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Abstract: In order to assess the effect of acidic deposition on the forest ecosystem, the precipitation,
throughfall and soil solution have been collected and analyzed during the period of April 1998 to March
1999 from three monitoring forested sites (two sites at Baiyunshan and one site at Longdong) in
Guangzhou, south China. pH values in rain water vary between 3.3 and 6.3, with an average of 4. 45.
The concentrations of SO,*~, NH," and base cations (Ca’", Mg®", K") in throughfall water are higher
than in precipitation. The NH,"/NO,  ratio varies between 8 and 30 in precipitation and throughfall
water. That suggests that ammonium nitrogen (NH,"-N) is the principle form of N in the water before
penetrating the soil. In contrast, the NH,”/NO;~ ratio becomes considerably lower in soil solution (less
than 1/3), suggesting nitrate as the major form of N. Using the weight-averaged concentration, annual
deposition and chemical fluxes are estimated at each interface. The annual throughfall deposition is taken
as the input rate to forest ecosystem, while the flux at soil depth of 80 cm is considered as the output rate.
The element budgets show that NO,  and Al*" are released from the humus layer (0~20 cm), whereas
other components (SO, , Ca,”, Mg”", K") are accumulated in the soil to various degrees.

Evidence for soil acidification: H" concentration in soil solution at the upper soil layer is significantly
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higher than in precipitation and throughfall. This suggests that the H™ production mainly occurs at the
upper soil layer and the amount of internally produced H" is more important than the external input. The
lower NH," content in soil solution than in throughfall water may be related to the uptake of this
component by vegetation roots. However, this cannot be the primary cause in the case of Guangzhou
because it fails to account for the negative correlation between NO,  and NH,". Increasing H' along with
the decreasing NH,"/NO;  ratios is consistent with the nitrification of NH," in soils. The observed
increase in NO;  in soil solution is likely the consequence of NH," nitrification, which was further
enhanced by leaching of NO;™ from the soil system.

The Al concentration in soil solutions is much higher than in precipitation and in throughfall water.
Moreover, the H" concentration is positively correlated with Al’' in soil solution. It seems that the
mobilization of Al is assisted and enhanced by the presence of H", consistent with experimental results
with simulated acid rain. Because of the potential toxicity of Al ions to plant roots and soil organism, the
increase in Al content in soil solution would leave negative impact on plants and on the underground
aquatic system.

Adsorption of SO,* in soil and its buffering to soil acidification: Numerous studies show that sulfuric
load can lead to a loss of base cations (Ca’*" and Mg”") through increasing leaching and is responsible for
soil acidification. The annual wet deposition rate of SO,*" at Guangzhou is as high as 595~660 kg/(hm?* «
a) when the contribution of leachates of forest canopy and litter is taken into account. However, the
element budget indicates no leaching of base cations from soil at Guangzhou. In fact, the retention of
SO,* in soil is evident from the comparison between the annual SO,*" input and output (287~ 578 kg/
(hm? « a) versus 60~145 kg/(hm® « a). This may be related to the strong adsorption capacity of the acid,
Al-rich red soil at the area. The surface of red soil has net positive electron due to high contents of Fe and
Al oxides. It can convert to be electronically negative after adsorption of SO,*”. This in turn causes
adsorption of base cations (Ca, Mg, K) in soil because these elements are closely associated with SO,*
The adsorption capacity of the soil and the large amount of inputted Ca mitigate to some degrees the
negative effect of acidic deposition. Thus, the typical forest soil in south China has some buffering capacity
to the SO,* rich acid rain.

Such a phenomenon is different from that observed in Europe, where SO,*” concentration in soil
solution increases significantly compared to precipitation. This may be related to the pollutant emission
and deposition history at the concerned region. In Europe, the long history of industry leads to acid

2

deposition over a long time period (> 50 years), with the content of SO,*” in heavily polluted soil
amounting to 1100~1200 mg/kg. With the decreasing emission of SO, in Europe since the last decade, the
soil starts to release SO,” . In contrast, the high rate SO, emission in China has only lasted for about 20
years. The current SO,*” content in forest soil at Guangzhou is 100~ 200 mg/kg. which is far below the
highest adsorption capacity of the red soil (1380 mg/kg). With the present deposition rate, it is estimated
that it will take 30~40 years for soil to reach the maximum.

Contrasting soil and soil solution chemistries at different sites: SO,*” concentration in soil solution at
the Baiyunshan pine site varies between 603~894 peq/L ., whereas only 130~ 280 peq/L at the Longdong
site. On the other hand, the SO,”” content (115 mg/kg) in the soils at the Baiyunshan pine site is
significantly less than that (205 mg/kg) in soils at Longdong. Given the almost identical SO,* flux at
depth of 0 cm at these sites (1094 kg/(hm? « a) and 1047 kg/(hm?® * a), respectively). the difference in
soil solution chemistry can be accounted for by the different soil adsorption capacity at these sites. The

soils at the Longdong site are characterized by high Kaolinite content and occasional occurrence of Fe,0;
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and thus have higher adsorption capacity of SO, compared to the Baiyunshan soils which is low in
Kaolinite content. The adsorption-desorption equilibrium thus plays an important role in the transport and
cycling of elements like S, Ca and Mg in forest soil system at Guangzhou.

Key words: acid precipitation; soil solution chemistry; element budget; soil acidification; forest

ecosystem; Guangzhou
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Table 1 Soil chemistry and physical parameters at three monitoring sites
(g/kg) Cl— SO,2~ CEC .
Locality Soil type Organic material (mg/kg) (cmol/kg) Montmorillonite
3.8 22.4 24.73 205.12 6 6.5
Longdong (Masson pine) Yellow soil
3.7 19.8 23.46  203.97 5.6 0.0
Baiyunshan (Masson pine) Red soil
3.8 21.2 16.51 115.65 5.8 0.0
Baiyunshan (Broad leaf) Red soil
I-M
Locality Soil type I-M mixture Illite Kaolinite Quartz Feldspar Unidentified
7.3 4.9 6,343 13.4 0.0 0.0
Longdong (Masson pine) Yellow soil
6.8 13.7 36. 4 25.1 8.2 6.8
Baiyunshan (Masson pine) Red soil
18.1 8.1 38.0 17.4 7.7 8.6
Baiyunshan (Broad leaf) Red soil
* Percentage of clay minerals (%)
3.2
1998 4 1999 3 118 3 1625 mm, pH
3.3~6.3 s 4~4.5 s 4. 38, (pH <5.6)95
80% . 95% . C 2,
SO,* ., 80% s Cl= NO; . SO,* 200 peq/L,
110~153 kg/(hm?* * a), a®, NH, ", Nat HT s att 459
3.3
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Fig. 1 Variation of concentrations (mg/L) of major elements in precipitation (P) throughfall (T)
soil solution at different soil depth (S1~S5) at three forested sites in Guangzhou
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Fig. 2 Diagram showing the correlation between concentrations (peq/L) of major components in precipitation,
throughfall and soil solution: (A~C) SO,2~ versus Ca?", Mg?" and Ca?" +Mg?"+K*; (D) NO;~ versus NH, " ;
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