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Effects of Gap Disturbance on Soil Heavy Metal Content in Natural Rhododendron Forest
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Abstract: Gap disturbance plays an important role in the processes of regeneration and succession of for-
ests,and influences the capability of soil material circulation. To understand the effects of gap disturbance
on the distribution of soil heavy metals in the natural Rhododendron forest of the Baili Rhododendron Na-
tional Forest Park, Guizhou Province, we took topsoil (0—10 cm) of natural small gaps as the main re-
search object and topsoil of closed canopies as control groups to determine the content of soil heavy metals
(As,Cd,Cr,Fe,Hg,Mn, Ni, V,Pb and Zn). The Random Forest and redundancy analysis methods were

used to study the spatial distribution of soil heavy metals,and to identify the pollution sources and their in-
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fluencing factors,and to assess the potential ecological risks in Rhododendron forest by Potential Ecological
Risk Index Method. The results indicated that 1) the average contents of Hg and Cd in topsoil of small
gaps exceeded the standard values 2. 78 and 1. 53 times as Grade II of national environmental quality stand-
ards for soils,respectively, while those of closed canopies were 2. 52 and 1. 45 times. The over-standard rate
of Cd in soil of small gap plots was 27 % higher than those of closed canopy. The small gap disturbance had
significant effects on topsoil content of Cr in downslope natural Rhododendron forest, the soil Cr content in
the small gaps of the downslope was significantly higher than that of closed canopies. The soil contents of
Pb and Zn in the small gap of mid-slope position,up-slope position, mid-slope and gentle-slope were higher
than those of closed canopies, and the contents of Mn and Ni in soil of the small gaps were higher than
those of closed canopies at different slope positions and slopes. 2) RDA analysis showed that the Mg, eleva-
tion and Ca were the most important environmental factors for explaining the distribution of heavy metals
in soil of the natural Rhododendron forest. Importance analysis of random forest model indicated that Ni
was the most important influence factor for the distribution of heavy metals in soil of small gaps and closed
canopies in the natural Rhododendron forest,followed by Cr. 3) The single index (except for Ni) and com-
prehensive potential ecological risk of soil heavy metals in the small gaps were higher than those of closed
canopies,and soil Hg and Cd reached higher risk level in the small gaps and closed canopies, while the re-
maining heavy metals were at low ecological risk. In one word, during the protection and management
process of natural Rhododendron forest,more attention should be paid for the prevention and control of Hg
and Cd pollution,and the influence of small gap disturbance on the distribution of heavy metals.

Key words: small-scale gap disturbance; natural Rhododendron forest; heavy metal; random forest; poten-
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Fig. 1 Spatial distribution of the sampling sites
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Table 2 Soil heavy metal distribution characteristics of the small gaps at a different slope positions

Ty SR g0na b3 fir
Wi
LN M N7 M ST HF

As/(mg -+ kg™ 11.2347. 46 11.3348.98 5.0442. 40 5.9942. 80 7.1342.36 3.87%1.80
Cd/(mg - kg™ 1) 0.4740.08 0.3140.16 0.6140.13 0.43%0.10 0.35%£0.09 0.5240.18
Cr/(mg -+ kg™ 59.9245. 31a 24.0942.78b 32.38%11.04ab  52.75420.54ab  48.24=£8.92ab 47.40+£8. 39ab
Hg/(mg + kg™ 1) 0.9220. 29 0.71%0. 26 0.78%£0.17 0.82=%0.21 0.83%0.18 0.69740.11
Mn/(mg « kg™ D) 320.624226. 41 194.40£25.11 91.84=47.10 76.731+14.79 375.25+£253.26  122.71440.07
Fe/(g+ kg™ 1) 17.76=£0. 82 16.66+1.59 20.82+9.83 23.56+7.54 22.8946.02 21.8943.59
Ni/(mg + kg™ D) 13.03£3.72 12.7443.05 12.98£1.41 12.80=£3. 20 16.40%2. 14 13.7943.39
Pb/(mg + kg™ 1) 25.73+1.66 33.49+7.60 33.91410. 48 20.69+3. 04 33.96+9.59 22.48+3.72
Zn/(mg -+ kg™ H 30.41+3.88 33.9949.05 37.634+7.94 26.23+4.56 48.3749.97 30.5047.26
V/(mg -+ kg™ 1) 58.8841. 31 57.4342.71 72.76+29. 24 95.47435.02 75.35419.03 81.21+16.89
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Table 3 Soil heavy metal distribution characteristics of the small gaps at different slopes

B T BE 3
%J:g =23 23
N M M AN M
As/(mg -« kg™ 1) 9.1544. 42 8.7344.36 6.57+3.32 7.24+3.75 6.04+2.41 1.69+0. 84
Cd/(mg * kg™ 1) 0.3140.11 0.47+0.15 0.6440.13 0.4940. 14 0.4340.04 0.3140.12
Cr/(mg -+ kg 1) 56.8349.16 61.18422.25 41.76410. 54 33.8240.11 37.26411.26 35.58411.90
Hg/(mg + kg™ 1) 0.7740.15 0.79+0.12 0.937+0. 24 0.92+0. 28 0.81+£0. 20 0.50+0. 04
Mn/(mg * kg™ 1) 135. 66440. 74 133.86433. 32 460.79+357.08 78.51419. 42 213.11+140.06 134.534+44. 14
Fe/(g+ kg™ D) 27.2047.80 28.65+6.80 20.4449.85 18.25+6. 44 15.88=+1.27 15.30£1.74
Ni/(mg + kg™ 1) 14.60£2.91 13.66+£3.78 15.81+2. 21 13.65+3.22 13.35+1.95 11.65+2. 44
Pb/(mg « kg™ 1) 36.70+12.17 21.64+2.74 40.0849.71 22.6944.80 20.1043.51 28.6046. 81
Zn/(mg * kg 1) 44.37+8.30 30.0946.73 50.78+13.07 25.8045. 47 28.44+3.02 32.14+6.50
V/(mg -+ kg ) 88.19424.98 113.02434. 23 67.73+29.92 70.65427.53 57.6642.35 53.8345.98
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Fig. 2 Correlation coefficients of soil heavy metals in small gaps and closed canopies
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Table 4 The potential ecological risk for topsoil heavy metals in the small gaps and closed canopies

AN wF
TR
FESEL 0/ ¥I1H PR F AR R /A% ¥{H R A S KR

As 15 0.28~12.80 3.63 1% 15 0.11~14.59 3.18 1%
Cr 0.08~1.93 0.95 1% 0.2~3.53 0.95 1%
Mn 0.08~3.51 0.51 1% 0.07~0.52 0.22 1%
Ni 1.16~2.97 1.87 1% 0.64~5.43 2.43 1%
Pb 1.28~11.67 4.59 1% 1.57~6.91 3. 39 1%
\% 0.39~2.70 1.03 1% 0.38~3.89 1.2 1%
Zn 0.16~0.94 0.41 1% 0.1~0.53 0.29 1%
Cd 1.32~44.,59 20.91 1% 1.27~42 19.8 1%
Hg 127.27~667. 64 302. 98 f:x=1 128.00~682. 91 274. 62 Fisy=1
RI 6.21~5053. 07 336. 88 =1 3.28~4591. 02 306. 08 =1
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