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ABSTRACT

In order to investigate the yield stability of eight promising rice genotypes, these lines along with Shiroudi and Fajr
cultivars as control were sown in three regions of Mazandaran province (Amol, Sari and Tonekabon) as randomized
complete block arrangements with three replications in 2012 and 2013. Analysis of variance for grain yield indicated
significant differences among the genotypes in all environments (six experiment). Combined analysis of variance
with assumption of random effects for year and location and fixed effect for genotype, revealed significant genotype
main effect and yearxlocation, genotypexlocation and genotypexyearxlocation interactions. To determine the yield
stability of the genotypes, were calculated several stability parameters including the variance and coefficient of
environmental variability, Wricke’s equivalence, Shukla’s stability variance, regression coefficient, variance of
deviation from regression, variance within locations, mean rank and its standard deviation. The results showed that
the promising lines 27610-33-1-1 and 2765-3-5-1-2 were superior than Fajr cultivar and without significant
differences with Shiroudi cultivar in respect of grain yield. Based on the majority of stability parameters, lines 27610-
33-1-1, 2765-3-5-1-2 and Shiroudi cultivar were recognized as stable genotypes with average yield of 7531, 6424 and
6501 kg per hectare, respectively.

Keywords: coefficient of environmental variability, genotype x environment interaction, rice, stability parameter.

* Corresponding author E-mail: r-asghari@uma.ac.ir Tel: +98 914 354 1783



VWAD 5l ¥ 8,Les FY 5,00 ool sl LS psle oVF

Sfes Sl b bLs)l )o i 5lnb parde s
Jbo x qaigss bliie JIL bLS)I 0 5 oley (b o
Barah et al., 1981; Lin & Binns, ) 9.4 e colaiu!
ol oS W8, Sonleas (1988; Evans, 1993
S oyl @B sl Jls o s obls o Sles
ol go sleds 4l of

Sheslaal prliee Sl lacassy S
T3 S o T T LI SRR EEE S
ey bopebly &5 plapd, ol lagd)
oy yo Wl 4l (imly e S esS
Francis & ) &5 o~ )8 bl slcwss
Wricke  .(Kannenberg, 1978; Romer, 1917
5 58 Slerty il ly 1y b, (1962)
2 slp e )0 cudgy Blite Sl Slupe pex
29, (Shukla, 1972) Mgl .o )5 oo oolawl caigss
ol oS Wl Gaies e sl ol byl
e gy mil g 51695500 syl il B
owlbsly Glie a5 canl e lalae (o
Cwd 4 (GXE) a8l g5 (ganes,S o ouile Bl
Pl s syl Azl g0 cnlply e
aeS 5l 5o ealojsly adls &5 Wi bl 4
O3 yS 5w po (1963) Finlay & Wilkinson .ol
Gy At glalase o g e 0 ,Sles
Sy sl e plye | e a3Lo
O 8les Sl Cglis 5l Jaxe asli 0,8
O ,les Sl (ol ddlaie Gy rpd, den
ol 5 lce caws 4 bl den [0 lagd, don
Sod S Sy e o) ST Gy
o Shee oSl 51 o)1 0, Sdee 1 Sile g AL axils
Sl b (o595 Olyeds wBl i ooy JS
5 05 hes 5eSilos 2 938l ilie sled a4 (ages
Oz Sy b 5l Sl Gally gem S, e pe
&tk 05515 6l 5 (Jarmme pasls (55, 0 Slee
Eberhart & Russell, ) el ool slprias o Slac
58kes glls a5 Llaed, Uiy ol &b 5 (1966
IRCLONT-S0 SRV FRPR I R ON ST VORI 3

-

LIV
poye @l Jypame (nfpe @3S Sl G g
Olez poye 3l oo 5l G g wliee sleda plex
WS o DBras 395 ol lae lgeay 1) mip
Gyae Glwe 4 axg L (Kanbar et al., 2011)
5 Cexex WO, Ny 5 olpl 0 @r Al
Jsame ol I s 5L odsi abis slacysgame
Lilid posd @ azg b col 4zl jou5 5o
Jlo & Jlo 5l s S0 dilate &y ladlate 51 ol
5 ey bl Il al alise gbls s (ol
e ol o (Freeman, 1973) 5ol g,y Laseo
CodsSh g Jpame n slbeas, el Jlis 4
m‘ 90992 (5,92 )lf)Lw 9 )L.\.al.: LngpB) ul.‘?u.:‘
sla=t (_;Ltbui..an)'—‘ 6‘)—?‘ A.L:.gb u—" ) .e)lo 6“’}:’.5
Sed, oler a4 was baT; o Sles dslis
b el 5500 iz slaJlo 5 3blis o wals
Luls o baed, ol o,Skee ol 5 6,55 a2 o
(Lin et al., 1986) sgi (gw,p daxe alize
o 0> w3925 5 83ly 99 65 5 sk
S ol 4 aies laowe 5 cudg hlae
daloze 5l gloo s b o YU o, Slee oy
So5oE 5 (o> Awd 93 4y 4T 055 oo 5,55l
Gl shls sla(an)ls) 08, Ssdee e
Ayl i o Sles Gl sbalas (o eges
» dyereysbar pogar Bl L slapd, L
J.ES )" nsi“"") sYL u.,.s]b (§O9de Sl
el a5 (Cooper & Byth, 1996) ol s Slee
So 5l oo PlE Ry 0 o8 e 25
o, Sles 5 ll pogie Lol Logl colanul S5 Al
Dl alisee o Ll,s s o] 0 ,Shoe ol o
5 S5l porde Qe Jiin wizje 0gd e
L g YU o, Sles pogin 43 g LSS 1) 0 Sas (5)l00L
Sl F b s il gladame o o8, S LS
@ e 1) Gl porde pliize 5l (S p Iy
30 g calizee oS jo Jlasl o YU o Slee oyiils
S5 o 5 e x sy it 1L LU



MYy ohwisle bl ;o zy Giduasel sbaT ) o Slae 5 Ik 1) Kan ¢ hie

Gl iz slaazinl 35l ooliul L (sob;
Honarnajad et al., 1997, 1998, ) <l oo sl
2000; Dushyanthakumar & Shadadshari, 2007;
Mahalingam et al., 2006; Nassir & Ariyo, 2011;
Rahim Soroush & Rabiei, 2008; Rahim
Soroush, 2005; Allahgholipour et al., 2006;
4 (1997) Honarnajad et al. .(Ramazani, 2012;
G55l 5 0, Shas (s lub VTVA B AYYY sla Lo
NS bl Gl adhaie 4w 3 1) mn 03, ek
s 5l eslital b ol Rawgn cnl wad b))l
o8, «(1966) Eberhart & Russell g, 4 5,laL
23,8 atie 08 (sl ol ) Gl FYY
b & sleamald Koo Bl p ez
b g shezme (ib)ly (G G950 by Sl
FYV 5 TV IV lad) o wsme (s et
ol beg Bl s b slepd,  leea
Rahim Soroush & Rabiei .ol 8,xe o), K295
9 oSy blite S ow)p jelateas (2008)
L1y eshy mn slepd, o8les gyl s
sl 08 5 (iduasal &5 ) Cda) @y S S
Jlo 4w Sae 4 (S Gl 5l adlate 4w o (3>
3 eolaiwl b s, o Slee (g)lul sols ploxil
AYY A AV laaS ) o e Galides slobg,
ol (Brma sl sl lyea AYY

Soeal g @in 4,588 938l S 4 ez b
(Seplal) goyal) Jgame (nl )5 oliSsss
Lo glaed, @ oliws duey 0 sy
sl b Bl 5 oollae coas L o Sles
eon ol orlale ols (VL Cueal alids
Tr ey 00 &l o Sles ()b oy Holieds
5 2 =hy by 90y il &) e Juld
oliwl 5l dalaie aw o walds laed (g0g,0h
RO N A PR

by 9y 9 3lg0
5l e wp Gl &5, Cude Gl o
et g, 05, 98 oyon & o 5Las ek iulej
s sels Glyieds (V Jguz) (63950 9 28 slapliay

laaxcl3 (1986) Lin et al. gamaiss Ll
e o2 e ndipmss curd 9 bl
Sloazul 3 jo Il slagais) wulee leda
ons gk sllas el o il d
Wricke, ) (Wi) _.i¥1sST (Lin et al.,1986) ks
5 (Shukla, 1972) e (s lul b ly (1962
Finlay & Wilkinson, ) ;ysew,S, lascols o,
Sledas I gg gl sloaxiul,d s3> (1963
oS el ol 1l s sloazinl 3 saae e o] o
o et Gilojl )0 %00 (slacegy I s
SRS Ol o Ghey ol b ey S
65 095 b (olm il b oo lacass
aols b cwl (Sew wad ciS lacuies )l
Blse Caws 4 jlre pl b aS olul ol pl
Sy & Ko cand amly & mes LB
slocss 5l Bolai aised Ghleil o vsrse
eoly 5 Slagl g, conil ailaie o cabediS
slaxiul,d s3> (Eberhart & Russell, 1966)
Lin & BinNs s .yl o jlaisas g45 11 (5,l00L
8Ll Slsieas ) Sl gy uilyls 8,k (1988)
Gl 0,8 aslsl gasaiws pl 4 (V) ok &9
oS 2 sl )'lﬂ 2 Gyll Al ol °)51ﬁ
dolee (6 5o (9,0 ol 4 by bl
559 bl ool 5l 655 eSilee 1y g 00
b 2 wlee Caws a4 G G950 by Aol
L3S 1y il fy el o5 alagd amild ol
Al oYL g lal sl

Sl asls sz ag) Jlae Sl g ad) (Sl
Sy 0 Sl leda gl et
oSl LD 0 gyl e 6l gana,
5% Ssdse sk, (e o 0 bagie) 9 Slee
Sy |y als o Shee 03V a5 i e, o
coiy @ baaisl s 5 Jl A, eols elais
& poaiss WS oo )8 Gam sleas) jo 3 Sles
9 45) oSl (yeS alidie 3blie )5 gonas; )
Il gy (lgiear ol axdls 1) ag, L Sl >l
(Ketata, 1988) wigd o (8 yxo

Olid wr slecs) ©olul oy o



VWAD 5l ¥ 8,Les FY 5,00 ool sl LS psle OYA

Co5ie,> badgl (0 5SS 5l G g ad Sl
@l 5 Slhas 5 2ol oz a5l LS gilis 5 oamsS
Cosby lee p LSy 5 AL » oS e 0
VYU PIRVESRL | ¢
Uil laoe o 5l sdslcasoas slacols & 5o
MSTATC Jéle 5 bwg alflaxr jsba (Lol
PP U SRS EIRVINES)
Sy omlly Ay el ol las sla il s
Aas sla il ly 5195y Sl 5 e s aloal
G555 4 6l B3 5 ool S e il &y
el CropStat7.2 l33le 5 lawss ol 5 &bl
5 O s Jlo o (Bolal (28 LF (el
oSila (o3l el Bl oy Sl ooy b
Jolis sz 6l slaasinl s .ol ol Sla e
sheme Gpdiped curd Gheme bl
Solmb wibls (Wricke, 1962) (Wi) (uiV¥lgsS]
OsessSy latewd by, «Shukla, 1972) S
Jley g Sle ol g, «(Finlay & Wilkinson, 1963)
S 59,0 byly «(Eberhart & Russell, 1966)
S Gl g 0Kl ¢ (Lin & Binns, 1988)
gy e lp o,Slee (Ketata, 1988) 4,

155 LS5 aw o ol LlS slaSsly 7ok G
Soe & (V Joo2) Gl 5 )l ool dilare an
cloydy wad s, YA o WYAS el Lo g
Er Ol o Siglas 855> 5l lacass) (0l
S(od) )5 0 08y 2 b ag Jol po a8
YOXTO sloalols 15 (ayeyio V¥ gehaws) (6,20 T
4 popgelolind oS al Sl g yme Tl
VOr Gliee 4y 0yl 9 B )3 @Sk Ve s
55 den a5 ab ool Se o pSshS
GILE 5l G 05l 095 oo Ve g paiigeliliansd
abo> JSis dloye )3 oyl 295 weys Yo
BL bl b ool Ll 4y S e Ojpody
slodle J5 5w ploil lie jobay Jome e
2 Sdpdy plml (Sl 5 plerd Sjsoa ;50
hom 59, Y=V BSEg Saile 5l pleand 08
5 b ooletwl LSe yo i V-0 olie 4 6,5
B Djpe Cugh 90 53 (Sd (pZy (eies
boal>ye 90 50 5 @i JlsFadle )5 <l s
Ol o de s Ve eis b (gl )3 slasls
Slom dpdy pll @iy Slided dabe (SO
SlaS g 5o 5l adle B b (JolS (S,
S5 g ey 5l gyerie O gl 5l baaig o otales]

Gy el o eoliul 0 90 7y Slacaisis g LS, pl Y Jgu
Table 1. Name of rice varieties and genotypes used in this study

. . . . Amylose

No. Pedigree Line Number grain length Lodging tolerance Content (%)
1 Qualitative 7801 x Abchi bochi 27461-1 Long grain Tolerant 24

2 Salari / IR36 27759-17-1-2-1 Long grain Tolerant 23

3 (CP231* / Neda) / Neda 28011-3-2-1 Long grain Tolerant 22

4 (CP231/ Neda) / Neda 28011-1-2-1-1 Long grain Tolerant 21

5 (A2756 x Rashti Sard) / Nemat 28021-7-1-1-1 Long grain Tolerant 24

6 Domseih Mashhad / Neda 27610-33-1-1 Long grain Tolerant 24

7 Neda / Della 2765-3-5-1-2 Long grain Tolerant 23

8 CP231 / Neda 2769-11-1-1-1 Long grain Tolerant 21

9 Delamani x Khazar (Control) Shiroudi Long grain Tolerant 23
10 IR62871-175-1-10 (Control) Fajr Long grain Tolerant 22

* CP231 is the variety from IRRI il IRRIE 1 JLs )l o8, CP231 2

Sy e (65,9liS Dlids slaelliww] oldl i Coadae ¥ Joax
Table 2. Geographical location of the agricultural research stations

No. Research Station Longitude Latitude Altitude (m)
1 Rice Research Institute of Iran, Mazandaran, Amol E 52.41 N 36.28 +29.8
2 Dasht-e-Naz Agricultural Research Station, Sari E 53.13 N 36.42 +22
3 Rice Research Station, Tonekabon Chaparsar E 50.50 N 36.54 -20
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Table 3. Mean squares of grain yield of studied genotypes in different environments (six experiments)

Mean squares

S.0.V Df 2012 2013
Amol Sari Tonekabon Amol Sari Tonekabon
Block 2 0.028™ 0.485™ 0.111™ 0.581™ 0.395™ 2.960"
Genotype 9 18.714 11.278 6.023" 4382 5.020™ 3.403™
Error 18 0.633 0.422 0.255 0.461 0.428 0.332
CV % 12.96 13.46 8.64 9.96 12.71 11.43

ns, **: Non-significant and significant at the 1% probability level, respectively.

Aoy ) Jlossl mdas 5o ls e g )0 e oS 5 4y s S

Otalojl Jls 90 50 IS0 A ;5 @i (gmiy 990 Sl Al 5 Shae S yo il ly 4525 F o
Table 4. Combined analysis of variance for grain yield of the studied rice genotypes in three locations during the two years

S.0.V Df Mean squares

Location 2 35.148"™
Year 1 0.193™
Year x Location 2 8.935™
Error, 12 0.759
Genotype 9 21.560"
Location x Genotype 18 8.381"
Year x Genotype 9 3.114™
Location x Year x Genotype 18 3.694™
Error, 108 0.422
CV (%) 11.52
Bartlett's chi-square test 1.79

Aoy ) 50 Jloiol e (0 ud 5 as Io e g 0 cire e ol 5 4y e s NS
ns, * and **: Non- Significant, and Significant at 5% and 1% probability levels, respectively.
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Table 5. Mean comparison of rice genotypes in three locations during the two years for grain yield
2012 2013
Genotype Amol Sari Tonekabon Amol Sari Tonekabon
1 7.948hc 3.200de 6.711ab 8.503a 3.363c 5.307bcd
2 4.490ef 5.067bc 4.689¢ 4.523e 3.706¢ 3.681e
3 3.326fg 6.667a 4.224c 5.517de 3.964c 3.829%
4 2.609g 6.467ab 3.642c 6.367bcd 6.510a 4.127cde
5 4.472¢fg 2.400e 4611c 5.887cde 4.370bc 4.051de
6 9.558ab 7.367a 7.651a 7.421abc 6.362a 6.824a
7 5.895de 7.033a 6.318b 7.534ab 6.316a 5.445bc
8 9.842a 3.133de 6.909ab 7.711ab 5.801ab 5.571ab
9 7.360cd 4.267cd 7.301ab 7.281abc 6.363a 6.158ab
10 5.937de 2.667e 6.360b 7.444abc 4.475bc 5.408bc
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In each column the numbers with the same letters are not significantly different.
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Figure 1. Diagram of rice genotypes based on mean rank and rank standard deviation for yield in different
environments. The selected genotypes were determined with lower mean rank and lower rank standard deviation for
yield. For number of the genotypes see Table 1.
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Figure 2. Diagram of rice genotypes based on coefficients of environmental variation and the mean of grain yield in

different environments. The selected genotypes were determined with the lower coefficients of environmental
variation and higher mean for grain yield. For number of the genotypes see Table 1.
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Figure 3. Diagram of rice genotypes based on Wricke's ecovalence values and mean of grain yield in different
environments. The selected genotypes were determined with lower of Wricke's ecovalence values and higher mean
for grain yield. For number of the genotypes see Table 1.

5 oo Solnb baaisl Gl e o wolw
oo Loyl g b ,S00 gleds ol hawgie
b Gl bwgle joba laceisy (nl oSles
ey LT 5 ¥ oled Goig 90 Gmenl)d S o
Syge sceisy K I Oolite hie Gee S
Cotlae Lae & Cond boaie (ol W0 (o)
Iy st @bl ol buze 5 08 SIS
g5y (Choukan, 2008) was o olis s¢>
VL bgae g YIVE w3y oo LY 3Ll
Seday sclae slolame sl (aollae ooSs
L @bl oyt Jol e o iy cnl s
ol slp eopar G b oSy g ol
slcwigs den (0 Jguz) el oo jleday ddlais
o9 Sy bl Sl Ghlly e n 950
sl asye 0 9 YV Jlis! maw jo o s
bl Sl Sl oSl Ol 2t
O g e Vg ALY lacuisiy a bgipe g5
» omesS) b3l bgleg e bos
Ll wasls Jase azls L e daly a3
Slaye 5l Gliee G2y V9 OV lacalsss

Eberhart & Russell g, 4 5 b 4500 gl

V Jis] mhaw jo ghls goe gl o Slee Ll
4 by il ol Jlo gme .clils 5929 wo o
oyjsb:&bbsmua}bbkw/@)o
o, fles ( Jaoe ezl bl L aS g ebay ol
Ooilbee al o gre el a8l il lacuiess
O 4 ol lis gy hlite 31 x Lagme Slasye
Gl Ol Bl GlalesT 00 slacaiss
929 0l gl (aome Ll pd 4y gl g 0 Shes
Le 5l sledl=l 8 gas lssme ol
LG o 53 ¢l 6T 55 (o0 Sl s 5
b SLbL s (S jsbay lbeeis) o Sles 4y by je
Jsb 00 oeieiy So Sy 5wl )3 g S
Sl golby sl lase L RO
Sy OsemyS ) b 5l Sl by Kool leay
el YU Blie ) gz e 4y bagadei siies
A en S50 SLGE) ded (gr S wupd
ol S L ghlogime BT 8 led s



bYY ohwisle bl ;o zy Giduasel sbaT ) o Slae 5 Ik 1) Kan ¢ hie

Sh ol byl 9 VL jlogme pf (5w S
oS Il e Olsiedr S w5, b
Qsls

Gl LS Gl glaghy, 5l oeslatul L
Egomo 5 Ty oy Oy30 SoTe gl o, Sles
Sl sleainlp i L p o S g
YAV oYYV 1) Vg 7 5 leds slaaS, wosliu 50
Loy & o9pd 03 b g (TVPO-T-0-)-T
5 pSehS PO g FEYE VAT o Slee Silee
Ll k5 Jyame 5 logaiss Olssa LS
sladS; wlo i gl (il @l rizeed g oo
SFB-V-Y G YYEVPYA ) Y o F b ylad oo
09) 4 S 0 Shee Bl 5l (55 cxe 555 (YVFO
G390 Wold o) 4 S (Jg wundls b vals
A (g o sixe DS

Ly omibyls &35 Jgazr 50 Ggam )5, has 51 Sl
o Slae Sl Jols (1966) Eberhart & Russell
Oz Sy b3 5l Sl Guills 5 g5, pe
S o Gl b ey Sl el
GYL o Shee Lo 4 Q5 ¥ F 5l slacss)
obly 9 Se b b g )S) Gyt
Sloess) Slaed oS Gaew S, b 5l Sl
o) Ak (VY Ja2) Wedee Sl b
S5 Lalat 48, «(1966) Eberhart & Russell
(Das et al, 2011) ceul oal By s b

owb,lg 5.5 (2008) Rahim Soroush & Rabiei

G AN B ra ey oS slacass
caye b oSlee [bla a1y 4T, pl 5 2o S

2 2550 @ Sl lp 6l lalae 551 £ Jsax
Table 6. Estimation of stability parameters for rice genotypes

G M r Sr SiZ CVi (%) (Wiz) (Gi ) MSy/p bi S di

1 5.839 5.17 3.19 5.135 38.81 12.512 2.901 2.903 2.74 0.770

2 4.361 8.00 2.00 0.309 12.75 3.533 0.656 6.413 0.16™ 0.225™
3 4.588 7.83 2.40 1.575 27.36 11.908 2.749 6.643 -0.18™ 1.8037
4 4.954 6.67 3.20 2921 34.51 20.109 4.800 6.753 -0.43™ 3.3747
5 4.299 8.17 0.98 1.264 26.16 1.905 0.249 6.867 1.25™ 0.290™
6 7.531 2.17 1.60 1.206 14.58 4.881 0.993 0.110 0.69™ 1.0117
7 6.424 4.17 1.60 0.572 11.78 3.478 0.643 1.700 0.40"™ 0.460"
8 6.495 3.67 2.50 5.097 34.76 14.771 3.465 1.780 2.32"™ 22717
9 6.501 3.50 2.17 1.423 18.35 3.117 0.552 1.485 1.18™ 0.616"
10 5.382 5.67 1.75 2.742 30.77 5.567 1.164 3.899 1.88™ 0.678"
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ns, * and **: Non- Significant, and Significant at 5% and 1% probability levels, respectively.
G= genotype, M= mean grain yield (t/ha), r = Mean rank, Sr= rank standard deviation, S;>= environmental variance, CVi=coefficient of environmental
variation "(Francis and Kannenberg 1978), W;?> = ecovalence (Wricke 1962), o;>=Shukla stability variance (Shukla 1972), MSy;p=intra location
variance, bi= regression coefficient, S?d;= deviation from regression (Eberhart and Russell 1966).
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Table 7. The stability analysis of variance for grain yield of rice genotypes using Eberhart and Russell method

S.0.vV Df Sum squares Mean squares

Total 59 175.934

Genotype (G) 9 64.694 7.188™
Environment (E) + (G x E) 50 111.240

Environment (linear) 1 29.449 29.449**
G x E (linear) 9 30.172 3.352**
Combined deviations 40 51.619 1.291**
Genotype 1 4 3.644 0.911**
Genotype 2 4 1.463 0.367*
Genotype 3 4 7.775 1.944**
Genotype 4 4 14.050 3.515**
Genotype 5 4 1.722 0.431*
Genotype 6 4 4.607 1.152**
Genotype 7 4 2.403 0.601**
Genotype 8 4 9.646 2.411%**
Genotype 9 4 3.025 0.756**
Genotype 10 4 3.274 0.818**
Combined error 108 175.934 0.141

aoy ) 50 Jliol mhaw 1o s 4 o poe gl e e Cud 5 A

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