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Table 1. Name of the genotypes used in this experiment
o G 95 o G 95 o LT o 95 o P
Code  Genotype Code Genotype | Code Genotype Code Genotype Code Genotype
1 Niknedjad 28 Albourz 55 Falat 82 Azadi 109 Sistan
2 6070 29 6046 56 6162 83 6171 110 6234
3 Hirmand 30 Karim 57 Atrak 84 Marvdasht 111 Ofogh
4 6109 31 6216 58 6202 85 6075 112 6038
5 Maroun 32 Rasoul 59 Pastour 86 Karajl 113 Arg
6 6203 33 6210 60 6208 87 6004 114 6077
7 Arta 34 Khazarl 61 Shiroudi 88 Karaj2 115 Narin
8 6165 35 6122 62 6026 89 6089 116 6047
9 Moghan3 36 Roshan 63 Tajan 90 Karaj3 117 Natasha
10 6250 37 6127 64 6050 91 6113 118 6105
11 Gahar 38 Aftab 65 Mourvarid 92 Ns 119 Hamoun
12 6031 39 6156 66 6011 93 6179 120 6052
13 Golestan 40 Ghabous 67 Gonbad 94 Bahar 121 Aflak
14 6097 41 6041 68 6051 95 6114 122 6159
15 Inia 42 Darya 69 N-80-19 96 Chamran 123 Mehregan
16 6055 43 6088 70 6131 97 6237 124 6107
17 Naz 44 Pishtaz 71 Baharan 98 Sirvan 125 Moghan2
18 6152 45 6182 72 6201 99 6016 126 6001
19 Zagrous 46 Bam 73 Sepahan 100 Mahdavi 127 Line7
20 6158 47 6230 74 6003 101 6149 128 UR-92-15
21 Kouhdasht 48 Kavir 75 Sivand 102 Darab2 129 Linel6
22 6153 49 6107 76 6124 103 6172 130 6002
23 Line 17 50 ghods 77 parsi 104 Chamran2 131 AR-92
24 6112 51 6235 78 6169 105 6115 132 UR-92-18
25 Line A 52 shoush 79 Shiraz 106 Neishabour
26 6161 53 6150 80 6071 107 6164
27 Dez 54 6168 81 Tiger 108 UR-92-13
Table 2. Abbreviation and unit of measured traits ol (6 S 03Il Wlas aalg g jlasis! Y Jaua
Solais! cwdle
Trait =& abbreviation  unit )
Plant Height ag elas )yl PH (cm) posiil
Spike length alouw Job SL (cm) Jesee
Spike Weight aloew (439 Sw (gr) 33
Flag Leaf Area o2 Sy o FLA (cm?) &0 ol
Drought Weight Flag Leaf o S LS )9 FLDW (gr) e
Flag Leaf Specific Area oz S 9 GoRg odw FLSA (ecm?/gr) £ 5] 2o g0 yiousiilu
Biomass logn B (gr) 3
Yield 3 ySlos Y (gr/m?) &30 yiol o )5
Spike Weight aliwws 39 SW (gr) o)
Seed Weight/Spike Al 50 413 333 SWS (&) p5
Thousand Kernel Weight 4ls 515 (39 TKW (gr) ey
Seed Filling Rate Als oy S SFR (gr/m?/day) 39/ & y0 ol 0 5
Days to Maturity Sy U 39 DM
Grain Filling Duration &ls ol p (50490 GFD

Days to Heading 2 adw U 39, DH
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Table 3. Analysis of variance of morphological traits of genotypes in randomized complete block design

@l 039 Npoiy ppate Sp gabp noje
o alcow o Jsb HE Sy 2 FHE) &Syl
>) . . .
o - Seed Ao e Tpoucand Flag Leaf Flag  Seed Grain
S @] Weight/S  Spike  Spike Kernel Specific Leaf  Filling  Filling
S.0.V df pike Weight  length Weight Area Area Rate  Duration
ek ‘ " " , . : : :
1 0.17" 3.95 16.4 8.4"s 57.6™ 21.6™ 2.7 28.7"
Block
s'.«'“"”';)s sk ok ok *k *k *ok *ok <
131 0.23 0.22 1.7 54.9 487.9 81.7 16.8 14.9m
Genotype
s
131 115.0 0.01 0.4 4.07 215.7 22.1 1.9 13.5
Error
CV% Ol i <y 25.62 1625  5.79 7.38 7.37 132 150 10.2
Table 3. Continued aolsl .Y Jgus
Ol g Esb poabys 4w aliws cudloy
§.0.V ol azy Days to Days to Plant Number  Harvest S 5o oo
df Maturity Heading Height of Spikes Index Yield Biomass
‘59-1" ok * kK
1 13.6 81.8 262 12.7" 0.006™ 1376™ 104"
Block
H‘f’ys ok sk ok g sk sk ok
131 10.8 31.2 107 733.3" 0.013 21690 114633
Genotype
s
131 1.0 13.4 28 616.03 0.004 2547 56960
Error
CV% &l i o yu6 0.71 3.47 5.67 24.17 25.22 16.96 20.96
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ns, * and **: non-significant, significant at the 5 and 1% levels of probability
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Table 4. Correlation coefficients of agronomic traits in spring wheat genotypes

wle 2 3 4 5 6 7 8
Traits
1 ol g0
Biomass
2 Sfdee ) s 1.00
Yield
3 At oogn 084 100
Harvest Index
4 e SN0 007 08 1.00
Number of Spikes
5 Wl giom 007 030" 007 1.00
Plant Height
6 P bhe) 19 a6t 0477 011 033 1.00
Days to Heading
7 Sl 0o 056" 0517 004 0357 074" 1.00
Days to Maturity
8 WMo (oo 020" 024 004 018" -082" 021" 1.00
Grain Filling Duration
9 Ao gad g esp g ce 084" 060" 0377 0.09% 023 -041"  -0.01™
Seed Filling Rate
1 PR SRR ot 036" 0317 0200 038" 0567 050" 038"
o Flag Leaf Area
1 PER SRR TR 0o e 018" 0277 -034" 028" -024™ 021"
1 Flag Leaf Specific Area
1 PR SHSES Ol o1 0377 033" 027" 044”056 051" 038"
2 Flag Leaf Drought Weight
1 Aol a3 st 053" 007 0257 0597 061" 034"
3 Thousand Kernel Weight
1 sl dsb o 026" -024™ 024 0317 030 0327 -0.15
4 Spike length
1 b 038 009 041" 036" -0.05% 015" -022°  -035%  0.02%
5 Spike Weight
1 e A 039 o7 04 0407 008 -0.16™  -031" 042 0.09%
6 Seed Weight /Spike




VAR by O ol e el psle 45 ame gla i Vove
Table 4. Continued wlol f Jgus
Traits
s 9 10 11 12 13 14 15
9 Slo o e 00
Seed Filling Rate
10 P Sk oy 1.00
Flag Leaf Area
11 PERSRORITEY g g3y 1.00
Flag Leaf Specific Area
12 PIRSRSEZ 0N o3 g0 060" 1.00
Flag Leaf Drought Weight
13 “bolpois a3 0200 o 0287 1.00
Thousand Kernel Weight
14 b Jsb ) g 0.60" -0.40" 0.63" -0.16™ 1.00
Spike length
15 e 039 36 0.05™ -0.20" 0.10 0.58" 0.26™ 1.00
Spike Weight
16 dew s alo ol gage gaom 006 008 0.57 0.06™  0.82"
Seed Weight /Spike
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ns, * and **: non-significant, significant at the 5 and 1% levels of robability, respectively

Janmohammadi, et al., 2011; Assanga et al.,)
2017

sl Slas lal pBapls (gmw )T, 0505 jsliiens
elolen 5l ey opl was i g sl Slules
plo leslatnl b Jiiuwe Che S aS wos 0 & Sloj
355 ol b Sl ot 5l s 355 sl Jio Sl
o2 b YL (S o5 Slao 51 (S5 0l G ol
5 Sy (Anonymous, 2018) wul Bd> axiils
35536 5 e Do lgica (poalin b g, 5 als s
e )0 YA ggamme s g ol Jow o)lg ails o,Slas 5
O Jpiz) 3535 g |y 5 Shos Sl ponis

5o acw dlaws Glas o5 wo 8 5155 Gladlas o
2o, AV (Sas a5 bl 0 (Saee) B e, 5 ape e
Mohammadi, ) aiS e 4z g5 1) ails o Sloe &y |
oolege Slas a5 30 5 515 6,50 ey 40 (2014
P A g ML Gee Sy Joe 0y (poalin B 55
Al ails 8 )Slae 1=+ /FY 5+ JAD Ll y sopiive Ol )31
.Kandic et al., 2009)

Slas 5 dls s Slae o alal, e Sy slp
4575 B apls (hg) 4 (oS5 Joo L 0ad iy 5
S5 o0 At Cole 4y 5l eolinul b ol el ool

o Sed 8 S Cwl ppSess Sl s
Slasby 0 swyogy cplply il Glal aodla
2 el el L (S a Jox sl ol
Jeo (e 45 Osdio0 ABgle Jlugd AL Lylyd
2 0y8les 5 ails Gal 050 Jsb e (S (Nwren
& Fwgs oS Sy ot evalie @ = +/Y) o Lulyd
Blie 183 Bsie (silows b 5 LS a5 5 o
Gl b p sl S @ iR B IS Al
OMS Sy Cadto b S Lyl o 0 Sles il oo
50 Oelply g cudlo ) (= < JAY™)  Sian (il &lo
JUl s Sl ool S ezl (Sis s Lulps
Blum, ) ool olge suze Jl 5 55 4 ae ) dlse

Ay olS o cls vy ((10) gyl Sre 5 Cude
zhw (hpd sialy 5B 4 olS 0959 b pasd e dgaowe
Jdosb b pllS a5 o5, o0 jUasil cplple 958 0 o5 S
Slalas o (Hokmalipour and Seyedsharifi, 2014)
Spghe Gn G 5 A (Ned 5 ey
S ead IS A s s o Slee 5 oz



AR Sl sla sl (lgie 4 000 ol 50 0)lgy pasS 5 Slee b dasijo SG38l08 550 5T lao 1 5 1)K 5 gaexl

sy Olao (Yb (Kad (pizmen 2i0g &l o Sles
= =+ [F7%) ooalaw U 55, 9 (0 = </AT*) ails ol 5
Slao cnl 5l alple 9ges W3l 1, ls cnl o Sles L (r
oolaiwl lgh co muo dayld jo QLl slo alis lgica
eSS olaw Glols S ayies 5l Bas oS
b i cold @l o ol 3l aSg jsbar canlnog 5
Farshadfar, ) w,5 |3 055 & 0 aiiwn K0S

2006

2] prias Sl cde 4 0,Slee b Slao  Siwaon a5
Al b Sl et 1 i o L 5 5 8kee 55,
ols lid 58 Jieghy opl jo Code 430 il el las
I o, Slee p puiine Sl yidon ailo ol 5 Sy oS
oeioms Sl 2o B g, pioren (H/YYY) il
Ol «F Jeaz) ol lid o Sles o —+/YAD L iy
5 Sy bCis o ylyd o a5 ey lo olei e

2 A sllhas (it (poaliw U, 5 b ol

(Jismo G o iyl g ditunly Cido 43l 8 Shos) pBaspls gy & dillusy (s (ygmw )5y Joo (r e 2512 O Jou
Table S. Fitting the best multiple linear regression model with stepwise method considering grain yield as a dependent

trait and other traits as independent variables

Step2 p9d o8 Stepl Jol o5
Uas OS5 las OS5 )
Error Regression Error Regression

MS Oley po (Kb 305987 2416.97 802968 3235.95
Traits 0uud lg Cduo Days to maturity Seed filling rate
F | IR 45.05™ 332.22™
R? (SO (i o, 0 78.1 70.4
Adjusted R? X OV U S OO O] 77.7 70.2
Standard error 3 laibiw! slhs 1.12 1.52
coefficients 05w Sy ol o -7.50 27.73
Standardized coefficients 3 ylaibiwl (ygum 55 5 ol o -0.285 0.773
Mallows' Cp b Cp oLl 4.41 47.96
tolerance Tolerance 0.552 0.414
VIF VIF 1.81 2.41

#*. Significant at the 1% level of probability:
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Table 6. Coefficient of direct and indirect effects of traits on grain yield

@daliuw U 59, wlo oy e (o
wlee traits Days to heading Seed filling rate Correlation
QD Lyl p1 Sl Seed filling rate 0.066 0.773 0.839
2oaliww U 39, Days to heading -0.285 -0.179 -0.464

Direct effect have been underlined
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Table 7. Evolution of variances in different truncations

ply59500 iy ilide sl )5 il ylg pudd Wigy Y Jgu

owil g [ S dlass 2 3 4 5 6 7 8 9 10
Los 5 o iy 6683 8189 9607 9948 10217 10485 10571 10628 10677
Within class variance
9,5 0192 bl 4220 2713 1295 955 686 418 332 275 226
Between class variance
F 1.6™ 3.0 74" 104" 149" 2517 319" 387" 473"
**: significant at the 1% level of probability %0\ Jlozs! s jo lo cixe
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Fig 1. The relationship between dendrogram cutting in different locations and the within-class variance
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Table 8. Multivariate analysis of variance of groups in a completely randomized design

G, [ s . ‘) S dild 3
- oy 395 ’ 395 )-’ )-“ als 5158 o338 039 ) 039
. ‘ . K B A S @l o Thousand aliow
Ol s ol o5 das Days to Daysto  Seed Filling Kernel Spike  Seed Weight
S.0.V df Yield heading maturity Rate Weight Weight /Spike
Coled 6 opg757 827384 496 12407 2769 0.596"  0.783"
Class
ol 125 385.6 10.5 3.31 2.87 15.5 0.089 0.083
Error

**: significant at the 1% level of probability
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Table 9. Comparison of groups average using Duncan test

Vog)S  Yog,S  Yog,S  FogS  BogyS  FoegS VoS

Traits g Class1 Class2 Class3 Class4 ClassS Class6 Class 7
Yield o, 5bes 262.9°¢ 369.8° 196 ° 3159 443.0f  116% 562 ¢
Days to heading P duiuw G 39, 106.0 be 10448 107°¢ 1034 1042 1104 1052b¢
Days to maturity S,y G g, 141.3° 140.8° 1433 b 140%  140.7%  144°¢ 1402
Seed Filling Rate &lo s g e g 8.1 b 10.84¢ 5.7¢% 9.7¢ 12.4°¢ 5.7¢% 16.2°
Thousand Kernel Weight &l 38 039 26.3 b 299¢ 255° 297°¢ 297°¢ 19.32  28.79%
Spike Weight alowws 39 1.90 b 2,019 1.85° 2.06% 1.992° 1552 2.10°

Seed Weight /Spike alisw jo dils 39 1.32 be 144 116° 147 1.28% (0.94°? 1.79¢

35lg il ylg JBlas (fg; 9 ywdlS 4y 3o 3l oolitiwl b acuigij (gaiveg S Ve Jouar
Table 10. Grouping of genotypes using cluster analysis and Ward's minimum variance method

09,5 O
Class Genotype code
1 1,7,27,30,32,37,43, 53, 55, 57, 60, 63, 65, 73, 77, 81, 91, 94, 96, 99, 102, 105, 116, 117, 121, 130
and 132

2 2,6,9,11, 16, 24, 25, 26, 29, 31, 35, 44, 47, 54, 56, 64, 68, 71, 93, 97, 107, 108, 110, 112, 118, 120,
122,123,126, 127 and 129

3 3,5,34,69,74,75,92, 104, 115, 125 and 131

4 4,8,14,15,17, 18,19, 21, 22, 28, 33, 41, 42, 45, 51, 58, 59, 61, 66, 72, 76, 78, 83, 89, 95, 98, 101,
114, 124 and 128

5 10, 12, 20, 23, 40, 62, 67, 70, 80, 85, 87 and 103

6 13, 36, 46, 48, 49, 50, 79, 82, 84, 86, 88, 90, 100, 106, 109, 111, 113 and 119

7 38,39 and 52

axllbos g0 Wlao 35V 98 09,5 slacaish) guivas; ) Jgua
Table 11. Ranking of 7th Class genotypes for the studied traits
G 93 abcow 39 Wl ,lpa 059 Wl G g G (S, U jgy (0 Al Uy, 9 Shee

genotype SW TKW SFR DM DH Y
10 42 68 95 52 40 120
12 122 90 126 61 79 129
20 115 115 99 2 1 121
23 29 52 96 38 11 123
38 36 48 130 4 11 131
39 129 128 131 52 54 132
40 94 54 108 9 40 119
52 91 36 132 61 114 130
62 41 104 120 35 48 127
67 70 81 127 61 100 128
70 44 69 111 52 40 125
80 103 101 119 61 94 118
85 121 122 128 24 79 126
87 46 42 115 92 69 124
103 40 125 109 52 54 122

W1 T35 WY ()0 aslllans 90 Dlao (gl 1) (go0e oo o ity 4 (23S )5 b logadsss
The highest-ranking genotypes have the highest numerical value for the traits studied in 132 genotypes.
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Abstract

This research was carried out to investigate the relationship between agronomic traits and yield using
132 spring wheat genotypes. Genotypes were cultivated in alpha-lattice design with two replications at
the research farm of Gonbad Kavous agricultural research station. The highest correlation was observed
respectively between yield with seed filling rate (0.84), harvest index (0.84), biomass (0.86), 1000 grain
weight (0.58), grain weight per spike (0.44), and weight of the spike (0.41). Yield had a negative and
significant correlation with days to maturity (-0.57) and days to heading (-0.45). Seed filling rate and
days to heading were introduced into the model as important traits affecting grain yield and 78.1% of
yield variation was justified. Grain filling rate and days to heading had direct effects of 0.73 and -0.285
respectively. The traits of seed filling rate and days to heading can be used as selection indices in dryland
conditions. The results of cluster analysis showed that genotypes 38, 39 and 52 were in 7 group. This
group was superior to other groups in terms of average traits. Genotypes in groups 5 and 7 can be used
to aggregate performance-related traits.
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