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Extended abstract

Introduction

Durum wheat (Triticum turgidum L. var. durum) is the second most crucial wheat and the tenth main
crop globally. Salinity stress prevents water absorption from the soil and disturbs the ionic balance of
the cell. As a result, metabolic processes such as seed germination, seedling growth, flowering, and seed
formation are inhibited. The purpose of this study is to the evaluation of the effects of salinity stress on
the germination and seedling growth of different durum wheat genotypes, as well as to identify and
select tolerant genotypes using multivariate selection indices such as the ideal genotype selection index
(IGSI) and the multi-trait genotype—ideotype distance index (MGIDI).

Materials and methods

In this research, 50 different durum wheat lines and genotypes were prepared by the Agricultural
Research, Education and Extension Organization of Iran and were evaluated in terms of tolerance to
salinity in the germination stage, as a factorial experiment, based on a completely randomized design
with three replications. Salinity levels included o, 75, 150, and 300 mM sodium chloride concentrations.
After one day, counting the number of germinated seeds was started daily. Based on the data obtained
from counting the germinated seeds, various parameters of seed germination, including coefficient of
the velocity of germination (CVG), germination index (GI), average germination duration (MGT),
average daily germination (MDG) and final germination percentage (FGP) were calculated. In addition,
after ten days, the characteristics such as root and shoot length and dry weight of root and shoot were
measured for each genotype. Also, using the seedling height and dry weight, and the seed germination
percentage, the seedling vigor was calculated. The MGIDI index of the studied genotypes was calculated
based on factor scores of the first three factors with eigenvalues greater than one in factor analysis based
on principal component analysis (PCA). The IGSI index also was calculated considering all the traits.
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Results and discussion

The analysis of variance showed significant differences (p < 0.01) between salinity levels and between
genotypes in terms of all traits. But, the interaction effect of salinity x genotype was not significant for
all studied traits. The comparison of the salinity levels showed that the germination components and the
length and weight of the root and shoot decreased by increasing salinity levels. Factor analysis based on
principal component analysis (PCA) showed that in normal conditions and salinity (150 mM NaCl) stress
conditions, the first three factors with eigenvalues greater than one explained 83.89 and 84.97 percent
of the total variance among the traits, respectively. According to the MGIDI index, under normal
conditions based on the selection intensity of 30%, genotypes G30, G39, G51, G19, G14, G2, G31, G34,
G5, G48, G7, G26, G1, G23, and G33 have the lowest values and were favorable. In 150 mM salinity
condition, genotypes Gg, G2, G29, G5, G12, G47, G30, G1, G31, G10, G34, G41, G13, G49, and G16 were
the best genotypes with the lowest MGIDI values. According to the IGSI index in the 150 mM salinity
level, genotypes G5, G29, G2, G30, G23, G9, G12, G1, G10, G41, G47, G34, G48, G16, and G13 have the
highest values (between 0.60 to 0.80) were considered as desirable genotypes. On the contrary,
genotypes G43, G46, G4, G26, G15, G19, G8, G14, G35, G44, G24, and G42, having IGSI values less than
0.40, were considered weak genotypes in this condition.

Conclusion

In this study, IGSI and MGIDI indices were used to evaluate the response of different durum wheat
genotypes to salinity using all studied traits. In general, the results of the present research showed a
considerable genetic diversity among the studied durum wheat genotypes in terms of salinity tolerance
at the germination stage, which can be used in the breeding programs of this valuable crop. Also, the
IGSI and the MGIDI indices were effective in identifying superior genotypes based on all the studied
traits. Using these indices in breeding programs to select desirable genotypes can be fruitful and
effective.
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Table 1. Analysis of variance and the means comparison of the different salinity levels for the germination indices and
seedling growth of durum wheat genotypes

R gl a2 e g FGP MDG MTG  RL RW
S0V df
salt (S) b 3 7577 226137 6913.75" 141.49™ 53.49" 1850.48" 12292.95"
Genotype (G) iy} 49 005" 63277 126.11™ 258 045" 450"  94.49
SxG igiix gyed 147 001 19.47™  4837™  0.99™ 009" 153"  40.92"
Error oLdl 400 001 1438 3975 081 009 141 45.56
CV% 1313 1651 6.76 676 1861  19.19 19.90
0  0957° 2876% 98.60% 14.09° 1059 9.86°  39.222
S gl 75 0785 21.64b  97.24% 13.89° 1.33° 895 41.562
salinity (mM) 150  0.610° 21.68>  93.62° 13.38¢ 170" 428°  34.30°

300 0.436¢ 19.79°¢ 83.58¢  11.94° 2.43° 1.68¢ 20.60°

Table 1. Continued alol ) Jgus
e @laz o) SDLV SDW SDWV sL SW
5.0.V df
Salt (S) S 3 6928.34"™ 6992.59™ 66099.32" 76359.98™ 1626.06™ 23121.54™
Genotype (G)  wwigj 49 9.58" 11.68™ 286.15 246.00 3.30™ 61.81"
SXG  quigix gyed 147 4,52 437" 118.44™  120.96™  1.83™ 38.14"™
Error olail 400 4.07 4.74 128.14 119.08 1.08 33.06
CV% 20.21 22.56 19.44 19.75 24.25 23.24
0 17.862 17.592 74.182 73.002 8.002 36.962
Go9% Tolw 75 12.85°b 12.51°P 73.942 71.832 5.90°P 32.11°b
Salinity (mM) 150 6.95°¢ 6.51°¢ 55.04° 51.28° 2.67¢ 20.74¢
300 2.291d 1.99d 29.76¢ 24.90¢ 0.61¢ 9.16¢

aoy ) Jlasl mhans 5o glel Sl 1wl e g glls sl Silie o po V 5 O Jlais! mlaw jo o sme i 5 4 g ¥l e yue M

IRCLOWE N KPP

5Sile MDG «day-1) Sjaile> ey o po CVG ¢ Ll S5ailsx oo y0 FGP ¢ Ssails> asli Gl «day) Ssails> by nSile MGT

«(MQ) azaslu 39 SW «(MQ) azais, o539 RW «CM) aalS Jsb SDL «(CM) azasles Jobo SL «CM) azaiy, Job RL «(/) ailjs, o3l

azalS )59 Fi9 AL SDWV g azals 15505 Job (a5Ls SDLV «MQ) azals (55 SDW

ns, non-significant, * and ** significant at 5% and 1% probability level, respectively. Nonsimilar letters show a statistically
significant (p < 0.05) difference between salinity levels

MGT, mean germination time (day); Gl, germination index; FGP, final germination percentage (%); CVG, coefficient of

velocity of germination (day-1); MDG, average daily germination (%); RL, root length (cm); SL, shoot length (cm); SDL,

seedling length (cm); RW, root weight (mg); SW, shoot weight (mg); SDW, seedling weight (mg); SDLV, length index of
seedling vigor; and SDWV, weight index of seedling vigor
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Fig. 1. Heatmap showing the scattering of studied traits in durum wheat genotypes and their clustering based
on Ward method under non-stress conditions (a) and 150 mM NacCl salinity leve (b). The numbers show the

clusters
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Fig. 2. Ranking pattern of different durum wheat genotypes in ascending order based on IGSI index in normal

(a) and 150 mM salinity level (b)
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Table 2. Factor loadings after Varimax rotation and the estimated contribution of traits and eigenvalues and variance
justified by each factor in factor analysis under normal conditions and 150 mM salinity level

Normal conditions

150 mM NacCl level

b FAL FA2 FA3 S&lolee FAL FA2 Faz Sl ol
Variable Communality Communality
MTG 002 -091 001 0.82 012  -097  -0.09 0.97
Gl 002 -097 -0.05 0.94 031 -059  -0.57 0.77
FGP 000 -0.86 -0.10 0.75 010  -012  -0.95 0.92
cVG 001 -090 001 0.80 0.07  -097  -0.05 0.94
MDG 000 -0.86 -0.10 0.75 010  -012  -0.95 0.92
RL 064 000 033 0.52 063 005  -0.43 0.59
sL 090 004 -0.06 0.81 0.89 -022 008 0.84
SDL 095 002 019 0.94 093 -012  -0.17 0.91
RW 006 015 0095 0.94 060 015  -0.47 0.60
Sw 080 005 0.36 0.78 089 -025 0.6 0.88
SDW 057 012 079 0.96 091  -005  -0.22 0.87
SDLV 094 -014 017 0.94 0.84  -014  -0.44 0.91
SDWV 057 -0.06 0.79 0.95 077  -010  -0.56 0.92

_ R 540 412 138 6.86 221  1.98

Eigenvalues

ez Wbl ey 4g 56 3168 1065 5277 1696 1524

Variance (%)

oWlly rexd Moy 4 55 7304 8389 5277  69.73 8497

Cum. variance (%)

sailyg, Salsx Sibe MDG ¢ J3alsz e s o 0 CVG ¢ ol Salsz auo )0 FGP ¢ Siaile a3ls Gl ¢ giails> lo; nKile MGT
15525 sk 231 SDLV tazals ()59 SDW sazables 55 SW tazaiy; ()59 RW tazals Jsbo SDL tazails Job SL sazasy, Job RL

azelS 16505 Ji9 azls SDWV 4 azels

MGT, mean germination time; GI, germination index; FGP, final germination percentage; CVG, coefficient of germination
velocity; MDG, average daily germination; RL, root length; SL, shoot length; SDL, seedling length; RW, root weight; SW,
shoot weight; SDW, seedling weight; SDLV, length index of seedling vigor; and SDWV, weight index of seedling vigor
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Fig. 3. The ranking pattern of different durum wheat genotypes in ascending order based on MGIDI index in

non-stress conditions (a) and 150 mM NaCl (b)
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Table 3. Selection differential based on MGIDI index for studied traits in durum wheat genotypes in normal conditions

and average salinity levels

il A S (i 35 |y 2050
Mean Selection Differential Percentage (SD%)
bilps  cde el S (B0%) coiiieog S coitien 09, S ol il 095 & Cannd

Conditions  Trait Factor Total Selective genotypes Non-Selective  Per total mean Per Non-Selective group
RL FAl 9.6 10.94 9.40 10.98 16.46
SL  FAl 8.00 8.88 7.62 10.99 16.47
SDL FA1l 17.86 19.82 17.02 10.99 16.47
SW  FAl 36.96 41.62 34.96 12.61 19.05
SDLV FAl 17.59 19.59 16.74 11.37 17.07
s MTG FA2 1.05 1.04 1.06 -1.43 -2.03
Jbo Gl FA2 28.76 29.07 28.63 1.07 1.54
Normal GP  FA2 98.60 98.96 98.45 0.37 0.53
CVG FA2 0.96 0.97 0.95 1.06 1.52
MDG FA2 14.09 14.14 14.07 0.37 0.53
RW  FA3 37.22 39.93 36.06 7.29 10.75
SDW FA3 74.18 81.55 71.02 9.94 14.83
SDWV FA3 73.00 80.58 69.76 10.38 15.52
RL FAl 4.28 4.63 413 8.15 12.07
SL  FAl 266 341 2.34 28.02 45.50
SDL FAl 6.95 8.04 6.48 15.78 24.17
. SW  FAl 20.74 24.35 19.19 17.43 26.91
G oy FAL 651 7.64 6.02 17.49 27.01
wemM  MTG  FA2  1.70 1.53 1.78 -9.93 -13.60
Gl FA2 22.68 24.12 22.06 6.38 9.36
150 mM GP  FA3 93.62 95.33 92.89 1.83 2.63
Salinity cvG FA2 0.61 0.67 0.59 9.14 13.60
level MDG FA3 13.37 13.62 13.27 1.82 2.63
RW  FAl 34.30 36.33 33.43 5.93 8.69
SDW FAl 55.04 60.69 52.62 10.26 15.34
SDWV FAl 51.28 57.50 48.62 12.12 18.26

Si0lez 5 Kilee MDG ¢ Sjails> cae s o 20 CVG ¢ ol Sjailsx oo )0 FGP ¢ Gsails> a3ls Gl «day) Sjals> olej Xilbe MGT
sk a3l SDLV tazmals (159 SDW tazadls (55 SW sazaiy; ()59 RW tazals Jsb SDL tazadle Jsb SL tazaty, Job RL «ailys,

4zl 5959 Fi9 a3l SDWV g tazals’ 565y

MGT, mean germination time; GI, germination index; FGP, final germination percentage; CVG, coefficient of germination
velocity; MDG, average daily germination; RL, root length; SL, shoot length; SDL, seedling length; RW, root weight; SW,
shoot weight; SDW, seedling weight; SDLV, length index of seedling vigor; and SDWV, weight index of seedling vigor
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