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Abstract ; In order to investigate the distribution characteristics of heavy metals in soil of different forest types in Ailao Mountain on
the central Yunnan Plateau and evaluate their potential ecological risks, four forest types (evergreen broad—leaved forest, alpine oak
forest, Pinus armandii forest, and Yunnan oil fir forest) were selected as the research object. The forest soil was collected to detect
and analyze the content of seven heavy metals (Zn, Cu, Mn, Cr, Pb, As, Ni), organic matter, and pH of the soil. Using the soil
background value of Yunnan Province and the national soil environmental quality standard (Level I) as reference values, the Hakanson
potential ecological hazard index method was used to evaluate the potential ecological hazard effects of heavy metals in soil of different
forest stands in the study area. The results showed that the content of Zn in the soil of the study area was the highest, followed by Mn,
and the other five species were all below 5 mg/kg. The pH was acidic, and the content of organic matter was highest in evergreen broad-

leaved forest, followed by Yunnan oil fir forest and Pinus armandii forest, and the lowest in alpine oak forest, with a coefficient of variation
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between 18.32% and 37.26%. There was a significant negative correlation between Pb and pH in the soil of evergreen broad-leaved
forest (P<0.05), and a significant positive correlation with organic matter ( P<0.05). Pb and Ni were significantly negatively correla-
ted (P<0.01), while As and organic matter were significantly positively correlated ( P<0.05) in the alpine oak fores. There was a
significant positive correlation between Mn and Pb in Pinus armandii forest ( P<0.05). Except for the negative correlation between Zn
and Pb, Ni, and organic matter in the Yunnan oil fir forest, the other four heavy metals and pH values were all positive correlated, and
the correlation was not significant ( P>0.05). The correlation between organic matter and Zn was strong and can be clustered into a
group. The potential ecological hazards of single and multiple heavy metals in the soil of four forest stands were all in a mild risk state.
The average degree of potential ecological hazards of single heavy metals was ranked from high to low as As, Zn, Ni, Pb, Cu, Cr, and
Mn, while the potential ecological hazards of multiple soil heavy metals were ranked from high to low as Pinus armandii forest, Yunnan

oil fir forest, evergreen broad—leaved forest and alpine oak forest.

Keywords : Central Yunnan Plateau; Ailao Mountain; forest soil; heavy metal content; ecological risk assessment
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Tab. 1 Basic information of forest type

, T WE/ O PHIWE/m PR/
Mo Wgm (o) o PRI o I o R AL
Forest 1 Altitud ql (& - hm™)  Average The average T . ”
orest type itude Slope Density height DBH Tee species composition
s o ) Sy g "
He Ak S A
]fE]ver!tgrecn broad-leaved 2418 30.0+5.0 1734 15.46 3.81 LR Quercus semecarpifolia) . A H ( Schima
ores superba) 75 FAREME ( Prunus yunnanensis )
SEAT E AR BB ERAE (Lyonia ovalifolia) \J&
= LR AR W 7 ( Ternstroemia gymnanthera ) | %% B f 7
24 27.0+5. 1 . . "
Alpine oak forest o7 7.0£5.0 075 3.38 >89 ( Rhododendron irroratum) AEAK (Alnus cremas-
togyne)
AL #S ( Pinus armandii) | FF 35 H# ( Eurya
4 \ s g B ==
LAMYION obliquifolia) J& ¢ % . 7 W ( Quercus glauca) .
Pinus armandii forest 2350 11.5+3.5 7 10.86 11.90 B2 K (Alnus nepalensis ) | TEL I il ( Machilus
yunnanensis )
SRS
LAz 2 107 26.5+1.5 85 4.18 6. 31 TEIMAZ ( Keteleeria evelyniana Mast)

Yunnan oil fir forest
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Tab. 2 Evaluation reference values of soil heavy

metal pollution mg + kg™
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ltem
I AT RE
Soil background value in 89.7 46.3 560 65.2 40.6 18.4 42.5
Yunnan Province
K AR TR (150)
National soil environmental 100 35 725 90 35 15 40

quality standard ( Level 1)
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Tab. 3 Classification of potential ecological risks by Hakanson

HBEE L g piid AR i
Ecological risk Slight Medium Strong Very strong Greatly strong
A S AR, 40 40,80 80,160 160,320 =320
Potential ecological risk index (E;) < [40,80) [80,160) [160,320) -
WS KRR EL(R,)

<150 [150,300) [300,600) [600,1 200) =1 200

Potential ecological risk index (R,)
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Tab. 4 Descriptive statistics of pH, organic matter and heavy metals contents in different types of forest soils

S o]
oo Hetp e e w0
Forest type Data type g . g)
Zn Cu Mn Cr Pb As Ni Organic maiter
R 85.71 0.89 26.95 2.57 0.89 2.83  1.54 4.15 139.79
AR AR oM 40.51  0.49 4.21  0.63 0.23 218 1.3 3.62 50. 87
Evergreen broad-leaved
forest B 58.16  0.72 12.26 1.58  0.54  2.57  1.46 3.89 105. 56
WRAB(%) 4157 28.64 97.03 61.29 60.97 13.44  9.07 7.25 37.26
RRME 37.00  0.22  1.89  1.66 1.48  2.73 1.5 4.22 57.89
LR bk i/ ME 31.77  0.08 1.24 1.31 0.95 137 1.07 3.72 20. 47
Alpine oak forest i 35.17  0.13  1.50 146 1.17 2.23 1.32 3.99 34.44
5 R %) 8.37 56.79 22.76 12.48 23.61 33.6 17 8. 11 26.42
SEN 95.41 2.06 7.66 3.02 0.8  3.98  3.65 4.49 77.83
A FABR HR/ME 64.00 0.83 7.0l 2.1 0.09 3.64 1.52 4.06 50.9
Pinus armandii forest i 74.69 1.48  7.41 251  0.54 3.84  2.73 4.29 74.39
WRRB(%)  24.02  41.81 4.7 1879 73.4  4.67  40.1 7.62 31.63
TYNIER 93.59 1.19 10.12 1.34 1.79  3.08  2.98 4.27 90.26
O 5/ ME 69.71 0.47 531 0.71 1.07 272 2.5 3.98 61.34
Yunnan ol fir forest B[ 85.57 0.84  7.53 1.09 1.47 2.88  2.77 4.06 82.45
BREEB(%)  16.05 42.91 32.24 30.69 24.96 6.36  8.87 6.59 18.32

3.2 TEEEREES pH . BVRIEXES
Xf 4 AR EBN S E s A LTS
Jo pH BEATAHSENE3AT S5 R LA 5, WAk Akt

Herp Zn A1 Cu Ni pH R IEM SN, S5 HAY 4 FhE
S8 MR PR A, BAH AR 3 (P>
0.05) ;Pb Al pH 8 H B 3 A (P<0.05) , 5
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Tab. 5 Correlation of heavy metals with pH and organic matter in different types of forest soils

VA SSii!
Zn 1
Cu 0. 066 1
Mn -0.406  -0.939 1
B R Cr -0.189 0.967  -0.820 1
E:::jr_elzve ; Ph -0.900  0.375  -0.032  0.598 I
forest As -0.944  -0.391 0.684  —0.144 0.707 1
Ni 0.632  -0.731 0.451  -0.881  -0.906  -0.342 1
pH 0.888 0.4 0.060  -0.620  -1.000" -0.687 0.918 1
AL -0. 875 0.426  -0.088 0. 642 0.998*  0.667 -0.928  -1.000" 1
Zn 1
Cu 0.423 1
Mn 0.700 0.943 1
N Cr 0.226  -0.787  -0.538 1
'j"i I‘)Jffﬁ © forest Pb 0.326 0.994 0.903  -0.848 1
As -0.381 0. 676 0.393  -0.987 0.750 1
Ni -0.339  -0.996  —0.909 0.840  -1.000* -0.741 1
pH -0.057  -0.929  -0.753 0.960 -0.962  -0.901 0.959 1
HHL -0.327 0.718 0.446  -0.99%4 0.787 0.998* -0.778  -0.925 1
Zn 1
Cu -0.915 1
Mn -0.990 0. 962 1
TR Cr -0.227 0. 601 0. 361 1
Pinus armandii Ph -0.988 0.967 1.000*  0.377 1
forest As 0.645  -0.281  -0.532 0.598  -0.517 1
Ni -0.963 0.990 0.991 0. 481 0.993  -0.415 1
pH -0. 866 0.994 0.927 0. 683 0.934  -0.177 0. 969 1
AL 0.845 -0.989  -0.912 -0.712  -0.919 0.137  -0.958  -0.999* 1
Zn 1
Cu 0. 886 1
Mn 0.795 0.423 1
SO Cr 0. 985 0.793 0. 888 1
Yunnan oil fir Ph -0.742  -0.968 -0.182  -0.614 1
forest As 0.183  0.618 -0.451  0.010 -0.795 1
Ni -0.218 0.259  -0.765  -0.383  -0.493 0.920 1
pH 0. 672 0.252 0.984 0.790  -0.001  -0.605  -0.869 1
AL -0.486  —0.836 0.144  -0.327 0.947  -0.948  —0.747 0.321 1

{E: w0 FR P<0 .01, MHSCHETE 0. 01 K- (B bR WEAIR . = 7R P<0 . 05, HESCHETE 0. 05 AF (XU b WA,

Note: #** Indicating P<0.01, the correlation is highly significant at the 0. 01 level (bilateral). #* Indicating P<0.05, the correlation is significantly
correlated at the 0. 05 level (bilateral).
APUBRR UL IEAR DG (P<0.05) s AR &8 SUME, HAHOGHEA 35 (P>0. 05) ; Pb # Ni 328
ZE EHEE S APUEA pH Z E A ES A S U RS E (P<0. 01) , HIRPER BN 15 As
(P>0.05), # IWBRAK L Zn #1 Cu Mn Cr Pb  FIAHUBRIE B35 EAHEME(P<0.05) , HARTES
RIEMRMESN, S HAR 2 MESE L pH AR w26 EE RS A VLS pH Z [ H S A 2
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Fig. 1 Hierarchical clustering heat map of correlation between contents of heavy metals, organic

matter and pH values in soils of different forest types
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Tab. 6 Hakanson potential ecological risk evaluations of heavy metals in different forest soils

M E S BN EERE(E,) LM EL BRSNS
1 ecological hazard coeffici ESLE(RI -
ot B Al Potentldl.eLologlcdl hazard Lufjffl(,lent of f& *um( ) RI P45 5
I single heavy metal (E,) Potential ecological .
. Reference J i . RI evaluation
Forest type hazard index of
value linle he: results
Zn Cau Ma G Pb As Ni multiple heavy
metals (RI)

AR R A ZRE 0.65 0.08 0.02 0.05 007 1.40 0.17 2.43 B
Evergreen
broad-leaved [ 57 - HEFR B y
forest bR 140) 0.58 0.10 0.02 0.04 0.08 1.71 0.18 2.71 L2
- ZHE 0.39 0.0 0.00 0.04 0.14 1.21 0.16 1.96 (23
o LA AR
Alpine oak J———
forest E‘%ﬁﬁ? ;i)*m 0.35 0.02 0.00 0.03 0.17 1.49 0.17 2.22 L2374

7N s
21K A LIS 083 016 0.01  0.08 0.07 2.09 0.32 3.56 e
Pinus armandii T
forest E‘%ﬁi(;fli ;’;’E 075 0.21 0.0 0.06 0.08 2.56 0.34 4.00 =377

7N
PO S LETRME 095 0.09 0.01 0.03 0.18 1.57 0.33 3.16 B
Yunnan oil 15 BB
fir forest PRSEDUE 96 012 001 0,02 0.21 192 0.35 3.49 71
. PR AR 0.71  0.09 0.01 0.05 0.11 1.57 0.24 2.78 i
Average JE PR

Efﬁﬁfiﬁ’;;ﬁm 0.63 0.11 0.0 0.04 0.13 1.92 0.26 3.11 L2374

7N s
E, TN S5 3 AT RE B OB BM B B B B Bk
E; evaluation S
results METIRSRE o o e me BB BB B 5

FRHEC T 40)

4 w5t

FARINARMRG T 7 F LEREEE T, Zn
() F it i, HAOR Min, A 5 FPERTE 5 mg/kg DA
T, Pb S iR A, H AR R TN R AR 1
B S AR AN AR TR, TEAS [ SR A f 0 AT AN K 2,
FWIRESE X N 498 o 43 J 5 (8] 29 A 22 S R A L 3
A, X 23 AR AT 45 e — 3 OF oAk
MREEE SRS & R, ZEER TR
SRR PP DL B kb, - 458 i BRAR M BORT A 1Y)
BEFRZRAR K2 ket 38 b i 4 I T
REA B AR T IA L IE BRI rh Ay T B2 i A
F ARSI AT ALY AT R R R[]
T2 ) o 4 Ja {H HC SR YR AH ), 100 W i J LIS o 4 Ja ol
REFATE—E AHDCHE ™! Wi R R, AN AR 43
R+ 4 R 2 () SR A AH OGR4 5=, Lh N

LR AR Ph AN 2R 30 A S 3 T AH DG (P <
0.01) ,FHMERECH 1; As A HLTRIL N I35 0E
FHICHE (P<0.05) 42 1L #ARKH Mn 5 Pb KL 2
FIEAHSCNE(P<0. 05) , HAWARSF AL T 25 Fh + 18 o
&8 Z A A SR .38 (P>0.05) |, Ui X LA £ 35
4 B IRAEAEAR R A A2
IR AL BT (A L & pH) 5 E 4
Ja& 1) 5 K A, LR AR % 4w i 3 R
W BRGS0, H R 4 R A S A LR A R
BAARSEHEDY I H pH M H X R SR B TR
W BRFRICR AR I 2 ) AT ST 45 R R, ki bR
H Pb SAMLT R B B S (P<0.05) ,
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