination
traits in bread wheat 91 cultivars and 204 landraces along with three control varieties (Sistan, Narin, and Arg) under salinity (60 and 120 mM
NaCl) as a factorial experiment in a completely randomized design with two replicates in petri dishes. There was a high diversity between
wheat genotypes in terms of shoot and root length of seeding, shoot-to-root length ratio, germination index, and seed vigor under both sat stress
conditions; while germination energy and germination percentage had low variation. There was a positive significant correlation between all
the traits (except the root length of seeding and the shoot-to-root length ratio) under all three conditions (control, 60 and 120 mM NaCl). From
the factor analysis, the PC1 and PC2 under 60 mM NaCl treatment were named as seedling weight and germination percentage, respectively.
Under 120 mM NaCl treatment, PC1 and PC2 were named as germination percentage and seedling weight, respectively. Based on the biplot,
1P624925, IP628189, and IP624838 landraces and ADL, AFLAK, KHAZARL1, and RIJAW cultivars were identified as superior genotypes
under 60 mM NaCl treatment. Moreover, IP627103, 1P624596, 1P626566, 1P625433, and IP628189 landraces and Shiroodi and Dastjerdi
cultivars were selected as superior genotypes under 120 mM NaCl treatment. Overall, the selected genotypes were identified as genetic material
with the potential of salinity tolerance based on multivariate statistical analysis.
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Table 2- Analysis of variance of seed germination-related traits in wheat cultivars and landraces under
normal and salinity conditions
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ks < 3 = + 3 R y E Y = E Y £ =
n =1 D o > @ £ £ 2 5
= @ s} o ) [0) [} 5]
1] n =} (O] & 3
* @© 3 &
V'._’ 297 13.044” 26.942" 59.994" 0.156™ 0.00106™ 0.546™ 0.1118" 53.075™ 0.127" 1322.426™ 83.411"
Cultivar
S5 o 2 2748.92" 1164.78™ 7482.79" 7.134" 0.0417™ 1.109™ 4.2706™ 2751.152" 4.0042" 39570.64" 8699.35™
Salt level
b x
_‘5)’“ o 594 2.852" 3.549" 9.071" 0.017" 0.00031" 0.072" 0.0071" 34717 0.0105" 103.053" 9.0098"
Cultivarx Salt level
o
894 1.213 1349.24 3.828 0.0095 0.00018 0.034 0.0035 1371 0.0052 49.384 3.657
Error
CV (%) 15.65 21.58 15.37 16.31 23.01 20.93 9.11 10.53 9.45 9.01 18.35

*and **: significant at the 5% and 1% of probability levels, respectively.
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Table 3- Descriptive statistics of seed germination-related traits in wheat cultivars and landraces under
normal and salinity conditions
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» © 2 14 > 5 @ .. 5 o] I 2 5
o w 6} T 2 2 o} L} S} 0] O] o} g ot
Mean 9.229 7.056 16.285 0.699 0.066 0.791 0.741 13325 0.847 86.154 14.336

Std. Deviation 2222 2.966 4.285 0.209 0.016 0.386 0.134 3.417 0.137 13711  4.985

0 CV (%) 24081 42.038 26.311 29.974 25499 48902 18.097 25.647 16.226 15913 34.775
Skewness 0.008 0.162 0.132 0.528 0.161 1.577 -1.106 -0.428 -1.272 -1.311 0.022

Kurtosis 0.241 -0.855  -0.201 0.374 0.522 3.971 0.792 -0.089 1.288 1.386 -0.372

Mean 6.954 5.754 12.709 0.615 0.058 0.837 0.653 11.004 0.765 77.825 10.217

Std. Deviation 1.941 2.637 4.091 0.198 0.015 0.371 0.151 3.279 0.164  16.538  4.502

60 CV (%) 27906 45.835 32.187 32.245 26949 44242 23152 29.805 21509 21.251 44.061
Skewness 0.665 0.451 0.608 0.768 0.389 1711 -0.893 -0.286 -1.011  -1.053 0.418

Kurtosis 0.918 -0.631 0.058 0.584 0.439 6.808 0.256 -0.289 0.634 0.726 -0.242

Mean 4.932 4.262 9.195 0.482 0.049 0.877 0.571 9.021 0.683 69.825  6.697

Std. Deviation 1.577 1.878 3.118 0.161 0.026 0.359 0.165 3.099 0.189 19.399  3.332

120 CV (%) 31976 44.071 33916 33.265 53.210 40945 28970 34.358 27.755 27.783  49.749
Skewness 1.129 0.530 0.707 0.476 13.517 1.644 -0.752  -0.263 -0.737  -0.774 0.672

Kurtosis 2.968 -0.115 0.777 0.540 269.512  5.033 -0.025 -0.298 0.1003 0.0935  0.960
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Table 4- Correlation between seed germination-related traits in wheat cultivars and landraces under normal
and salinity conditions.
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o o2 dsb Jsb I 5033 ;i: :i ols e &3 NN ”j;
Jes sl ol aaby, el el el € 4,4,@1 Sl Gl Gl il ;L;
Corr. For normal RL SHL PL WW DW SHLRL Gl GR GE GP sV
RL 1
SHL .348%* 1
PL T54*%*  878** 1
WwW B45**  701**  769** 1
DW A95**  BEQ**  §3gFx  75]** 1
SHL.RL S249%*%  TTLR* Al14** 36T** 272** 1
Gl 363**  513**  BAB**  BEO*E  4]19%*  297** 1
GR 288**  A407**  432**  483**  344**  220*%*  912** 1
GE 359**  B34**  B57**  BE7**  A36**  332**  950** |762** 1
GP 382**  533**  568**  560**  .424**  315**  048**  755** = Q85** 1
SV 691**  850**  948**  778**  .623**  A417** 746** . 591** 769**  782** 1
— o
S sl (Ko oa Jb Jsb b o ;’; :i T B “’;
A s SV go e B arady) ardila ol =l el 4,45\.41 Sl Gl Gl Sl ;L;
Corr. For 60 mM RL SHL PL WWwW DW SHLRL Gl GR GE GP sv
RL 1
SHL .610** 1
PL 858**  931** 1
WwW 718**  7AB**  817** 1
DW B69**  BA2**  pl4xk  773%* 1
SHL.RL -029  725%*  AB7**  368**  249** 1
Gl A32%*  B04**  5Q7**  BYTx*  AB@**  304** 1
GR B97**  A21%*  ABE**  510**  488**  215%*  Q27** 1
GE A26**  503**  523**  575**  452**  316** .969**  .829** 1
GP A27**  517**  B32**  584**  463**  .336** .968**  .824**  990** 1
Y 794%*  883**  Q30%*  B33xk GOk AGAkx  JHgRE  GEQxk  TRIw* Q% 1
PP P Jsb Jsb Jsb 503 ;’; :i Al e &5 NS ":;
B e Ve e VY ey, il S els PRES 4,‘4;:@ G G G S ;L;
Corr. For 120 mM RL SHL PL WwW BW  SHLRL Gl GR GE GP iy
RL 1
SHL .656** 1
PL 892%*% 926w 1
WwW J01%*  698** 767 1
DW 359%*  483**  468**  5A5** 1
SHL.RL -093  .639**  336**  231**  263** 1
Gl 396%*  525**  BIpwx  BABRx  39]%*  3]]x* 1
GR 341**  491**  464**  604**  342**  313**  Q37** 1
GE A402**  501**  500*%*  .626** .381** .273**  978**  .864** 1
GP 390**  520**  506**  .631** .401**  .314** 979**  863** 991** 1
Y 781%*  8B4**  Q07**  806**  503**  356%*  78L**  GO2**  781**  788** 1

Abbreviation; RL, Root length; SHL, Shoot length; PL, Seedling length; WW, Seedling fresh weight; DW, Seedling dry weight; SHL.RL,
Root-shoot length ratio; Gl, Germination Index; GR, Germination Rate; GE, Germination Energy; GP, Germination Percentage; SV,

Seedling Vigor Index
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Table 5- Eigen values, Eigen vectors, and variance of seed germination-related traits in wheat cultivars and
landraces under normal and salinity conditions.
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Figure 1- Biplot of bread wheat cultivars landrace by seed germination-related traits under salinity and

normal conditions based on the first and second principal components.

Abbreviation; RL, Root length; SHL, Shoot length; PL, Seedling length; WW, Seedling fresh weight; DW,

Seedling dry weight; SHL.RL, Root-shoot length ratio; GI, Germination Index; GR, Germinat
Germination Energy; GP, Germination Percentage; SV, Seedling Vigor Index.

f

ion Rate; GE,



\F'YQMU/Ya)L«Q/\Y&/Q‘ﬁ‘JJuLngLer)l&Aij&;

b 53 odbolotl sl 55 Olen 03 8 nl s s
05,5 pl Slaa 95 caont )3 At SO gL 1350 C
A lin el (6550 A5 Lyl 5 ST 6l
Lls 1 58obe b Do plad (s ol 25,5
s 55 0la 0g 5 cpl o Bl slbaas 55 sy
e s s Ol s sad A Cad 3 alb o]
Sosd 5 Ll s 53 iS (gl es 8l Sl 55
Al s

S PRV COpUR U PO WRL R RO
Jsles 8 8 Jsaa) oy £ oy xSle Ol e s
sy s 1y Sl 3 S Sl gl sl
Slacs 55 Olan 055 (nl 53 @ly Glac—isss
ey s O gl 15 503 A Cadd 3 alb O]
Sosb A5 b 55 a8 (6105 8 pl a5
Sl o sme Kl (1l £33 05,5 Al o ol
Olar o3 8 ol 53 Bl Glags 55 ay Sliw pls
Ml 15508 C Lo 55 0l 3Ll sla i 55
35S Gl pos S cpl Gba 55 cams s A d
Sl 098 il gr bl b (65 5 5 Loyl
S 55 L 1yl 1) (:Kibe 0 565 Sliws plas
a5 0li 3l glac s 95 Olen oy & pl s &\
o); o S 85 oy s WL s 58 D
058 A olin (6555 A5 oyl 55 L3S 6l
e le Jsb Sl 5 araly, dsb Slio Gl poler
b 5t Sils Dl L 1 5 7 e e
Olar 055 opl s Bls a5 sl L&
Wl 1508 B e 55 0l 5Ll gla i 45
35S (Gl pos S cpl Gba 55 cams s A d
Al o i b (6558 AT Ll 2

o 5 pll o (S5 dob a5 L JS s
S 553 5105 Py 5 p I3 03 8 O Hf e
Al S 4 (b Jomta ) 2 B el 6T

L o (6354 laasl 53 (650 oo Sla el

fY

306 et gy slaes 5 5 o8] (S5 £ 55 (o

Slavgs & o

L 0L pS o (slaes s 5 oLl (slaii s 4y o
Syse Ward Sgy 4 g o g ddil ol m o Sl eslizal
Db Jle i Sl aw s sy 00 slacs 55 CJJf
Calien 03,5 lazr 53 LIS e YV pa o VY0 55
Ik 42 Sl ol ol b Gillae b oS8 513
(Y JS8) s

s ebld 4 e dle g Ll 5 ) lad o 4 s
05,5 Sl 4 0L puS g slaos s 5 o) suail
VO 5PN DA Gl s 4 F LY glaey S s
Prled o OLALS 55 (Slad s 4o id g G 55
bl suarh 5 lolis 4 e b IS oyt )Y 50 s
Vsloos S ios S ler 4 06 puS pay slres s
Ly B3 WS AY SV P s s 5P U
N 70 Hles Comd OLaLE 55 sl o 4 25
s bl guail 5 gl b4y e L i
GV gloog S ks 0 8 sler 4 06 i oy glaos 5
ISTEPTRER AL I RA L A WA KA ST B EREI TR ¢

el bl e IS i Y se da P e o
(8 ) (o D) Loy £ o :S0le Sl lis
.mﬁt,m)@é\:ﬁw:vs;;wcuL;lﬁJ)ub?
Slacs s Olar 055 oal 53 @y laceisss
ey At OMW 6L 15 503 D Cnd 5 ol oloet]
oz A5 Il 55 a8 (6l p 0 8 pl o 55
dr il Jsb S Lo sl 33 058 it s
$lpes S ol g Lls ) oBole o 5 aradns 4
Sl 55 sy o e oSk shls Sl L
Coand 3 0l l3l glac s 95 Olen oy 8 pl s &l
05,5 cpl G 95 sty diteas S Sl Ll5 505 B
AL o e s (650 AT Ll 5 5> iST
il Jsb Sl g le Job Slio (sl p gm0 8
Slos S ol iy Lls 1) 5 Kbe p 508 aratu; &

T Y PR PY L;Lw}h u:il:.e shlsolies lu



VY Olsls /Y 05l /NY o/ 0l 5 (65515 5 ke 25 O 5 &gl

s 5 5 s Tl s o et 5 e S S5l Slio slome Ol 5 80k 4y lin 5 Jr
Table 6- Mean comparison and standard deviation of wheat seed germination-related traits between clusters
under salinity and normal conditions

by Lalys
Normal conditions
Slis Jsl as £33 485 pom 4 poler b
Traits First cluster Second cluster Third cluster Forth cluster
[N SRR
j 58 19 116 105
Number of genotypes
RL 8.5b 6.9a 10.3c 8.8b
ShL 5.1b 3.5a 8.9d 6.7c
PL 13.5b 10.4a 19.2d 15.6¢c
wWw 0.57b 0.43a 83.d 0.67c
DW 0.057b 0.05a 0.073d 0.066¢
ShL_RL 0.63a 0.50a 0.90b 0.80b
Gl 0.61b 0.42a 0.84d 0.76¢
GR 10.4b 7.1a 15.4d 13.7c
GE 0.72b 0.50a 0.94d 0.86¢
GP 73.2b 51.1a 96.4d 88.2c
B 9.9b 5.4a 18.5d 13.7¢c

OYsasben #4) 5555 A5 gl
Salt stress conditions (60 mM)

Sliw sl as £33 4k p o b poler ab s

Traits First cluster Second cluster Third cluster Forth cluster
[P IR

) 26 67 92 113

Number of genotypes

RL 5.4a 6.5b 6.1b 8.1c

ShL 3.4a 5.6b 4.1a 7.3c
PL 8.9a 12.2¢ 10.1b 15.4d
ww 0.42a 0.59¢ 0.49b 0.75d
DW 0.045a 0.057¢c 0.051b 0.065d
ShL_RL 0.64a 0.90b 0.65a 0.93b
Gl 0.34a 0.67¢c 0.52b 0.78d
GR 5.3a 11.2c 8.5b 13.5d
GE 0.41a 0.78c 0.63b 0.90d
GP 42.6a 80.3c 64.5b 91.7d
SV 3.8a 9.8¢c 6.5b 14.1d

GY 50 shen VY0) (6555 25 Lyl
Salt stress conditions (120 mM)

Slis sl s o> ad po 4 poler ad
Traits First cluster Second cluster Third cluster Forth cluster
Lo 55 sl
; 104 78 26 90
Number of genotypes
RL 5.5¢ 4.5b 3.7a 4.8b
ShL 5.1d 3.5b 2.2a 4.4c
PL 10.7d 8.1b 5.9a 9.3c
WwWw 0.58d 0.40b 0.28a 0.48c
DW 0.058¢ 0.043b 0.031a 0.050b
ShL_RL 0.94c 0.79b 0.58a 0.95¢

Gl 0.71d 0.44b 0.23a 0.60c
GR 11.4d 6.7b 3.4a 9.7c
GE 0.85d 0.54b 0.29a 0.71c
GP 41.6a 72.4c 54.5b 81.5d
SV 9.4d 4.4b 1.8a 6.8¢c

A.o).s_‘i.u@JL«:.»Ic!a.d).m;)\;s'.ujL;Jlsgu(»\f.;;q**;*‘”s

", *and **: not significant, significant at the 5% and 1% of probability levels, respectively.

Abbreviation; RL, Root length; SHL, Shoot length; PL, Seedling length; WW, Seedling fresh weight; DW, Seedling dry
weight; SHL.RL, Root-shoot length ratio; GI, Germination Index; GR, Germination Rate; GE, Germination Energy; GP,
Germination Percentage; SV, Seedling Vigor Index
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Figure 2- Dndrogram of cluster analysis of bread wheat cultivars and landrace based on seed germination-
related traits under salinity and normal conditions using Ward’s method
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