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Genetic Diversity Analysis of Edible Sunflower Germplasm Resources

HU Yang,BAI Wei,ZHANG Baoying, YANG Sumei, QU Zhihua, LI Feng
(Zhangjiakou Academy of Agricultural Sciences , Zhangjiakou 075000, China )

Abstract: In order to fully understand the background and genetic diversity of edible sunflower germplasm resources, in this
study, 10 major agronomic traits of 95 edible sunflower germplasm resources collected were analyzed for genetic diversity,
correlation analysis, path analysis, principal component analysis, and clustering analysis. The result showed that the genetic
diversity indexes of the 10 main agronomic traits of the 95 materials were between 1.56 and 2.06, the diversity index of 100 grain
weight was the highest and diversity index of growth period was the lowest. The coefficient of variation was between 5.2% and
34.3% , with the highest coefficient of variation for single disc grain quality and the lowest coefficient of variation for growth
period. Correlation analysis found that 42 pairs of traits were extremely significantly positively correlated, and 1 pair of traits was
significantly positively correlated, the correlation between each trait and yield was as follows: single disc grain weight > plant
height > disc diameter = stem diameter = 100 grain weight = leaf number > growth period > grain length > grain width.
Path analysis showed that the direct effect of each trait on yield was as follows: single disc grain weight = grain width > plant
height > growth period > disc diameter > stem diameter > leaf number > grain length > 100 grain weight. 3 main factors,
namely plant type factor, phenological factor, and yield factor, were obtained by principal component analysis, and the
cumulative contribution rate was 81.083%. The results of cluster analysis showed that 95 germplasm resources could be divided
into 5 groups at the site where genetic distance was 5. The germplasm resources in Group | were characterized by tall plant, full
grains, and high yield. The germplasm resources in Group II had wider grain width and higher 100 grain weight. The germplasm
resources in Group [[[ had lower plant height, smaller disc diameter and slender grains. The germplasm resources in Group [V
had higher 100 grain weight and thinner stalk. The germplasm resources in Group V had short plants, short growth period, low
100 grain weight and yield. Comprehensive comparative analysis showed that the germplasm resources in Group I had the best
comprehensive performance and the highest comprehensive utilization value.
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Tab.1 Statistical analysis of the origin and main agronomic traits of the edible sunflower germplasm resources

Fei e ABEW/d FRE/em ZEHRL/em #4E/em MEREC L L o e BRI /g HORLBTR /g
ke R N R R /mm RS/ mm . . )
Num .. Growth  Plant  Stem di- Disc diam- Leaf num- _ . . Single disc 100 grain  (kg/hm®)
Origin . . Seed length Seed width . . ; .
ber period height  ameter eter ber grain weight weight Yield
1 AL B R 131 279.8 2.8 25.3 48.8 20.2 8.9 113.7 20.5 1567.5
2 LA B 126 221.6 2.3 22.8 37.6 19.8 6.4 128.2 16.3 1993.2
3 Wb A R 126 215.3 2.1 20.0 34.8 19.2 7.1 112.3 15.3 1944.8
4 LA H R 131 285.9 2.6 25.5 44.5 21.6 8.9 140.2 21.7 1779.2
5 L B 2 107 155.0 1.7 16.8 33.4 19.3 6.0 83.8 14.4 1302.3
6 AL B R 122 198.8 2.2 21.3 48.7 21.6 8.3 109.4 18.3 1099.8
7 A E R 125 253.9 2.3 20.1 36.4 204 6.1 99.8 15.3 1751.6
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Tab.1(Continued)

BEMRFENRFEHMEZRZEEROE TS

Statistical analysis of the origin and main agronomic traits of the
edible sunflower germplasm resources

75 . ETW/A HRE/em ZEM/em AR /em MBS L L . BRI R /g EORL /g T/

Num */ﬁ Growth  Plant  Stem di- Disc diam- Leaf num- B /mm ﬁﬂ/mm Single disc 100 grain  (kg/hm?*)
ber Origin period height  ameter eter ber Seed length Seed width grain weight weight Yield
8 WAL R 125 226.4 2.2 21.4 38.7 20.3 8.2 121.1 18.2 1883.7
9 JUE[R=RES ;85" 125 210.0 2.2 20.3 37.3 18.3 8.2 99.2 16.8 1741.9
10 wdeEEER 131 338.1 3.1 30.0 58.4 19.1 8.2 75.5 19.5 1174.4
11 b2 s 131 291.0 2.6 25.9 54.7 20.0 8.1 150.4 16.3 2326.2
12 b2 bH s 125 283.4 2.8 24.5 54.5 21.1 10.0 134.1 23.4 1284.9
13 wdeA R R 124 259.1 2.5 24.5 48.0 21.2 6.3 161.7 16.2 2513.3
14 b BH s 131 255.5 2.2 22.3 53.3 19.9 7.4 145.8 17.8 2167.7
15 b2 BHE A 131 238.8 2.1 21.7 43.3 20.3 8.2 93.5 17.8 1254.6
16 Wb R R 130 254.9 2.2 22.1 49.5 21.6 7.8 116.7 19.6 1301.4
17 b2 B s 131 262.6 2.3 21.5 50.5 22.8 9.3 125.0 18.9 11415
18 b2 BHE A 131 244.4 2.2 22.2 50.7 19.3 8.6 130.7 17.5 2032.2
19 wdeEHEE 130 261.0 2.3 22.8 48.3 20.8 7.2 108.7 17.6 2089.8
20 LA B E 131 282.2 2.6 23.7 58.7 20.7 9.5 145.8 17.1 1766.7
21 LA B 129 369.8 3.1 27.0 56.6 24.3 8.7 129.5 20.1 2012.4
22 b MR B 113 267.7 2.2 21.1 44.2 21.4 7.9 114.5 18.3 1278.6
23 WdLE MR 113 234.2 2.2 18.9 35.6 19.1 6.2 96.7 12.4 1.802.0
24 WIEE R R 123 307.3 2.9 20.4 51.4 21.5 8.7 143.0 21.3 1622.7
25 b g 123 299.3 2.5 22.3 54.3 19.4 7.2 162.2 17.9 2520.2
26 WAL HE R 127 300.4 2.4 18.0 49.5 18.7 9.4 89.9 14.4 1097.1
27 WILEWER 126 326.5 2.7 18.3 55.7 21.7 6.5 139.0 17.2 2259.3
28 LA MR B 113 259.5 2.2 18.8 36.8 19.1 6.4 82.6 14.5 1683.9
29 WA MR R 129 265.6 2.2 18.2 53.2 20.1 8.2 111.1 18.8 1325.8
30 dbE R 129 291.7 2.4 21.8 56.0 19.4 8.6 129.6 18.3 1813.6
31 WAL M B 124 215.3 2.1 18.6 40.2 22.5 7.2 68.1 14.8 1058.6
32 WikEEAE 129 357.7 3.8 30.0 51.7 22.5 9.0 237.7 21.4 2787.6
33 Mt EAR 129 366.6 3.4 27.5 52.4 21.9 9.1 235.2 21.5 2476.1
34 WIkEEAE 131 257.5 2.3 22.0 59.1 20.8 6.9 130.6 19.8 1828.6
35 WikEERE 131 278.0 2.5 22.7 57.3 19.1 8.5 142.2 16.9 1910.6
36 WItAEME 130 375.6 2.8 24.5 55.5 20.9 8.7 157.5 19.4 2447.6
37 WAkEEAE 131 363.2 2.9 25.6 58.8 20.3 8.0 153.9 18.6 2391.6
38 Wk EE 131 328.3 2.8 22.7 50.4 18.7 8.1 157.0 17.3 2 440.4
39 JbEEAR 132 377.2 3.4 29.6 50.1 21.1 8.3 240.0 21.4 2705.3
40 WA EALE 132 379.7 3.6 27.5 54.6 23.0 9.2 237.1 25.0 2617.1
41 Wik EAR 117 285.9 3.9 28.2 39.1 22.6 8.2 155.2 16.2 2011.3
42 WIkAEAER 118 283.8 3.3 26.7 44.5 22.2 8.6 193.9 19.8 2476.1
43 e EA 131 248.4 2.3 21.5 51.8 22.3 9.0 108.3 21.2 1083.6
44 e A EAR R 131 288.5 2.7 21.5 51.5 21.4 8.1 114.4 20.5 1570.8
45 Sy~ N 125 248.5 2.4 21.2 43.8 22.1 8.5 116.2 19.8 1805.1
46 b L 113 212.5 2.7 21.7 41.5 23.7 7.5 101.3 16.7 1573.7
47 e[ =priRzt 118 226.5 2.1 18.7 52.7 18.8 8.3 119.0 16.6 1849.2
48 AL R R 127 320.1 3.1 25.5 55.5 22.6 8.3 139.7 21.5 2171.0
49 A=y 117 275.5 1.9 21.4 43.6 20.5 8.2 138.6 17.8 2153.9
50 e[ =P iRzt 132 375.4 3.4 26.3 54.1 24.0 9.1 148.8 21.6 2 446.7
51 SO =p-iN 132 363.0 3.5 26.4 53.6 21.8 8.4 213.0 20.5 2038.1
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Statistical analysis of the origin and main agronomic traits of the
edible sunflower germplasm resources

55 AT/ BRE /em ZEH/em AR /em BEAR L I YRR /g PR /g R/

Num }kﬂg Growth  Plant  Stem di- Disc diam~ Leaf num- AL /mm ﬁm/mm Single disc 100 grain  (kg/hm?)
ber Origin period height  ameter eter ber Seed length Seed width grain weight weight Yield
52 (OE =y 0=, 132 328.4 4.0 30.0 45.5 23.7 8.7 225.0 22.5 2449.1
53 WP K ET 109 131.2 1.7 16.3 28.0 16.2 7.2 24.8 9.5 385.4
54 WP K E T 109 159.8 1.7 14.6 31.4 19.5 7.9 40.2 12.8 624.8
55 v K JET 111 139.1 1.6 16.2 24.8 18.7 6.4 34.5 11.4 536.1
56 WP KA 130 303.3 2.8 26.5 50.4 23.8 8.8 101.9 18.0 1585.4
57 WPEE KIET 130 263.6 2.2 19.8 55.2 19.1 8.4 107.2 17.2 1667.4
58 WIPEAE KA T 129 273.6 2.4 18.3 43.3 20.5 8.2 130.8 18.2 2033.1
59 WA KT 129 265.5 2.1 17.6 41.2 19.7 7.5 93.1 14.4 1446.3
60 hPEE KT 126 226.3 2.3 20.8 40.5 19.1 7.1 138.0 18.7 2150.1
61 i KA 126 206.7 2.3 21.5 33.1 19.2 8.1 132.4 18.5 1957.6
62 WPEE KT 124 214.5 2.2 21.3 43.3 23.2 6.7 113.8 15.8 1969.9
63 LLPEA KIE 125 233.4 2.5 21.3 39.3 21.5 7.4 110.1 15.9 2111.7
64 BIpILAMW/RET 118 313.5 3.8 26.3 58.5 26.6 9.7 234.3 21.3 2097.5
65 MIRVLAMI/RIET 128 333.7 2.7 26.6 56.8 26.5 9.6 142.5 20.8 2214.3
66 MIBVLAM/RET 128 335.4 3.5 32.7 57.7 22.8 10.4 225.0 23.5 2 747.0
67 BIRILAAMWIRET 131 401.4 3.2 30.2 59.0 24.3 10.0 230.3 24.1 2614.8
68 BIILAWI/KER 132 342.0 3.6 26.8 54.3 20.7 8.6 197.8 18.9 2242.7
69 MIBIVLAM/REN 123 260.7 2.5 23.8 36.2 21.3 7.9 177.3 18.1 2755.8
70 BREILAHE L 118 338.7 3.3 26.2 51.1 21.4 9.9 208.5 20.4 2079.2
71 Bt E 132 316.5 4.0 27.5 50.9 21.8 8.0 178.3 19.1 1924.1
72 BEpmA R 132 369.7 3.4 27.9 54.6 22.0 8.8 220.6 21.0 1943.6
73 HBEVLAHE A 131 300.7 4.1 24.7 53.7 21.8 9.3 129.8 22.4 2017.2
74 BIpILA i E 131 333.8 4.0 23.5 53.6 19.2 8.2 153.8 20.1 2390.9
75 ASEEIEANEEET 131 255.5 2.2 22.2 47.2 20.5 8.4 100.7 17.6 1565.4
76 NSRS RN 131 292.6 2.2 20.9 49.4 19.4 6.8 99.9 14.7 1553.1
77 NZEIERSRET 131 287.7 2.8 25.6 53.9 21.2 9.3 89.8 19.4 1 400.7
78 NEEEMEAINERETT 121 236.9 2.2 19.8 36.1 18.1 5.6 95.2 12.5 1480.1
79 WS MFANERETT 131 248.1 2.2 26.0 48.0 21.7 8.2 134.8 21.3 1486.1
80 MW IEHIMEFET 131 267.7 2.4 21.7 47.3 21.7 8.7 136.3 20.3 1518.2
81 WNZEHMEAINERET 123 311.1 2.6 19.4 46.2 23.8 8.2 118.9 19.2 1647.0
82 e ] 131 247.3 2.4 20.9 46.7 21.8 9.8 122.6 20.8 1904.4
83 HEEH AT 126 246.1 2.5 18.7 42.3 25.7 7.2 114.9 18.1 17855
84 NS ARIETH 121 281.0 2.9 24.0 40.3 23.4 8.6 179.9 19.2 2126.7
85 e ] 121 275.5 2.7 26.3 42.3 25.0 8.0 216.6 21.2 2 469.5
86 INZE R 124 233.6 2.9 23.2 44.8 22.4 10.0 137.9 25.1 2131.4
87 W AT 125 215.5 2.2 20.5 34.7 19.2 7.8 109.4 12.8 1700.3
88  NEE AT 124 237.8 2.3 21.6 40.4 20.5 8.4 114.7 16.2 1784.0
89 PNBE LB R 113 225.4 2.3 17.7 35.2 20.8 5.6 71.1 12.5 1505.4
90 WM EEWKN 124 233.6 2.3 22.7 44.3 21.9 8.1 110.3 19.9 15141
91 WZEHEZE/KN 131 288.8 2.7 23.5 51.7 21.3 9.2 151.4 23.2 1554.6
92 PNEEN EE MR 113 207.6 2.3 18.9 38.6 22.3 6.4 94.4 16.2 1466.4
93 WNEEHLEBURT 128 274.6 2.6 23.8 58.5 21.6 9.4 92.9 22.1 1442.9
04 PR B E MR T 117 285.7 3.4 25.7 40.4 25.5 9.4 178.0 23.2 1 800.6
95 NS E R 118 259.1 3.7 26.4 36.5 23.3 8.5 128.2 17.5 1601.4
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Tab.2 Statistical analysis of variation of main agronomic traits

ERTN B T ifie 22 e/ MH R A ETE BAL SRR AL
Trait Mean SD Min Max CV H'
X, 125.6 6.5 107.0 132.0 5.2 1.56
X, 275.5 55.2 131.2 401.4 20.0 2.00
X, 2.7 0.6 1.6 4.1 22.1 1.82
X, 22.9 3.6 14.6 32.7 15.8 2.01
X5 47.1 8.1 24.8 59.1 17.2 1.94
X5 21.2 1.9 16.2 26.6 9.1 2.01
X; 8.2 1.1 5.6 10.4 13.0 2.04
Xy 135.2 46.4 24.8 240.0 34.3 1.89
X, 18.5 3.1 9.5 25.1 16.7 2.06
X 1839.5 493.3 385.4 2787.6 26.8 2.05
SFE#] Mean 18.0 1.94
22 MEXESHF L3P
2 BT B YR A 3 AR 2 RORE OG A n
®3 FERZHRBEXESHT
Tab.3 Correlation analysis of major agronomic traits
ok Trait X, X, X, X, X, X, X, X, X,
X, 0.569™ 1
X, 0.314™ 0.744™ 1
X, 0.454™ 0.736™ 0.794™ 1
X5 0.660" 0.742" 0.459" 0.540" 1
X5 0.080 0.393™ 0.495" 0.483"™ 0.263" 1
X, 0.413" 0.509"™ 0.502" 0.564" 0.554" 0.404™ 1
Xy 0.350" 0.728" 0.730" 0.762" 0.470" 0.462" 0.470™ 1
X, 0.507" 0.631" 0.616" 0.688" 0.619" 0.582" 0.736™ 0.663" 1
X 0.339™ 0.627" 0.5617 0.603™ 0.367" 0.296™ 0.199 0.798™ 0.4517"

W+ R IRAE P<<0.01 K1) i 3 48 OG5 * KR 78 P<<0. 05 7Kt EAH G .

Note: ** indicated the correlation was extremely significant at the 0.01 level; * indicated the correlation was significant at the 0.05 level.
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Tab.4 Path analysis between yield and agronomic traits

(RN IEEESIREES

(]38 2 2% Indirect path coefficient

Trait  Direct path coefficient X, —-X, X, —-X, —-X; X, —-X, X, —-X,
X, 0.098 0.103 -0.018 0.028 -0.037 -0.002 -0.114 0.276 0.006
X, 0.181 0.056 -0.043 0.046 -0.042 -0.012 -0.141 0.574 0.007
X, -0.058 0.031 0.135 0.050 -0.026 -0.015 -0.139 0.576 0.007
X, 0.062 0.044 0.133 -0.046 -0.031 -0.014 -0.156 0.601 0.008
X -0.057 0.065 0.134 -0.026 0.034 -0.008 -0.153 0.371 0.007
X -0.029 0.008 0.071 -0.029 0.030 -0.015 -0.112 0.365 0.007
X, -0.276 0.040 0.092 -0.029 0.035 -0.031 -0.012 0.371 0.009
X 0.789 0.034 0.132 -0.042 0.048 -0.027 -0.014 -0.130 0.008
X, 0.012 0.050 0.114 -0.035 0.043 -0.035 -0.017 -0.203 0.523

2.4 EBSHWH g5 o R G, oA B 22 ) S B DA G (P

AT LA BT, X 10 A AR 2R AT
WEIE 3% BURFAE B R T 1 19 b o, B 45 31 IH 7,
X 3PN T i i R 5 22 o AL BT T 2219 81.083 4,
RE 8 4 0y 4 ThT b B e i A5 3 A6 15 R (3R 5) ¢

5 1 R TTRR R B K, N 58.972 04 RRAE(E
5.897 , HFAE 1] F2 2l bRy L FOHL VB AR O R
BRSO BT S RN ORL ST B 6 MR TRE L X 6 PR

0.01) . 138 AL P B 125 K A7 R B, O b 2 1A
To A2 EMS TR 11.969 00, REAEAE Dy 1.197,
AT 1R A AR O 2 I LR AE 1f) B DAy 0.576, BB
AT 5 3 R Y TR O 10.14204 , R AR
1 1014, 54 45 oy 19 PR b 4 3 0 5
Bt RFAE 1 5205 0,528 ,0.479 H10.312, 3% 3/
BRI 5 A S AR R R A T

®5 FERZHERWERS S0

Tab.5 Principal component analysis of major agronomic traits

VR G LARGERE B 2ARGER R G ARG PR W LARAERTR 5 2RFE R b 34 G ot
Trait Eigenvector 1 Eigenvector 2 Eigenvector 3 Trait Eigenvector I  Eigenvector 2 Eigenvector 3

X, 0.248 0.576 -0.230 X, 0.287 0.242 0.479

X, 0.364 0.073 -0.204 X 0.352 -0.289 -0.198

X, 0.341 -0.249 -0.006 X, 0.350 0.081 0.312

X, 0.362 -0.128 -0.026 Xy 0.286 -0.311 -0.507

X; 0.305 0.457 -0.048 FEfE{E  FEigenvalue 5.897 1.197 1.014

X, 0.236 -0.361 0.528 TiMk%/%  Contribution 58.972 11.969 10.142
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Fig.1 Clustering analysis of 95 germplasm
resources of edible sunflower
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