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Correlation Analysis of Yield per Plant and Agronomic Traits in
Breeding Lines in Brassica napus L.
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Abstract: Rapeseed acts as an important oil crop in China and breeding for high yield is of great interest.
Analyzing agronomic traits of rapeseed germplasm can provide foundational information for selecting excellent
parental materials, which will be subjected for making crosses, e.g. to improve important traits in rapeseed. In the
present study, 213 breeding lines of Brassica napus L., which were collected from the main rapeseed production
area of the Yangtze River, was used for exploring the relationship between 10 agronomic traits and yield per
plant, under the climatic conditions in Chengdu Flat. The statistical analysis including simple correlation analysis,
path analysis, multiple regression analysis and principal component analysis, were conducted. The results showed
the great divergence on the agronomic traits of rapeseed resources from different regions. The yield per plant
was positively correlated to plant height, the effective length of main inflorescence, the number of first effective
branch, the number of effective silique on main inflorescence, the length of silique, seeds per silique, and 1000-
seed weight, while negatively correlated to the period of vegetative growth. The yield per plant was directly
contributed by three factors including plant height, seeds per silique and the number of first effective branches.

The indirect effect on plant yield was the effective length of main inflorescence>the number of effective silique on
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main inflorescence>branch height. By stepwise regression analysis, the yield per plant was mainly determined by

plant height, seeds per silique, branch height, and the number of first effective branches. Based on the phenotypic

variation using the principal component analysis, these genotypes were grouped into four major categories,

consisting of plant height related factors, growth period related factors, yield related factors and plant type related

factors. Taken together, the yield per plant in the ecological region of Chengdu Flat was largely contributed by

plant height, grain number per pod, primary branch height, and number of primary effective branch. These results

would provide a valuable information for selecting elite parental lines in rapeseed breeding.

Key words: Brassica napus L.; breeding parents; yield per plant; agronomic trait; correlation analysis
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Table 1 Source of materials

£FR By || B By || A “ly || &K Hi
Name Province || Name Province || Name Province || Name Province
SWU40 K || W 11 Wim || 2012-9323 WAL || X5 5 HS-5 1L
SWU42 WK || 740 WIFE || 2012-9354 WAL || X4 5 /HS-4 bioie ]
SWU43 HK || 631 W || 2012-9380 WAL || B 972/1A-972 isik]a
SWU44 W || 613 WiEd || 2012-9478 e || X 128/HS-128 Wt
SWU45 || 783 WIE || 2012-9542 WAL || B 904/11A-904 W
SWU46 R || 782 WIE || 2012-K8053 WL || F 908/J1A-908 isield
SWU47 HIK || YB3 WE || A 106XW-106 4 || B PF190 #li /JIA-PF190PEN it
SWU48 WK || 1360 Wim || PG 198YG-198 WL || B 915/1A-915 iiEld
SWU52 WK || 563 R || FHYE 2009YG-2009 WAL || H 922/11A-922 isiEld
SWUS53 K || WX10329 WEE || PAC10 5 ZS-10 A6 || F 951 #l ITA-951PEN isiEld
SWU56 B || 1281 R || X125 ZS-12 AL || H 917/71A-917 isia]d
SWU59 R || 509 R || R4 5 QZS-4Q AL || F 923/J1A-923 bioie]
SWU65 K || 1368 Wi || P65 ZS-6 WAL || H 931/11A-931 isik]d
SWU82 K || 1322 Wi || P75 ZS-7 WAL || FE 05 M JTAYU-05PENG it
SWUS83 ;K || 1252 AR || i 589ZY-589 Wit || % 963 1 /JIA-963PEN il
SWU92 K || 1321 WiEg || it 821QZY-821Q Wt || 08-P36 Wt
SWU101 WK || 07022 AL || A 2 5 HY-2 WL || 09-pP32 i
SWU106 WK || 07094 WL || 4B 2 5 HS-2 WL || 09-p37 isield
SWU108 K || 07016 Wik || e 13 5 HY-13 #de || 10-P10 isield
Jilh 20CY-20 pujil || 9F087 WAL || AR 345 HY-3 Wt || 10-P29 iiEld
I3 18CY-18 pail || 97096 WAL || A 14HY-14 e || 11-P30 isiE]d
CYI2NY-7 pi || 97097 AL || 11-9-700 e || 12-P24 L
CY12Q95406 i || 07189 WAL || 11-9-701 WAL || 12-P25 fisiE]d
CY12Q8-7 pair || 07191 WAL || 11-9-702 WAL || vk 17 5 /HY-17 g
CY12QSZ06 il || 07037 AL || 11-9-703 WAL || Uik 15 5 /HY-15 ifg
CY12QCWH-1 Pl || RQOTL WAL || 11-9-704 WAL || vk 12 5 /HY-12 it
CY12Q95108 )i || RROO9 WL || 11-9-705 AL || i 14/HY-14 ity
CY12Q21535-N3 i || 97177 WAL || 11-9-706 WAL || ol 18/HY-18 R
CY12PXW-4 pi || 96021 WAL || 11-9-707 AL || i 19/HY-19 it
CY12PXW-6 pal || 96063 Wae || 11-P63-5-Y7 AL || T 18 5 /NY-18 b
CY12PXW-9 P || o111l WL || 11-P63-8-Y32 AL || T 16 5 /NY-16 b
CY13PXW-17 Pl || 01570 WL || 11-P63-3-Y3 AL || T 14 5 /NY-14 bBiN
CY14PXW-18 puji || 9t 22 WL || 11-P67 & WAL || T 125 /NY-12 VLR
CY15PXW-31 pujil || 01188 AL || 09-P64-1 WL || sk /SLY VL8
CY16PXW-35 pai || 02354 WAL || 10- 42 23/10-CHONG-2310 it || 527°F /SLF T
CY17PXW-58 Pl || 02359 WAL || 10- 2% 24/10-CHONG-2410 it || ¥ 6 5 /YY-6 95
CY18PXW-62 il || 02365 WAL || 10- 4% 25/10-CHONG-25 AL || i 5 45 /YY-5 NN
CY19PXW-65 Pul || 93205 WAL || 10- 5% 29/10-CHONG-29 4L || 43 3 %5 /HONGY-3 VLI
CY20PXW-66 il || 93210 WAL || 10- 2% 32/20-CHONG-32 WAL || 939 14 /SY-1 Wi
CY21PXW-84 il || L 4 S zs-4 WAL || 10- 2% 33/10-CHONG-33 A || i 3 5 /ZY-3 Wi
CY12GI-1 punr || a9 5 zs-9 WAL || 10- 2% 34/10-CHONG-34 L || Wi 18/2Y-18 WriL
wx1025 W || 2011-6200 WAL || 10- YOH) 2/10-JIANGPEN-2 it || #iX 72/ZS-72 WL
wx10213 IR || 2011-6308 WAL || 10- YIHM 3/10-TIANGPENG-3 it || #7XL 8 5 /ZY-8 Wi
wx10296 WE || 2011-7103 WAL || 11- F 7-103/11-Y7-103 WAL || Winh 758/2Y-758 Wi
wx10315 Wi || 2012-11526 WAL || 11-F 7-117/11-Y7-117 L || wih 19/2Y-19 WriL
10-1043 iR || 2012-3448 WAL || 11-F 7-125/11-Y7-125 WAL || Wi 21/Z2Y-21 WL
10-1047 WIrE || 2012-3546 WAL || 11-P74-13 &2A /11-P74-13 AL || #AL 6 5 /ZS-6 WL
10-1061 WIEE || 2012-4531 WL || 7-7766-74 WAL || ek 15 5 /WY-15 LY
10-1070 WIE || 2012-5086 WAL || 64 #H -10 WAL || ek 16 5 /WY-16 G
10-804 WIF || 2012-5113 AL || 22k 77 WAL || gk 20 5 /WY-20 LY
10-1358 WE || 2012-8327 WAL || 17 B ITANYU-17PEN b || gl 29/WY-29 Brg
1472 iR || 2012-8355 WAL || I 25 # JIAYU-25PEN iidb

I 13 5 WE || 2012-8380 WAL || W 16 B JIAYU-16PEN L

Wl 1s = WE || 2012-8998 WAL || FRE 31 M JTAYU-31PEN it
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a, b indicates a significant level of multiple comparisons under the P<0.05

PH: plant height, BH: branch height, MIL: the effective length of main inflorescence, NM: the number of effective silique on main inflorescence,

SS: seeds per silique, NB: the number of first effective branch, SL: the length of silique, 1000-SW: 1000-seed weight. The same as below
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Fig.1 Differences in agronomic traits of Brassica napus L. breeding parents that were
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Table 2 Simple correlation coefficient

e T
Index PH BH MIL NB M oL - 1000-SW by KE(DF  YPP
¥k PH 1

—WHBMRIEBH 06387 1

FIFARACEE MIL 0.607"  0.006 1

— A BT EEL NB 0.226"  -0.155  0.037 1

FFARSARE NM 05857 03057 05847 0153 1

R SL 0.156" 0.193" -0.053  -0.071  -0.101 1

AR SS 0.244"  0.144"  0.147°  0.039 0.093 05757 1

T-kiHE 1000-SW 0.209"  0.096 0.143"  -0.026  -0.005 0383  0.188" 1

ERAEKRE DV -0.006 03207 -0.268" -0.099 -0.018  0.010 -0.058 -0.199" 1

FFAE K%L DF -0.059  -0.250"  0.143°  0.076 0.040  0.000 0.065 -0.018 -0.528" 1

PARRFE I YPP 0.495"  0.113 0.430" 03237 03497 02077 03847 02357 -0.143" 0.019 1

TR MBI 0.05 R 0.01 K b B EE, TR
“and " are significantly different at 0.05 and 0.01 probability levels respectively, DV : days of vegetative growth, DF: days of flowering, YPP: yield

per plant.The same as below

R3 HERHZ 10 M EEHRITE/RTENBEEZRE
Table 3 Path coefficients between 10 main characteristics and grain yield per plant
[A] 4210 4% 225X Indirect path coefficient

B % . CiEp2Z ey
N e AT —{K —{K ™
P N ESE2 N M Th EIRE AU
YERIN ¥ . ES 44 L. AR o AR AR MR . ) FFAE

Correlation . e HiK Sk H HK Compre-
Factor . Direct path KA SR R KE REL .

coefficient . PH ; K ¥ 1000-  KEL hensive

coefficient R % Eie SL DF
MIL SS SW DV effect
BH NB NM

W PH 0.495" 0.312 - -0.086 0.083 0.048 0.046 0.004 0.063 0.021 0.000 0.004 0.183
— KA FLEE BH 0.113 -0.135 0200 - 0.001 -0.033 0.024 0.005 0.037 0.010 —-0.014 0.018 0.247
FIP A E MIL 0.430" 0.136 0.189 -0.001 - 0.008 0.046 —-0.002 0.038 0.014 0.012 -0.010 0.294
— KA NB 0.323" 0.211 0.071 0.021 0.005 - 0.012 -0.002 0.010 —0.002 0.004 -0.006 0.114
FIFE AR NM 0.349” 0.078 0.183 -0.041 0.079 0.032 -  -0.003 0.024 -0.001 0.001 -0.003 0.272
Ff R SL 0.207" 0.028 0.049 -0.026 -0.007 -0.015 —0.008 - 0.149 0.038 0.000 0.000 0.179
B RRIEL SS 0.384" 0.259 0.076 -0.019 0.020 0.008 0.007 0.016 - 0.019 0.003 -0.001 0.128
TRiE 1000-SW 0.235" 0.100 0.065 =0.013 0.019 -0.006 0.000 0.011 0.049 - 0.000 0.001 0.127
BRERKRE DV -0.143" —-0.044  -0.002 -0.043 -0.036 -0.021 —0.001 0.000 -0.015 —0.020 - 0.039 -0.100
FF4EF %L DF 0.019 -0.073  -0.018 0.034 0.019 0.016 0.003 0.000 0.017 =0.002 0.023 - 0.092

JE£(0.028 )o X BUBR ™ i ELA% DORRECR HOWIEARQNE 7 38 19 [l 42 2545 R0 B 8 97 26 R R AR B 38

AR REA AR — AR B P A% (-0.100) 8k, HiAx 9 AR i HA PR 18] 34

K. IR AR — AR BN . 235 UM IE, HARE IR /IMIRRO 7 A R

FPA RO S o™ i S B AR SE, WTER = B A RO R — IR A RO B R bk AR K

X 4 AEIRAT AT Bk RN JE B RORLR TORCE  — A 2 BT 4E
10 A A AR 23 ) o o G Al PR X B RR R
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Table 4 Path analysis of yield determinants of Brassica napus L.

ik

[] 4238 1% 240 Indirect path coefficient

P P, (a4 25 & 5N
Akt : REM e
Correlation . . . . - Comprehensive
Factor . Direct path P —WAEMS  —WKERSY BRI
coefficient . . g effect
coefficient PH i BH % NB SS
¥ PH 0.495" 0.562 -0.167 0.033 0.068 -0.067
— AR E BH 0.113 -0.263 0.358 -0.023 0.040 0.376
— AL NB 0323 0.145 0.126 0.041 0.011 0.178
BEARIEL SS 0.384" 0.279 0.137 -0.038 0.006 0.105

25 KREZMWRERSHH

T BETE T4 S BRAE AR X A SR T AN
() b DX AL R A (R ) [R) & PRIR 9 AR S Ak
1B, X B3R 10 PR HEAT F 3504, R s al
DLEH, ERr 1B 20 A4 3 A 4
X H A 7R Y S B 7 B Y BT R R 0 B R 27.476%
17.468% . 15.681% F19.962%, H 2 it 5t #k & ik
70.586% , # HH X 4 > F2 il 3 8 35 K ER 4 Mok 1)
FEFEL

FRLAT 1 AT o ey ELARRAIE ] (B A AE 1 5

SERR R o X — T A B P DT BB R
AR 1) 2 (B G, DR B s A B A 0 B
ORI

ERIT 2 P e ELRRAE ] B (BN IE RO R 5
T B IR AR R R, AR 1) B B R T A R EK
X — R O A B IR P T, SO B AR AL 1)
AR B, DL R AR A IR ) S A Bk 7
4 2 1 , T A B A IS ) 22 A R T PR 7 Y

Eie=n

j:ﬂflmo
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Table 5 Principal component analysis
Bzt T 1 F s 2 F s 3 F sy 4
Index PC1 PC2 PC3 PC4
W5 PH 0.504 0.134 -0.179 -0.054
— AR BH 0.263 0.490 -0.078 -0.218
FIFARAEE MIL 0.400 -0.230 -0.231 -0.252
— A ENB 0.141 -0.213 -0.122 0.780
FIFARSAARENM 0.388 -0.020 -0.379 -0.110
A SL 0.193 0.163 0.602 0.014
EESEES TR N 0.286 0.047 0.452 0.143
FRiHE 1000-SW 0.211 -0.012 0.388 -0.185
EREKRE DV -0.089 0.575 -0.140 0.221
FAIEREL DF 0.028 -0.523 0.099 -0.224
Fikkr i YPP 0.418 -0.104 0.059 0.335
FFAF(E c-value 3.022 1.922 1.725 1.096
BTk (% ) Contribution rate 27.476 17.468 15.681 9.962
ZIT 5Tk (% ) Cumulative contribution rate 27.476 44.944 60.624 70.586

TR 3 PR ES FLREE [ I (8 1E A 7
S AR R A A RO TR, X —
B4 A7 AR A PR T, SRR 7 i R v
SO TE , VLI A S B AR SR BOR TR 2R 4,
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R ) R4 T B — VA SR s bk
HIREAR AT ) T B b= R 7
3 e
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