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Article Info ABSTRACT
Article type: Background and purpose: Investigating the diversity of cultivars of
Research Full Paper agricultural plants and the relationships between their important

economic traits, such as grain yield, components of grain yield, and
phenological characteristics in crops, is crucial. Wheat is a significant
source of energy and dietary nutrients. During wheat breeding
programs, yield and yield components are carefully considered, and
understanding their relationship is essential for developing high-yield
varieties. When comparing agricultural cultivars, it is important to
consider the conventional or innovative nature of the comparison
methods and the novelty of the cultivars or varieties being compared.

Article history:

Received: 2024-5-11 Materials and methods: In this study, 94 bread wheat varieties

Accepted: 2024-11-30 (including 4 control varieties) were cultivated using an augmentation
plan with 3 repetitions during the agricultural year of 2018-2019 at
the Faculty of Agriculture, llam University. After planting, normal
irrigation and proper weed control were maintained, and phenology
and morphology information were recorded, including days to
germination, tillering, stem, flowering, and maturity. Additionally,
the number of tillers, leaves, plant height, nodes, peduncle length,

Keywords: spike length, number of spikes, weight of 1000 seeds, and seed yield
Bayes were assessed for normality. Data analysis involved the use of simple
Correlatior d advanced statistical method I ltivariate statistical
Analysis of variance and advanced statistical methods, as well as multivariate statistica
cluster analysis methods such as principal component analysis, discriminant analysis
Triticum aestivum (DA), and cluster analysis.

Findings: The analysis of variance revealed that there was a
significant difference among the studied cultivars in terms of all the
traits investigated, indicating that there is enough diversity between
them. The highest Pearson correlation was found between a thousand
seed weight and yield (0.907***), days to tillering and days to
flowering (-0.92***), days to flowering and maturity (0.85***), days
to tillering and rippening (0.83***), days to tillering and stem
(0.79***), and days to tillering and flowering (0.79%**).
Additionally, there was a positive and significant correlation between
seed yield and spike length, as well as the number of spikes (0.39***
and 0.34*** respectively), which was further confirmed by the
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Bayesian method. The principal component analysis, along with
linear DA analysis, showed that the first two components accounted
for the majority (99.51%) of the total variance and demonstrated the
effectiveness of this method in grouping the varieties. Based on these
results, the cultivars were categorized into six groups. The first group
consisted of the Darya and Quds genotypes, with an average yield of
712 grams. The other groups had average yields of 594, 864, 195,
328, and 442 grams, respectively. The third group (Shahpasand
number) had the highest yield at 864 grams per square meter and a
thousand-seed weight of 43.2 grams, which were the highest among
all the groups and the entire experiment. However, the Tak-Ab
variety also had the highest thousand-seed weight at 50.81 grams.

Conclusion: In this study, two methods, both conventional and
advanced, were used to evaluate the correlation and relationship
between traits, and the results were consistent with each other.
Subsequently, multivariate statistical methods were employed to
classify the wheat cultivars. By decomposing the data into the main
components, the first two components successfully grouped the
cultivars, with Shahpasand and Darya exhibiting the highest yield and
thousand-seed weight in the population, respectively. Given the size
of the population and its sufficient diversity, as well as the range of
climatic conditions, it is feasible to utilize the available cultivars with
high performance and desirable traits in improvement and expansion
programs.

Cite this article: Haghnazar, M., Fazeli, A., Arminian, A. 2025. Evaluation of cultivar diversity and
correlation analysis of some agronomic characteristics in bread wheat. Crop Production
Journal, 17 (4), 41-66.

@ OIS © The Author(s). DOI: 10.22069/ejcp.2025.22414.2625
By _no Publisher: Gorgan University of Agricultural Sciences and Natural Resources

¥y



ﬁ\%\ =133 Ol bt S g @

/%%&’% Yoo AYrax : le LS )

Lk o 8y
=7 8

ce AV oV . 50 o 4 S Py
YooA-YEor : K9 uTILLY (Ao

Ol S Pkl g et pple Ganil

b pAF 30 (155 ST g ) B 2 Wbl g pB 4l Egid L),

ol e S bl 5T e Clige
mahtabhaghnazar@gmail.com :wabll, .ol sl Sl (Dl olils (53,508 aaKils (bl 2ol 5 el 05,5 o5 55> (sl '
a.fazeli@ilam.ac.ir :aebll, .ol al @l Dbl olKils ((5355LaS eaSLiils (bl Sl 5 celyjos S (ode Olia e !
a.arminian@ilam.ac.ir ;L .ol . 3! Ol o (55, 5LaS euSLEls (Bl POl 5 sl e S (ale CH NP U

a.:t.,(.:- Jlae Sl
Lilen il (g3l e Slio o als) 5 (o5 QLS pBl 555 ) iddn 5 abila e g 5

o5 535 el 51 LT (S35 sl Sy 5 5 6l 3, Shas slprl 55 Shes o Tl JB
ol Glaassl o 3 5)ls el (65,5 ke sl a5 (31 RS s p S L
Soden L Ll lalss iS55 5 8 5 15 5550 00 Shes sl 5 2 Shes oS
dodr L e g e o (25 L)l aslie 5ol el J e Ul 4l 4 s
Aol Cgaal Sl el b pB)l O3 5 oo oa 5 canslie Gla ) 05

) VEFIYYY 2dly 5 06
b B 5 (ALt (3, ¥ o) 06 pS (5, 4% sland (ool ) oo oy g0l ok
3,8 CnS oDl oS (63,55LeS sdSls L3 VWAA-AR ely5 Il 53 LSS Y L ST
s 3 5 slacdle Legbe oles 5 dle s (65l oty (lS Slkes pll ) s
580 emsamy B sas o Sole B e, Jold 358050 5 65 oledbl el 5 (aws
S ol S ¢ lis ) (S el camy slas (LS S U s, 5 AMS B s, asaila U

w)ﬁl{c‘u.l) Jjﬁ.aﬁ)d\) )\JA Q)} td.L::M)Jd’.:LL:;‘N Sl M.L.T'M.»: J)lﬁ ch.:‘J.l Jjb na; :LS‘J":lStﬁu")&b
wslw bl (sla is, o o 3l eslizal b baosls 4 o 8 &y gon Wosls O350 Jls 5 >
LS.:M,@

a3 (DA) Lasid ag iz (PCA) Jiol saad io 4y 4 o0) (5 el 5 4 iy o )
Bk SIS o

1285 el (23S Sled 4

Triticum aestivum L.
e d o ol s L;ol.aj J.lm )‘ axlllae Sy rl:‘))\ ‘u"“l'.'.)l} ‘U..j’"". Gb wl....u\).v L&dlﬂ

Sen it 3 T B 5 s ) Sbe S sl 0L (5513 e sl

Uj})LJ.v_AJ'*—"bJ, '?uj}) 4(—~//\O%ﬁ) ;J?_AJU)))L_:JAKU)}) ‘(_n/QY###)

AAS L e, b ey B g, (/A0Y

3o b sl b 5, 5 (VAT astla B 55, b pasamy 55, (/AT Su,
amliw slias 5 alow Jsb s 3 Sas g iomen (Sl 3 9 (= V) Ry
) Gl e 5 e M

u..a._;'h.’:.?HFJL}QIHEQW!&L&L&J}s\{su_)qu");.c,_éjf)ljj.xﬁ‘ljby

S e Lo b &S Sedls sy (FTT

¥y



sesgmai a5 1 1S lls (doys QA/0Y) lasl oy (o pams Il (sail3e 55 o
SBes S i s fu)\;ﬂmuﬂ45;l;oufujuéwjﬁﬁbu:wwlrwgﬁy
@SV 3 Shee 80l b e 5 L glacs s ol o 8 el ol i S
4 Wsg slay g 5 S FEY S TYA 040 APY 04 5 Shee Sl 51 55 K slaes S
(o SXYIT) &lslzp 035 5 (e e 53 0 S APY) 5 Shas o iy (Weagold (3)) g 05 5
lsylsa O3 st 1 SO L Tak-AD (35 5 axdls bl JS 55 5 e S o 3 L

sl u.ﬂl.,a.“a'-‘ Sy asly (D§O~/M)

o Bl 5 (Soaan GL50l Slp 4 iy 5 p e SRas 3 (Geod cnl 3 s S domd
Gla sy o Ol 5l a5 o3 Aol 1) Koden a5 3 8 )3 aslizal 5,50 (Slios
Glaadlie 4 apes &S o S 15 eslatal 54 (a.k;§¢l.3)l Shuazws Gl oo ane s bl
55 Y T b 4 308 (siues S 1 Bl s oJsl ool sl 3o 53 S eslinad L Lol
a5 bl bls (Camas 53 1y &ls)lm O3 53 ,Shas o 2 5 a4 L 5 Al
jéj_ila&l_gbﬁjﬁflj)‘)\d\j@‘&%ﬁ‘@:b) UTL;QECJJJ)}})WV»M

-3 ga0 oslarl ﬁ)ﬁ) fw\ 6(.&4.»\.'): BL) ;YL JJ,&L“.:« LS‘}"

2> =3 GleS s 5l F o o bl 5 Bl g L30T e WOl T ¢ T Lol clzge s g ozl

DOI: 10.22069/ejcp.2025.22414.2625
@ @ Q@My@ Qgﬁﬁcbjéjjjwf}l&ombrib

NC

3



Ol)Sed g Jaigs Slge [ ol (B (ERwwbli )l g oLl £95 (25!

Slaas saze) O 5nSIS sliaih 5 Sl (gl g
O o ol Sz bl e Sl 4 (S35 il
S i ot Gl 350 Dlhs oS
350 st glap s s 0SSl s oLl
sl S5 5l Oliize (V) L,S8 o 5l 3 eslinl
005 o g eyl shy akb G SN
Sl G L K55 b Sl by s ety
Ol LA als e eslinul 545 Dol asl
Glaes S 4 g 58 b5 5 Ghuey S pudlp ] sl
SO PSP 3 b WS PR PP Y%
Sl Sliv Sian Slllae 53 g5 glas S,
Sy Gl 5 J Sledlbl Gl (ol S diles
S (A0 ) a8 )5 eslizal 350 Lasysl 5 b la e
oy O B S R PRT-N PN sl
5 la Sen ooy 5 s s £l S Slis
Pl glaasl 55 4 Dlao 335 Gla g
S Lss 5 ol Ol 555 0iS 0 SIS
Ly o g solal 3l e SRS,
Ales sad o3lel QLS 53 A4S L WS g Sl
IS 05 ) 03l Sla Stas Gl o 5 same oS
03l) s il S 5 O S5 35 5 (o 5
D e S ol 03 el 03 (3 b
308 53 5550l pde 53 S T (lagn, Sl
ol 534S el Dl b (55 oS 2l (g3
S obel gl Olsie 4 3515 (53L5 5,8 33 LS
e o 5 St (Smad g 35315 53
iz RNASEQ sy 53 (S5 wldd s 55 S
(55 Al bl sl sl s -l
Ailen pledigy & oo 53 55 Wl s
olSJ xS ladKs uas s GGE biplot s AMMI
Ao 5,5 Sl (QTL) LaS i

N g 55 sl (slad ga i gl it 5SS
LS o Sl 1 0 e Ao (Lol (sla g5 51 eslind

¥o

Aodlo

oo 4S el Sl al N peams (:45
e ok ol () 31 DLl i 3 ) e
Sl mhe 53 5 la,yis ST Shda s S s
Ol 4 das 53 ALS (s ool e e
oemed s o3 g i M b ke sl ol
L aS cmala s bapasli s o das Sl ge (55l
WSlog b Glo (s (o5 Jlde 03500 GLAI
e 2 (ol S b (V) 55 5 e sdre [l
5s Jlw s rﬁal:yoﬁg«\/n 3 e sl
Sla e 3 OUSKa O5ds YY0) o3 VO 31 i
S0 5S35 e S weslizal LG
@IS 5 Oabes VoY 5 LYY L s 0l
Sl 04 Ol (a.k;f S eSS 5 aens)le
3 pL5 ) et j5 b a0, Sol5a (Y)
" S 4 Slos 1S (Sl & paree
Lies O5,aliS Slols cos 5 anils elys la
3 LS nn g Sl e i LS o B yme |
s dsmame oy pLL O iS Osm e 5 8
3 El s oy DY mame 2l 3 el POl
st S5 5l LI oS el oS alax
u.gl.::..ﬂs LdMe =cv\4§ Qljf_sl}}«.f RRC N () L ls
53, Shee i Bl 5l a8 a5 4
Slis (0) sl wpdhs ol oo sl
Sl B Ly (Solw (555855
Gl 5 YU s pdlls s L (S5l
5 iake sy (lio ol el s sl 1
S8 a5 AL el G SLE e

(F) 338 oo o smees
Qu_,é@;swiﬁd\ﬁdmmduu;w
23 S5 peS s SIS L SO
&L__:“)'J\jQMLL__?.:)\::ﬁ-) JALSLSLM.'Uf

Ol gsas Vgams cas s 50 53 SS5 050550 Sla S



VF+¥ ¥ b)l.o.n.:} dY 0,93 “:ﬁ‘))’ ul.hlﬁf .\,\)93

Yoo po ol slie gl 5 (Yeer) e
b S5 55l o 50 VL pssg0 0 S 55
i sl (il e la wils s S Slas (¢l
i 53 €15 035 5 abie 3 4l 345 b A5
L 5 (YerY) &\)L.Qmj)}ﬁg V) 550 uﬁ:)lﬁ
4 S L sl HLgbl C,\_;fg?,_;jsja?v Slss sy 5
o bl e 5 e Saen gl 4l 5 Shes
5l 53 &ls 2l ¢ ale s 5 L) JSSI s
308 e sl e 51 OV) Gy il e O35
S ol ol ba Sen oy 03 Ol B
o o (Olidss [ Ks) s Sledbl 5l 0l 5 e
S50 534S (Gl 5 5ed enlitad  Sien 333
Oldded 3l 5 g dlﬁalw p 3y Lgl.aaui_g)
el 2551 53 Ol sla s, Sl S L
L\&J;e)u;m‘dﬁtsrjb)ﬁo‘}:m;)j;:w
bl e 5 (65l 4l 0B s 4 Bites &8
Ol oy calasly ol 55 sl o35y B9y ol b Olidme
=&l 3,80 0 53 Ol Ly SO 0) Ol 4 e
.L;ﬁasw\fﬁjswjé\ﬁwdﬂl;
Sl 5 (Glss ) Gy ol ) e
e%&bwwyﬁﬁ\zw)ﬁﬁ\_éﬁjb
ol o3l edomte SVLI 53 0S5 g b alials
il KedS gy 4 Cnd ss ol G520 S
@;5 Olsee 2ol G ol 5l s Q) sl sl
Lo S50 ol DLl e 5 S35 59 555
Slos 5 ey S 5 by 5 esle 5lel gla s,
33058 53 gl oS Pl |

W g, 9 dlge
Sle o aallls B LS)—:§°)U‘—-" e (dw1881

1. MCMC

¥5

sl b aslis 5o (LudlS 4 25) el i) oS
305 e Sl dler 5l Ul shls Lo,
2538 il oS 5 AS Slis ) st
SA S lees S g5 bl S et b sl
CSHle e 5o (Sals 055 Lo (el Sl il
33 @Ld (Sl o 4 r\?u.‘ Salaze (VY) Ll o
eV T e s el el S a5k bl ped G LIB
i S Sl g 55 s S &S el S5 4
St i bws 50 b 3 Lac 355
5 ol aly ol s (07 il OISl (dlS)
s 3 Shas il 55, Shas (Y47 O, Kon
Lol o 1 paoss p kS QB ol Slio 3l Kos
Loy L s e gad (o) OS50S 53 s
A s 5 (Sieaed 5 O S5 dlen (U
Lasls s, Sdas o Sl 0 5 S50 ol Glaedl e
5 s sl a8t OLES bty 63 sa gl
RS« dls st d g ailalia Oy s
AOF) s g by s Shas  Slaws

OLLSen 5 (ol (Gl S )3 (e
33N Gl o Ses (s 4 (V1Y)
S O p kS (ool 135V 0 S35 58 Sl
u\_wjbb- B 4:;'-l>ﬁ (L;Liélazjf 3 d‘”) v.(.v;- S
Sl s a5l S p ) oS el
s ine Y (55 (S 5b s @) s IS ks
Sl et la Jlo S bl o s e A
o 5 (/P |3 JS gl mma 5 (VYY)
CNEE) S s s Sl Dlio 35 55 Ll
L Cie S (s (V) Wls a0 5
(148V) SLSan 5 K015 .0 F) s s 5 Shas L
“Sns ol b eolg e p S an ol VY
whie J b ol S pli )l ¢ Sy b Lilen s
b o Shas 5 alslze 055 hicw 55 adls sl

Jf.(\O)J\_}JJQJMEUJS/Opdluf 4



Ol)Sed g Jaigs Slge [ ol (B (ERwwbli )l g oLl £95 (25!

o3l ol a3 sl 2T glml Cs @
bap fosile o 3 G g1 S 68
i Ll Gty S a5l Lol Sl &,
2 e s S Sl Sy 5l ks e
oS clﬂ« G35 S5 Gl 3, S S oS s
s bl s S dlesl 5 asils (Al sdalis
5301 olad Ly a3 3 acmy 315 e
(oS 3315 0F=00 iy al> o) ad S al>
o S A b E B s, eled s S el
Snle e on e, sl oled &) g
23Sk (L3S e S5 Sk s
Sl ,500 s (S5t g Sy ad> s
mals 550 lsslia G5 romed 5s edewy Laadi
08) dt et Jlo iy Il (sl
Ogrr S5t gite (o (Stad 350 51 SASSS
4 Comd (345 o Ol Shas & by 42
O a5 035 LTL Ue o8 5,15 Jsane (sla ks,
o=l s 5 4 gl bl glaael 5 5055 4
0K del O S d 5 5 a5y
Ll 0313 B s sl Slon iy Sl eslial (6 5
Gl la i, (ToYY) 0LSan 5 5 i 5o
Bayesian  Bayes C Bayes B Bayes A b (s 50
UL Aal s JLsd 085 sw e sl p |, Lasso
S 5,31 S Canl 5 wdls HI 3 Ce 350
3 G35 I i sl Sl ey 2235 0% ot
Gt e Sl s AST el s
- 4 S LS S5 5 s Slades ol Ul
o ) Sl Sl oy 2 a5 s
(S SR e 35 (V) A5 4 S LS il
Sl dllanls 0558l 555 sl )8 Vb oy soms
blaal gl Vyans g obel 53 &S1,5.06,50s NL
L agorlsn 53 5 ol oslinad g 3550 51 o0l
S e sla i) SYL A L slad e S5

e}u_g) O)¢—~“J§) le—‘*gj‘}) 2? % S5 (Y )J"’Js}‘

¥Y

ST L a8l b LB s S50 58 58 50
S (5555LES aSils 53 VFAA-AR el Jlu
Vs a3 A) s e S 2 VN gl s oS
o Comd ek (550 48354 5 a5 AY U aids
233 A 5 a3 F) b s FF 5 am 3 FA (e
Sl 35 5 i slaOlT Ll 5s 3,5 Jsb
Ghlie e el 155 5 ol Dl i S )3
sedgm S Ol b ogbje e 53 b
sbe blsl 5 Ols 3 o N5 Olsee o 2l
SUSU s @ oSl S5 a oV S e e
oL N sl s e fLB)1 s A s 035
Jols czls Sldas s 8 aslizad ST ool
GoleD) Y glacdle 5 5, slacile o
53 (s s 5 52 slacdle Lojsle 5 Jle
Slis walsl 55 5 0s 8 Cysm iy fuad Jsb
Aol L asp 0 sy o 0) a8 s 5
b Bl 0 5 Y i am 5 s
Sy ah ) oy sl Juld oS (e ) baciss,
e gy Al o) S sl (((VA) S 3l OF—00
(S 330380 Sty o) oS plisl (oS53l
5 Shas (oS 3303 80 Gl dm 10) 6,8 slas
il e) IS Jsb (oS 50l5 4 s b 10)
Sy dlpe) i Jsb (S 5315 VIVY (s,
Syl o) alis o azein sl (WS ol 4
Qe ety i o) 4ty s 05 (S sl A
Vool ads ) (S5l LS 5 (S 5ol
VO-YY gldy ad> o) (iam U s, (S ool
T PR UC TP VU BNV F SRR QR ISP
OF-00 (gdiy ad> o) Ad S L5 55, (S0l
A ghdy ade o) JolST (Saes B 555 5 (WS 5305
Ao (Sl
b 6 Se3lol g o Slre plud
Sy i Vv sliad el e di

M))thﬂ)lwd\)aMub&‘gﬁLﬂj



VF+¥ ¥ b)l.o.n.:} dY 0,93 “:ﬁ‘))’ ul.hlﬁf .\,\)93

s H s Jlal glaar P Of 5 oS ol 5 &5
_ p(datalH,)
® p(data|H,)

e 48 Ll sm s ope B g el s
L Jyere ooy 05 5 0dd arlis BF) (g5 Jolse
Ly Laesls Jlazl s sl -l 0 5 g 5 SudS
=630 (BF10) Jiw 5 BFgr) Julite gla s 5 o
o Laosls Jlazl BFyg eyl 3 il o 6,5
i ¢ Jolite (5,0 o O Jlei ko 558
ol Sl 4 YA Ll 5 BFig 4 5a Ol g 355
o b A Sl il 0 ¥ s gde Lacsls &S
S Nt (e 53 s JlEe (b oS
G 33 et (St s Slins 0 i (55
Sl oul (Ho p=0) Sisanr pe b odalis
odalive (6w 35 pn Ll 3525 aSome s
1BFyo L BFyy e b il Ssle 4 3 BFgy .o
53 BF10) 5 5 5SLo any by o (Sl olie o
(Y Jsd) (VYY) ol 0 4D ¥ J g
03 5= o 5 oledMbl cd 5l s cdlas ol s
Syle 5 L) La il ol Sy 5 Lonesls
355 Jold (ol Slkes 5 ol (MINITAB 19
s (R e L) ol el gla sl
Sleslial Uy go,n gl 5 Aol slaad s
o3 (PAST 414 ,1353le 5 L) UPGMA s,
Sisen 5 (EXcel 2016 (5 Lol Lases 3) Laosls
s el «(corrr Cbia L)YV s olew
IS slacs sl B s ST - b bl
«R > AugmentedRCBD o~ S, L) sl a5

&y e (rstan) (g5 J<S-m @b—.’ 3 L;;*M
. éJ§

A

P same oS el G S5 il oo 25515
i Jld s laisy 5 Sla e Jilas OF i,
33 ) G bl s el glailnys Sl
ladds b [y la 5 ol oy (U S5
oo b b el 3 (S O S5 (L]
Jlo i ot 050 S5 e calay cpl 53 (YY) L5 o
el iy Cyse

yv=Apf+¢
st ol o 5l 5 4 b el cdslae s
Jo a5 b O 55 il isly e Dl
Y e Al e lallast Sl 5 0 e S5l 5 s
s seam ol b b a) Jb i w5
5 s O Jlazl aS 035 € oy Jls ot
RGN
POIBX) = @y |det(o?D) | P esp(- Lo - 2By (02 0 - 2D )
5 3 55 B Sren 5 (IO iy w55

CM\)\.))?JJJ&) JL‘J-’

p(B) = Qm)* |det (0205 ) [ exp(-1 (B~ o) (o770) (8- Bo) )

S o Lo 5By xS 3B G s
KXK g e S iV s 035 by o200 Vg
Slapmis 85 ol il e e St O lée

el 25 e e 05 B Jlel 5 g

P(BY.X) = 2@y |det (o273 ) |7 exp(—%(ﬁ— By (@2 P) B B )

1485 g
By = (Vo + XXV [V Bo+ X7y ]
Vy= (gt + X XY™
Il 038 S 50 B et 35 S e il &
0 Vi Ll il 5 B eSols L o e
(YY) LS 36 4y (350 ¥slins Ll gl s o
3Uis ()l Jgans slas, 53 (YY) 550 anxl o
23 s i m sdomi P oLl L (gl e
Rl b oS gl B, Olgen 55m gabs)
S K yd e 3550 BF1g 5 BFor el (3 sla el

b b s S35 0503l Dhd b s Sl 2k


https://www-statlect-com.translate.goog/fundamentals-of-statistics/normal-linear-regression-model?_x_tr_sl=fa&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=wapp
https://www-statlect-com.translate.goog/fundamentals-of-statistics/normal-linear-regression-model?_x_tr_sl=fa&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=wapp

Ol)Sed g Jaigs Slge [ ol (B (ERwwbli )l g oLl £95 (25!

4



S sy

VF oY F o loui VY 093 (15 W

SUOSSI0g #F ™ |

K9 vryere oo () o 509 0 (F10 v e ¥ o () (G5 500 e

ST9 Q0 ey a0 € e 06 hp sf 0 CH D ofe g v ol D o oF Y ossg ¢

0 Zelyg 08 i peluwypIN 09 =10 BUWOH (V1% e cuewreys 0T
10 L'reysueys 6L s plaeN 6S s uooureH 6¢ 0 uenuey? 6l
e Tek1yeys 8L e LI-AN 8¢S s ue}sajon 8¢ 0 uojsig 81
i puesedyeys LL 0 PLEBAION LS iR spoyH LE i eAe)s0zog Ll
10 ueyedag 9L o cueysSoN  9¢ o oudoosen  9¢ o Bueayag 9]
Bl yaIewiog SL ol TueySoN ¢S =0 Teyen 33 e jekeq 9!
Lile ez ¥6 0 epyes YL fafls [ueySoN 125 10 euejuo 143 0 ureq 14!
=0 soi3ez €6 s Lepleg €L s UeyIA €S =0 Suoq 133 0 Teyeq €l
s 6LSOUYVAVA [ s uereqeg L e JYSepAIRIA (45 Bl Tefeq [43 s cezy 4!
s IOVN/JdA 16 s Ueysmoy IL e UooIeN IS Bl I88IMp 1€ 0 Tezy !
el wnoi) 06 10 melny 0L s IABpUEN 0s s 11-Nd 0¢ 0 pezy 01
s Sno 68 iy tueyAey 69 e Jysepyny| 6y s zd 6¢ 0 yeny 6
(=10 1reqo], 88 0 prysey 89 0 Tezeys| 8 Bl Bu(g 8¢ ¥ia eAry 8
#)e qv-jel L8 0 S00qeQ) L9 s TIABD] Ly s wsepyad LT i pueAry L
e uefe], 98 0 Zeiysid 99 i YaARY 9 0 wiyAe 9¢ 0 By 9
B PUBALS c8 0 wesysid $9 s yaypIed] 194 10 ipiafiseq 94 0 pUeAlY S
s UejsIs ¥8 0 IsTed ¥9 0 wLres| 144 =10 ere( 1 0 zloqly 4
%ia »UOSSIS €8 0 owrelueq €9 (s glerey 134 (s qereq £C 0 LeqyV €
s UBAILS 8 (Bl peyo 9 (s [ ferey] [44 Bl [qeleq (44 0 eV [4
=0 IpooJIys 18 s ys0J0 19 (s 99VINI Iy s qeusy) |44 0 PV I
uI3Lo KjpLe A uIgLio Kjrep uIgLio Kjprep uIgLo JNEIR LN w: Kjare A
) s T e T ‘el T o T e

JuowIIodxa SIY) UI PISn SATIOLIBA JBIYM PBAIE - d[qeL

2rfp | — |09 srd 00 #Ce e of [ per:

Do



Ol)Sed g Jaigs Slge [ ol (B (ERwwbli )l g oLl £95 (25!

lws s Sl Sl O35 ls s 545 (P>0.05)
el 5 ialesl glalS s s sl s g
ol g sges GAuS Sk oo 5 LSS
L oS5k Gl L) Sl 3 (F) Jad ol 55
CL.&:)\)A_?@_. sl S (6l ‘((’G)\ a5l
Moy (Olio ah Gl 5l e e
Jle b e oy b Sl 55 (P>0.05)
Dls e sl rl.g)‘ O e 93 ol b5l Gl
Sl @ dalld Sy s gl a3
3 35 b e Lo s O Jleisl s o oS )
s als Q;L&JV.»L:JEJ&\)'\ dald o3, ¥ Sl
Glp lais 55 (a5 S amlie) dald x o3, + 5, S
05 55 )l pme do ;3 0 Jlez| de 05 dey sl
o SN 555 0l e sl (o S A lis
a5l el oLl i 5 (asbyenss)) dald o)
Slio gl or gas ald pll S0k (e Ol sins
YANYS) JSoey dsb (e 5w AVYY) 6L |
5 (pyn o 52 0 S YN ) s 5 Shas (e Sl
e ek ol s (e sl VA e J b
el 4 s Ve/e) 5 YAUY TFAY VAT
A3 %) ey Sl Slio sl fBf 4 5 dals
-l VA lie 53 AV/YY) & Cu:)\ (¥/84
A Jad) ddls Sls pae G o L (e

= F Jsir 5 S gk i b c2a8T £ b s
L S5 sh e Slio 4 by e plols 42
A salie Sk e b ST - b

[}

() BFlo B ,‘,:Slé L;‘f‘-’ ﬁéu.a Shudws =Y d‘g.\>

Table 2. Classes of extreme values of bayes factor
BFyo

BF4 usSB

Pl
Bayes Factor BF Label
>100 Jlie 55 275 o et
Extreme evidence for H;
= 54 -
30-100 S 2025 2 5 S J
Very strong evidence for H;
e 55 3
10-30 Ho 2025 2 55 J
Strong evidence for H;
310 Jles (23 55m g laesa I
Moderate evidence for H;
1-3 Je 23 3y gt [
Anecdotal evidence for H;
1 3,00 35 J:b
No evidence
131 Ao B3y gt 3
Anecdotal evidence for Hy
1/10-1/3 Moderate evidence for H,
1/30-1/10 Aot s 53 AR
Strong evidence for Hy
1/100-1/30 A2 2 2ms 58 2 I
Very strong evidence for Hy
<1/100 A o2 s I i

Extreme evidence for Hy

EE bl Dl e b e 2 b
Slio 5l Fp sl caST = b bl
O L) mhaw 3 (golspme SUNS ol )
Bl dadals (S lesl s lelse o Ao

LF 5 Y Jslas) Al sdaline (43 opl flie 3
() Jodr anlllas 3550 Dlio Guilsls 45 il
Sl 3 (balag 1 3 ,0) Sk 1 oS ol 0L
i Jb S J b 5 gl | oy 3ltes
Py C}b-w) 03 32 I3 e > Shas ailsjl 58 055
e Dl 4k gl 5 (7 s 03 50l



S sy

VF oY F o loui VY 093 (15 W

<€ [ b emf O\ S0 vy (O (23] )

*(Jo1u0d Surpnjout) SOIOLIEA [[E SUBSW JUSWIIEI) D[qe L Sy U]

“K12A1103ds21 (10°0>d) %1 PUE (50°0>d) %S JO [243] A1[1qeqoid au) & JuedyIuSIs pue (S0 0<d JUBOLIUSISUOU 4y PUE 4, SU

i e € SUR D ol <€ mmpd jemP g <O (50°0>d) (SCOT (1070>d) § 79 (50°0<d)

[ENpISY
0111C  61°0v 896 SSL €6%T +8€  SLO  SSI'9  T8T €6¢ 90  +'T9 L1°0 L0'T 91 g
[03U0D "SA
0L01C  TSY9  €T91  €FL 8STT 00S 95T  0SE 951 a4 TE0  «6€91  TEOD 66T 06 PEArAREEA
e+ (¥ x e
[onuo))
$98T1  THPS 181 €5°€  ILST 1€l 8TO  6L01 0T 791 €60  #€€EE 810 $6°0 € er
(orq
Surjeurwifep)
JuAWIIBAI |,
S080T  0T¥9  LLST  I€L  9€TT 68t  TST  vLE 651 8'€e €60 €691  1€0 «16°C €6 e
S e
(syuauwyean
Suriour) yoorg
«ST8T6  «ILLST 909  8TT 166 €€T 010  IL61  #SEPT  sxxl'€SOT P00 ##+S168 610 % €€1T T P
o (em’ (¢
= o o . g ¥
oe £t& £, - 5% §% % %, 4 g . z . v, & o € .
Ev &0 sf 5& %oz og o & w.w =k ERD &9 EHL &N ®4 88 ‘A0S
5e  E& & =% =¢ 24 gy 2 2 EE 5 .o = 2 5 £ g =
m,w =% g£C g8 2 LBt L g. Fe& & B b 5% B & S g 24 L
Bt F¢ Ef §% §¢ B Ef fE OBV fw FR OEe FEOFE G0
= aw Qw r\ e C W = a =3 m

"SIBATI[ND JEAYM UBIURI] JO ANSISAIP 0130udT ay) Jo Apn3s ay) ul uS1sap pajudwSny Uo paseq (SJUaUlea) Pajoaliod) sjel) dIWOUOISe JO dUBLIEA JO SIsA[eue ay) ul arenbs uedw ayJ, "¢ 9[qe L

“rfp A= A e o€ dely (R0 o (e (f e f0) of (Cnd grd q0 K 42 5o

oY



Ol)Sed g Jaigs Slge [ ol (B (ERwwbli )l g oLl £95 (25!

alaly ol s 5 sed eslanal r.)\;f ol slaasl
Suos S 5 (S5 g5 (T 0LKea 5 Oloef
f sl ol ﬁ“‘-'f slacss5 5 LY 5l Gles s
Wil pgo el sl S5 ololy Jisme Jle
o aly Sla S5y 5 4y ol b 5 Ses
Sy o paie dior (5lal Gla i, b s i
(YQ) A gas SIS ) a5 Sy 5 ool 3
g5 o 03 5= (1Y) Ol Sen 5 o
Sl il e 592 r.,\_;f sla—5 5
a0l Jolize Laslsy s 5 S35 50 58550
SOlS ol wpas dadr 5o 1 ol e O S
O 13 s bl Sl oS s el 0L bl
allas 3,50 Sl Gl 0l o) SlaS 55
A Lags 5 e s B S5 g5 Sl
Gl S5 o3V andl (Vo) Wil e s ge Slio
lgean Olg e 1y o ez (O gla s, S
JeoSe s 8 8 UG 5T Sl ey bl sla
w5 Jpder @l ol 2 B o D5 i 5 0 o0
55 3l bl & (o pmnadir L SO bl

A dal g s OF @ aslsl 3 a8 el
0 sl 53 10l o BLS | 5 hwo s L]
Olre Gyl (e el io 5 slae,bl
kS oyt 5 i ckiaS o3l el 3l
Sl acuals Lol sl &S5l el andlas Dlas
- e 4S5l DL | s ik Slis ST )
0 GG 85 e p S 2 3l S Al
At o p 2050 ol g il 8 3L axlllas

255 13

1. Post-anova

oy

53 asdllas 55 Dl GGl g e S
L) Jsl el dslen S s olis (F) Jsds
5ty 3ol gl By o 1 Olag s
5ol e Ao s SO ezl w53 &5 £ )
A5 (P>0.05) s s b (Sl K3 8l
gl 3 oS plil o (sl lais dals 46
Sy smaps i (035 A E s e oy 0 Jla|
- e Ao S Jlanl e 3 aoy SleS Sk
aslie o) dalix — e Sy ls
Sl bmo () ks hlis 53 dals pB) a5 8
Cjkdﬂ)s e a3 Sas 5 ey sluw Olew
b5 Ly s e dsss G5 0 ez
53l L5l s o5L3 S5 &S glailen 5 alol>
i 1551 (035 4F g aama 53) 261 4k Jlie
aly s, Shas 5 (F/74 Jolin 53 F) amey sli s
S (sl (oS YRATE Ll 3 YRA/YY)
08 3l cazmy sliss Slas 8 3l aS es g ly xe
LS Sas casiloylm O35 cadils 5, Slas i 5 b
ol 5haals oLl Sauy U5 55,5 5 A0S
dajleg 51 b0 Soly S ln s Slsys 6 %S
G 5y s JSIG Jsb oS s sliees oliiw ¢l
S b e o3 0 Jlas| Cla“ﬁ ol
3 S5b S Ssale B s (SeSPsd lis Gl
(F Jsid) 25 s ime a5 5 alie
3L LaY s 03 K55 655 252
Soop Ulslin s L S oo LS sl 55
LS s aS e sl 2L a5, 5l ol
3550 Sl 3l e i 35 (YA-YY) il

s La 3 3 ol 5l olys o aS s S 515 )y



¥

LS o

VF+Y F b)w dY 8,9 “:9')} Ol‘b

<€ [ Lpf [ vgf O\ 0w (g (] o)

@ ew SUD L w00 o€ mepd (o0 g ot (60°05d) | SO (10°0>d) € 570 (50°0<d)

*(Jonyuoo 3ulpnjour) SAIOLIBA [[B SUBdW JuaWILdl) d[qe . Sy} U]

“KpAnoadsal ((10°0>d) %1 Pue “(50°0>d) %S JO [949] A1[1qeqoid dy) 18 JUBIYIUSIS (G0°0<d NUBIYIUSISUOU 4y “y “SU

[enpIsay
0111z TOr 896 SSL  €64T bR SL°0 91'9 18T  0ESE  POF0  8€T9 L0 8901 91 s
(sjuawiean
(U 6€ 8Ll €16 90T 8€T 91t S€T 85T xTTIOT 6000 I9EIT 690 061 g SRRl
o i =pevenh)
10UOD “SA KJALIBA
s OPPBIT  4x8'8EY €0 691 9ELL  LLT  wxxS8TL  T96  L90 8YEHL  STOO  L69F  TO0 %009 [ e e e
JSERTIN
89807 $€9 P19l 9L 6£TT  00°S se'l L€ €81  80TS  9TE0  xxlTE8  IE€0 sk LEE 68 e
lonuo))
LEEET ¥Z9 00T T9E PSSl 91 80 €11 05T 0T€C €S0 #bESIE 810 1 € e
(s01q
0sLT2 $L9  ISS1 LIL  TTT 98 €'l 0 P81 PITS  6I€0 90981  0E0  wx€CE g6 UHOUB)MOMICL
e (s
—_ =) o}
(=1 o} o o c ,w wn -] o
ce S& S4 f¢ g O £E  TU Ty g £o 5. Ee EFo E :
o 8e 5§ ¢ 28 s34 o& EF BFf EBR 85 EROEN g4 EE A0S
iP i i: sm s 0 o2t EY L oz B Er TG Er PR 35 Aee
B ® ® - [ER: w. “ e = m

uS1sap pajuawsny Jo SIseq Y} UO Jeaym UBIURI] JO AJSIAAIP 1jduad ayy Sulpnis ($)00]q pa3oaliod) syely [edi3ojoydiow ayy Jo aoueLIeA jo siskjeue ay) ul a1enbs ueaw ay |, 4 d[qe ],

2P 3- A0 L of el (e om (€ ( R A ) oF () srd 0 me” q72 s

Of



Ol)Sed g Jaigs Slge [ ol (B (ERwwbli )l g oLl £95 (25!

ot (s.\.f rlﬁj 23 ek gy g Olho 4 bg o Ao i slae bl -0 Jga>
Table 4. Descriptive statistics related to investigated traits in bread wheat cultivars
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Figure 1. The relationship between the agronomic characteristics in this research.
TillerN e 55w sl SPikeN (JSiloy Jyb 1 PedL o 9) wls Vev 055 ThousandW (s o e 3 ¢ 5) il 5 Shee :Yield
Co,5) ais I b SPIKEL w5 51 3 amry slias
G s, StemMDAY 35 6l b 55, GermDAY Lol 6le 550 3 sl NOdEN w5 53 S sl LeafN (e sle) <5 ¢l :PH
38l b 55, GermDAY: ( Sa, b 55, (RIPDAY: 55 4y b 55, THIDAY (450

Yield: grain yield (g/m?), ThousandW: 1000-grain weight (g), PedL: peduncle length, SpikeletN: spikelet number per
spike, TillerN: tiller number per plant, SpikeL: spike length (g), PH: plant height (cm), LeafN: leaf number, NodeN:
node number, GermDAY:: days to germination, StemDAY: days to stem, TillDAY:: days to tillering, RipDAY: days

to ripening, GermDAY': days to germination.
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Table 5. Estimation of Pearson correlations by conventional and Bayesian methods in the evaluation of

wheat agronomic traits in this research

! sl Dlpa 055 memy U5, G5, WL
Variable ’ b ls Y Bl s 232
SpikeL ? FlowerDAY
SpikeletN Thousndw  TillIDAY StemDAY
' *kk
L sl Pearson'sr 0.512

_ ~ BFw  L165E+05
SpikeletN:  Br,,  8581E-06
Pearson'sr 0.392*** (.344***
JS.L‘».F
L BFi 235402  38.159
Yield: BFo; 0004  0.026

Sls e Pearson'sr  0.371***  0.310*** 0.907***
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Figure 2. Fitted graph two traits, 1,000-seed weight and grain yield. In this graph, it is clear that the
posterior distribution for correlation has a much higher peak than the prior distribution, which indicates
our awareness of the observed data.
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Table 7. Principal components, eigenvalues, their variance percentages, and characteristic vectors for the

agronomic traits of bread wheat
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Figure 3. Biplot drawing of bread wheat cultivars based on 14 agronomic traits using the first 2 principal
components in PCA.
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