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Abstract: The quality of sugar beet roots from different geographical regions in Xinjiang was comprehensively evaluated. The
content of 11 elements (potassium, sodium, boron, nitrogen, phosphorous, magnesium, iron, calcium, zinc, manganese, and copper) in 34
sugar beet root samples collected from five major production regions in Xinjiang were determined and used as indicators to
comprehensively evaluate quality by principal component analysis (PCA) and cluster analysis (CA). There were significant differences
among the element content between sugar beet roots from different geographical regions. The average content of potassium, sodium,
boron, nitrogen, phosphorous, magnesium, iron, calcium, zinc, manganese, and copper in sugar beet roots were 2821.1, 710.0, 19.8,
4855.2, 736.9, 2362.1, 58.7, 2590.1, 58.7, 602.0, and 18.7 mg/kg, respectively. A three-factor model was obtained from the PCA and
accounted for 79.45% of the total variance. The cumulative contribution of the first and second components to the total variance was
67.23%. The 34 sugar beet root samples were classified into five groups by PCA and CA, reflecting genetic relationshipi and
geographical distribution of sugar beet root samples to some extent. Based on the content of several elements, the overall pattern and
differences among sugar beet roots from different geographical origins in Xinjiang were clearly revealed by PCA and CA.
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Table 1 Content of common and trace elements in sugar beet roots from different geographical regions (n = 3) (mg/kg)

no. J 3 K+SD Na+SD B+SD N=+SD P+SD Mg+SD
1 1987.7+10.5 613.444.3 13.040.3 4169.3+20.8 557.243.8 = 3236.7420.3
2 2086.8+12.2 574.943.1 15.3#40.5 4151.7#19.9 625.544.0 2920.0+17.7
3 2128.0+14.5 588.343.4 13.740.4 4394.0430.7 543.443.6 2997.8424.5
4 B IR 2256.4+18.0 610.843.8 13.440.3 4354.4424.8 561.0+4.1 2947.0%20.5
5 # 2258.7+23.6 697.0+10.2 14.840.5 4737.8440.2 633.247.5 3678.1435.0
6 1987.4+10.2 642.745.1 14.540.3 3954.0+15.8 595.7482.5 2781.0+15.6
7 2338.5424.3 646.546.4 15.040.4 4828.6458.6 597.144.0 3294.3+27.8
8 2520.0434.5 682.2+7.9 15.040.5 4863.1456.0 626.545.8 3291.3%29.7
9 3104.7434.1 743.945.1 18.540.6 4341.6358.3 825.745.9 2124.8427.2
10 2836.4+18.0 719.844.6 19.140.7 4337.044.7 825.7+7.3 1793.4+12.2
11 3036.3+26.3 776.449.5 18.040.5 4439.9#45.3 834.2+10.0 1897.3#15.0
12 L 7 2966.7+19.3 764.8+7.4 17.440.7 5381.0464.7 743.045.3 1700.3+10.8
13 g% 3024.5+11.1 719.044.3 18.940.8 2753.4445.5 651.643.7 2101.1+18.7
14 3027.6+13.8 743.145.9 19.840.7 3140.7460.2 869.0+12.2  1768.2+10.2
15 2696.849.1 662.345.0 19.340.6 4194.9361.7 827.349.6 1679.449.7
16 3027.8+18.1 722.446.1 19.740.7 2903.3451.8 799.546.3 1926.5+19.7
17 2717.4421.2 689.246.1 17.840.8 4591.4437.6 989.3#13.2  2650.6%26.9
18 2730.5426.9 737.748.1 16.240.6 5040.3446.6 673.6+7.1 2404.6+28.9
19 AT 2480.1+13.1 755.149.6 18.540.7 6168.1+72.4 755.048.5 2565.2425.8
20 2663.0%16.2 707.0+7.9 142404 5912.0444.5 788.1+12.6  2766.4428.2
21 2754.3+0.1 741.449.4 16.840.5 5404.2461.1 731.149.6 3009.9424.6
22 3432.1429.9 729.648.1 26.640.8 5781.1+47.9 850.5+12.9  2606.522.4
23 2965.7421.1 704.545.5 26.74.9 6188.0455.6 799.5+11.6  2368.0+20.0
24 3216.8428.3 659.644.2 24.840.6 5202.7433.9 762.847.2 2568.0428.0
25 h 3059.1426.2 900.7+18.2 25.7H0.7 5006.4429.8 688.246.0 2393.7425.7
26 2868.2+15.3 847.0+15.5 25.5+).8 6176.4438.0 786.1 48.9 2411.3424.2
27 2964.3+17.7 831.3+10.7 25.440.8 5432.1439.3 588.246.5 1959.9425.8
28 2754.3+13.4 719.548.6 254 4.6 5461.6446.8 810.2+119  2969.4+27.4
29 3529.4432.4 661.349.8 26.640.9 6722.9465.8 684.0+7.2 1659.5422.7
30 3209.4+13.9 690.3+7.0 22.440.5 4756.2430.3 861.8+11.5 1525.3+10.1
31 Bk 3408.3431.1 733.0%7.3 23.840.8 5050.9435.7 896.4+13.4  1619.8+16.3
32 3336.7+18.2 717.646.9 23.340.6 4950.3+25.5 692.749.7 1585.8+10.6
BT
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33 3370.4426.5 725.747.6 241409  5390.0446.3  747.3#120 1601.9+12.6
34 3173.5+11.2 682.945.4 224407  4897.2437.4  833.0+10.8  1508.329.3
no. JF b Fes5D Ca+5D Zn4SD Mn+SD Cu#SD
1 59.240.9 1879.347.6  48.020.7 671.546.6 14.440.3
2 54.340.7 2066.4+16.9  43.430.6 646.144.7 14.440.3
3 56.621.0 19014488  50.840.9 778.848.5 15.240.4
4 J IR 58.540.8 1752.846.6  49.040.8 655.545.6 14.640.3
5 % 67.341.3 213564160  54.6+.0 763.044.2 16.430.6
6 51.740.5 1968.0+12.9  41.3#0.7 615.334.2 13.740.3
7 62.241.0 2089.5+12.7  55.8+15 855.845.1 15.840.6
8 65.31.2 1957.6410.4 547413 732.048.1 16.340.6
9 69.31.4 2773.6410.4  61.2+.1 560.84.7 17.540.7
10 60.920.7 2780.5+16.9  57.630.7 517.544.1 15.740.4
11 63.81.2 2616.847.5  61.620.8 525.544.4 17.1405
12 &5 74745 2506.646.6  63.240.9 573.446.8 16.520.5
13 g% 60.820.7 27132487  65.9+.1 551.343.6 16.640.7
14 61.021.0 2889.1#17.1  58.620.6 541.242.9 16.040.6
15 56.440.7 2773.8+129  59.040.6 473.443.8 14.640.4
16 60.140.8 2811.8+12.3  60.740.8 579.548.9 16.140.7
17 63.840.8 2134.4+138  56.840.7 710.847.0 16.540.6
18 68.41.1 2278.6+16.4  555+1.0 655.249.3 16.240.5
19 EA 73.141.2 2043.649.7  67.6+.8 673.846.2 17.340.5
20 64.740.9 2084.0+106  61.7+.4 553.847.5 16.740.8
21 74245 2393.1+17.1  61.6+.0 683.948.7 18.340.7
22 55.041.3 3053.8420.7  65.0+.1 565.747.4 29.340.9
23 57.84.7 3231.8421.2 = 52.140.7 519.246.0 29.240.8
24 49.040.8 3059.9+16.4  60.8+.1 567.549.5 275405
25 #a 38.020.7 2500.1+12.7  59.240.7 520.946.9 24.840.7
26 50.640.8 261124168  64.430.8 538.08.2 26.740.8
27 49.440.7 2602.0+14.4  52.620.6 555.06.2 27.840.6
28 52.14#.1 3089.2417.1  61.7#.0 773.348.3 26.740.4
29 43.5+1.0 3026.8410.3  54.44.2 471.346.4 30.640.9
30 53.440.9 3178.7#137  65.0+.3 511.545.1 15.040.3
31 56.71.5 3375.6+17.0  69.0+.5 543.245.2 16.540.9
32 I 55.540.9 3304.7+18.0  68.3+.0 535.045.8 16.240.6
33 56.141.2 3338.2+16.2  69.0+.4 540.746.0 15.840.5
34 52.840.8 314314111  64.7+.9 507.544.7 14.640.3
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Table 2 Correlation matrix for the contents of common and trace elements in sugar beet roots

TE K Na B N P Mg Fe Ca Zn Mn Cu
K 1

Na 0500 1

B 0796 0513 1

N 0.263 0257 0453 1

P 0591 0324 0435 0089 1

Mg -0.754 -0.340 0534 0.033 -0505 1

Fe 0256 -0.056 -0.593 -0.113 0.090 0212 1

Ca 0.874 0311 0828 0171 0581 -0.733 -0.346 1

Zn 0.725 0516 0479 0211 0589 -0522 0141 0625 1

Mn 0679 -0.369 -0559 -0.068 -0.425 0.824 0363 -0.632 -0.344 1

Cu 0448 0397 0764 0617 0110 -0.022 -0.489 0390  0.089  -0227 1

E: A TE AR (BEBKXT 0.7).
23 F R FRESNEFEIARF 11 BT E

o

R 3 R T F R IR IR JE A AR B Rk
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IRFAEAE AT SR 77 ZE DTk A, BT 2/ 79.45% 1 5T
BRK ETHT 3 AN PCs: — M1l UL, #& I8 “Kaiser #EN”,
BHREE/NT 1 1 PCs FLUKFT, HEAREFHEMER

T 119 PCs U8, B—A> 3 PRI R T iR 6
1) 79.45%. A 3 MNHEFEHEHUL S AR 7 anEk 4
B s B — B R Anp (B #0440 o 5 32 B o0 IR AH 9K &
#, AT LUK BREARARAT B TR KD, FF 5 3RoR
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Table 3 Eigenvalues and cumulative variance contribution estimated by a principal component analysis

EN- ¥ PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10

AFAEAE 5462 1933 1344 0697 0526 0447 0271 0.147 0.096 0.061

7 £ AREI% 49.657 17577 12.217 6.332 4782 4.065 2.462 1337 0.877 0.554

RRF ETREIY% 49.657 67.234 79.450 85.782 90.565 94.63 97.092 98.429 99.307 99.86

R 4 Bl 3 IEEEIRENALSY PCs BifeT AT
Table 4 First three loading factors extracted by PCAwith varimax rotation
Tk K Na B N P Mg Fe Ca Zn Mn Cu

PC1 0.941 0.592 0.904 0.352 0.635 -0.77 -0.383 0.897 0.691 -0.752 0.542
PC2 -0.113 0.041 0.363 0.583 -0.416 0.420 -0.569 -0.103 -0.392 0.174 0.762
PC3 0.024 0.396 -0.047 0.507 0.229 0.320 0.625 -0.147 0.430 0.393 0.143

A A TREFS (L sHEAT 0.500).

KRG o 544 XLSTAT H5 34 NETSERE b
) PCs i, 2r#ILAPCL A X 5. PC2 J Y 41, K 34
AMRES R IFR AR FH, RIFS 2 PCs 157 4k
B (B D B 1AL, A A R 11 4E
22 (] (A ot o R SRS TR, S B T 34 AN 193 28
TH L, PCA AT LLBH R 3T slEH S oK™ X 43 . B
B — A AT AP i AR 1%, AN[E A R A
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Fig.1 Two-di mensional scatter diagram of PC1 and PC2 in the
PCA of the element content data for 34 sugar beet roots from five
different geographical regions
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