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Genetic analysis of salt tolerance in Iranian selected rice genotypes
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Table 1. Some important characteristics of rice parental lines used in genetic analysis of salinity in a 6x6 diallel

Sogo oo ol

Gy 34l 05 Sesosle 05 Salinity
Rice s s Grain weight ke 05 & g Plant tolerance index HETH
genotypes o (g.plant™) Na" content (%) dry matter (g.plant™) (STI) Origin Maturity Sayeyssdsb Grain lenght <l J b Plant height R Yarsl
Tarom el 0.07 241 3.46 4 Iran (L)  Early sy Long RPN Tall RUEH
Gharib g 0.14 2.31 4.48 3 Iran (L)  Medium o ez Medium Logeals  Tall NUEN
Shahpasand Aels 0.84 2.60 3.85 3 Iran (L) Medium oy bwse  Medium Lugeals  Tall bl
Dorfak BN 0.05 2.30 4.11 4 Iran(I)  Medium s bwsze Long RPN Semi-dwarf oS ans
Sepidroud EpgRw 0.19 221 4.81 5 Iran (I)  Early sy Long RPN Semi-dwarf oS ans
IR28 1IR28 0.17 2.23 4.36 6 IRRI Late > Long Al &l Semi-dwarf S| aas

(L) indicates local and (I) improved geneotypes
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Table 2. Analysis of variance for plant characteristics related to salinity effect in rice parental lines used in in a 6x6 diallel experiment

MS) s Sl o s

33T 4y Gy 53413 03 s (5! s ECEN A Sosh Joos e T AU sy 00 by, b s 4l & 5l
S.0.V e polie d.f Grain weight.plant'  Na'content  Plant dry matter  Salinity tolerance index ~ Days to 50% flowering Grain.panicle’! Plant height
Replication S 1 0.001 0.003 0.81 - 2.08* 1.33 0.75
Genotype S5 5 0.003 0.96* 0.07* 0.033* 11.68%** 17.33%* 25.88*
Error ol T gl 5 0.001 0.05 0.11 - 0.08 0.53 1.75
Cv [ - 4.70 4.56 7.79 - 0.32 10.95 1.38
R? il 0.69 0.95 0.81 - 0.99 0.97 0.94

* and **: significant at 5% and 1% probability levels, Significant test using Bootstrapping¥

Px? WTiss & b 53 (1409) 8y § s, 4 g2 S 55 A Dlio (S5 ilsls 5 bags iy oS 5 4 s — ¥ st

Table 3. Analysis of combining abilities and genetic variance of plant characteristics of rice genotypes based on Griffing (1956) in a 6x6 diallel experiment

Bootstrapping u‘:.,,‘g@\;@”o}»ﬂhwj;eiucgdwl Tl 0313 e 5w

dk ok
J

(Mean square of traits) Slis Sl o Sike

35T a3 o (Gl gia ECEIPNAR S5 Jams el @Jl?.&apb'l:j_g)a\ww ab g 3 dils sl $ 5 pl&
S.0.V i ol d.f Na' content  Plant dry matter  Salinity tolerance index  Days to 50% flowering  Grain.panicle™ Plant height
Replication BES 1 0.02%* 0.03 0.056 7.35%* 0.11% 19.01%*
Crosses b 3% 35 0.04%* 0.04%* 0.203** 13.51%* 1.19%* 43.88%*
GCA s Gl S S 5 0.06** 0.06** 0.378%* 32.34%* 4.39%* 151.09%*
SCA oyt Sy oS 15 0.03%* 0.03** 0.148%* 7.87%* 0.49%* 21.86%*
REC Jlize sla 3% 15 0.05%* 0.05%* 0.200%* 12.87%%* 0.84** 30.17%*
Error ila3T gl 35 0.003 0.003 0.056 0.29 0.02 1.01
GCA/SCA oy pgas (S p S e 2.26 2.26 2.54 4.11 8.95 6.91
Mean ke 13.7 13.70 3.11 31.1 26.8 118.5
R? e 0.93 0.83 0.79 0.98 0.98 0.98

* and **: significant at 5% and 1% probability levels, GCA and SCA: mean square of general and specific combing ability, respectively; and REC: reciprocal effects

Jlize sla (B I35 o pas (o gor Sl S 5 Dy SSke 53 4 REC 5 GCA (SCA a3 &6 5 gy Jla! sk 55l gmn o 5 41 %% 5 *
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Table 4. Estimation of general combining ability of rice genotypes for plant characteristics based on Griffing (1956) in a 6x6 diallel experiment

(Traits) olis

s (5! s ECEN AR Ssd Jeos Latls Al 300 by, ab s 4l & Ui |
Rice genotypes mrswoss;  Na'content  Plant dry matter  Salinity tolerance index  Days to 50% flowering Grain.panicle™! Plant height

Tarom el -0.009(5) * -0.16(6) 0.22(1) -1.15(5) -0.31(5) -1.89(5)
Gharib S -0.004(3) 0.09(2) -0.11(4) -1.15(5) -0.29(4) -1.56(4)
Shahpasand Aol 0.09(1) -0.15(5) 0.06(2) 0.10(3) 0.07(3) 0.07(3)
Dorfak &S )5 -0.005(2) -0.01(4) -0.11(4) -0.40(4) -0.41(6) -2.22(6)
Sepidroud 35 e -0.008(4) 0.06(3) -0.03(3) 0.81(2) 0.23(2) 1.24(2)
IR28 IR28 -0.06(6) 0.18(1) -0.03(3) 1.81(1) 0.71(1) 4.36(1)
SEg(i) 0.01 0.05 0.04 0.10 0.03 0.19

SE[g(i)-g()] 0.02 0.07 0.07 0.16 0.04 0.29

sl ool 5l el 55 slis sl 5557 SE[(1)-8()] 5 ol i 5 >0tl (glast 55T SEG(1) sl oo o500 (620 <55 bl b el 53 o)) 455 551 15 slael T
+ Figure inside the paranthesis () indicates rank of genotypes for general combinig ability; SEg(i): Estimtion of standard error of i genotype, and SE[g(i)-g()]:
Estimation of standard error of difference of i genotype from j™ genotype

a1
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Table 5. Estimation of specific combining ability of rice genotypes crosses for plant characteristics based on Griffing (1956) in a 6x6 diallel experiment

Plant characteristics A8 Sliw
o (g1 g BN Sosh Jeos e s AU o300 b Sy, Wb s 4l & Ui |
Crosses b SN Na' content  Plant dry matter  Salinity tolerance index  Days to 50% flowering Grain.panicle™! Plant height
Gharib/Tarom o lp b -0.10 0.26 -0.22 0.15 -0.12 -0.90
Shahpasan/Tarom o/ Aol 0.01 -0.15 0.11 0.90 0.15 0.22
Dorfak/Tarom &S5 ,5/p 4l -0.09 0.35 -0.22 -0.60 0.05 1.01
Sepidroud/Tarom 35yt p sl -0.03 0.17 -0.31 0.16 0.08 0.06
IR28/Tarom IR28/p 1 0.11 -0.17 0.19 0.19 0.22 1.68
Shahpasand/Gharib s ol Aol 0.03 -0.07 -0.06 0.65 0.08 0.39
Dorfak/Gharib o B ESG s 0.08 -0.19 0.11 -1.09 -0.26 -1.32
Sepidroud/Gharib 39 kel s -0.04 -0.04 0.03 1.19 0.17 -1.53
IR28/Gharib IR28/c. & 0.06 -0.02 0.03 0.44 0.15 1.59
Dorfak/Shahpasand s ol Aol -0.05 0.03 -0.06 -1.35 -0.08 -0.69
Sepidroud/Shahpasand ol Aol 0.08 -0.35 0.36 1.44 -0.16 -0.90
IR28/Shahpasand IR28/ el -0.13 0.63 -0.14 -0.31 0.15 1.47
Sepidroud/Dorfak ISRV CRH 0.10 -0.05 0.03 2.44 0.24 0.89
IR28/Dorfak IR28/¢55 )5 -0.03 -0.02 0.03 0.94 0.49 3.01
IR28/Sepidroud IR28/55 )4 -0.03 -0.18 -0.06 -0.51 0.32 1.81
SE[s(i, 1)] 0.03 0.14 0.14 0.32 0.09 0.59
SE[s(i, j)] 0.02 0.10 0.10 0.23 0.06 0.43
SE[s(i, 1)-s(j ,j)] 0.04 0.20 0.19 0.44 0.12 0.82
SE[s(i, 1)-s(i ,j)] 0.04 0.20 0.19 0.44 0.12 0.82
SE[s(i, 1)-s(j ,k)] 0.04 0.17 0.17 0.38 0.11 0.71
SE[s(i, j)-s(i ,k)] 0.03 0.16 0.15 0.35 0.09 0.65
SE[s(i, j)-s(k ,1)] 0.03 0.14 0.14 0.31 0.09 0.58

SE is related to estimation of Standard Errors in different combinations

v

Al e Calides (sl I 5 51kl gl 55T, SE
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Table 6. Estimation of reciprocal effect of rice genotypes crosses for plant characteristics based on Griffing (1956) in a 6x6 diallel experiment

Plant charactersistics LS ol

ok Sl g oSt osle 035 Sosd oo ol AU o500 6 5, i s als S Pl
Crosses L 3% Na' content Dry matter Salinity tolerance index  Days to 50% flowering  Grain.panicle™ Plant height
Gharib/Tarom e, -0.06 -0.24 0.0 1.00 0.28 1.50
Shahpasand/Tarom o/ Aol -0.17 0.32 -0.5 -0.50 -0.17 -0.25
Dorfak/Tarom &S ,5/p 4l -0.03 -0.17 0.0 2.00 0.32 2.75
Sepidroud/Tarom 355l p b 0.02 -0.12 0.0 -3.00 -0.17 -0.75
IR28/Tarom IR28/p,W 0.23 -0.56 0.5 1.00 -0.45 -3.00
Shahpasand/Gharib o Bl Aol -0.01 -0.03 0.0 -2.25 -0.53 -2.25
Dorfak/Gharib 2SS, 0.09 -0.04 0.0 -0.50 -0.30 -0.25
Sepidroud/Gharib 3 kel g 0.08 -0.16 0.0 -2.50 -0.32 -2.00
IR28/Gharib IR28/, & 0.11 0.16 0.0 -0.75 -0.74 -4.75
Dorfak/Shahpasand o Bl Aol 0.15 -0.09 0.0 0.50 0.34 2.00
Sepidroud/Shahpasand o/ Aol -0.12 0.36 -0.5 0.50 0.32 2.25
IR28/Shahpasand IR28/ ol 0.03 0.26 0.0 0.75 0.25 -2.75
Sepidroud/Dorfak EPSRWWICCH -0.03 -0.07 0.0 -3.00 -0.61 -2.75
IR28/Dorfak IR28/¢5G s -0.001 -0.28 0.0 -0.50 -0.95 -5.50
IR28/Sepidroud IR28/3 5 depr 0.16 -0.15 0.0 -3.25 -0.32 -2.75

a9
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Table 7. Analysis of variance of diallel for plant characteristics of rice genotypes based on Hayman (1954)

Ley30: Gy,
Sosh o ola iy
o3 am s 2 (5l g e o3l 335 Salinity tolerance Days to 50% W s als

S.0.V 55 ale d.f Na' content Dry matter index flowering Grain.panicle’! Plant %elght
Replication SIS 1 0.39* 0.03 0.10 7.38%* 3.56%* 18.91%*
Additive effect (a) el 5 1.24** 0.44** 0.30%* 32.33%* 166.33%* 151.10%*
Dominance effect (b) e g 15 0.60** 0.30%* 0.10 7.88%* 21.16%* 21.86**
Directional dominance effect (b1) BIFYCIVPSIGIW P | 1 0.08 0.06 0.30 35.47%* 84.10%* 73.80%*
Gene distribution among the Parents (b2) s 53OS ms s 5 0.38%** 0.28** 0.20 7.78%** 39.47%** 46.19%*
Effects of specific genes (b3) 85 e s S 9 0.77%* 0.33%* 0.10 4.87** 3.99%** 2.57*
Maternal effect (c) ke Sl 3 5 1.55%* 0.14 0.10 17.18%* 105.33%* 86.13**
Reciprocal effect (d) S SN 10 0.85%** 0.29%* 0.20* 10.71%* 4.88** 2.18*
Error o 35 0.06 0.06 0.10 0.29** 0.84%* 1.01
Total s 41

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

3k

Ao ys oSG 5 gy et sl 53 s o5 4t R

WTiss o) & g 53 Gosd 5 o g Slaas i) (A Sl sl (S5 sl 2elsb 35T — A s

Table 8. Estimation of genetic parameters for plant characteristics of rice genotypes under salinity stress in rice genotypes through diallel

(S5 sle el b (gl g S 03le 05 Sosd Joos jesls (AHE Lo, 00 b 5, a5 4l Sy pli)
Genetic Parameters  Na' content  Dry matter Salinity tolerance index  Days to 50% flowering  Grain.panicle™ Plant height
D 0.45+0.11 0.20+0.07 0.134£0.09 5.70+0.82 8.45+1.73 12.43+2.25
H1 0.64+0.13 0.31+0.10 0.10£0.11 10.08+1.09 33.19+3.75 35.91+4.39
H2 0.54+0.10 0.24+0.07 0.07+0.07 7.59+0.76 20.34+2.25 20.87+2.53
F 0.36+0.14 0.21£0.10 0.13+0.11 2.854+0.99 -6.24+2.37 2.48+3.29
(D/HI)O'5 1.19+0.14 1.25+0.22 0.86+0.40 1.33+0.10 1.98+0.24 1.70+0.18
kd/(kd+kr) 0.67+0.03 0.71£0.05 0.78+0.10 0.59+0.02 0.41+0.04 0.53+0.04
h%/H2 0.01+0.09 0.009+0.17 1.01+1.64 1.55+0.23 1.37+0.23 1.16+0.23
h -0.15+0.13 0.13+0.13 -0.28+0.15 3.14+0.28 4.83+0.49 4.53+0.52

H2/4H1 0.21 0.19 0.16 0.19 0.15 0.15

h’bs 0.88+0.03 0.75+0.06 0.46+0.13 0.97+0.01 0.98+0.01 0.97+0.01
h’ns 0.37+0.06 0.26+0.08 0.25+0.10 0.57+0.03 0.72+0.02 0.69+0.03
E 0.03+0.01 0.03£0.01 0.04+0.01 0.154+0.04 0.42+0.10 0.51£0.12

hYH2 (I gla 05 s Kd/(KdHKT) (e a5 (D/Hl)05 Wl 5 wu,\,; oot F ol iyl S H2o 0 Lty HI i3l iyl D
2il e as STE 5 st 6y Silys NS (ages 6y 3y DPDS (e s e 1L a0 s H2/4H “,.Juw,»z_ﬂy h e slay 586 slaw
: average degree of dominance,
Kd/(kd-+kr): proportion of dominant genes, h?/H2: number of effective factors, h: average direction of dominance, H2/4H1: proportion of positive
and negative genes, h’bs: heritability in broad sense, h’ns: heritability in narrow sense, E: environmental effect

D:additive variance, H1: Dominance variance, H2: dominance variance, F: product of add. by dom., (D/H1)*’

AR
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ABSTRACT

Moumeni. A. and H. Shokri Vahed. 2013. Genetic analysis of salt tolerance in Iranian selected rice genotypes. Iranian

Journal of Crop Sciences. 15(2): 90-106. (In Persian).

Dissection of genetic architechture of salinity tolerance in different rice cultivars is a prerequisite of a
breeding program for salinity stress. Therefore, to dissect genetics of salinity tolerance, 6 diverse rice genotypes
such as Tarom mahalli, Gharib, Shahpasand, Dorfak, Sepidroud and IR28 were tested in a full diallel genetic
design, 6x6, during 2007-08 at Rice Research Institute of Iran in Rasht, Iran. All cross combinations together
with their parentss, totally 36 genotypes, were set in Randomized Complete Block Design with two replications.
The plant materials were evaluated for salinity tolerance index, plant dry matter, sodium and potassium
concentrations, Na'/K " ratio at seedling stage and tiller number, grain weight, filled-grain, plant height and days
to 50% flowering at reproductive stage in saline conditions with EC 10 and 12 ds/m, respectively. Analysis of
variance for traits of interest among parents showed that they were significantly different for salinity tolerance
index, plant dry matter, sodium uptake (%), tiller number, filled-grain.panicle’, plant height and days to 50%
flowering. Therefore, analysis of variance for combining ability was performed for this group of traits. Results of
dissection of genetic variance to general, specific and cytoplasmic effects showed that for all these traits those
components were highly significant. It’s revealed that both additive and non-additive components of genetic
variance were important. Estimation of genetic parameters showed that both additive and dominance variances
as well as maternal effect were important in controlling of the traits of interest. We also found that broad sense
heritability (h’b) was rather high and ranged from 0.25 to 0.75 for different traits. According to results, cultivar
Tarom was good combiner for increasing salinity tolerance index, lower sodium concentration and short duration
for days to 50% flowering and Shahpasand was the second suitable parent and combiner for salinity tolerance
index, but was the best parent for sodium uptake. Therefore, the mechanism of tolerance to salinity could be

related to storage of high amount of sodium in the cell vacuoles.

Key words: Diallel, Inheritance, Rice and Salinity stress.
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