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Extended Abstract

Background: The sustainable development of rapeseed cultivation areas, especially in Iran,
requires the introduction of new cultivars with higher grain and oil yields and compatibility with
different regions through breeding programs. The genetic diversity of rapeseed genotypes should
be evaluated based on a set of quantitative and qualitative traits. Evaluation of genotypes using a
set of traits increases the probability of finding ideal genotypes. The ideal genotype selection
index is one of the multivariate statistical methods that identifies the desired genotypes based on
a set of different traits or indices. Besides, factor analysis is another multivariate statistical method
that is used to categorize traits, determine the importance and relevance of each of them in creating
changes in the total data, and identify traits that affect yield. Identifying traits that affect yield
enables the breeder to focus on specific traits that have caused variation. Accordingly, the ideal
genotype selection index and factor analysis approaches were applied to study the agronomic
characteristics and quantitative and qualitative traits of seeds in different canola lines and finally
select the superior genotypes from the viewpoint of high seed and oil yield along with the highest
amount of essential fatty acids.

Methods: In this study, 21 genotypes obtained via breeding programs were evaluated in a
randomized complete block design with three replications in the Gorgan Agricultural Research
Station. Various 23 quantitative and qualitative traits, including phenological traits [the number
of days to the beginning of flowering, the number of days to physiological maturity], agronomical
traits [plant height (cm), the number of lateral branches, branching height (cm), main stem length
(cm), pod length (cm)], and yield and its components [the number of pods per main stem, the
number of pods per lateral branches, the number of pods per plant, the number of grain per pod,
thousand-grain weight (g), grain yield (kg ha™l)], as well as qualitative traits [oil content (%), oil
yield (kg hal), the amount of glucosinolate in the grain (micromol/g of grain), and the percentage
of fatty acid composition (orosic acid, linolenic acid, linoleic acid, oleic acid, stearic acid,
palmitoleic acid, and palmitic acid) were determined during the growth season. The analysis of
variance (ANOVA) was applied to examine differences between genotypes, the factor analysis
was exploited for indirect selection for grain yield through other dependent traits as well as the
ideal genotype selection index was used for the two important traits including grain yield and oil
yield based on abovementioned 22 traits.

Results: The results of ANOVA showed that the genotypes were statistically different (P < 0.01)
in all the studied traits, except for the number of lateral branches and the number of grains per
pod, which indicates the existence of genetic diversity between the studied genotypes. The results
of the ideal genotype selection index depicted that the genotypes G20, G12, G16, G1, G7, G10,
and G11 with the ideal genotype selection indexes of 0.621, 0.584, 0.673, 0.633, 0.591, 0.728,
and 0.673 and grain yields of 3258.67, 3140.67, 2941.33, 2763.33, 2712.67, 2575.33, and 2548
kg hal, respectively, were identified as genotypes with high grain yield potential and other
desirable agronomic traits. Furthermore, the genotypes G20, G12, G16, G2, G1, G10, and G11
with the ideal genotype selection indexes of 0.622, 0.584, 0.673, 0.589, 0.633, 0.727, and 0.672
and oil yields of 1218.28, 1201.42, 1109.54, 1102.27, 1056.45, 987.40, and 961.27 kg ha*,
respectively, were identified as genotypes with high oil yield potential and other desirable
agronomical traits. Hence, these genotypes can be used in compatibility test trials. In this study,
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the 23 measured traits were applied for factor analysis. The obtained Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy values and the significance of Bartlett's sphericity test indicated
the adequacy of the correlation values of the primary variables for factor analysis and the
adequacy of the factor analysis model. In this research, seven factors were identified based on
factor analysis. These factors explained 82.13% of the total data variation. The values of the first
to seventh factors were estimated at 20.86, 15.99, 13.99, 10.65, 8.80, 6.27, and 5.57%,
respectively. The first to seventh factors are recognized as factors affecting oil quality,
morphology and appearance, vegetative attributes, physiological sinks, economic grain yield, and
oil quantity and quality as well as phenology and ripening characteristics. In addition, the results
of factor analysis showed that the number of pods per main stem, the number of pods per lateral
branch, and the number of pods per plant were the traits with a positive relationship with grain
yield and grain yield with oil yield.

Conclusion: In general, the results of this experiment showed that the ideal genotype selection
index and factor analysis approaches were identified as an extremely powerful tool for selecting
superior rapeseed genotypes based on the aforementioned quantitative and qualitative traits.
Based on the ideal genotype selection index, G20 and G12 genotypes were among the excellent
genotypes in terms of grain and oil yields with higher ideal genotype selection indexes. In
addition, the number of pods per main stem, the number of pods per lateral branch, and the number
of pods per plant are the traits that can be used as an ideal selection index for the selection of grain
yield and grain yield for the selection of oil yield to select high-potential genotypes in breeding
programs.

Keywords: Agronomic traits, Brassica napus L., Factor analysis, Grain and oil yield components,
Protein percent
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Table 1. Code, name and pedigree of the tested rapeseed genotypes.

o b £l o) &Y ) sLise ojlads
Pedigree Name Cultivar type Growth habit Origin No.
Rameh 97-10 SRL-99-1 Gl
Ogh-Beh-10 SRL-99-2 G2
Zabol-6 SRL-99-3 G3
Ogh-Beh-9 SRL-99-4 G4
Dalgan Dalgan G5
Ogh-Beh-11 SRL-99-5 G6
Zabol-9 SRL-99-6 G7
Ogh-Beh-2 SRL-99-7 -3 G8
Ogh-Beh-7 SRL-99-8 - 8 G9
RGS003 RGS003 V= [ = c G10
Rameh 97-11 (RGS003* Okapi) SRL-99-9 33 32 % S Gl11
Ogh-Beh-5 (RGS003* SLM046) SRL-99-10 g c -~ - G12
Ogh-Beh-6 SRL-99-11 338 & G13
Ogh-Beh-4 SRL-99-12 o G14
Rameh 97-1 SRL-99-13 G15
Rameh 97-2 SRL-99-14 G16
Ogh-Beh-3 SRL-99-15 G17
Rameh 97-9 SRL-99-16 G18
Zabol-8 SRL-99-17 G19
Ogh-Beh-8 SRL-99-18 G20
LH98-Rameeh SRL-99-19 G21

G225 (pl )d dalllasdyge slalaste el Gluogas —Y Jgio
Table 2. Agro-climatic characteristics of environments studied in this research

(o) 6l (St (ke . iz sk (5a) > o 31 i) oo
Average annual rainfall (mm) Latitude (N) Longitude (E) Altitude above sea level (m) Location
460 36°55° 54°20° 155 (Gorgan) 5 5

15 g5 YV 53 (g 3y90 (S g (08 Sl puilyylg 435 Y Jgao
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Table 3. Analysis of variance of assessed quantitative and qualitative traits in 21 oilseed rape genotypes

() s oy (Erorr) s (Ligi3) slass SS Sl glie
Coefficient Variation (%) Treatment (Genotypes) Replication Source of variation
- 13.90 20 2 (Degree of freedom) (¢3lT 4 >
1.25 13.90 84.16 1119 PS £9,5 6 Js
Days to flowering
o ns So3elsn3ed Sy U g,
0.67 1.23 .87 5.06 Days to physiological maturity
. s Gy gl
1.96 6.26 211.04 16.10 Plant height
e olaasls slaws

ns ns «e ¢
9.18 0.19 0.18 0.17 Number of lateral branches
e ns sl glis)l
7.05 5.37 208.15 159 Branching height
10.22 25.48 75.79* 53.64™ bel ailo Jibo
Main stem length
b ns osng> Job
10.17 0.59 2.02 0.28 Pod length
474 476 76.68 3.86™ ol Lo )3 25 s
Number of pods per main stem
** ns R Seadls )3 e Sl
2.37 21.36 2005.66 105 Number of pods per lateral branches
2.07 24.99 2218.81 " 145" G5t 93 25> A5
Number of pods per plant
9.20 4.05 438 1113 orsss )3 b dus
Number of grain per pods
** ns &l )l}-h 09
8.26 0.09 0-50 0.09 Thusand grain weight
5.68 203364.78 460473.78 1145771 b 3, Sos
Grain yield
2.50 0.91 345 0.0001 ™ OF9) L2)
Qil percent
6.34 36979602 689109318 ** Lregdor7 Bt
Oil yield
3.02 0.06 2012 0.002 " &5l i oI5
Grain lucosinulate
492 013 44353 0.09 ™ el S|
Erucic acid
3.45 352 612.24™ 3.73™ Sl S|
Oleic acid
6.40 0.34 12.43* 0.16™ el Sl
Linolenic acid
5.66 0.93 7.85 ™ 0.227 el Slsid
Linoleic acid
10.67 0.04 0.63 * 0.02 Sl S i
Stearic acid
17.61 0.0004 0.008 0.00001 " el Sl
Palmitoleic acid
1017 0.25 1,27 0.03 st Steally
Palmitic acid

ySile

Traits mean square

Slas Slaype

b hoyd Y 50 (oylol YS! 3gmg ,S0ly iy e g % 4l dxe (Lol MBI pae il mns
ns: non-significant, * and ** significant at the 5% and 1% probability level, respectively.
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Table 4. Selection index of ideal rapeseed genotype based on all studied traits and distance from ideal
genotype (d*), non-ideal genotype (d) and seed yield

. ) —= %
&b 5,Slas SIG asls ¢ d w29 P
seed yield (kgha™®) SIIG index Genotypes
776333 0633 0622 0.360 GL
246467 0623 0.613 0371 G2
2340.67 0.675 0.642 0.309 G3
2010.67 0.630 0.607 0.356 G4
232733 0598 0599 0.402 G5
217333 0.596 0.586 0.397 G6
271267 0591 0.584 0.404 G7
2260.00 0.586 0573 0.404 G8
102933 0.640 0.628 0.353 G9
2575.33 0728 0.668 0.250 G10
2548.00 0673 0.631 0.307 Gl
3140.67 0.584 0587 0418 G12
214133 0.458 0371 0.438 G13
2642.00 0.276 0247 0.648 Gl4
2980.00 0.438 0.442 0.566 G15
2941.33 0673 0.603 0.293 G16
231467 0.650 0.586 0.316 G17
3006.00 0.381 0332 0540 G18
2405.33 0711 0.635 0.259 G19
3258.67 0.621 0.620 0378 G20
1016.67 0.353 0.323 0,592 G2l
2516.762 0.577 OSbe Mean

() sllach gy (A7) sllae cuigsy 51 Juolsh 5 aollln 3y90 clio den (slise o IS Jlon caighy Qs pasls b Jgoo

. : oy 8lee Sl
Table 5. Selection index of ideal rapeseed geno(tjype based on all studied traits and distance
from ideal genotype (d*), non-ideal genotype (d*) and seed yield

o9y 3les SIIG as3ls d d* Gig pb
seed yield (kgha™) SIIG index Genotypes name
1056.45 0.633 0.622 0.361 Gl
945.62 0.622 0.612 0.372 G2
887.21 0.674 0.642 0.310 G3
750.04 0.630 0.607 0.356 G4
844.12 0.599 0.600 0.401 G5
871.55 0.594 0.586 0.400 G6
1102.27 0.589 0.581 0.406 G7
882.73 0.585 0.573 0.406 G8
726.95 0.639 0.628 0.354 G9
987.40 0.727 0.668 0.251 G10
961.27 0.672 0.631 0.307 Gl1
1201.42 0.584 0.586 0.418 G12
801.88 0.458 0.371 0.439 G13
1008.54 0.275 0.247 0.649 Gl14
1131.30 0.438 0.442 0.567 G15
1109.54 0.673 0.603 0.293 Gl6
883.48 0.648 0.586 0.317 G17
1175.09 0.379 0.330 0.540 G18
874.22 0.712 0.636 0.258 G19
1218.28 0.622 0.621 0.378 G20
759.34 0.352 0.323 0.595 G21
960.89 0.576 OShe Mean
0.750
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Figure 1. Two-dimensional graph of distribution of 21 rapeseed genotypes based on seed yield and SIIG method
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Table 6. Factor coefficients in factor analysis using principal components and varimax rotation in rapeseed
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Factor7 Factor6 Factor5 Factor4 Factor3 Factor2 Factorl Traits

0.205 -0.120 0.363 0.358 0.449 -0.013 -0.429 5 g0

flower Initiation

0.751 -0.309 0.210 0.323 -0.035 0.112 0.049 S Sy

Physiological maturity

0.493 -0.120 0.128 0.247 0.712 0.004 -0.128 < ?w

Plant height

-0.170 -0.186 -0.300 0.005 0.173 0.442 0.423 e gl ls

Lateral branch

0.478 0.059 -0.019 0.225 0.393 -0.507 -0.035 ‘5‘?“5“ &_w

Branching height

-0.125 -0.058 0.124 0.169 0.846 0.046 0.098 . ool Lo Jobo

Main stem length

0.097 0.556 -0.160 -0.147 -0.489 0.027 -0.050 gt i

Pod length

0.351 -0.129 0.065 -0.010 0.718 0.227 0173 ol o 25>

Pod per main stem

0.134 0.076 -0.020 0.950 0.006 0.007 -0013 o Seils g

Pod per lateral branches

0.192 0.049 -0.007 0.948 0.138 0.005 0.019 $9 2 oo

Pod per plant

0.072 0.659 -0.012 0.275 0.271 0518 -0.193 Gt o 4

Grain per pod

0.762 0.202 -0.008 -0.001 0.153 0.206 0.076 bl 0is

Thousand grain weight

0.113 0.020 0.033 0.942 0.187 -0.018 0.107 (Grain yield) &ls 3,Slos

0.122 0.692 -0.309 0.001 -0.187 0.129 0.160 (Oil percent) (5, 10>
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I
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Linolenic acid (C18:3)
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Linoleic acid (C18:2)

0.000 -0.001 0.016 -0.069 -0.042 0.022 -0.971 ) _""" Sl

Oleic acid (C18:1)

0.258 -0.061 0.843 0.034 0.159 -0.113 0.209 ”'“_" ‘5‘“]*“‘”‘

(C16:1) Palmitoleic acid

-0.062 -0.035 0.900 -0.081 0.094 0.008 -0.049 el Sl

Palmitic acid (C16:0)

-0.213 0.878 0.189 0.145 -0.113 -0.145 0.096 dtacaal
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122 1.38 1.93 234 3.08 459 459 ol

Initial Eigenvalues
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% of Variance

5.57 6.27 8.80 10.65 13.99 15.99 20.86 o 2y

Cumulative %
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