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Abstract

Background and Objectives

Rye (Secale cereale L.) is one of the important and valuable Gramineae that is used for bread
making and fed in some areas. Identifying correlation coefficients among the measured traits is
very important and aids to evaluating the magnitude of interrelationships between how traits can
facilitate the application of indirect selection in plant breeding programs. The target of this
research was estimating the correlation coefficients, and path analysis among some important
traits for selection criteria for improving grain yield in rye.

Materials and Methods

In order to evaluate the relationships between seed yield and its components, 64 different rye
genotypes were evaluated in simple lattice design with two replications during 2016 in Maragheh
region. Phenotypic correlation coefficients were calculated for ten characters during the growing
season and the correlation coefficients between grain yield and different characters were
subjected to path coefficient analysis separately for partitioning these values into direct and
indirect effects. Stepwise regression technique was used to obtain the best fitted model as well as
to estimate direct and indirect effects via path coefficient analysis. Applying bootstrap method
verified the obtained results from conventional method.

Results

Correlation analysis showed that seed yield was associated significantly and positively with spike
weight, weight of seeds per spike, harvest index of spike, seed number per spike, number of spike
per area and harvest index traits. Using stepwise regression analysis, the share of the most
important traits was determined and weight of seeds per spike and number of spike per area
entered into regression model and explained 75 percent of the existing variation among
genotypes. The results derived from path analysis indicated that, two above mentioned traits had
significant effects on seed yield with 0.71 and 0.60 coefficients, respectively. On the other hand,
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spike weight had the most direct and indirect effects through increasing weight of seeds per spike
on seed yield.

Discussion

In general, from this study we found that two traits including weight of seeds per spike and
number of spike per area as the first order and related traits to spike, thousand seed weight, stem
diameter, harvest index, awn length and plant height were in the second order for increasing seed
yield and could be used as the selection indices for improving seed yield. Also, the used method
for obtaining path coefficients was proved useful in analyzing correlation coefficients in breeding
programs for evaluation of interrelated variables.
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Table 1. Correlation coefficients between traits measured of rye genotypes

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ol
Characteristics
0.44 2
0.65 0.78 3
-0.06 -0.23 0.24 4
-041 0.13 0.13 -0.18 5
066 -012 029 0.05 0.10 6
076 0.66 0.02 0.09 -0.05 -0.11 7
024 033 049 -045 0.03 0.02 -0.16 8
096 0.01 015 034 -044 000 0.03 -0.16 9
0.76 062 -043 -029 -0.04 -041 -0.14 -0.04 -0.20 10
-0.38 007 025 073 079 065 -021 053 034 028 11
097 -035 011 030 076 080 063 -014 057 034 035 12
-0.14 -017 018 019 0.19 0.08 014 -0.02 0.28 -044 -044 -0.23 13
-0.35 044 053 -0.22 -0.04 0.08 042 042 042 -030 022 019 0.00 14
051 -021 057 058 0.09 046 057 048 061 066 -053 022 022 -0.09 15
-0.12 -044 041 -038 -042 080 071 058 -043 -0.34 -0.14 -013 -0.24 -0.14 -0.12 16
-0.17 0.28 018 031 042 048 -020 007 015 046 049 035 -005 001 -0.04 -0.16 17
-0.14 0.14 -023 -0.16 -0.02 -035 -0.35 0.07 -014 -020 -040 -033 -034 017 -0.01 0.03 0.07 18
-031 046 -036 074 057 -025 074 075 -016 029 044 067 067 072 -045 034 026 -0.04 19
-0.13 0.05 -020 0.75 011 -0.14 0415 -031 -0.33 094 073 061 -043 -022 0.03 -046 -0.10 0.01 -0.21 20
060 0.09 050 001 054 026 000 017 -0.14 -016 056 063 057 -021 0.01 014 -028 -0.04 0.07 -0.10 21
(Diameter of seed) 1> ks (15) (Spike weight) ... o555 (8) (Plant height) .8 s s, (1)
(Seed number per spike) aow ;s 4ls sl (16) (Weight of seeds per spike) dew «1s 055 (9) (Internode length first) « $te o T b (2)
(Flag leaf length) o, &, g b (17) (Harvest Index of spike) azw csls , Lextz (10) (Internode length second) « Kt o351 Jsb (3)
(Number of spike per area) shu u>1s ;5 dzw slass (18) (First internode weight) i, o35 (11) (Spike length) ae. Jb (4)
(Thousand seed weight) «is 5152 055 (19) (Second internode weight) s St s 055 (12) (Awn length) sy, 3k (B)
(Harvest index) c.sts , ez (20) (Number of spikelet per spike) aliw ;s aslew slaws (13) (Stem diameter) st s (6)
(Seed yield) «15 s Se (21) (Length of seed) «1s J,& (14) (Straw weight of spike) dew oS 055 (7)

Bl g /YY 50 IYO e BY 33T 53 L) Ao s iy 5 0SS ez mha 55 Ssen Sl o 0lis
Critical values of correlation P<0.05 and P<0.01 (with 62 degrees of freedom) are 0.25 and 0.21, respectively.

97 |03 € w10 v o[ e T T oa ) (s

4



vV A Sl ) oy les FY dl (55,5l ade alows) AL Sl 5

s Al 5 o dBEME 41> DSy Al 5 53 IV sl
Slafer and Savin, ) uole sleul s Slas 5 diws Jsb o
ol iodtalie e alaly g5 s o Yl (1994
b oilesT oml 5o slssler s 5 Sles 5 abi I b
ol 4§
5 akin olST 055 il b i b 4y ¢ 05 )
Ll sime 5 it (Sineron 5113 0 Sila ess 039
w@dgbﬁxsﬁwbjd&uw
oei Lo 53 dils slies 5 aliw 415 05 caliw 05
=g 3V Jgds) b Hls ae g e Cils
sarls 1S ol ods )1 o slains Soaen
Sen il 3, Ses 5 JS J5b L s s
ol (6,8 o3Il (Sla s 4 b 5 4zils I3 jae 5 Cotte
ki 4ils 055 i 05 calaw I sb i 5 ¢85 ) )3 )
e b e Sen ¢ 55 o a5 413 sllad
&> 055 SMe o (Nasri et al., 2013) ol o3l OLis
33 @lid OAS 5 ga s bT (Slad shor p— g T
Ody S ol a5 b g il o e 5T a5k
Ll 5 s 5 Al e GLET b slgsl 1 e 5o il
o it Al gl e bl lsn 5 T
35 ols 0,53 5l 4e (remobilization) .8 3L 5T
SLaphis i s 5 oo Sl 1l i s, slapl
Sl Sy 5 o, 65 s VU ol (sl
OMe 33 Slas gl i St K3 (6 g
s (competition effect) i, akaly 5 51 50
P B -1 HE PP B SN WYY |
LaSosbay dibes)se 93 2L 5 0fme cais
pe s 4 i )3 4l sl L el sl 515
s S5 a0 e (Alod ilo S i QUL
.(Hay and Porter, 2006) 4L oo ,ialS aSls 0
0 Siler o3l b o Silan 2,5 T U b slacio
055 ki 035 etk ol 035 sl b (S, J s
aihs I b o Kilbe a3 035 ¢ JSSIY 035 el il
o3 sn 3 e Sed o 5 &8y I b 5 il s

e Caiis 45 25 8 s Ol o 1

chwub-‘})éiL:;w.}‘M i 53 4y Sl O omen
L eapm L e slaslar als 5 Sas b 2y sl
3, Shos U LadT oYL T 5 b o Son & 4 5
o e 135l ails 3 S #Ssl sl LOT 1 055 8
ity U p) opllan Ll )38 03525 L3
3 Shes 5 dhins Iy oy Sen (gl VU 5 Shae
2 S e Js (Mamghani et al., 2003) wsl .
EOrL U -1 G S B V- P - -y P I
PG AL sy 250 06 5 Nhes Jiiley 035
5o Ll 53 Cussdome s dlaly nl e o Jele
Lol llanls Lyl )3 53105 A8 oo S 3 s
arl 5+ (CO-limitation) &j5we 5 e 68 55 Cys g
555 e Ll & 53 (Lawlor and Paul, 2014) 55 §
(o 55 S (S 5 008 5 Sy (6
5> Il ol (Calderini et al., 2006) b o sl
Lo T 38 sl )3 Cudgitons et Ll 5 o ME
l_g(al_ij\).aa_b-c;eQw.&».::ﬁd\:duﬁéiﬁ
33,5 5, as 2alS Lol Ll5 oo K5 i
035039 ol w5 L .(Blumetal., 1988)
Sl Ml a5 &b 033 3 gukos 50
L il aliw sk Rl ) ) o0 5 4 4ls OS
(e 4 e Ll o (LBl ol jan LaasdS sltas 213
(Slafer and Savin, 1994) 35,8 WOT I &, 0ds
35548 Sl OT I (ST cpiimen plo (5T s
O i oy e e o153 ¢y S
SLadS 1o i ol 1 455y Culda daadss,
o 65 DS I i e O 355 (Gl
Slpde ol 5 55 6l Odd 5 Slidles § > e s
Jab slgsl sla 85 (S i bl 5 s
axlgn Cusgdous U 1) iMenT 5 45 0 Ll g5
Calderini et al., 2006; Hafsi et al., 2000; ) 4l
e sy .(Munne-Bosch and Alegre, 2004

Eely (5905 095 slesl 53 o3 94 (SOUrCE limitation)



e 05 S Soren ol aalllas 10,0 5 £3LGT (b YA

i Jpb Uy 5 Sl s gne 5 e Stcan 4l
Ll s a5 L ols OLES Jls ne 5 e (Soan
ST S5 (ool (63l 315 o 5 alesT
et 53 o ol S 8 Sl 5 (15
Jab gzl 5 Oles; LBl 53 O e o3l (5,8 S
Ol e Gl 43 S da 053 5,8 o e Lle
b gles 5l y Sl g b6 olie sl
33 0dd S5 (bl es Ol Jlo Lol il o cnlis
0053 ol (b 534S 3,8 0 g (5303 0555 Sl
Oljr (5 5m 53 Glgal il O g 5 dolals Lasl 5 ot
)updﬁu@;ﬂ%u,uQMTpu;
el 3ldws) O 3lBes oI g sl e L5 n ol et
5, Shas s 53 1y (i 3 4l sliws caslS sl
5315 55y S 1 O 5 e o lad e
@@¢)455°5|.u|,;‘ts¢»agm4{o;u¢,.x§
Ll g s La ST wlin oo 550 Ll 5 55 5 sl
S Sa ol 338 s ol slapltl 4
03 SRS Odd g gl das (il .]a{\J_J:J.:SU S
5 Shas gl = o= -(Yuetal, 2015) 1 il o Looes
e o &S ol ST 5 yls sy e 5 Josline ala
e 65l 58 0 S0 Sl L e Al
LolS g s ol oS Sl Sl 5 adiings
Q;MW)X)D'J}'&&GJ‘?’“J‘{‘J‘L}QU&“
o= «(Mohammadinia et al., 2012) > slali
sabin dpb i 3 s slis L oSty Uy b
odaltie (6 l3 ine b g e aaly asls s, Shas
Wil e LacSiy ;48 ol ok i)l § 4 5108
548 s ) i (g g3 5l e (6315 Ol e 4
53U 1) i s i Ll 5 o Sy 3 9
o=l 53 (s (Peterson et al., 2006) das 2l 53 4l
S slagler 3 Sas (1315 Sty ) (45 adllas
349
€ (o O 85 s e 515 61

TS J_ﬁt;,‘}gaa)w‘yugb,'ﬁx,?ém)w

53 et 31 el Jsb Jg dzsls 41> l5m 035 L
clz.u dlg s dliiw sldas g b 55 als sl caliow
Lsls Ol @l 558 055 b 6)ls gme 5 ohte (Soamed
Nourkhalaj et al. (2010) 3,138 5-b.(\ Jsd>)
Gl 35 5 0 53 45 sl L C“‘f Sl a8 05
s O S Cils e Soes Al )
> Hosienpour et al. (2003) .l 5l 5l 53 Juol>
2 el o)) Sbdo Siar Lol o
o L als i 05 dzsls Ol (géu%;};;
;,.(w‘c_,_:quﬁ oL ails :Jil.q.:« Jed ) oo
3t (Sias 13 0y s 5 S5 I
N2 05 eails 3 Shee sl 53 5 S8l s ime
Ol 355 5l asls 3, Shae b ) (Koo 5V ails
3 sl Ll b e 3 Sde Sl g 0l
a5 S0 5LesT 55 dsb e e LS 65
S a3 4l S 5 Al SIS gty o
Lyl s am g L sl als Sl 055 51 56855,
3508 5 bl Joome glasl m e GbLis ol
J_Egﬁlaguﬁwf)>YQ§uh;);x)§
el JoalS” Oy sy asils Oy Ayl By e
Coagdms Blumetal. (1988) )58 b 5,8 o
d@l,;ﬁ,b@u(.\fu)ﬁ@_w&tfp@
LS Sl wls 5 Shas 5 41> 38 05 0w e
ol Calles Lol G

L;l;;l;\églﬁgdu.\}l,ﬁwgw
oS 055 il b (oS y Iyl slaiio bes Shos
3 e (Stcan o Koo 93 035 5 S 05 b
Sl Stused Cpiiven I 55 () Jpuler) il Sl e
05 5 4l> 3 Slas 5 000 53 Alan e e e
o5 (Ramazani et al., 2017) «5ls 5, Shee L 4l
Ao S

i ol 05 il o Glain b &Sy 5 I b
93 033 ¢SS 05 et alls 0 cabiw 035

)‘ﬁ Qj})ﬁﬂ_dfﬂ J}buﬁb#u\}\: J}E caJi;'L:A



¥ A Sl ) oy les FY dl (55,5l ade alows) AL Sl 5

oS 05 o L el 313 g1 (Y Jgd) s S
NOT ilasls oy s Jsle 43,8 e sl ab
aiw 03 Caw a5 Sloj sl Jials /v 4 VY
ol SUL slaciw L 5 atwly S Ol yieas
slaca o s JVLAJ)\}L}.E.:_.MJ_:AMC)\}_&A..{
9S> O el Cils 5 el Jeld siile U
345 Wsg als Hlm 055 5 aliw y3 4ils sluss uﬁ\:ﬁ
Cosls malST s on dor glao T 5 lalds o
Cdo Ol s dliw oS 05 St 35 (Y Jgu)
Joe e Ol e a akile SL Glaidw Lo 5 4ty
(il el bl bd glais Lids Jde 5l
Jioe o Kile enss 055 5 0L FLis)l Sy b
o=l Glalio 53 roren s 50 15 o6
(sl etz (slaoyleT 10 Kol me53 35 5 ol
S5l alS FIVA 5 V/IYE 4 FY/AA 5 VOAF Sl e ja
Slao,leT alS ol 5 G ioy S (Y Jsus)
J= 5l i Glatdo Soe w5 (s
« (Asghari-Zakaria et al., 2006) ol ;s 5 Slee
el oy S
Wil 035 48 3l 0Lt plE 4l b 55 ol
@i adas | el dolg 3 ali sldad 5 Al
s b i nl clids a8 5 oo 315 &8 din g
Sl hyls s an 5 e O S5 el i O3
S 355000 sl Sole & ctbl oo wls 3 Shes e
Aol ol 5 asils s Shes palae LagsT 25l L
93 b g 5, Shae Ol 5 o3 VO 55> ioman
s A § S 8 Jde 3 0ki 3l sl Lo
Jsl Cdo 93 Lo g alls 5, Shos ol it 5 O i
(e et o 2 YL polie 5 Jde 3 edlis )l
Jode o5l 5o bme y S L b s e 59,5 SOl
o S Slallls slaasl b rash ool b oy
55 slatin Ly ails s Shee oy (Soen 5575
Quw@%da.ubbjswshijdb
.(Mohammadinia et al., 2012; Mohsin et al., 2009)

Clatin s sk syl 5 135 eslinal byl
Sl 5 Shes 5 Jitan ke Ol o s ais S oIt
b alie 413 055 Tho 3 S 5l als ie Ol oy
S s bty pos Jele Hle o it (281
p#ﬁ&a%@,\u;ﬂjwwuwm
(il olS 05 claldw mmen g 4l 5 Sles
055 JKIG 0 5 cabin Csls e L a0
35 Sl el g Al 53 &l 3lad (0, Kb s
i gl sl il > Sas b Syl 5 e eain Il
cliw 0 le oty )5 aliw sl el &> 055
O3 05 eabiw Sdls el i oS 0
oL il s caSls Sl 0 el sl oSSl
o Sk a3 053 5 0LS Ll Sy 5 Jsb ils
3348 o 3 La g s 5 Shas IS 56 el
oS 05 Jd Sl aias ol 5 (& aslie Oolallas
S Lloss iyl F i Susls  Lastla 5 ali
2385 de Dliw I 5 4S8 Sl ol el ol Y
35 o) Ll K15 6, S eI 5 ge Sladlle L
e Cils Lt ls g aliw oS 05 &5 Col Jl
,;M)\>J;bu\>;;wﬁrgwﬁ;)}_b4{«§
033 o (B9 Sl 0355 a5 5,550 J3 Dlalllas
Sl sl JUst cails Ol Ol 55 45 esls Ol aliw
Lol 2 > Shes (2l 1 5o Wl oo a5 G b
23 LaoT Wbl e Jele 5 Joss slao el S
Vol i HlRe) Jad BB s S mie JasleT ol
Sl 50l S Sl 5 Wbty ey Jele sl
€l 03y e iyl (i)};JALF Sy (Joss jasla
VYo as Ve O/F0 Sleddas o5l pss adom e 5o aliw
Dl et (] 4 053 dlo o 55 3L 2alS
Olgeas olble SL slala o 5 auly e Ol e
b 413 O35 8l s Je 3505 Jitwe gla i
5Bl Jue o )ls Al olST 055 g i 055 Sdeo 50
W/ 590/4% 5l e ol Wbl o5 Jale
C;,Q_b,'H.u?.J@}ag I AV



e 05 S Soren ol aalllas 10,0 5 £3LGT (b €.

(F Jo) Sl 30 9 (1 Jo) (Jgoxe G295 38 (b3 P95 Jole § Joxi) (Jas-ed Wi S 05bT - Jguer
Table 2. Collinearity statistics (tolerance and VIF) in conventional (model 1) and sequential (model

1) methods
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Table 3. Path coefficient analysis of seed yield with the other traits in the stepwise regression model
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Table 3 (Continuation). Path coefficient analysis of seed yield with the other traits in the stepwise regression model
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