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Table 1. Measuring genotypic scores in rice under salinity stress conditions by Gregorio et al. (1997) method

Score Observation Plant response
1 Normal growth, no leaf symptoms Highly tolerant
3 Nearly normal growth, but leaf tips or few leaves whitish and rolled Tolerant
5 Growth severely retarded; most leaves rolled; only a few are elongating Moderately tolerant
7 Complete cessation of growth; most leaves dry; some plants dying Susceptible
9 Almost all plants dead or dying Highly susceptible
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Table 2. Combined analysis of variance of the studied traits in 89 rice recombinant inbred lines under non-stress and salinity stress conditions

Source of Mean squares’
variations  df PHD50 NTD50 CHC PHDI120 NTDI20 SDW RDW RV RD R/S RL RA B GC
S:tlrl:sl;y 1 138.83" 748" 471" 328114 10976.89" 11938.89™ 2629.36" 84684.3" 0.0288™ 1.099" 2082.36™ 58886.07"" 25773.91" 3613.50"
Line 88 578.20" 31.27" 20.66™ 1004.14™  70.57" 119.69"  58.40™ 1250.92™ 0.011™  0.412" 46.26" 2620917  236.31™ 5.92™
LinexSalinity 88 70.28™  8.82" 8.26™ 185.35™ 36.52™ 60.82" 46.50 599.83" 0.014™  0.202" 36.83" 1540.59"  151.80" 5.99™
Error 534 35.03 1.34 2.05 68.67 3.62 7.55 3.11 83.80  0.00070  0.010 2.46 145.73 17.37 1.72
CV (%) 534 8.09 2.78 13.76 8.97 19.78 22.10 26.87 21.24 17.32 17.86 26.87 21.83 21.93 30.2

™, “and *: Not-significant and significant at 5% and 1% probability levels, respectively.

" PHD50, plant height at 50 day (cm); NTD50, number of tiller per plant at 50" day; CHC, cholorrophyll content; PHD120, plant height at 120™ day (cm); NTD120, number of tiller

per plant at 120" day; SDW, shoot dry weight (g); RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length (cm); RA, root
area (cm?); B, biomass (g).
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Table 3. Simple analysis of variance of the studied traits in 89 rice recombinant inbred lines under non-stress conditions

Source of variations Mean squaresT
df PHD50 NTDS50 CHC PHD120 NTD120 SDW RDW RV RD R/S RL RA B
Line 88 364.57  24.04™ 13.70™ 775.82" 91.05™ 139.43™ 90.87" 1517.79" 0.019" 0.218" 71.98™ 3513.17" 322.14™
Error 267 36.59 1.32 1.90 79.51 5.76 12.07 5.18 108.37 0.0006 0.009 4.10 220.09 28.21
CV (%) - 8.32 2.32 13.16 8.99 17.73 21.02 26.83 19.28 16.11 17.85 26.82 21.12 21.23

55, " and *: Not-significant and significant at 5% and 1% probability levels, respectively.

*. PHD50, plant height at 50 day (cm); NTD50, number of tiller per plant at 50 day; CHC, cholorrophyll content; PHD120, plant height at 120™ day (cm); NTD120, number of tiller

per plant at 120" day; SDW, shoot dry weight (g); RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length (cm); RA, root
area (cm?); B, biomass (g).
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Table 4. Simple analysis of variance of the studied traits in 89 rice recombinant inbred lines under salinity stress conditions
Source of variations df

Mean squares’

PHD50 NTD50 CHC PHDI120 NTD120 SDW  RDW RV RD R/S RL RA B GC
Line 88 29291™ 16.04™ 15217 413.67" 16.04" 41.08" 14.03" 332.96™ 0.0072" 0.3970" 11.114™ 648.34™ 65.97" 11.85™
Error 267 33.48 1.34 2.19 57.83 1.48 3.02 1.04 59.23  0.00074 0.0118  0.8267 71.37 6.53 2.34
CV (%) - 7.86 21.26 14.35 8.89 21.36 20.87 2193 23.91 18.61 17.80 21.98 20.93 19.68 27.81

55, " and *: Not-significant and significant at 5% and 1% probability levels, respectively.

*. PHD50, plant height at 50 day (cm); NTD50, number of tiller per plant at 50" day; CHC, cholorrophyll content; PHD120, plant height at 120" day (cm); NTD120, number of tiller

per plant at 120" day; SDW, shoot dry weight (g); RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length (cm); RA, root
area (cm?); B, biomass (g); GC, genotypic code.
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Table 5. Correlation coefficients among the studied traits in 89 rice recombinant inbred lines under non-stress conditions
Trait' PHDS50 NTD50 CHC PHD120 NTD120 SDW RDW RV RD R/S RL RA B
NTD50 -0.216" 1
CHC -0.106" -0.200"™ 1
PHDI120 (cm)  0.784™ -0.177™ -0.98™ 1
NTD120 0.004" 0.550™ -0.019"™ -0.208" 1
SDW(g) 0.271° 0.590™ 0.018™ 0.278" 0.587" 1
RDW(g) 0.046™ 0.575™ -0.298™ 0.095™ 0.115"™ 0.408™ 1
RV 0.155" 0.346™ -0.283™ 0.277" 0.027" 0.329™ 0.680™ 1
RD 0.168" 0.389™ -0.193™  -0.117™ 0.081" 0.231 0.635™ -0.052" 1
R/S -0.202" 0.172" -0.316™  -0.040™ 0.235%* -0.160™ 0.775" 0.490" 0.545" 1
RL (cm) 0.046" 0.575™ -0.298" 0.095™ 0.115™ 0.408™ 1.00™ 0.680™ 0.635™ 0.775" 1
RA (cm?) 0.045™ 0.516™  -0.307**  0.185"™ 0.094" 04117 0.937* 0.890™ 0.363™ 0.711% 0.937* 1
B 0.154" 0.694™ -0.147" 0.233" 0.447" 0.875" 0.779" 0.578" 0.489™ 0.306™ 0.799™ 0.768" 1

ms, " and **: Not-significant and significant at 5% and 1% probability levels, respectively.

A : PHD50, plant height at 50" day (cm); NTD50, number of tiller per plant at 50" day; CHC, cholorrophyll content; PHD120, plant height at 120" day (cm); NTD120, number of tiller
per plant at 120" day; SDW, shoot dry weight (g); RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length (cm); RA, root
area (cm?); B, biomass (g).
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Table 6. Correlation coefficients among the studied traits in 89 rice recombinant inbred lines under salinity stress conditions
Trait' PHDS50 NTD50 CHC PHD120 NTD120 SDW RDW RV GC RD R/S RL RA B
NTD50 -0.020™ 1
CHC -0.101™ -0.102™ 1
PHD120 (cm) 0.721™ -0.204" 0.048™ 1
NTD120 -0.003™ 0.794" 0.010™  -0.084™ 1
SDW (g) 0.309* 0.665™ 0.145™ 0.232° 0.706™ 1
RDW (g) 0.214" 0.064™ -0.048™  0.312" 0.092% 0.226" 1
RV 0.088™ 0.154™  -0.133™  0.176™  0.154™  0.190™  0.678" 1
GC 0.075™ 0.106"™ -0.046™  -0.231" 0.042™  0.074™  -0.144"  -0.079™ 1
RD 0.212" 0.016™ 0.127* 0281  0.083* 0217  0.694"  -0.004™  -0.136™ 1
R/S 0.035™ -0.397"  -0.065™  0.165™  -0.333" -0.395" 0.705" = 0.349" -0.90™ 0.542* 1
RL (cm) 0.24" 0.064™ -0.048™  0.312™ 0.092™ 0.226" 1.00™ 0.678™ -0.144" 0.694™ 0.705™ 1
RA (cm?) 0.181™ 0.112™  -0.099™  0.284™  0.129™ 0234 0.941"  0.884"  -0.130™  0.433" 0.594" 0.941" 1
B 0.343" 0.554" 0.092™ 0326  0.599" 0.893" 0.640" 0462  0.125™ 0.491™ 0.014" 0.640"  0.19™ 1

55, " and *: Not-significant and significant at 5% and 1% probability levels, respectively.

*. PHD50, plant height at 50 day (cm); NTD50, number of tiller per plant at 50" day; CHC, cholorrophyll content; PHD 120, plant height at 120" day (cm); NTD120, number of tiller
per plant at 120™ day; SDW, shoot dry weight (g); RDW, root dry weight (g); RV, root volume; GC, genotypic code; RD, root density; R/S, root to shoot dry weight ratio; RL, root
length (cm); RA, root area (cm?); B, biomass (g).
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Table 7. Stepwise regression analysis for biomass (root and shoot total weight) under non-stress conditions

Entered Regression coefficients Coefficient of
- Constant -
traits Step 1 Step 2 Step 3 Step 4 determination
RL 12.23™ 1.69™ 0.639
R/S 18.52™ 297" -30.20™ 0.884
NTD120 14.27" 275" 25.65™ 0.265™ 0.894
PHD120 3.66™ 0.265™ -22.64" 0.376™ 0.088™ 0.914

s and **: Not-significant and significant at 1% probability level, respectively.
T, RL, root length (cm); R/S, root to shoot dry weight ratio; NTD120, number of tiller per plant at 120" day; PHD120,

plant height at 120™ day (cm).

Sopd 25 Ll Co (g pluil g ada; 039 Egemme) 0395l o slp o8 @ T (g S5 5 A o
Table 8. Stepwise regression analysis for biomass (root and shoot total weight) under salinity stress conditions

Regression coefficients

Coefficient of

-
Entered traits™ Constant - g 51 07 Swep3  Step4d  Stp5  Step6  determination
RL 6.53" 1.55" 0.409
R/S 7202 3053 -1121° 0.789
NTD50 3980 2.59% 828"  0.582° 0.845
PHDI20  -0.888™  2408"  -7.39"  0.650° 0.058" 0.863
RA 0700 3.32% 846"  0.632° 0054  -0.113" 0.876
RV 0.598"  647°  9220" 0589 0058  -0.748" 0.407" 0.884

s and **: Not-significant and significant at 1% probability level, respectively.
" RL, root length (cm); R/S, root to shoot dry weight ratio; NTD120, number of tiller per plant at 120" day; PHD120,

plant height at 120" day (cm); RA, root area (cm?); RV

, root volume.

Sops 55 llyh St (g oped sln ol 4 el g S5 4525 - Jgo
Table 9. Stepwise regression analysis for genotypic code under salinity stress conditions

7

Entered traits Constant R

egression coefficient

Coefficient of determination

PHD120 8.85™

-0.039"

0.053

*and *: Significant at 5% and 1% probability levels, respectively.

*. PHD120, plant height at 120 day (cm).

YYYy



VAR olias I,lez 0 les /s 0,90 fDE Sl

Gosd GBS 4 g oS g aiusl s slacnY b))

SISl ato; la Sy dole plpiear 5 09 035
Iy osls U @lpss 51 aoye YVAS pgo Jole .o
ax oo @il S 59 Slas Jeld 9 5,5 4z
S S s Oloedr 5 09 0395w 9 YT+ 9 O 59, )0
aS P9 JALC W LS)‘K(”L‘ 005w 9 @‘9.&: ‘A".\.:‘
Jolss 05 azg |y ools wlyss 5l as o VYV
Jolo Oy 5992 VY0 5 00 55, 50 Wg gl Slaw
s, AUY plezr Jele al (613860 o5 cwls
Slaizme Dlao gl g 0,5 azgi |y bools |5 ol s
P> s Sote Jlele culpo boasy, JBa g Jdg)ls
Ole oS g gl pe 5 e Jelo o LAty
0B MR ad; slaiThy 5 S JebslS Jole
osls IS uil)ly 51 ao,0 YIVY agi b pouy Jule
kel Jele Glyieds 5 092 (o955 0ped Sibo Jol Ladd
Ghomi ef al., ) ;| Ken 5 o8 0l o0l 3953
azalS sl Shy 2 oed W S (ewyp o 2013
5 Jtwe Jole zmu 5 oolannl by Jole 4y 4320 51
Iy eaisd) G Olpmss JS 5l oo, ATIY oS 1, Sl
Oy cov i | ol s plolid wisS 4y
ol o558 & Jaos Jole ] (sl32 5 0358y Jole
s Jele 5 oo plail pnliy Jale i slyions

23,5 (5,35 pL azals

L Jole @ & 520

2 S S s S slobole lulin jshaien,
2l oolinl ba ole 4y 43525 51 anlllas 5,50 Slio
5 Joe Jole aw (15 oyl il o aS ol las
axg ) bosls IS olpss 51 asye MVOY Sl
Slpss las,0 FONY a5 ol Jole (Vo Jgaz) ais S
Job «Siz 59 Sl Jold ol plas! ogs a4 |,
g Blo & ady; (g S ) JBo g 2> il
sl Sy Jole ple cod gycnl 5l g og ool
obylg 5l 0 YYIRY oo Jole ol (6,13860 ay
Slass bl Kis 35 Slio Juld 5,8 amgi |, JS
Jole (rlnly g 0g 0095 cinss 9 VYo 5 00 55, 50 axy
ol il )56k eagicans ) 5 (2lsp plail sla Sy
Sgzdy | Wosls IS &l s 5l s y0 1O/ 4 505 pgu
59 9 00 55y 40wy gl Slhe Jolis wls plais
A (6,086l olS glas | Jole ylgicay g 09 VY-

TR Sogd A Lulpd S laele ) e s
) adllas 0y90 Slao p Joe Sl 5 it Jole
IS Slpess 5l s )0 AVIAY goome 0 a5 o5 olulis
YYIYA (Jol Jole (VY Jgaz) win S azgs |y laosls
Slao Jold 90,5 sy 1) laosls IS Ol 5l oo o
o g dday (S8 5 ez e (Job o« SiS (5

G5 ogn lulyd cod adlllae 550 lis  Sse slabele plulid Cuz o dole 4y e -V Jso
Table 10. Factor analysis to identify factors affecting the studied traits under non-stress conditions

Trait’ Factor 1 Factor 2 Factor 3
PHDS50 -0.046 0.057 0.899
NTD50 0.373 0.755 -0.257

CHC -0.427 0.062 -0.082
PHD120 0.141 -0.033 0911

NTD120 -0.159 0.837 -0.129
SDW 0.145 0.893 0.303
RDW 0.935 0.320 -0.041

RV 0.722 0.171 0.345

RD 0.550 0.230 -0.363

R/S 0.898 -0.237 -0.213

RL 0.935 0.320 -0.041

RA 0.914 0.284 0.136

B 0.592 0.758 0.178

Variance (%) 45.12 17.32 15.99
Cumulative variance (%) 45.12 62.44 78.43

". PHD50, plant height at 50" day (cm); NTD50, number of tiller per plant at 50" day; CHC, cholorrophyll content;
PHD120, plant height at 120" day (cm); NTD120, number of tiller per plant at 120™ day; SDW, shoot dry weight (g);
RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length

(cm); RA, root area (cm?); B, biomass (g).
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Table 11. Factor analysis to identify factors affecting the studied traits under salinity stress conditions

Trait’ Factor 1 Factor 2 Factor 3 Factor 4 Factor5
PHDS50 0.082 0.087 0.930 -0.066 0.155
NTD50 -0.005 0.888 -0.161 -0.115 0.133

CHC -0.081 0.059 -0.063 0.706 -0.219
PHD120 0.190 -0.046 0.887 0.053 -0.234
NTD120 0.020 0.890 -0.101 0.008 0.048

SDW 0.072 0.901 0.292 0.137 -0.110

RDW 0.977 0.114 0.144 0.053 -0.037

RV 0.701 0.200 0.006 -0.525 -0.239

GC -0.098 0.040 -0.042 -0.129 0.902

RD 0.638 0.068 0.201 0.623 0.148

R/S 0.795 -0.487 -0.014 0.112 0.075

RL 0.977 0.114 0.144 0.053 -0.037

RA 0.934 0.167 0.101 -0.213 -0.136

B 0.507 0.764 0.296 0.133 -0.104

Variance (%) 39.37 21.96 12.20 9.03 7.32
Cumulative variance (%) 37.39 59.35 71.55 80.59 87.91

T PHD50, plant height at 50® day (cm); NTD50, number of tiller per plant at 50 day; CHC, cholorrophyll content;
PHD120, plant height at 120" day (cm); NTD120, number of tiller per plant at 120" day; SDW, shoot dry weight (g);
RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length

(cm); RA, root area (cm?); B, biomass (g).
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Figure 1. Grouping the studied lines using Ward’s method under non-stress (a) and 8 dS.m™! salinity stress (b)
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Table 12. Mean and deviation from total mean of the groups from cluster analysis under non-stress conditions

Trait”  Total mean Mean Deviation from total mean
Groupl Group2 Group3 Group 4 Group 1 Group2 Group3 Group 4

PHD50 72.67 77.96 63.68 75.02 71.96 5.29 -8.99 2.35 -0.71
NTD50 5.66 4.25 5.28 7.88 8.09 -1.41 -0.38 222 243
CHC 10.48 10.52 11.22 10.7 9.14 0.04 0.74 0.22 -1.34
PHD120 99.11 106.35 85.23 100.97  101.46 7.24 -13.88 1.86 2.35
NTD120 13.54 10.93 13.58 20.77 14.7 -2.61 0.04 7.23 1.16
SDW 16.52 13.95 13.24 25.79 21.19 -2.57 -3.28 9.27 4.67
RDW 8.48 6.83 6.09 7.54 16.65 -1.65 -2.39 -0.94 8.17
RV 53.99 51.63 45.84 53.29 72.28 -2.36 -8.15 -0.7 18.29
RD 0.159 0.138 0.134 0.145 0.256 -0.021 -0.025  -0.014 0.097
R/S 0.531 0.518 0.457 0.132 0.826 -0.013 -0.074  -0.399 0.294
RL 7.55 6.08 542 6.711 14.81 -1.46 -2.12 -0.839 7.26
RA 70.23 62.1 55.39 66.61 114.28 -8.13 -14.84 -3.62 44.05
B 25.01 20.78 19.34 33.33 37.84 -4.23 -5.67 8.32 12.83

*. PHD50, plant height at 50® day (cm); NTD50, number of tiller per plant at 50 day; CHC, cholorrophyll content;
PHD120, plant height at 120" day (cm); NTD120, number of tiller per plant at 120" day; SDW, shoot dry weight (g);
RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length

(cm); RA, root area (cm?); B, biomass (g).
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Table 13. Mean and deviation from total mean of the groups from cluster analysis under salinity stress condition

Trait Total mean Mean Deviation from total mean
Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
PHD50 73.55 75.86 68.15 75.53 2.31 -5.40 1.98
NTD50 5.46 6.17 4.73 5.46 0.71 -0.73 0.00
CHC 10.32 10.57 10.81 9.83 0.25 0.49 -0.49
PHD120 85.54 88.87 78.15 88.12 3.33 -7.39 2.58
NTD120 5.69 6.58 4.81 5.66 0.89 -0.88 -0.03
SDW 8.33 10.38 6.20 8.34 2.05 -2.13 0.01
RDW 4.64 6.86 2.79 4.34 2.22 -1.85 -0.30
RV 32.17 39.92 26.03 30.92 7.75 -6.14 -1.25
RD 0.146 0.181 0.113 0.144 0.035 -0.033 -0.002
GC 5.50 4 6.30 5.07 -0.14 0.80 -0.43
R/S 0.610 0.779 0.4943 0.570 0.169 -0.115 -0.039
RL 4.135 6.113 2.485 3.86 1.978 -1.65 -0.275
RA 40.35 54.79 28.25 38.43 14.44 -12.10 -1.92
B 12.98 17.25 8.99 12.68 4.27 -3.99 -0.30

" PHD50, plant height at 50" day (cm); NTD50, number of tiller per plant at 50" day; CHC, cholorrophyll content;
PHD120, plant height at 120" day (cm); NTD120, number of tiller per plant at 120" day; SDW, shoot dry weight (g);
RDW, root dry weight (g); RV, root volume; RD, root density; R/S, root to shoot dry weight ratio; RL, root length

(cm); RA, root area (cm?); B, biomass (g).
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Abstract

Salinity is one of the limiting factors in many crops including rice production. The objective of this
study was to investigate the response of 89 recombinant inbred lines derived from a cross between two
Iranian rice cultivars, Tarom-Mahalli (indica) and Khazar (indica), under non-stress and 8 dS.m™
salinity stress at vegetative stage conditions. The experiment was carried out as pod experiment under
open air conditions in a completely randomized design with four replications. The results of combined
analysis of variance under non-stress and salinity stress conditions showed that the the effect of line
and linexstress interaction for all the studied traits was significant, indicating different reaction of the
lines under two conditions. The results of simple analysis of variance also showed that the difference
between lines in both conditions was significant for all traits at 1% probability level. Correlation
coefficients among traits indicated that the highest correlation coefficient was observed between
biomass and stem dry weight under both conditions. Stepwise regression analysis for biomass under
non-stress conditions showed that root length, root to shoot dry weight ratio, number of tillers per
plant at 120" day and plant height at 120" day were the most important traits influencing biomass,
respectively, while under salinity stress conditions, root area and root volume in addition to these four
traits, were also identified as effective traits on biomass. Factor analysis also showed that three and
five independent factors explained the correlation between biomass and the other traits in the studied
lines under non-stress and salinity stress conditions, respectively. Cluster analysis using Ward’s
minimum variance method under non-stress conditions divided the lines into four groups which the
fourth group was consisted the lines with higher values than total average for most traits. Under
salinity conditions, the lines were divided into three groups and the lines into first group had the
highest biomass and the lowest genotypic score and were tolerant to salinity stress. In total, the results
of current study showed that the lines 6, 9, 13, 14, 17, 18, 23, 24, 34, 39, 44, 45, 68, 79 and 80 had the
higher values for most the studied traits than the other lines, in addition to higher biomass, and could
therefore be considered as salinity tolerant lines in future researchs.
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