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1 S Kalate 36 U8 ,gex Als,e Morvaridx Mehregan 71 ASx <, Barat x Gonbad
2 oy Barat 37 hsix O8,¢e  MehreganxShosh 72 YOl e x &, Barat x Chamran2
3 Ol Bahahran 38 OB ex Uss SivanxMehregan 73 Oblgx 08 e Mehregan x Bahahran
4 08 e Mehregan 39 U8,ex S Gonbad xMehregan 74 Ollgx Ole>!  Ehsan x Bahahran
5 Ol Ehsan 40 8 e x YO e Chamran2 x Mehregan 75 Olilgsx s )ls» Morvarid x Bahahran
6 Al 0 Morvarid 41 x4y, MorvaridxEhsan 76 ss3x OLlg  Bahahran x Shosh
7 oo Shosh 42 Ol>Ix 5ss Shosh x Ehsan 77 Olgx Uy, Sirvan x Bahahran
8 Oy s Sirvan 43 Olx Ols e Sirvan x Ehsan 78 ASxlle  Bahahran x Gonbad
9 LS Gonbad 44 OxIx S GonbadxEhsan 79 YOl e x Ol Bahahran x Chamran2
10 YO or Chamran2 45  OlxIx Y0, Chamran2xEhsan 80 OB 4ex Ol Ehsan x Mehregan
1L xS Kalate x Barat 46 isix ilse  MorvaridxShosh 81 ls e x O ¢ Mehregan x Morvarid
12 &% 0le  Bahahran x Kalate 47  gesx Aylse MorvaridxSirvan 82 OB 4ex LS55 Shosh x Mehregan
13 U8 gex &S Kalate x Mehregan 48 ASx4yls,e  MorvaridxGonbad 83 Olsewx O 4s Mehregan x Sirvan
14 Ol=Ix4MS  Kalate x Ehsan 49 L)ls % YO e Chamran2 x Morvarid 84 A8 x O ¢« Mehregan x Gonbad
15 &MSx 45 MorvaridxKalate 50 OlgewXx LS55 Shosh x Sirvan 85  YOlex x O& geMehregan x Chamran2
16 _Ssix S Kalate x Shosh 51 oshx A8 Gonbad x Shosh 86  L,ls,ex Ol Ehsan x Morvarid
17 Uy x &S Kalate x Sirvan 52 _hsex YU e Chamran2xShosh 87  essx Okl Ehsan x Shosh
18  ASx &Y Kalate x Gonbad 53 Ol YO er Chamran2xSirvan 88 U1y e x Ol Ehsan x Sirvan
19 &% Y0 Chamran2xKalate 54 Oswwx &S GonbadxSirvan 89 ASx ol Ehsan x Gonbad
20 <px Ol Bahahran x Barat 55  ASxYll,ex Chamran2xGonbad 90 YOl x Olee! Ehsan x Chamran2
21 O px 08 g Mehregan x Barat 56 SISx Barat x Kalate 91  Alsex 555 Shosh x Morvarid
22 Oldx o, Barat x Ehsan 57 Ilgx NS Kalate x Bahahran 92 J)ls 2 x Oly e Sirvan x Morvarid
23 SpxAlse  Morvarid x Barat 58 4MSx U84 Mehreganx Kalate 93 Jls,ox LS Gonbad x Morvarid
24 Gsix oy Barat x Shosh 50 WX gl Ehsan x Kalate 94 YU ez X A9 ,» Morvarid x Chamran2
25 X Olg e Sirvan x Barat 60  Als,ex a4 Kalatex Morvarid 95 %s5x Olg,es  Sirvan x Shosh
2% pxas Gonbad x Barat 61 GAS X o g Shosh x Kalate 96 LSx ss Shosh x Gonbad
27 A px YOl ,es  Chamran2 x Barat 62  &Sx Uy Sirvanx Kalate 97 YU e x 555 Shosh x Chamran2
28 U8 ¢ox Ul Bahahran x Mehregan 63 SISx A4S GonbadxKalate ~ 98 S x s Sirvanx Gonbad
29  OlIx lle  Bahahran x Ehsan 64 YU, x«aMS  KalatexChamran2 99 YOl ez X Ol 5w Sirvan x Chamran2
30  ls,ex Ol Bahahran x Morvarid 65 Ilgx ol Baratx Bahahran 100  Yol,e>x 18 Gonbad x Chamran2
31 Olex sss  ShoshxBahahran 66 O 4ex &l Barat x Mehregan
32 UyewxOllg  Bahahran x Sirvan 67 xSl Ehsan x Barat
3B Olex S GonbadxBahahran 68 Alsex <, Baratx Morvarid
34 Ulex YU e Chamran2 x Bahahran 69 <X e Shosh x Barat
35 Olrlx 08 ¢« MehreganxEhsan 70 Ols e x O Barat x Sirvan
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Table 3. Step-wise regression analysis of grain yield (dependent variable) with the other traits (independent

variables)
Jde 530l 54l liw skl glast O S5 ol o R2 i oo
Traits entered into the model Standard error Regression Adjusted R square F
coefficients
& 5 s
5 Sk 0.6033 -9.406 0.89 865.54
Biological yield
=) L s
TR o 0.1197 0.477 0.96 12179.61
Harvest index (%)
PRI s slows
R 0.1151 20.142** 0.97 8779.95
No. of filled seeds per panicle
el e 035 0.1129 - 0.048* 0.98 6848.23

Spike weight (g)

Lon ) Jlea| C\GM 5l e
™ Significant at 1% probability level
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Table 4. Path coefficients analysis of direct and indirect effects of evaluated traits on the grain yield of a

single plant
s b 2
. Indirect effects Sl e
Slio e A e sl slaws i 055 L
Trait Direct _ e
raits Effect S oy o o 4l e Addition of

Biological Harvest  No. of filled seeds Spike indirect effects

yield index (%) per panicle weight (9)
S5 25 1.046 - 0.169 -0.357 0.087 -0.101
Biological yield
- :.' .L‘:‘
o 0.327 -0.112 - 0.053 0.242 0.188
Harvest index (%)
alow 5> Gls slows
No. of filled seeds per 0.393 -0.078 0025 - 0.216 0.164
panicle
[ aleew O
ol e 05 0.416 0.110 0.068 0.027 - 0.212
Spike weight (g)
odila3l ol i 0.059
Residual effects
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Table 5. Eigen values, variance and cumulative variance percentage for 8 factors extracted by principal
components method

b Jole o5 i ol o2 s eilly Ay
Factors Eigen values Variance (%) Cumulative variance (%)
(First factor) Js! Jule 5.37 23.38 23.38
(Second factor) o 55 e 3.11 13.52 36.90
(Third factor) e s Jale 2.21 9.61 46.51
(Fourth factor) ¢ le= Jols 1.66 7.88 53.73
(Fifth factor) = Jole 1.47 6.41 60.15
(Sixth factor) o2 fels 1.23 5.37 65.52
(Seventh factor) ia sl 113 4.94 70.47
(Eighth factor) e Jole 1.08 471 75.18

Slesly it s ol Glaaddie s 4 ls el a5 Jle ol o =T Js
Table 6- Factor coefficients in factor analysis using principal components and varimax rotation

Jo el Jole Jole Jole e Jle Jole

Traits L-b‘ 0 iy 4 e o r e
First Second Third Fourth Fiftl Sixth Seventh Eighth
factor factor factor factor factor factor factor factor
GP -0.07 0.58 -0.17 0.32 0.06 0.04 0.24 -0.14
NDE -0.05 -0.31 -0.23 0.26 -0.08 -0.01 -0.03 0.30
NDS 0.07 0.05 0.01 0.45 0.06 0.32 -0.06 0.68
NDF -0.05 -0.14 0.16 0.06 0.00 -0.36 -0.20 071
NDM 0.08 0.90 0.12 0.18 0.08 -0.09 0.02 0.06
GPL 0.10 0.90 0.05 0.15 0.08 0.05 0.09 -0.21
NL 0.10 0.20 0.02 -0.04 0.89 0.07 0.06 0.06
LAI 0.10 -0.01 0.02 0.17 0.90 0.09 0.02 -0.02
SPAD -0.01 0.13 0.17 0.53 0.15 0.11 -0.30 -0.04
AL -0.07 0.34 0.05 0.72 0.27 0.18 0.14 0.01
FLL 0.12 0.01 -0.06 -0.03 -0.11 0.72 -0.01 0.08
PEL -0.08 -0.02 0.36 0.02 0.05 0.74 -0.17 0.04
PAL 0.52 0.42 0.13 0.40 0.01 0.11 0.08 0.14
PW 0.84 0.05 0.08 0.05 0.19 0.00 0.32 -0.11
NFT 0.00 0.10 0.91 0.01 -0.05 0.17 0.01 0.07
KPS 0.92 -0.05 0.06 -0.09 0.00 -0.03 -0.12 -0.10
NN 0.02 0.13 0.89 -0.08 0.02 0.13 -0.05 -0.01
NSP -0.10 0.29 -0.10 0.03 0.03 0.17 0.77 0.20
PL 0.18 0.09 0.08 0.20 0.12 0.77 0.07 -0.06
TSW 0.10 0.09 0.09 0.04 0.07 -0.02 0.87 -0.01
BY 0.60 -0.02 0.62 0.07 0.14 0.10 0.30 0.13
HI -0.08 -0.07 0.01 0.10 -0.10 -0.43 -0.23 -0.71
SPY 0.61 -0.05 0.65 0.09 0.12 -0.04 0.23 -0.10

Sy 50U o 31555 NDM ¢ a5 186 00 s 3l 555 NDF ¢ ol 6 04l 5 31 55, NDS iz 50 6 55, NDE ¢ 30l 2 as 55 GP

forn S b FLL e Loy Aok AL S Lo I s :Spad 8 o aslt LAT S 5 sl NL sails 02 2 o595 J b GPL ¢ Juls

alin 53 azlie 3105 NSP ¢ 3 slias NN el 3 s sliws INFSP ¢ 5, oy slias NFT el 035 PW el J b PAL ¢ IS0y J b PEL
635 3 Slae PY seils p s HE 0S5 50 5 Sles BY sl 150 035 TSW s, plis ) PL

GP: Germination percentage; NDE: Days to emergence; NDS: Days from emergence to shoot; NDF: Days from emergence
to flowering; NDM: Days from emergence to full maturity; GPL: Grain filling period length; NL: No. of leaves; LAI: Total
Leaf area index; AL: Awn length; FLL: Flag leaf length; PEL: Peduncle length; PAL: Panicle length; PW: Panicle weight;
NFT: No. of fertile tiller; NFSP: No. of filled seeds per panicle; NN: No. of nodes; NSP: No. of spikelets; PL: Plant height;
TSW: Thousand seeds weight; BY: BiologicYield; HI: Harvest index; PY: Single plant yield
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Figure 1. Polygon view of genotype x trait's plot based on the first and second main components to identify the
most valuable bread wheat genotypes in terms of studied traits
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Abstract

Identifying selection indices is the most important step of a breeding project that aims to improve
grain yield. The definition of the selection index is usually done by evaluating the variables in
multivariate statistical methods. In the present study, the relationship between grain yield and its
components in bread wheat genotypes was determined by multivariate statistical methods. The
experiment was conducted in a randomized complete block design with 3 replications in the research
farm of Gorgan University of Agricultural Sciences and Natural Resources in the 2018-19 crop years.
Ten commercial cultivars of bread wheat along with their offspring from direct and inverse crosses in
a dialysis arrangement were evaluated for morphological and phenological traits, especially grain yield
and its components. The results of genotypic and phenotypic correlation coefficients showed a positive
and significant correlation (at 1% probability level) between grain yield and spike length, spike
weight, number of fertile tillers, number of seeds per spike, number of spikes per spike, 1000-seed
weight, biological yield and harvest index. Based on the results of stepwise regression analysis,
biological yield, harvest index, number of grains per main spike and main spike weight were entered
into the regression model, respectively, and explained a total of 98% of the variation in grain yield.
Based on the results of path analysis, biological yield had the highest direct effect on grain yield. After
biological yield, the most direct effect on grain yield was related to the weight of main spike. Also, by
considering eigenvalues greater than one in factor analysis, 8 hidden factors were identified that
explained a total of 75.18% of the data changes. In general, it can be concluded that biological yield,
harvest index, number of seeds per spike and weight of spike compared to other traits can be used as
appropriate indicators in breeding programs to select high-yield genotypes in field conditions.
Genotypes Alo, Ehsand x GonbadQ and Ehsan had the highest value for the studied traits, which can
be used in future breeding researches.
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