i

Gorgan University of Agricultural
Sciences and Natural Resources

Print ISSN: 2322-2050
Online ISSN: 2322-2778

Journal of Plant Production Research

Investigating the relationship between grain yield and yield
components in spring rapeseed cultivars using multivariate analysis

Mohammad Amin Norouzi®, Leila Ahangar %, Kamal Payghamzadeh?,

Hossein Sabouri?, Sayed Javad Sajadi’

1. M.Sc. Graduate of Biotechnology, Dept. of Plant Production, College of Agriculture and Natural Resources, Gonbad Kavous
University, Gonbad Kavous, Iran. E-mail: ma.nouroozii@gmail.com

2. Corresponding Author, Assistant Prof., Dept. of Plant Production, College of Agriculture and Natural Resources, Gonbad Kavous
University, Gonbad Kavous, Iran. E-mail: l.ahangar63@gmail.com

3. Associate Prof., Dept. Horticulture Crops Research, Golestan Agricultural and Natural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEO), Gorgan, Iran. E-mail: kamalpay@gmail.com

4. Associate Prof., Dept. of Plant Production, College of Agriculture and Natural Resources, Gonbad Kavous University,
Gonbad Kavous, Iran. E-mail: hos.sabouri@gmail.com

5. Assistant Prof., Dept. of Plant Production, College of Agriculture and Natural Resources, Gonbad Kavous University,
Gonbad Kavous, Iran. E-mail: sj_sajadi@yahoo.com

Article Info

ABSTRACT

Article type:
Full Length Research Paper

Avrticle history:

Received: 01.07.2023
Revised: 02.07.2023
Accepted: 03.05.2023

Keywords:
Correlation,
Multivariate Statistical
Methods,

Path Analysis,
Rapeseed,

Regression

Background and objectives: Rapeseed with the scientific name (Brassica
napus L.) are one of the most important oilseed crops in the world.
Considering the country's increasing need to import oil and the importance
of rapeseed among oilseeds plants, increasing the yield and percentage of
oil is very important. Therefore, identification the traits that increase seed
yield, play an important role in the success of breeding programs. Yield is a
complex trait that is affected by many factors. Direct selection of a variety
for yield is not often very effective, so investigating the relationships
between grain yield and other traits for indirect selection may be effective.
In such a situation, correlations may not clarify the relationships well,
therefore, multivariate statistical methods and path analysis can help in
understanding the nature of the relationship between traits for direct or
indirect selection and improve the efficiency of selection in breeding
programs plants become useful.

Materials and Methods: In this study, eight genotypes of spring rapeseed
(SPN-202, SPN-204, SPN-206, SPN-207, SPN-217, SPN-225, SPN-227,
SPN-182) along with 56 rapeseed hybrids (F1) were planted in a
randomized complete block design with three replications in 2019-2020
crop years in the research farm of Gorgan Agricultural Research Station.
During the experiment, phenological, morphological traits, yield and yield
components were recorded. The normality of the data was evaluated based
on the Kolmogorov-Smirnov method. In order to understand the
relationships between ftraits and to identify the traits affecting on grain
yield, at first, correlation coefficients were estimated, then stepwise
regression were done. Then, path analysis based on correlation coefficients
was used to determine the direct and indirect effects of traits. Finally, all
traits were grouped based on principal component analysis.

Results: The results of analysis of variance indicate a significant difference
for all studied traits at the probability level of one percent. The coefficient
of variation (C.V) for the traits varied from 1.37 (physiological maturity) to
10.31 (number of sub-branches), which indicates that there is sufficient
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accuracy in conducting the research. The results of correlation evaluation
showed that number of pod per lateral branches (0.864), number pods per
Plant (0.865), number of lateral branches (0.466), physiological maturing
(0.329) and number of grain per pod (0.358) had a positive and significant
correlation with grain yield (P<0.01). Stepwise regression analysis showed
that the traits of number of pods per plant, number of grain per pod and
1000-grain weight has a decisive role on grain yield. Based on the results
of path analysis, number of pods per plant had the most direct effect
(0.881) and number of grain per pod had the most indirect effect (0.053)
through the number of pods per plant on grain yield. In order the results of
principal component analysis, four components were able to explain
75.91% of the changes in the measured data of 64 rapeseed varieties.

Conclusions: Results of the path analysis showed that number of pods per
plant, number of grain per pod and 1000-grain weight had a direct positive
effect on grain yield. Also, the stepwise regression analysis showed that the
stated traits have the highest regression coefficients. Therefore, selection
for these traits can be very effective in achieving high performance
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Table 1. Specifications of rapeseed genotypes used in this study.
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Spring IRAN SPN-217 Ogh/Beh/4 5
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Spring IRAN SPN-182 F6/11/Rameh 8
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Table 5. Results of stepwise regression for grain yield as dependent variable.

3 lkl glas

ER R I P SR V-

R2 = Slis Traits

Std. Error Std. coefficients
0.865 183.450" 0.059 0.881 Sy 3 st JS 3l Pods No. per Plant
0.919 38.254™ 8.854 0.393 NEP VIS 1000 Grain Weight
0.993 657.285" 1.696 0.386 oot 2 ab sl Grain No. per Pod
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** Significant at 1% probability levels, respectively. Intercept: -1219.188
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Table 6. Path analysis of yield and its related rapeseed traits.
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Table 7. KMO value and Bartlett's test.

Sldde

055!

Value Test
0.671 KMO
699.675 Bartlett's Test
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Table 8. Principal components analysis of studied traits in rapeseed genotypes.

ol adss prade p32 adl e Jol adl 5 i
Principle Principle Principle Principle .
component 4 component 3 component 2 component 1 Traits
-0.114 0.025 0.943 -0.081 1
-0.075 0.044 0.932 0.074 2
-0.033 0.076 0.737 0.279 3
-0.139 0.608 0.184 0.495 4
0.721 -0.454 -0.052 -0.219 5
0.918 0.230 -0.099 0.000 6
0.119 0.873 0.087 0.121 7
-0.101 0.837 -0.046 -0.203 8
-0.386 0.335 0.321 0.215 9
-0.108 0.046 0.070 0.967 10
-0.097 0.063 0.070 0.965 11
-0.033 -0.005 0.114 0.929 12
1.336 1.933 2.171 4.074 512 e
Eigen values

13.314 18.492 20.698 26.781 2 ol de 0

Percentage of cumulative variance
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s s Shoe VY &5 53 o JS ST VY e b Ll s e
1-Days to Flowering Initiation from Emergence Date, 2- Days to the Termination of Flowering from Emergence

Date, 3- Physiological Maturing, 4- No. Lateral Branches, 5- Branching Height, 6- Podding Length, 7- Main Stem
Length, 8- Pod Length, 9- Stem Diameter, 10- No. Pod per Lateral Branches, 11- No. Pods per Plant, 12- Yield



OlSKo2 g (53959 (yol dodxo [ e &ild 3 Slos g5 9 2o oy aslgy oy

35 23S > $-202x5-225 , S-182XS-202
S-207xS-217  S-207xS-204  slacs 53
S-217%xS-202 S-217%xS-225 S-206%S-217
SPN-207  S-227xS-204  S-225%S-206
43 S-207%S-225 4 SPN-227 S-225%S-202
S206%S-182  slacwsys s pse S
S-182%S-204 S-202xS-227 S-182xS-206
S-207%S-182 S-204xS-217 S-206xS-225
s esler 35 3 SPN-202 4 §-207xS5-202
Sl fS 5k s 3 Jol mls () S)
Al pdlls e 53 e S (SIS g8 ey
gl 305 e Gl Al s 205 Sl
Loeds ol dBl 4 laes gl b
3 oss 5 Bl gla 2S5 (S5 4 e
Wiy oS o5k a3 o, S Sus 3 S
S Lol U W pler 23 s SPN-202
3 XS 5 e 5 oess Wl sla S s
S L3S S oS Gl Sl Akl o S e
e LS 13 eslinal 3)5e dide la S
Sl)s S-207x5-202 1 ,.» 5 SPN-202 i,

g ails 5 Slae Sle jldde oy 5

f s ol ke ealinad L iglad 5 4 20
wys sl il 8 55 el glad
baad s oy abl (3 Jodr) oo ubsls
3308 oy bl pl S5,k e 5 5 A e
dold u o b lak e 5 ol o Jol B
Sl Job mli c3 S Dse sl
SPN-182 S-206XS-207 (slscs 55 (5,513
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S-204%S-182 S-227%xS-182 S-227xS-207
S-217%S-206.S-217x5-204  S-204xS-225
SPN-206  S-227xS-202  S-217xS-207
S-202%S-204 S-202%S-206 S-225xS-182
S-225%S-217 S-227%S-225 S-227xS-217
S-227%S-206 S-202%xS-207 S-225%xS-227
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Sbaosss Wil S s S-182xS-207
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Table 9. Multivariate analysis of variance in rapeseed genotypes.

ol lds value F o ez Slad a5 Multivariate tests
s ler Four clusters
1.573 10.469™ Sy il Pillai's Trace
0.061 14.569™ S sy Wilks' Lambda
6.183 18.435™ Sz Hotelling's Trace
4502 42.769™ S0 4 Sy Roy's Largest Root

* and ** Significant at 5 and 1% probability levels, respectively
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Fig. 1. The dendrogram of cluster analysis. (Parents: 1- SPN-202 2- SPN-204 3- SPN-206 4-SPN-207
5- SPN-217 6- SPN-225 7- SPN-227 8- SPN-182).
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