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Spatial distribution of medium and trace elements in tea garden soil of Laoshan District, Qingdao City

MA Jiani', YUAN Yangyang’, ZHANG Yan', HE Hua', SONG Xiangyun"

(1. College of Resources and Environment, Qingdao Agricultural University, Qingdao 266109, China; 2. Agricultural and Rural Bureau of
Laoshan District, Qingdao City, Qingdao 266061, China)

Abstract: The yield and quality of tea are affected by the soil environment, especially the content of medium and trace elements. Therefore,
the abundance and deficiency of medium and trace elements in the soil of the tea garden play a crucial role in the growth and quality of tea.
The spatial variation characteristics and effect factors of 7 medium and trace elements (Fe, Mn, Cu, Zn, B, S, Mo) in 0-20 c¢m and 20-40
cm soil in Laoshan District of Qingdao City were studied by Pearson correlation analysis, single factor analysis of variance and geostatistics,
and the current situation of micronutrient content in the soil in Laoshan District was analyzed. In the study, the available sulfur in 0-20 ¢m
and 20-40 cm soil layers showed strong variation, and other medium and trace elements showed moderate variation. The results of semi
variance function showed that the soil available iron, available manganese, available copper and available boron were affected by structural
factors (topography, parent material, etc.) and random factors (fertilization, tillage, etc.). The order of variation coefficients of seven
medium and trace elements in 0-20 c¢m soil layer were as follows : S>Zn>Cu>B>Mo>Fe>Mn. While, the order of variation coefficients of
seven medium and trace elements in 20-40 cm soil layer were as follows : S>Zn>Cu>Mo>B>Mn>Fe. The distribution of available sulfur,

available iron and available zinc in soil showed a trend of high level in the south and low in the north of tea garden. The results of
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correlation analysis showed that the soil available copper in 0-20 ¢cm and 20-40 cm soil layers were significantly positively correlated with

available zinc and altitude. The results of variance analysis showed that altitude had significant differences in the contents of Fe, Cu, Zn, B,

S and Mo in 0-20 cm soil layer (P<0.05), while it had significant differences in the contents of Cu, B and S in 20-40 c¢m soil layer (P<

0.05). With the increase of altitude, the soil available copper in 0-20 cm and 20-40 c¢m soil layers increased with the altitude. The seven

medium and trace elements in tea garden of Laoshan are affected by altitude, topography, parent materials, etc.

Keywords : Laoshan; Qingdao; tea garden soil; medium and trace element; spatial variation
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Figure 1 Distribution of soil sample sites in tea garden of Laoshan district
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Table 1 Statistical analysis of available medium and trace elements of soil samples

e ;:ﬁfifjj :f jﬁf Zﬂ%@ifu?f;é‘ % Medium and‘ trace element concentration/(flfg'kg’l) BRRE U .
Soil layer fie/ME SN ¥fH P PRifE2E CVI% Kurtosis ~ Skewness
trace element  number Minimum ~ Maximum  Mean  Medium  Standard deviation

0~20 cm Fe 206 40.11 210.12 113.09 114.04 38.59 34.12 -0.69 0.19
Mn 206 12.58 53.44 27.92 24.44 9.32 33.36 -0.33 0.88

Cu 206 0.64 6.82 2.97 2.49 1.51 50.82 -0.57 0.67

Zn 206 1.15 15.42 6.18 3.66 4.93 79.72 -1.25 0.65

B 206 0.07 0.95 0.45 0.44 0.22 48.41 -0.96 -0.13

S 206 1.86 89.57 10.25 3.32 18.85 183.92 7.00 291

Mo 206 0.07 0.73 0.42 0.42 0.19 45.71 -1.19 -0.11

20~40 cm Fe 206 36.12 208.71 118.57 124.67 39.28 33.13 -0.71 0.32
Mn 206 10.53 51.77 32.25 28.45 1.89 33.76 -1.55 0.16

Cu 206 0.37 7.02 2.83 2.44 1.43 50.38 0.17 0.95

Zn 206 1.33 15.38 7.14 5.37 4.25 59.54 -1.00 0.56
B 206 0.06 1.05 0.47 0.49 0.18 38.15 0.45 -0.22

S 206 1.88 74.90 6.07 2.87 12.21 201.16 24.51 4.95
Mo 206 0.07 0.70 0.40 0.41 0.19 47.44 -1.26 -0.20
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Table 2 Semi-variance function analysis of available medium and trace elements of soil samples

I e ]

. Medium and i Sl EAE fE A1 SR R Range RSS
Soil layer trace element Variogram model type Co Cot+C @ Co/Co+C
0~20 cm Fe ie AT 336.000 1671.000 1 335.000 0.201 1.000  2331.34 0.790
Mn BRRARE 7.800 41.060 33.260 0.190 1.000 234.80 0.079
Cu Eisp g Bl 0.528 2.020 1.492 0.261 0.854  4050.00 0.166
Zn Eisp g Bl 7.680 33.790 26.110 0.227 0.997 13 890.00 0.334
B LR PR 0.048 0.069 0.021 0.691 0931 761398 1.171x10°
HH R 0.619 2.468 1.849 0.251 0.862 12 330.00 0.033
Mo LR AR TR 0.306 0.366 0.060 0.836 0.783  23717.49 9.210x10™
20~40 ¢cm Fe BRARAR Y 0.020 3.228 3.208 0.006 0.971  2210.00 0.045
Mn e T AR 34.700 99.250 64.550 0.350 1.000 464.01 0.033
Cu T A 0.023 0.066 0.043 0.351 0.933  18463.66 8.017x107
Zn A 0.440 20.900 20.460 0.021 0.991 703.21 1.660
B e AR A 0 0.021 0.021 0 0.671 138.56  1.205x10°*
S BRI 1.200 0 33.000 31.800 0.036 0.986  1129.00 3.410
Mo BRARA AL 0.003 0.036 0.034 0.077 0.737  1250.00 1.608x10°
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Figure 2 Spatial distribution of medium and trace elements in soil
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Table 3 Correlation analysis of available medium and trace elements and altitude

= e o
Suijl:le)ier Ii?(f::c B S Mo Fe Mn Zn Aﬁt{/ﬁie
0~20 cm B 1

S 0.442%* 1
Mo 0.077 0.166%* 1
Fe -0.018 0.156* 0.061 1
Mn -0.009 —-0.208** -0.036 0.192%: 1
Cu 0.034 0.121 -0.037 0.208* —-0.401%*
Zn 0.133 0.274%%* -0.056 0.186%* -0.286%* 0.623%* 1
351 0.033 -0.022 -0.024 0.006 -0.067 0.549% 0.423%% 1
20~40 cm B 1
0.190%* 1
Mo -0.089 -0.037 1
Fe -0.101 0.225%* 0.175% 1
Mn 0.09 0.066 -0.095 -0.046 1
Cu 0.103 0.218%** 0.007 0.358%* —-0.274%*
Zn 0.278%** 0.181%* 0.138* 0.346%* —-0.482%* 0.374%* 1
K 0.147* 0.228** -0.046 0.197%* -0.002 0.627%* 0.082 1
T *327R P<0.05, ##3K7R P<0.01,
x4 BREEXNIEAFUSHHUETLREEXM (ng-kg)
Table 4 Effects of altitude on the content of available medium and trace elements in soil (mg-kg™)

Sj{i " Ahﬁi . Fe Mn Cu Zn B S Mo

0~20 ¢cm <30 107.85+34.77ab 27.85+£9.75a 2.35+1.07b 4.55+4.15¢ 0.49+0.20b 8.79+14.94ah 0.40+0.19ab

31~60 124.78+41.57a 29.51+£9.85a 2.80+1.34b 5.16+4.65¢ 0.38+0.21b 11.39+21.12ab 0.43+0.19ab
61~90 118.28+35.12a 27.30+8.68a 3.19+1.57h 8.60+4.82h 0.47+0.26b 19.08+27.93a 0.53+0.14a
91~120 83.49+20.18b 24.37+4.46a 4.50+1.28a 11.25+4.21ab 0.35+0.12b 2.83+0.42b 0.29+0.18b
121~150  84.63+20.37h 26.60+6.82a 5.33+0.74a 12.21£3.01a 0.44+0.15b 2.90+0.61b 0.36+0.19b
>150 125.55+53.55a 24.30+10.04a 5.36x1.71a 8.80+3.77ab 0.70+0.16a 4.31+3.15ab 0.42+0.26ab
20~40 cm <30 103.16+36.40a 30.84+11.35a 2.22+1.04b 6.15+4.39a 0.48+0.16ab 4.65+4.56¢ 0.40+0.17a
31~60 132.59+39.03a 35.01£10.61a 2.59+1.12b 7.55+4.18a 0.41+£0.21b 3.98+3.77¢ 0.39+0.20a
61~90 126.84+39.25a 29.49+9.76a 2.92+1.30b 9.64+4.02a 0.51£0.13ab 3.76+1.50¢ 0.45+0.19a
91~120  116.69+34.35a 33.20+9.30a 4.73+1.14a 6.86+3.90a 0.53+0.14ab 24.68+33.84a 0.32+0.19a
121~150  116.67+35.87a 32.14£12.13a 5.30+0.55a 6.47+3.49a 0.48+0.15b 14.46+28.86b 0.35+0.16a
>150 124.28+38.52a 28.78+12.72a 541+1.11a 6.16+2.08a 0.62+0.21a 2.37+0.39¢ 0.36+0.21a

T8 AN AN PR R — LR A AN RN R B 22 18]35 A9 22 57 (P<0.05) .
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