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Evaluation of salinity tolerance in Iranian rice recycling linseed seedlings
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ABSTRACT

To study the genetic diversity of 74 Iranian recombinant inbred lines of Neda x Ahlami Tarom under
salinity stress in seedling stage, an experiment was conducted in completely randomized design with three
replications and two conditions of normal culture and salt stress at Gonbad Kavous University in 2015. The
seedling was evaluated in 6 dSm'! salinity for a week, and then salt stress was increased to 12 dSm''.
Chlorophyll content, root and shoot lengths, root and shoot dry weights, leaf area, length and width of the
biggest leaf, root numbers, root diameter, root density, Na* and K* concentrations of root and stem, Na*/K*
in shoot and root, Length, width and number of stomata and salt tolerance score were recorded. The
significant differences between the lines for the studied traits showed the variation between them. The
highest correlation was observed between root diameter and root surface density. The correlation
coefficients were significant for seedling dry weight, leaf area and chlorophyll content and root length. In
the stepwise regression, chlorophyll content and leaf area described the most significant changes. Cluster
analysis based on total seedling traits divided lines into four groups andlines 11, 102, 39 and 85 were
resistant to salinity stress. The results obtained from this study can identify the lines tolerated for crossing
and prepare populations suitable for breeding programs.
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Figure 1. Seedlings of rice lines under normal (right) conditions and salinity stress in EC=12dS.m™! (left).
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Table 1. Modified standard evaluation score (SES) of visual salt injury at seedling stage
(Grigorio et al., 1997).
Reaction Damage Score
Highly tolerant Normal growth, no leaf symptoms 1
Tolerant Nearly normal growth, but leaf tips or few leaves whitish and rolled 3
Moderately Tolerant Growth severely retarded, most leaves rolled, only a few are elongating 5
Susceptible Complete cessation of growth, most leaves dry, some plants dying 7
Highly Susceptible Almost all plants dead or dying 9
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Table 2. Combined variance analysis of the studied traits in Fs seedling obtained from the Neda x Ahlami
Tarom under normal and salinity stress.

MS

\S/;)g;ifosn()f df  Chlorophyll Stem length Root Root Leaf Leaf width Leaf arca Shoot. fresh Root' fresh

content length number length weight weight
Culivation 5555 37005 29307 54407 10.5147 0387 437157 0.006” 0.00
conditions
Error a 4 0.080™ 40.5047  30.795™ 34577 26286  0.005 1.330™ 0.002"" 0.000™
line 73 0.0255™ 38.6648™ 10.887"  3.670™  19.581"  0.007™" 1.507"" 0.000™ 0.000™
x line
Cultivation 73 0.0134™ 3.7860™ 2.188™ 0.826™ 2.640" 0.002"" 0.280" 0.000™ 0.000™"
conditions
Error b 292 0.0008 1.5359 0.461 0.178 0.664 0.0001 0.040 0.000 0.000
CV 13.522 7.1884 10.052 8.124 6.593 4.8893 0.277 18.592 20.553
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ns, *,**: Non significant and significant at 0.05 and 0.01 of probability levels, respectively.



YA ITAQ 5l o 5,Les D) 850 olnl ely; LS psle

9 1o (W 5l Jeol> Fs slaazalS 1o 5,95 25 9 Jloy Ll 10 (cw)p 8590 Slao oS po uilyjlg 4525 =Y Jgaz aslol

Table 2. Combined variance analysis of the studied traits in Fs seedling obtained from the Neda x Ahlami

Tarom under normal and salinity stress.

MS
SOU..I‘C.CS of df  Fresh Shootdry Rootdry Dry Score Score Root Root Na“ content
variation biomass  weight weight biomass  (6dS/m) (12dS/m) diameter  density shoot
Cultivation o006 0000 0.000™  0.000™ 269.630" 2607.6° 2981 57727  90181.8"
conditions
Error a 4 0.001™ 0.000™ 0.000™ 0.000™ 3.846™ 23" 0.711™ 544.42™ 1104.8"
line 73 0.001™  0.000™ 0.000™ 0.000™ 3.164™ 2.5% 0.349™ 371.80™ 177.1%
x line
Cultivation 73 0.000™  0.000™ 0.000™ 0.000™ 3.164™ 2.5% .0802™ 70.46™ 149.4™
conditions
Error b 292 0.000 0.000  0.000 0.000 0.230 0.3 0.008 6.41 8.5
cv 14.134 8.858 22.818 10.298 26.977 17.9 13.95 17.04 15.6
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ns, * **: Non significant and significant at 0.05 and 0.01 of probability levels, respectively.
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Table 2. Combined variance analysis of the studied traits in Fs seedling obtained from the Neda x Ahlami

Tarom under normal and salinity stress.

MS

¢ df Na“content K" content K"content Na”/K" Na”/K'root Length Width Stomata

root shoot root shoot stomata stomata number
Cultl.\/?.tlol’l | 5125341 252116 0.068™ 0.000% 0.557" 156.48 683.68 9953.98
conditions
Error a 4 817.11™ 1762.62"  358.569™ 2.398" 18.699™ 172.26™ 25.72™ 1810.87"
line 73 241117 120.30™ 43.026™ 3.014™ 13.749" 34.91™ 21.20™  2117.69™
« line 0.345m 18.93" 12.08" 1125277
Cultivation 73 193.82" 72.86™ 40.416™ 0.001™
conditions
Error b 292 13.11 4.92 3.588 0.054 0.391 8.536 4.194861 528.92
CV 23.27538 11.98 32.176 12.950 15.550 9.264 10.49 18.14
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ns, *,**: Non significant and significant at 0.05 and 0.01 of probability levels, respectively.

(SLS 005l ) 5 Al SS () ¢ 00giCem
(g i Lalpd yo il o Ty polie oy iy
S e i VIV Y XY s sl
F 039 iy P 0j9 M ITE (Y aiog 0095 un 5
=095 9y iy a8 g 5 0398l Bl SiS g
(F Js92) 050 (om0 0350 SloinY 2 0 S sl
4 1S oo Cailon S g Ble (Job b 5l (698
oS 2 5 S2alS o558 ol (sl o (e
(Flowers & Yeo, 1988) cewl ¢l S o coled 4o 4
s pas wisls i w59y 2 adllas b lasoes
5l cod (lez oS 5l L8 a8l axwgy DLlS
Oesl Olge 4 Sy Lol 9 W55 00 LB (58
(Alam et al., 2004) oy o 2alS oS Jorll uSe

RS A S (o 32 3)90 Slagad sl liie (ST
J5S1 gl eenS Ll ik Y Bl 51 aS s g
ozl 4 o Cand (SLES 009§ 52 o Solbo
Jliol mhaw )3 ads ) poaly @ o Sonnd 9 ABla
(Bl 31 og o dae 0gd b pae do s S
5 by Lulys o by Sslice s, saimse s
Ylotml g Canl (g2 9,90 Dlao [l 5590 a5
Lulyd a4 1Sl o 1, ol o Sglite Slapanilice
Sl s Wlge o wmose oLt conS il
alflazr ©)goa iS Lull 5o 6ly celie g6
Slao (5:Ske 555 18 eolitiul 350 (Jloyi 5 25)
Lol jo iy sl oy w1 slp ead b))
Slas bl ry' e as ol flas (¥ Jguz) Jloy
Sy ol Sy Sy Jsb il o



S Py oY gleamals ;o )08 a4 Josd gl iohSes 5 (Jezi YAY
oy dulps o 50 sboepY doyo miy ¢l oad obj)l Glas (1Sl -V oo
Table 3. Mean evaluated traits of best lines (5%) in normal conditions.
Shoot
Stem Root Leaf Leaf Leaf
Line Chlorophyll Line length Line length Line Root Line length Line Roqt Line width Line area Line fr?Sh
content number density ) weight
(cm) (cm) (cm) (cm) (cm?) (@
32 0.68 7 2417 107 11.60 19 8.00 28 1683 107 4339 32 039 99 425 14 0.07
11 0.58 32" 2215 46 1145 100 7.75 32" 1637 46 4202 85 037 '32 407 32 07
85 0.55 28" 2185 5 9.15 116 7.08 116 1625 36 3586 99 034 32 403 7 0.06
99 0.50 102 2180 36 890 55 7.00 99 1591 7 2945 110 034 116 4.01 116 6.0
HSD 0.19 HSD 557 HSD 337 HSD 196 HSD 391 HSD 10.63 HSD 0.05 HSD 1.02 HSD 0.03
oy byl o 50 slaenY do o iy lpoads Jbj )l Glas ke -F Jsaz aslol
Table 3. Mean evaluated traits of five percent of best lines in normal conditions. Continued
Root Fresh Shoot Root Dry Na" Stem Na* root
. fresh . . . dry . dry . . . Root content .
Line . Line biomas Line . Line . Line biomass Line . Line content
weight () weight weight () diameter (mg/g (mg/g DT)
® (8 (8 DT)
98  0.01 14 011 32 0.016 10 0.006 36 0.018 36 1.30 84 1.28 98 1.19
36 0.01 32" 0.08 14 0.015 2 0006 32 0.018 107 1.23 32 1.43 23 1.64
101 0.01 101 0.07 116 0.015 36 0.002 46 0.018 26 1.14 100 148 50 1.71
26 0.01 116 007 99 0014 34 0.002 30 0.017 46 1.13 5 1.62 79 1.73
HSD 0.07 HSD 0.02 HSD 0.004 HSD 0.001 HSD 0.005 HSD 038 HSD 374 HSD 11.82
Jbys .la.:‘/.w 30 Spslaepy as,e o) 6‘;% o ‘53L3",)| Slaw 12Ske -V Jou> aslol
Table 3. Mean evaluated traits of five percent of best lines in normal conditions. Continued
+ +
. K’ Stem . K" root . Na*/K* . Na*/K* . Stomata . Stomata Number of
Line content Line content Line shoot Line oot Line length Line width (um) stomata
(mggDT) ___ (mg/gDT) (um) :
43 43.64 109 14.28 101 0.75 91 0.304 117 38.98 36 27.19 7 21.5
24 40.56 43 13.95 110 0.84 19 0.382 85 38.84 91 25.62 50 19.0
10 40.12 10 12.44 107 0.86 45 0.702 26 38.63 86 24.82 93 18.0
109 33.88 86 12.17 85 0.89 90 1.875 68 3837 113 24.63 12 18.0
HSD 21.66 HSD 8.80 HSD 1.02 HSD 2.839 HSD 11.03 HSD 7.60 HSD 9.04
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Table 4. Mean evaluated traits of five percent of best lines in stress conditions.
Stem Root Root Leaf Chlorop Root Leaf Leaf tho?lt
Line length Line length Line %% Tine length  Line hyll Line %% " Line width Line area Line o>
number Density 2 weight
(cm) (cm) (cm) content (cm) (cm?) ()
7' 2500 107 12.19 72  6.79 7 17.02 85 025 107 7179 8 033 99 370 116 0.04
30 2312 71 1025 30 629 99 16.52 60 021 116 29.78 32 031 32' 329 36 0.04
43 22.00 46 1023 82 625 32' 1650 26 021 101 2734 95 030 85 294 102 0.04
116 21.89 67 936 80 6.16 116 16.05 112 0.20 8§ 27.17 99 029 83 289 107 0.04
HSD 436 HSD 3.13 HSD 125 HSD 3.04 HSD 0.09 HSD 14.82 HSD 0.04 HSD 0.593 HSD 0.01
S .]ai‘)...u S Sy 6Lm¢ﬁ‘>! R ) Lgl/.‘, IR LS.JLU‘)I Slho U&LA -F Jgaz aols
Table 4. Mean evaluated traits of five percent of best lines in stress conditions. Continued
Root Fresh Shoot Root Dry Root
. fresh . . . dry dry . . . Score . Score . .
Line . Line biomas Line _ . . Line biomass Line Line Line diameter
weight (@) weight weight (@) (6dS/m) (12dS/m) (mm)
(2 (2 (2
36 0.013 76' 0.07 32' 0.0l16 84 0.005 36 0.018 71 1.00 32 3.00 107 1.88
10 0.012 36 0.06 30 0.016 100 0.003 32' 0.018 116 1.00 11 3.00 36 1.18
100 0.012 102 0.05 36 0.015 6 0.002 30 0017 67 1.00 85 3.00 101 1.14
107 0.012 116 0.05 116 0.015 34 0.002 116 0.017 112 1.00 21 3.00 8 1.04
HSD 0.004 HSD 0.02 HSD 0.004 HSD 0.001 HSD 0.005 HSD 260 HSD 3.14 HSD 0.054
o bl s S slbepY as e e Glpoad bl clas Sbe -F Jguz aslol
Table 4.Mean evaluated traits of five percent of best lines in stress conditions. Continued
S]\tljrvn Na' root K" Stem K" root Stoma Stoma
Line content Line content Line content Line content Line Na /K Line Na'/K Line length Line width Line Number
( (mg/g (mg/g (mg/g shoot oot (um) (um) of stoma
g%g DT) DT) DT) wm wm
85 12.70 84 722 109 2593 91 3470 85 0744 91 030 60 36.72 68 2579 55 21.5
13 1589 57 818 32 2514 19 2029 101 0.756 19 038 117 3646 18 5124 116 205
101 16.02 32 955 67 2471 45 1645 110 0845 45 0.70 108 36.17 6 86.23 80  20.5
107 16.80 90 1222 24 24.00 99 1434 107 0862 84 0.77 79 3586 100 21.78 107 20.0
HSD 23.56 HSD 21.05 HSD 15.10 HSD 11.24 HSD 0.02 HSD 2.74 HSD 11.82 HSD 692 HSD 942
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Table 5. Correlation among evaluated traits under normal and saline conditions (The numbers above and below diagonal are for normal saline conditions, respectively).

Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 1 0.091 0.038 0.161 0419% 0271° - - 0209 0.136 -0.127 -0.189  -0.065 0.034 -0.062 -0.100 0.082 0.197  -0.202
2 0.154 1 0.072  0.519" 0.714" 0.662" - - 0341 0304 0032 -0.144- 0013 0.142 -0.020 0.146- -0278'- 0215  0.107
3 0.047 0.118 1 0.033 0.120 0.174 - - 0.448™ 0754 0226 0082  -0.159 -0.123 -0.130 0.110 -0.184 0.079  0.117
4 0.116 0286° -0.043 1 0369 0.700" - - 0595 0454 0016 -0.159 -0.070 0.179 0.105 -0.100 -0.021 0.104  -0.050
5 0.419** 0.581 0.101  0.136 1 0630" - - 0333° 0287° -0.021 -0.109 0.045 0.194 -0.118 0.260° 0.092 0.133  0.169
6 0262 0713 0.176 0.458 0.430" 1 - - 0.839"™ 0.690™ -0.101 -0.008 -0.161 0.126 0.034 0.126 -0.042 0.111  -0.120
7 -0.496™ 0.346™ -0.260° -0.148 -0.463" -0279" 1 - - - - - - - - - - - -

8 -0.635" -0.278" 0.130  -0.050 -0.473" -0.199 0.736" 1 - - - - - - - - - - -

9 0214 0.333" 0.505" 0.349" 0.186 0.773" 0227 -0.095 1 0905 -0.151  0.043  -0.191 0050 0.037 0.024 0.043- 0235 -0.081
10 0.125 0.296° 0498 0216 0.175 0.641 0247° -1.00 0945 1  -0.163 0071  0.198 -0.014 -0.024 0039 -0.130 0.209  0.025
11 0389 0.142  -0.080 0.056 0.148 -0.061 0.198 0228 -0.194 -0.185 1 0.115  -0.052 0.028 0.399" -0.029 0.061 0.173  -0.108
12 0.236°  0.027 0.009 -0.048 -0.184 -0.029 0.230° 0.285° -0.070 -0.083 0.295" 1 0.191 0.325" 0.047 0.202 0.243" 0217  0.143
13 0.031 -0.063 0.055 -0.140 0.190 0251 0.021 -0.085 0.253° -0.174 0.046  -0.139 1 0.493™ -0446™ -0.074- 0581 -0.101 -0.052
14 20200 0.071 0.061 -0.030 -0.044 0.091 0.108 0.105 0.058 0051 -0.047 0.041  0.011 1 -0.094 -0.169 -0.020 0.021 -0.052
15 0.281" 0.068 0.033 -0.004 0301 0.011 0.095 0211 0.035 0.00 0516 0404 -0.571" -0.070 1  -0.062 -0.080 0208  0.035
16 20.006 -0.200 0.085 -0.032 -0.181 -0.233 0.008 -0.038 -0.155 -0.096 -0.120 0295 -0.242° 0.140 0.219 1 0.151 0.126  0.039
17 0.127 0017 -0.039 008 0162 0.37 0005 -0.042 0.34 0063 -0.101 0035 0007 0045 -0203 -0.076 1 04007 > ..
18 0.185 -0.304" -0.032 0.090 -0.038 0.117 -0.049 -0.194 0.076 0.020 -0213  0.028  -0.031 -0.003 -0.037 0.025 0217 1 0487
19 20.148  0.133  0.155 0.120 -0.151 0.121 0.056 0228 0.157 0221 0.236° 0.034 -0.049 -0.026 0.283° 0.013 -0.585" -0.254" 1

ns, * and **:on significant and significantly at 1 and 5% of probability level, respectively.

o) S g i Jleiol e jo 0gs o pixe le pixe 8 oS Say gt
Chlorophyll content(1), Stem length (2), Root length (3), Number of root (4), Leaf area (5), Dry biomass (6), Score (6dS/m)(7), Score (12 dS/m)(8), Root diameter (9), Root Density , (10) Na* shoot content( 11 )

, Na™ root content (12) « K* Stem content (13). K" root content (14)  Na*/K" shoot (15) « Na*/K* root (16) . Stomata length (17) « Stomata width (18), Number of stomata (19)
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Table 6. Results of stepwise regression of dry biomass as dependent variable and other traits as
independent variables in F8 population obtained from Ahlami Tarom x Neda cross under normal

conditions.
Traits entered in model Intercept b, bC2 ocfficients br b, F R?
Root diameter 0.007 0.072* 171.477 0.704
Shoot length 0.054 0.060* 0.003" 226.908 0.865
Root length 0.036 0.068" 0.003** 0.003™ 210.126 0.900
Leaf area 0.036 0.067" 0.002** 0.003" 0.008" 201.610 0.921

* **: significant at 0.05 and 0.01 of probability levels, respectively.
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Table 7. Results of stepwise Regression of salt tolerance score in 6 dS.m™! as dependent variable and other
traits as independent variables in Fg population obtained from Ahlami Tarom x Neda cross.

Coefficients

Traits entered in model Intercept R? F
bl b2 b3

Chlorophyll content 3.944 -10.75™ 23.49™ 0.246

Leaf area 5.301 -7.94™ -7.88" 17.08™ 0.325

Root length 6.532 -7.91" -0.73" -0.18" 13.717 0.370

* **: significant at 0.05 and 0.01 of probability levels, respectively.
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Table .- Results of stepwise Regression of salt tolerance score in 12 dS.m™! as dependent variable and
other traits as independent variables in Fg population obtained from Ahlami Tarom x Neda cross.

Traits entered in model Intercept Cocfficients 5 F R?

2
Chlorophyll content 7.484 -13.93™ 48.616™ 0.403
Leaf area 8.597 -11.62" -0.646" 29.619" 0.455

* %% significant at 0.05 and 0.01 of probability levels, respectively.
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Table 9. Direct and indirect effects of traits on biomass in the Fg population of rice obtained from Ahlami
Tarom and Neda cultivars crossing under normal condition.

Indirect effects

Traits Direct effect Root diameter Shoot length Root length Leaf area
Root diameter 0315 0.122 -0.006 0.088
Stem length 0.391 0.107 - -0.100 0.190
Root length 0.014 0.141 0.281 - 0.320
Leaf area 0.267 0.104 0.281 -0.009 -
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Table 10- Direct and indirect effects of traits on biomass in the Fg population of rice obtained from
Ahlami Tarom and Neda cultivars crossing under 6 dS.m™! condition.

Indirect effects

Traits Direct effect Chlorophyll content Leaf area Root length
Chlorophyll content -0.364 -0.121 -0.010
Leaf area -0.290 -0.021
Root length -0.214 -0.029 -
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Table 11. Direct and indirect effects of traits on biomass in the Fs population of rice obtained from
Ahlami Tarom and Neda cultivars crossing under 12 dS.m™! conditions.

Indirect effects

Traits Direct effect Chlorophyll content Leaf area
Chlorophyll content -0.530 - B
Leaf area -0.251 -0.222 -0.222
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Figure 2. Cluster analysis of Fg rice population obtained from Neda x Ahlami Tarom cross under normal
conditions.
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Table 12. Mean traits of cluster analysis groups in F8 population of rice obtained from the intersection of
Ahlami Tarom and Neda in normal conditions.

Group
Traits First Second
Chlorophyll content 0.3423% Second
Stem length (cm) 16.4045* 0.4047°
Root length (cm) 7.1016* 20.0333°
Root number 5.2356* 7.1947°
Leaf area (cm?) 2.4764* 6.3903°
Biomass (g) 0.0113* 3.2396°
Root diameter (mm) 0.6904* 0.0157°
Root Density 15.9503¢ 1.0041°
Na* Shoot content (mg/g DT) 5.485" 24.3103°
Na' root content (mg/g DT) 5.768¢ 5.133°
K" Shoot content (mg/g DT) 27.422% 7.017°
K" root content (mg/g DT) 8.076° 25.725°
Na'/K* of shoot 0.263¢ 8.430°
Na*/K* of root 2.583¢ 0.293°
Stomata length (pm) 32.159* 1.754%
Stomata width (um) 20.574° 32.102°
Number of stomata 14.277° 20.930°

50,5080 L gl g BB S jie B> S Plas slls (slneg )T
Groups with the same letter(s) are not significantly different.
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Figure 3. Cluster analysis of Fg rice population obtained from Neda X Ahlami Tarom cross based on the
score of cultivars of 12 dS.m! salinity (A) and seedling traits (B) under salinity stress conditions.
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Table 13. Mean of 12 dS/m salt tolerance score derived from cluster analysis groups in the F8 population

of rice obtained from the intersection of Ahlami Tarom X Neda.

. Group
Trait First Second Third
Salt tolerance score 7.5185°¢ 5.8205° 4.7692*

550,505 L gl g BB oS jie B> S Plas slls (slveg )5
Groups with the same letter(s) are not significantly different
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Table 14. Mean traits derived from cluster analysis groups in F8 population of rice obtained from the
interspecific cross-sectionunder salinity stress conditions.

. Group
Traits First Second Third Fourth
Chlorophyll content 0.0730° 0.1281° 0.1990¢ 0.1537°
Stem length (cm) 15.5315% 18.9750° 18.1528° 18.1796°
Root length (cm) 6.7440% 7.8044% 6.5528* 7.9371¢
Number of root 4.8241* 5.4175* 4.7500° 5.0230*
Leaf area (cm?) 1.7988* 2.2398° 2.4512° 2.3388°
Dry biomass (g) 0.0112* 0.0158° 0.0148° 0.0150°
Score (6dS/m) 3.9259¢ 2.6190° 1.4444* 1.8506°
Score (12 dS/m) 7.3333¢4 6.0476° 3.33332 4.8391°
Root diameter (mm) 0.5536* 0.8653° 0.5792* 0.7647%®
Root Density 13.0006* 22.9031° 13.2269* 20.5915%®
Na* Shoot content (mg/g DT) 43.1815% 38.8715% 36.7704* 36.6674*
Na" root content (mg/g DT) 35.8420° 30.7193® 24.5881* 30.7055%
K" Shoot content (mg/g DT) 18.8821* 20.1321* 20.4794* 21.7232¢%
K" root content (mg/g DT) 8.5603* 10.1285* 517252 8.3043
Na'/K" of shoot 2.6669* 2.5659* 1.8526* 1.9958*
Na'/K* of root 12.1952° 11.1162°% 16.1643 10.9252*
Stomata length (um) 30.5411° 31.2450* 32.1467* 30.7879*
Stomata width (um) 17.7997* 18.2052* 19.6658* 18.3266*
Number of stomata 15.4444* 15.5714° 13.0833* 144483
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Groups with the same letter(s) are not significantly different.
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