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Extended Abstract
Background: Oilseeds are one of the most important sources of energy in the world. As one of
the most important oilseed plants in the world, rapeseed has nutritional and economic value, with
its seeds containing 40% oil and its oilseed meal containing more than 35% protein. This plant
has higher adaptability to diverse climatic conditions. Given the need to supply edible oil in Iran,
the selection of high-yielding genotypes with desirable characteristics in this plant is very
important for sustainability in production. Moreover, examining the relationship between yield
and other agronomic traits improves the efficiency of breeding programs by determining
appropriate selection criteria, such that some breeders prefer to select varieties indirectly using
yield-related traits to achieve high yield. Among the methods that provide more appropriate
characteristics of the status of genotypes and traits are graphical methods that allow for visual
examination of correlations and relationships between traits and evaluation and identification of
desirable genotypes based on the values of yield-trait combinations. Therefore, this study aimed
to compare different genotypes of rapeseed in terms of several traits and analyze the correlation
between their different traits, as well as to select superior rapeseed genotypes based on the
combination of agronomic traits with oil yield using genotype X trait biplot and genotype x yield
x trait biplot methods.
Methods: In this study, 15 new lines along with two cultivars were evaluated in a randomized
complete block design with three replications in the Agriculture Research Station of Gonbad
during 2019-2020. The phonological, morphological characteristics, and yield components
including days to flowering starting, days to physiological maturity, plant height, the number of
lateral branches, the number of pods per plant, the number of seeds per pod, 1000-seed weight
(TSW), oil content, and oil yield were measured in the sample plants. In this study, the genotype
x trait (GT) and genotype by yield x trait biplot (GYT) methods were used to identify
interrelationships between different traits and selection of the best rapeseed genotypes.
Results: The results showed that the genotype by yield x trait biplot method was more efficient
than the genotype x trait biplot method. Based on the biplot and the genotype by yield x trait
biplot index, a positive correlation was observed between all yield-trait combinations, and
genotype 17, followed by genotypes 11 and 4, respectively, were identified as the best genotypes
in the combination of oil yield with days to flowering, days to physiological maturity, plant height,
the number of lateral branches, the number of pods per plant, the number of seeds per pod, TSW,
and oil percentage. Genotypes 2 and 15, respectively, were identified as the weakest genotypes
by being located at the end of the horizontal axis of the average tester coordinate diagram.
Moreover, the results of the genotype by yield x trait biplot showed a high positive correlation
between oil yield x the number of lateral branches, oil yield x the number of seeds per pod, oil
yield x TSW, oil yield x plant height, oil yield x oil percentage, oil yield/days to flowering, and
oil yield/days to physiological maturity, indicating the usefulness of combining the number of
lateral branches, the number of seeds per pod, TSW, oil percentage, plant height, and maturing
time (the number of days to flowering and maturing) with oil yield to increase the production of
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Conclusion: In general, the results showed that the genotype by yield x trait biplot method was
a more suitable tool for investigating relationships between traits and evaluating, comparing, and
selecting different rapeseed genotypes in terms of multiple traits than the genotype x trait biplot
method. Based on the display of the average tester coordinates of the genotype x yield x trait
biplot, genotypes 17, 11, and 4 were identified as the best genotypes with genotype x yield x trait
biplot values of 2.22, 1.33, and 1.01, respectively, and genotypes 2 and 15 were identified as the
weakest genotypes with genotype x yield x trait biplot values of -1.78 and -1.01, respectively, in
terms of oil yield and other agronomic traits. Furthermore, the number of lateral branches, the
number of seeds per pod, TSW, plant height, and maturing time (the number of days to flowering
and maturing) are the traits that can be used as appropriate indicators in breeding programs to
select high-yielding genotypes in rapeseed.
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Table 1. Code, name and pedigree of the tested sunflower genotypes

(Name) o i/ o (Code) &5 (Number) o lo.d
Comet*RGS003 Gl 1
Delghan™Comet G2 2
Comet*Shiralee G3 3
Delghan*Kabel G4 4
RGS003*Licord G5 5
Delghan*Licord G6 6
RGS003*Delghan G7 7
Delghan*RGS003 G8 8
RGS003*Shiralee G9 9
Shiralee*RGS003 G10 10
Comet*Amica Gl1 11
Kabel*Shiralee G12 12
Delghan*Amica G13 13
Delghan*Opera G14 14
Shiralee*Delghan G15 15
Gh/37/85-86/RGS003 G16 16
Shiralee G17 17

LIS usgis WV 55 ok 655050l Clio ke =Y o

Table 2. Average of measured traits in 17 rapeseed genotypes
oC TSW

oY s
(kahY) ! @ NP NPP NLB cm  DPM DF %3
1050 7137 3.99 7 113 6 125 180 116 GIL
604 27.63 4.47 18 101 6 136 178 115 G2
922 3853 4.41 16 100 6 145 180 116 G3
1085 46,63 45 16 100 7 135 177 114 G4
988 4410 3.67 17 111 7 153 177 112 G5
974 45.97 4.43 18 84 6 146 180 113 G6
903 4367 4.09 18 99 6 132 179 116 G7
997 51.13 4.23 18 % 6 141 179 115 G8
949 4073 463 14 111 6 122 179 116 G9
882 46173 39 15 110 6 139 177 112 G10
1155 48/33 45 16 101 6 137 178 116 Gl1
782 39/67 3.93 16 93 6 139 178 115 G12
839 47/57 38 15 114 7 126 181 115 G13
893 43.63 4.00 19 93 7 114 177 113 G14
708 39.35 4.29 13 89 6 139 178 115 G15
868 4563 391 15 55 5 129 179 111 G16
1312 4437 4.28 18 97 6 148 186 116 G17
388.67 8.27 078 558 30.63 1.27 19.38 561 411 LSD %5
552.53 11.12 1.05 7,50 4118 171 26.05 755 553 LSD %1
936 43 4 16 98 6 136 179 114 Mean
165.56 5.36 0.33 157 14.14 0.50 10.05 2.16 1.68 Standard Deviation

G 43 ails 315 NSP (g > BME sl :NPP (s 5 4315 3l NLB iy £lis )] PH (S jslpa b (S U jg, DPM ¢ oIS b o, DF

09y 2)Sas :0Y (49, Mo > :0C caily 3o 59 :TSW
DF: days to flowering startin%, DPM: days to physiological maturity, PH: plant height, NLB: number of lateral branches, NPP: number
of pods per plant, NSP: number of seeds per pod, TSW: 1000-seed weight, OC: oil content, OY: oil yield.
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Table 3. Standardized genotype x yield x trait (GYT) values in 17 rapeseed genotypes

GYT 0Y*0C OY*TSW OY*NSP OY*NPP OY*NLB OY*PH 0Y/DPM OY/DF o8]
0/62 0/26 0742 0/60 1/23 0/50 0/15 0/98 0/78 Gl
1/78 -2/46 1/49 -1/41 -1/45 1/83 1/72 -1/88 1/98 G2
0/04 0/54 0/26 0/23 0/00 0/12 0/24 0/14 0/06 G3
1/01 0/97 1/30 0/68 0/78 1/15 0/75 1/33 1/12 G4
0/52 0/28 0/31 0/26 0/84 0/97 0/90 0/68 0/58 G5
0/15 0/40 0/66 0/64 0/48 0/22 0/57 0/48 0/45 G6
0/16 0/14 -0/21 0/34 0/12 0/69 0/30 0/05 0/17 G7
0/55 1/03 0/46 0/63 0/19 0/41 0/50 0/67 0/48 G8
0/02 0/22 0/68 0/55 0/64 0/46 0/43 0/35 0/15 G9
0/16 0/04 -0/54 0/54 0/23 0/17 0/19 -0/02 0/11 G10
1/33 1/52 171 0/73 1/13 1/22 1/19 1/73 1/44 Gl1
0/86 1/00 1/00 0/85 0/90 0/84 0/71 -0/70 0/88 G12
0/42 0/10 0/86 0/88 0/16 0/09 0/83 -0/42 0/50 G13
-0/14 0/19 0/37 0/41 0/44 0/44 0/99 0/05 0/06 G14
1/32 1/32 1/05 1/79 1/37 1/42 1/11 -1/20 1/35 G15
0/70 0/30 0/59 0/64 2/10 1/14 0/59 -0/16 0/11 G16
2/22 77 2/25 2/60 1/66 2/12 2/56 2/39 2/40 G17

(BME > ail> o33 INSP gy ;5 BME 5laa iNPP ¢ 3 4305 3lasi :(NLB sy g5, PH <y jsls i o5 b jo; DPM a5 U jg, :DF

09y 2 8es :0Y (49, 1o )> :0C caily )l 59 :TSW

DF: days to floweriné; startin%, DPM: days to physiological maturity, PH: plant height, NLB: number of lateral branches, NPP: number
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of pods per plant, NSP: num
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