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Multivariate Analysis and Evaluation of Agronomic and Quality
Traits Based on Principal Components in Wheat
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ZHAO Wan-chun',CHEN Liang-guo'* ,SHI Yin-gang'* LI Xue-jun'
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Abstract ; The agronomic traits and quality traits of 96 wheat cultivars were investigated , and further principal
component analysis (PCA) of those traits were analyzed. The first four components from the 11 studied agronomic
traits and 10 quality traits explained 85. 3450% and 89. 1483% of total variation , respectively. Based on the scatter
plot of largest four principal (PC) ,27 cultivars were dwarf, relative-large grain, and flag leaf which characterized
excellent comprehensive agronomic traits,32 ones with high iron and zinc content showed potentiality for excellent
processing quality and rheological property. Cluster analysis classified all tested materials into five groups, most cul-
tivars with excellent agronomic traits were mainly concentrated in group III and group IV, those with high quality
traits were in group I and group II. Notably, Taishan 9818, Xinong 822, Lunxuan 719, Yang-31, Xian 837, and
Zhongyu 9383 showed either high agronomic or quality characteristics. In general , cluster analysis and scatter plot

based on PCs analysis together could make good comprehensive evaluation on wheat traits. Moreover, possibly iden-
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tifing wheat varieties with potential good comprehensive characters, which could provide good theoretical guidance

for the reasonable selection of germplasm resources for further wheat breeding.

Key words ;: Wheat ; agronomic traits ; quality traits ; principal components analysis ; cluster analysis
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Table 1 The names and origins of the 96 varieties of wheat
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No. Name Origin No. Name Origin

1 230214 Luo 30214 H4 Henan 7 JE1ZZ 11 Zhoumai 11 M54 Henan
2 A 18 Xinmai 18 TF4 Henan 8 R4 9 5 Luomai 9 P54 Henan
3 #7 00314 Zhengmai 00314 JilE54 Henan 9 1% 5L 6 3 Luohan 6 T[R4 Henan
4 HF % 9989 Zhengyumai 9989 TF4 Henan 10 157 %5 Luohan 7 54 Henan
5 K% 35 Junmai 35 4 Henan 11 $iZ 0208 Xinmai 0208 M4 Henan
6 %7 34 Yumai 34 4 Henan 12 -4 8 5 Ping’an 8 44 Henan
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No. Name Origin No. Name Origin

13 4 54 Yunong 54 4 Henan 55 Z£111 9818 Taishan 9818 II%4 Shandong
14 BAR 15 Yubao 1 T4 Henan 56 £.J5301 Luyuan 301 ILIZ:4 Shandong
15 B# 5% Yujiao 5 4 Henan 57 4% 23 Yannong 23 1I%4 Shandong
16 FBF 7698 Zhengmai 7698 M4 Henan 58 %21 Lumai 21 11444 Shandong
17 P 45 Jimai 4 54 Henan 59 1114€ 20 Shannong 20 117348 Shandong
18 3§ 04501 Zhu 04501 4 Henan 60 Z&111 027 Taishan 027 II%4 Shandong
19 KR 3 %5 Tianhe 3 T4 Henan 61 W 12 Zimai 12 L4 Shandong
20 ik 2039 Xinxuan 2039 VAIH4 Henan 62 K & 99 Liangxing 99 11448 Shandong
21 4¢ 416 Yunong 416 TH4 Henan 63 KA 66 Liangxing 66 174 Shandong
22 15 9398 Zhongyu 9398 TF4 Henan 64 JHA4% 21 Yannong 21 IIZR4 Shandong
23 04 1136 04 Zhong 36 TF4 Henan 65 5 502 Luyuan 502 II%4 Shandong
24 £ 02056 Pumai 02056 T4 Henan 66 Z&111 23 Taishan 23 ILIZ4 Shandong
25 AL 15 Wenyou 1 54 Henan 67 HiZ 2 5 Mingmai 2 TLHAE Jiangsu
26 2475 Fanmai 7 R4 Henan 68 #ER% 0838 Huaihe 0838 VL8 Jiangsu
27 ¥4 75 Pingan 7 F4 Henan 69 #EZ 29 Huaimai 29 VLIR4E Jiangsu
28 HR=E 9962 Zhengfeng 9962 E§4 Henan 70 4 7049 Xumai 7049 VLA Jiangsu
29 1E85 8 5 Huapei 8 TH4 Henan 71 i 1 %5 Zhongyanmai 1 VLIRAE Jiangsu
30 3§ 0263-07142 Zhu 0263-07142 4 Henan 72 Wi 25 Huaimai 25 TLHE Jiangsu
31 #8101 Luo 8101 V[F4 Henan 73 4 071 Annong 071 LA Anhui
32 JE1 22 24 Zhoumai 24 TF4 Henan 74 4% 91168 Annong 91168 LA Anhui
33 {57 59 Xinmai 59 T4 Henan 75 W7 8 5 Womai 8 LA Anhui
34 /& 4110 Yanzhan 4110 V[H4 Henan 76 B 11 Fumai 11 B4 Anhui
35 /M 315 Xiaoyan 315 BEPE4 Shaanxi | 77 %4 5 5 Wanmai 5 LA Anhui
36 Pi4¢ 538 Xinong 538 BEPG4 Shaanxi || 78 £ 382 Lvfengmai 382 LA Anhui
37 P4 335 Xinong 335 BePE4 Shaanxi || 79 HB 02-4080-15 Han 02-4080-15 b4 Hebei
38 [ 715 Shan 715 BEPE4 Shaanxi || 80 HE 6369 Han 6369 WJt4 Hebei
39 Pi 4k 822 Xinong 822 B4 Shaanxi 81 £14% 898 Shinong 898 W64 Hebei
40 i 1468 Yuan 1468 BEPE4S Shaanxi || 82 UfiZE 02-1 Shiluan 02-1 W64 Hebei
41 PI428456 BeVE4 Shaanxi 83 1% 719 Lunxuan 719 L4 Hebei
42 P1428465 BePE4 Shaanxi 84 "1iZ 5 5 Zhongfan 5 L4 Hebei
43 -3 Yang-3 B4 Shaanxi 85 th 4 306 Zhongmai 306 1t Hebei
44 #-31 Yang-31 BePi4s Shaanxi 86 B4 1006 Kenong 1006 1648 Hebei
45 P44 213 Xinong 213 B2P548 Shaanxi || 87 JIIE 16 Chuanyu 16 P4JII4 Sichuan
46 /ME 216 Xiaoyan 216 BEPE4 Shaanxi 88 JI1 03068 Chuan 03068 P4JII4 Sichuan
47 P4 165 Xinong 165 BEPE44 Shaanxi 89 43 39 Mianmai 39 V)4 Sichuan
48 /M 270 Xiaoyan 270 BePE4 Shaanxi 90 #4374 1403 Mianmai 1403 PUJI44 Sichuan
49 P44 898 Xinong 898 BEPG48 Shaanxi || 91 ¥4 9963-3 Qian 9963-3 FEMAE Guizhou
50 Z&4¢ 16 Qinnong 16 BePE4 Shaanxi 92 53 17 Qianmai 17 I Guizhou
51 FLF 2 5 Jiufeng 2 BEPE4S Shaanxi || 93 F1 8 5 Fengyou 8 FM4 Guizhou
52 P44 837 Xi'an 837 BPE4 Shaanxi 94 £ 20 Xiangmai 20 14t Hubei
53 A& 986 Wunong 986 BEPE4S Shaanxi || 95 Je4H 13 5 Longfumai 13 BIpITA Heilongjiang
54 A 886 Wunong 886 BEPE4 Shaanxi || 96 25 D-2 Yunhan D-2 L7448 Shanxi
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1.3 HEFKIT 5L

B B R F Excel , SPSS 1 NTSYS-pe ( Ver-
sion 2. 1) B4 S F2 o 4 W ARG B BTk % =
85% [ BN 22 Gk 3 o0 R, MR 45 R AIE 1) £
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Table 2 Eigenvectors and percentages of accumulated contribution of principal components for agronomic traits

PER %1 ERS %2 EMS %3 EMS 54 Flr
Traits The first PC The second PC The third PC The fourth PC
¥R Plant height 0. 0429 0.4510 0.2853 -0.3092
JiEH4K Flag leaf length 0.2508 0.3735 -0. 1850 0.2218
JEH-5E Flag leaf width 0.3524 -0.0386 -0.0939 0. 5698
FEFH K Internode length below the spike 0.0317 0. 5637 0. 0632 0. 0840
BT E 4% Uppermost internode diameter 0. 4074 -0.0948 -0.0837 0.3523
/INEEEL Spikelet numbers 0.4743 0.0142 -0.0562 -0. 1840
FHRIEL Grains per spike 0.4173 -0. 0436 -0.2107 -0.4254
HBiTE Grain width 0. 1432 -0. 1896 0. 5865 0. 1763
HiJE Grain thickness 0. 0629 -0.0277 0. 6554 0.1071
TR Kernel weight per spike 0. 4500 -0.0358 0. 2044 -0.3522
N HFE Distance between flag leaf and spike -0.0377 0.5375 0. 0401 0. 1349
FEfiE M (A Eigen value 3.4115 2.7084 1.9967 1.2714
TiHkE (% ) Contribution rate 31.0133 24.6215 18. 1518 11. 5583
FIH 43 (% ) Accumulative percentage 31.0133 55. 6348 73. 7866 85. 3450




42 iR 7/

wOW E R 15 %

2.1.2 MEHEERSHHT 5 ERS MR ]
BT R L 3, BT 4 A s 2R o1k Rk
89.1483% , 5 1 F AU DTRR I 54. 1611% , HoAt:
ARFFAEAE h BTHR KB AMR U DU | 1T 1B
JSCF ] A 2 1 B 5 A JRe R e T AR 3 T A
P A AR E B, ELAR ) S A DG, PR
RUTREIERE T, 55 2 T DTHRE 7 14.9571% , %
2% LAY TRk K S TR L, HURRAE [ a2k £
B, AIFRHON AR T, e R B E TR
FAYHGHR, FRR BE B BRI A e — M S R
B, 17 T TR S [oa) e i) 04 e g R — gt 2 444
. 553 ERSr TTERR 4 10.3339% , HitP A AR TE

x3 BF@fFMEERSHFERERTHE

53 BT EEER, MRS R T, TR
X H PRRIE 1) e 2 Ay tABA T 1 AT AR S B [ TR
(AR s R ARAE 1) R AL, 5 4 sy ot
BT 9. 6962% B & A, RS BRI M)
S B AR, T T A RS s T | C R R 7ok
TERIRHEM RN A, mECRKRY] . RS R
1R, — PR AL, (LT AR (R T AT R B[]
— AN s R i 5 At TR R A 2R
KFR ., W TFRARAEE B ] 2 7R G, BOtE /N A b
JRA R HAN AT A3 SR Ak e B R T E R T
RSN e rp [RI R E O | AR
Fis ) 45 it ol P PR AL ) o

Table 3 Eigenvectors and percentages of accumulated contribution of principal components for quality traits

PER %1 ERS %2 Mg %3 MG 54 EWS
Traits The first PC The second PC The third PC The fourth PC
R Tron content in grain 0.0416 0. 4839 -0.2433 0. 6653
#% Zinc content in grain 0. 0529 0. 2840 0. 8210 -0.2343
FEH T Protein content 0.3816 0. 2858 0. 0605 0. 0937
META 7 Wet gluten content 0. 3609 0. 3469 0. 0648 0. 0492
ZH Test weight -0. 0507 -0.5283 0. 3892 0.6277
VLFEME Sedimentation value 0. 4069 -0.0413 -0.1335 -0. 1251
FEJETE Tractility 0. 3755 0.0126 0. 1749 0.1577
FesERF] Stability time 0. 3491 -0.2131 -0.2421 -0.2274
¥ A E] Development time 0. 3957 -0.2431 0. 0250 0. 0630
PR Stretch area 0. 3633 -0.3123 0. 0090 0. 0253
FRAE 7 {4 Eigen value 5.4161 1. 4957 1.0334 0. 9696
FHRZE (% ) Contribution rate 54,1611 14.9571 10. 3339 9. 6962
ZATEH 7% (% ) Accumulative percentage 54. 1611 69. 1182 79. 4521 89. 1483
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Fig.7 Hierarchical cluster diagram for agronomic traits
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x4 NERZHRBESTHELSE

Table 4 Average of agronomic traits using cluster analysis
LEIN Y{H Mean
Traits [(18) m(17) Ir(34) V(22) V(5)
#K75 (cm) Plant height 71 71 73 85 102
JiE 4K (mm) Flag Teaf length 159 182 191 224 236
JEEM- 5% (mm) Flag leaf width 17 19 20 21 21
R 51 (mm) Internode length below the spike 219 250 255 287 372
FEN Y H AR (mm) Uppermost internode diameter 2.14 2.35 2.56 2.69 2.53
IR (>/ B ) Spikelet numbers 16 17 18 19 19
TR A% (/T ) Grains per spike 39 39 46 49 44
K7 5 (mm) Grain width 3.48 3.55 3.7 3.73 3.67
k7 )% (mm) Grain thickness 2.99 3.08 3.11 3.17 3.28
TR T (g) Kernel weight per spike 1.523 1.734 2.039 2.357 2.179
M BEFRE K (mm) Distance between flag leaf and spike 70 85 87 100 169

F55 N RECF R R BT & AR, R 1]

The figures in brackets represent the numbers of materials, the same as below

x5 MNERRERBEESTHELSE

Table 5 Average of quality traits using cluster analysis
PEIR HI{E Mean
Traits I(11) I (31) I (38) V(15) V(1)
# (wg/kg) Iron content in grain 4.15 x10* 3.85 x 10* 3.67 x10* 3. 64 x10* 3.82 x10*
£ (wg/kg) Zine content in grain 2. 84 x 10* 2.54 x 10* 2.46 x 10* 2.40 x 10* 2.59 x 10*
HEHE T (% ) Protein content 15.47 14. 16 13.11 12.31 10. 84
TR 7 (% ) Wet gluten content 30. 57 28.03 25.89 24.13 22.29
757 (g/L) Test weight 785 799 799 796 777
YLFA ( mLL ) Sedimentation value 36.6 29.4 24 18.7 15.3
FEJEJE (mm) Tractility 119.2 104.7 90.3 82. 4 57
45 it 1] ( min ) Stability time 4.3 3.6 2.4 1.3 0.7
JE Bt 8] ( min ) Development time 3.4 3 2.3 1.6 0.8
P AL (em? ) Stretch area 68 53.4 36.2 20. 1 0.1
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