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Germplasm improvement and genetic diversity are fundamental solutions for
reliable and sustainable production of field crops. To study the genetic
diversity and the relationship between agronomic traits, 800 winter bread
wheat genotypes along with five varieties of Falat, Sardari, Roshan, Zare, and
Pishgam in the farm of the Faculty of Agriculture of Vali —e- Asr University
in Rafsanjan were evaluated in an augmented design. Cluster analysis was
conducted by two methods k-Means and fuzzy clustering. The studied
genotypes were divided into 4 groups in both methods. The traits were
including biological weight, seed yield, harvest index, height, spike length, and
seed weight per spike were respectively the most important in grouping the
genotypes in both clustering methods. In the regression analysis, the traits of
days to flowering and days to ripening, spike length, biological yield, number
of seeds and weight of seeds per spike, 1000 kernel weight, and harvest index
accounted for 85.89% of the total variation in grain yield. The traits of
Biological yield and harvest index had the most direct and positive effect on
grain yield. Based on the results, some genotypes were superior to control
cultivars based on a number of traits, especially seed yield and its components.
These genotypes can be considered as candidate genotypes in breeding
programs in Rafsanjan climate conditions.
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Variable Cluster Cluster 2 Cluster Cluster 4
1 3
H -0.4717 -0.7728 1.1606 0.5574
LP -0.2311 -0.5797 0.7234 0.4017
DF -0.3651 -0.5750 0.6714 0.5965
DR -0.3842 -0.7191 0.8876 0.6203
SPAD -0.0972 0.1002 0.3297 -0.3006
LS 0.1559 -0.7491 1.0503 -0.1108
SP 0.1309 -0.8113 1.1417 -0.0793
WPP -0.1394 -0.7053 1.3102 -0.0468
WSP 0.3412 -0.6103 0.8937 -0.3727
NS 0.6904 -0.4847 0.5367 -0.6364
WS 0.6577 -0.7394 0.7643 -0.4628
W1000 0.0798 -0.6695 0.5873 0.2727
HI 0.6096 0.1913 -0.5181 -0.5145
Number of 217 242 160 186
genotypes
Within cluster sum  1682.142 1786.015 1672.298 1635.017
of squares
Average distance 2.679 2.623 3.067 2.882
from centroid
Maximum distance 5.854 5.659 10.142 5.491
from centroid
within Variance 7.78 7.41 10.51 8.83
abgs ey sly optesiy uilly 425 Y Jgda
DF
Approx
Criterion Test Statistic F Denom P
Wilks’ 0.08983 75.298 2337 0.000
Lawley-Hotelling 5.03929 101.776 2363 0.000
Pillai’s 1.41384 54.236 2373 0.000
Roy’s 3.89845
s=3 m=45 n=3935
5 sanadss 5 ead ST (slaeg S 3 ddl cugas 42> & Jga
Explanation Cluster 1 Cluster 2 Cluster 3  Cluster 4
The number of individuals with a membership degree of more than 250 172 175 61
0.5 in each cluster
The number of individuals with a membership degree of less than 20 42 6 319
0.01 in each cluster
The number of individuals with a membership degree of more than 0 0 0 1

0.99 in each cluster
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099y b e = B9y 48 dmd oo (LS g 93 50 odd ST (sleg)S )0 Gl (1:Sle o (VL (Stnseds A Aol

309,593 5 3> iy lacade) (F Jg) Canl a8 (hoy Al paesd (51 hay g2 )b ook caplie (556
W5y 58 oo e g 03l 5)50 pAIST (o3IFa (saaclyy )3 A Slacads) Gleis 4 Al e

(B gy 4 sdelcundy laades I Sopn > Slas (Ske 0 Jgda

Cluster H LP DF DR SPAD LS SP WPP  WSP NS WS W1000
FCM1 582  30.1 144.0 1853 9.7 149 1534 62.2 36.2 1.5 372 423
FCM2 743 345 150.5 191.8 11.7 17.7  419.6 137.8 442 19 418 333

FCM3 649 323 145.1 187.5 104 16.2  270.7 1004 413 1.7 398 37.6
FCM4 83.7 36.0 1535 195.9 12.7 189 6494 1729 440 2.0 438 26.5

(Fem) (¢jl6 g K-means 59y 95 5 ddsd STye (Stuen | Jgo>
Clusters Clusterl Cluster2 Cluster3 Cluster4 FCM1 FCM2 FCM3 FCM4
Clusterl 1

Cluster2 0.926™ 1

Cluster3 0.921™ 0.707" 1

Cluster4 0.973** 0.817* 0.985™" 1

FCM1 0.904™ 0.998" 0.668" 0.784™ 1

FCM2 0.986™"" 0.850™" 0.973* 0.998"** 0.820™ 1

FCM3 0.998" 0.948" 0.895™ 0.957" 0.929™"  0.973™ 1

FCM4 0.944™ 0.753* 0.997"* 0.995" 0.716™  0.986™"  0.921™" 1

2D ey 9y 93 53 bcie] shu0g)S > Clae (ke alwlid jslaieds Slao Slpes cupd pl)S s
Gupd Olie e b 3Sles szl 4 bape Slio 5 glis)] iy (asld il 3 Sloe «Sjglon 3See 3l by,
oo o 5 5 o) 3 izen () JSD) Sgdise (Bpme Clio (saliog)S )3 Clio (p fage plgie & Ol
€95 bl Slao pl %03 yledy ¥ JS) 3l o] (saiz09)S 53 |y b oo b 5 Sl oy Glin (i
Syl Gl g (65 S plxl g lpe ladsly )3 5ol 4 VL g0 g St Sl 105 o 3 2Vl (S5
led oo S8 5y
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D99y 4 ewigl (ca0g)S g slasss 4355 50 Slis I SO n Cuel bl cas dilise sladded (D Oliv (ke Ol yus cops ¥ JSWS
K-means

‘sﬂ‘)} ol o ‘M" A Y-y
Sl S g b Al IS G o (Steed cupd (0 5VL e (L ) (o)) Slio e (Sten ' Jgi>
i g (Nwwed Doy (+/VINVFF) elas,l b SOl Jsbo o (+/5AY***) aliws j> &by dlaw b aliws ;3 &ild 55 o +/VI V%)
b gyl aze el ;3 &ild dlis jou Clas plos b glar)]  Son (+/¥VA*¥) 2oy j1> Sixe g Cuto dlius > &b 59 b &l
ey A3l0 5, Slos (gly puiitane e Ol Sl 4 1) adg0 opl g3 o gy (= IVFFHH) Sy e g e Dy ad L
IS 059 9 (+1OY ) S5elam JS (59 glas)l Liul38l b (Arshad & Zahravi, 2011) cuwly dliw j> &by sy 3,b |
e Slao oyl a8 0l o dliw a5 doxy Dl iol381 b ol pas SO3dan JS (59 il 8l e o it (+/VVEFHH) &l
(oITYAFFE) b o ]38l e Clildy (asls ild 59 (il L ol ped g Lgd o dild 5 Coles jd g Al dlawr isli8l
Maw Slao b (Sauwy U 9 sl Siwsod Gl Hl3 dize g o 0l 650l Glaw oo b iy (asld  Sises
28 (g ils JS 5o «Sigdan S5 g ol das b Jobo < Jidg IS jad Ll (JSSly S5k gl a8 T 5,
b Slyren MolS oo ylatoee slaadl yuin b idoh cpl sladidly g I jxe g Cuo b I3 5 5 dliuw
((Farahani & Arzani, 2006; Pour Danesh et al., 2014; Tabrizi & Kazemi-e-Arbat, 2011)

4 baye &5 aile juw Cas Gl paiS > il 0 Sles (YL sty 2ol (gly dto Cho S g IS (glgie
ol38l 4 Wlgs o gl od oLl o 3l eolatwl deuty (sl (galS Bun i S§ lgie 4 Cunl Judg IS slgioee Laos
ois cot 3,Sles b bile juw oS Cunl 0l asuie picres (Cossani & Reynolds, 2012) w8 SaS puiS 5,Slos
oisudeel glacwiel 40 ble jew Cuio (slp GBSl (cplpls D)l (Siuwen o)lpg paiS > (Sid L olyen b)S 5 b5
Lopes & Reynolds, 2012;) sas o wll 1) pa8 85l glp S8 cduin &5 NN pAS
Sk 9 (udo kS (asld) le juw Chuo cp jb xe bloyl &S cuwl onds (5155 ieen (Christopher ef al., 2018
(Lopes et al., 2012; Beche et al., 2014) 5,5 ,1,5 odlaiwl 5y90 Lo 18 drwgs (gly Slgs o aild 3 Slas

b &S o)y Coto (Siusod @y yio 50 dlius dawi 5 SK5glam 3,Sdas b iy 5 Sloe oS cuwl oas 55155 copl o 0gMe
Db go il iy yadls ( Sawy U gy dlass iul38l b (Okuyama ef al., 2004) cul Sinlon idgh oyl gubs
B (0395 )) log (alagy 38y Gl L g cutly wmled (dogy A3y iy gia cuoyd QLS S5 ©jleay
s | &S o Culd gy ad L 11 0dg0 039 ) il co s ojlul 4wl 5 Slas il Co s Jg adl ilsdl
Bgy o Al 4 395 45 o8] a8l 0l (5))55 pmizmed b o 0L T o s 4 SS3glgm 3)Shas 4 4ily 3,Slos
2 ol g 035 aily 5, Slas pro (gl 5l i Job g dlis cuildyy s ls Slaw (Tabrizi & Kazemi-e-Arbat 2011)



IFY opetioniz sylof slaysg, jl oolizwl b cl)j lio oo Loly,y 9 U ptiS (scaisif (o] E9 (o) 3

Jole ds & bes b S 5,Sles (Dawari & Luthra, 1991) 54 paiS 55 4l 5,Slac 39000 crgo Milgs o sl ol
3 obun 500 Byl adaw dnly 50 dliw Sl g &by Hlia oy5g caliiw (3 &l e I aSle Jolse ol o)y (Siws pheo
b cwd oYL oSles 4 U WS o S i paS b i 59 g dliw o alb Dl PNl (g4, 5054
& Ll gy el Ol gl ooplplo (Leilah & Al-Khateeb 2005; Kesavan er al., 2013; Distelfeld ez al., 2014)
cbl ogall Clial (gly a5 Slas g bayj a5 ol ppe 4SS opl [ adl 990d dgr 3 Sles b Lo Glio oy yioge
lyt ol Nl 5 i |5 il andhs lagye lao o a5 sl b (g)bsine ol g GhiSam s il 5300 (ol
S yiol38l b o (6)1050S g S 5 pdis lawgy 3 Slas 4 bayye Olas 1 (gl it Lde puiS il 5 Sles
b i o5 ol oss IS5 5 s 3,Shee il 5 et ol S e 4 A > s el 5 ki
) paiS il 3,Skas fadgs 53 &l a5 adss 5 alb (g cabiv i BIB) Skes e o] Cigmier

.(Nadolska-Orczyk et al., 2017) sl> ;|

=y Slas o (1) (Sumen Y Jgua

Traits H LP DF DR SPAD LS Sp WPP WSp HI NS WS W1000
H 1
LP 0.711" 1
DF 0.428" 0.179"" 1
DR 0.566™ 0.251"" 0.537"" 1
SPAD 0.126™ 0.088" -0.144™ -0.096" 1
LS 0.382" 0.166™ 0.277" 0.379" 0.068" 1
Sp 0.440™ 0.220™ 0.316" 0.387" 0.088" 0.699"" 1
WPP 0.530™ 0317 0.257" 0.371" 0.176™ 0.457"" 0.481" 1
WSP 0.276™ 0.222™ 0.056 0.116" 0.113™ 0.305"" 0.305™ 0.711" 1
HI -0.340™ -0.152™ -0.211" -0.301™ -0.125™ -0.190" -0.260™ -0.410™  0.239" 1
NS 0.015 0.045 -0.008 -0.002 0.079" 0.438" 0.476" 0.254™ 0.392"™  0.110" 1
WS 0.210™ 0.280" 0.074" 0.143" 0.034 0.455™ 0.448" 0.329" 0.491™  0.153"  0.692"" 1
W1000 0.394™ 0.318" 0.222" 0.310™ -0.021 0.228" 0.225" 0.294" 0.275" 0.055 0.027 0.319" 1

Sl 30 gy 4 AW am 5, P

0Sles) &ily IS 159 o cdislad g 1y 3 Shas @l s 5l glalanMo LB 50 45T Slao cpusd jolaio a4y gl ol 5o
Al 53 &l dlawd (WPP) SG5e)g0 3, Slos ((LS) dliw Jobo (DF) 2A5' U 9, (DR) (Sauw) U joy Jolds Cito cuin
Wbl adls «S5elan 3,Sles Glao o)kl yamo)Sy wlel (A Jods) Bdged dngi ) by 3 IS il JS
U g ol (i S F4 Gy U 59y 9 (A5 T jgy il 3 ()59 caliin J5bo calit )3 ails 59 caliw 53 &y sluss
YU leel 5l Jae a5 aad o lis (3 Joio) Jde cds g jlael objl sl pasls sl &l 5 Sles o6y 0 1)
VA ol VIF (ke AD 00l sdss &0 peus o o (probe( ks) =0.09) wib o Jloy Wallas w565 ) canl o958
S & VAL ply gedly e 9 hledien Gl ) o5ty lajesito (8l Sl (aean g 23lbo Ve ) il Sl &S
buwgio S MAPE s RMSE MAE  (sla j23ls pl pogMe g sl billad  Siucod pie 5l Sl g 009 g0 & S5
4 CVRMSE 9 03¢ )§J.\§J ;i.,.)).: 9 J9..5 JJIB 9 «_J5J.|a.n 4> 0 u.io.lb W) o u‘.u.») ﬁ)f o> g |) L;)?iw) slkes ul)*,o
(Ve 9 A ladgiz) col S5
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)b ol il 5, Sles g9y 1) I pyiin &S Clas pl 4 Ll puiS by > Slas 3 (sl &S 3900 bl g5 o
oS Sygop hiud i colpd ) aliw Job g (Stwwy U gy Slaw odelund Sgws)Sy dolee gub .cuild dn gy
Wb oo yialS s Slas Slao cpl (]38 L 1l dolee pl )0 Lol il iol58l als 5 )Slos Clas cpl Giol381 L dg) oo ]
Mg 3 o o] silai o Jlos) 5,8las (55, 500 Slio b J s s ssbets |y 395 Cute Sl i ] Ve
Aiie pl oy glp 1 a0 a5 a5 > 5 Sles slinl o594 Glaw plo g ab 5 Sles o bli)l LU Joaze y pl6)]
A Aol &ild 3 Slos g9y Glao puiiae pml g e Ol 3l 5 A plodl e & o0

LoySlos 5 350 sl 2909500 Voo SIS 9 JpUS 0f iz awg 3)Sles 4 bayje Clas 5l ()b
.(Nadolska-Orczyk et al., 2017) ) p05 ;3 5,Slos [ili8l & olg5 o 2l)) pheo sloy; b

(Sl e gy 4 aliiy (gee)S) peilly a8 @l WA Jos

S.0.vV df MS MS* F prob
Regression 8 241944 86.456 612.55 0.000
Error 796 335 0.041

R? 86.03

R? (ad)) 85.89

Model: wsp = -28.8-0.184DF-0.232DR-1.657LS+0.316wpp+0.346ns+6.6ws+0.335w1000+2.315HI
Standard Model:wsp = -0.0414DF-0.0384DR-0.0633LS+0.9515WPP+0.0709NS+ 0.0633 WS+0.044W1000+0.5817HI

L9y culpd )l gne eil WA Jge

Trait Partial regression coefficient T prob VIF
in standard model

DF -0.0414 -2.61 0.009 1.43
DR -0.0384 -2.23 0.026 1.7
LS -0.063 -3.66 0.000 1.7
wpp 0.951 55.4 0.000 1.68
Ns 0.0709 3.45 0.001 241
Ws 0.0633 2.93 0.003 2.65
W1000 0.044 2.79 0.005 1.42
HI 0.581 36.66 0.000 1.43

c sy 50 SN (g ,T ) e CuiS g Ll loeadls LY e Jgus

Durbin-Watson MAE RMSE MAPE CV (RMSE) VIF R? (adj) KS prob
1.85 12.69 18.27 15.9 15.9% 1.8 85.89 0.029 0.09

o Sl e 4325 5 o (g (Shad calpd g glals yo (905 ) 425 5l ol @S 4 a2 Lo lmgly ol
Ot @b e g5y Jdo 10 0ad d)ly Slaw paiiws il A edlatwl &b 5 Slas p Glao puiiune pué 5 paiiins Ol 3]
el b e cutby padls g Sigden 3Shee Clao (V) Joia) adlce 2)llil Jao )3 ci2 oSy colps
5 e o 1 (i «Sufglon 3 Sles Chio anily aly 3 Sles g9y 1) Cute 5 it S o il </OAY 5 /21D
Sy yS ) Jde ) ke cwlyps &S LS 9 DR DF Glaw iy 4ils 5,Sas (g9, cudbp (adls 5 )b 11y (—+/¥2)) Lak
s & L1l ia G Sleioe Jloel s 5 Slae 1) 395 e 1 (SO5edan (1jg o Gusb Sl el
S5 bl b o gammay, piiS o5y dnwgs pglaie 4 1l e &l 3,Kles (5q) WPP ppbo j1 +/FY 4 - /¥OY oo /Y¥Y
ly5 (0 ez gdiee JS of Az Ly al 5 Slas & sl b 488 Jai o ol lial g w0 Shes (5
=y Sl glol s g 4555 35800 (Mol il slabyy By Sl ogllacl (slayj Bl g VL > Shes sl
=5 Sl |5 el L (S Mol sloaolyy 5 Jpaoyy (6 puiS pB)l 4y (plicusd 13 Wlgii oo so 5001 3150 ]

A 50, Slas ol
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Traits Correlation Direct Indirect effect
effect DF DR LS WPP NS WS  W1000 HI
DF 0.056 -0.042 -0.021 -0.018 0.244  -0.001 0.004  0.009 -0.123

DR 0.116 -0.039 -0.023

- -0.025 0.352 0 0.008  0.013 -0.176

LS 0.305 -0.064 -0.012  -0.015 - 0.434  0.031 0.028 0.01 -0.111

WPP 0.711 0.951 -0.011  -0.015 -0.029 - 0.018  0.02 0.015 -0.239

NS 0.392 0.071 0 -0.001 -0.028 0.241 - 0.043  -0.002 0.063

WS 0.491 0.063 -0.004  -0.006 -0.029 0314  0.049 - 0.014 0.089

W1000 0.275 0.044 -0.01 -0.012 -0.015 0.279  -0.002 0.019 - -0.032
HI 0.055 0.581 0.008 0.011 0.012  -0.391 0.007 0.009 -0.003 -

Residual 0.373

o 03] W3ly LS (g3 dals plB,) 4 s aS Ll el (Sig b olpen lacuiss; 5 oolaws o)l Y Jgd 5
Caodl lyd (65 5 jio— S o) 90 4 (gaidg,S g (sladisd 430 40 oS Wad bl Sl wlel p lcwisl cpl .cwl
sizdls ol 3,S0ac b 2Vl (Koo Y Jyi2) 585 igersSy Jio 3y S50 gm0 oY 5V JS) 33t (2
it 3)Sdos (il o Fare Sl 9 (V Jgi2)

Cand 585 Jbpt slostalojl Glg e izmen 25,5 8 edlitsl 3,50 (6,5 )90 (slaasliyy o Wil o loeisis
sl plae 48] 0l plorl (Y Cuoglio g 3, Slos b) locedsil oy alolid jolaio 1) ) 3 5 (Gl SIS 4
SUiS Sluwge 9 o ,Suimggy oolial 3,50 wiilgi o Vb (355l 9 oo slacais plyie 4 bowis) cnl & cul
Al 5,Sas (69) 5,50 5 pro Hlws Slao 1 dliis Jobo 5 aliw j3 &y 59 claw )0 &ild dlass il 3o 59 0555 )8
A il pas aly 5 )Sles (o0l ao b wilgs o Slas (pl 51 Sy dy Cocnl paiS 2Nl )3 a8ty oo Hlas & it
O ol 0 b dalie syl w8y 43 )5 OF/VE L M W8, 5 )5 VPN 5l aald pB)) o aby e oy5e ol
Sy o &S Cuwl pio Slao 1,500 (S aliw Job s 1) 2,5 00 1 i b jlia o5 45T Lad sdalie  olacuis;
Doy purie gy pdy 3 yio Bl Ve /YO U pRius o8, 43 o ol FIOV dlus Job Ol puss L3l 105 506 &l 5,Shee
Al 0 9 3 Gl pomen 5 Cho (ol 4 g &5 WSl 1) e 5l VO I yide dli Job b ) ol Jg
Cunl 003 (5135 (i sl pimggy ) s (3b S SIPa 4 VL 3 yShes b slacss) bl )3 wlg o aliuw 53
ook 5 2o S5 3 Sl iy 3L i) el o sty o o o piS 3 4l 3 Sla STy oS
J89 S slgiome Jols (Sajolsn e Clao g (Al )3 4l (359 9 4> ylie (g corlivn Sasd calitis Jsbo el )5 &y Slass
scwe il eolatwl b ¢ plply (Chen et al., 2012; Foulkes et al., 2007; Beche et al., 2014; Chen & Hao, 2015) !
@i ) paiS 3 Slos Gl g e S (o3IFa sladely 3 goite pudlip)f 4y (o yiws 9 Vb (ST g9 5 2,See L
.(Chen et al., 2012; Bustos et al., 2013; Reynolds et al., 2012) suicw dau0 5
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Traits Genotypes Control cultivars

Pishgam  Falat Zare  Sardari Roshan

W1000 (more than 55 1299, 862, 922, 2143, 180, 1299, 2174, 458, 39.32 36.14 37.25 54.76 52.64
gram) 2162, 1457, 1475, 697

WS (more than 2.5 1417, 2156, 1391, 1640, 428, 1621, 691, 1.79 2 1.43 1.53 1.89
gram) 1468, 66, 140, 1797, 610, 717, 41, 35, 2117,

1437, 2203, 48, 862, 3785, 1403, 890, 1629,

750, 1578, 629, 88, 8035, 458, 1542, 612,

9054, 14-1, 1493, 9021, 765, 681, 522,

2039, 452, 132, 2053, 879, 1299, 2044-1,

485, 2058, 433, 144, 1455, 1622, 507, 483,

2013, 181, 501, 143, 1579

NS (more than 70) 2058, 610, 433, 1520, 522, 132, 629, 1629, 444 44.45 333 29.83 37.30
631, 1622, 2053, 567

WSP (more than 300 458, 1493, 2038, 1573, 3785, 765 77.91 14585 118.79  131.69 152.37

gram)

WPP (more than 600 457, 488, 769, 1540, 2175, 497, 1642, 645, 262.24 291.09  295.19 41339 49235

gram) 871, 1493,753, 878, 2039, 9046, 1643,

2129, 43, 1551, 730, 23, 725, 483,2156,
1575, 48, 2179, 116, 1621, 2189, 1626,
1553, 1797, 458, 1573, 1560, 728, 2038,
765, 15,3785

HI (more than 63%) 155,163,164, 165, 175, 182, 420, 430, 438, 29.70 50.10 40.24 31.85 30.94
485, 524, 580-1, 581, 603, 607, 608, 624,
625, 638, 640, 674, 681, 736, 792,912, 943,
946, 1444, 1460, 1592, 1606, 2042, 3786,
9006

LS (more than 15 cm) 1642, 2180-1, 2018, 468, 1797, 41, 88, 452, 8.57 8.92 8.88 9.51 10.25
656,458, 2158,2053, 485, 726, 48, 66, 116,
9021, 1578, 1579, 1452, 483, 1542, 9033,
2103, 9012, 2157,

&b .
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