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Abstract: The objective of this paper is to examine the relations between acid rain and element content in
the rings of a native species Pinus massoniana, which is sensitive to acid rain pollution in Dinghushan
Nature Reserve (DNR), located in one of the areas with quickest industrial growth and severest acid rain
pollution in China. Substantial decline of the pH of the precipitation and an even faster increase in the
frequency of acid precipitation occurred in the last two decades in the area. We expect this to be shown in
the element variations in the annual rings of Pinus massonian.

The samples were collected in the pine forest at an elevation of about 250m. Four Pinus massonian
trees were randomly sampled in the stand, each within 10m to the others to insure a homogeneous
sampling condition. Discs of about 5cm in thickness were cut off at the height of about 1. 3cm, and then
polished to reveal annual growth rings. Ring width was measured using a WinDendro Image System
(Regent Co. Canada). Cross-dating was done both visually and statistically.

For each disc, wood samples representing 2-year growth intervals were cut off with a chisel. The
samples were dried and ground by means of a grinding mill. Mineralization of a 1g sample was done using
H,SO,-HCLO; for total nitrogen or HNO,-H,SO,-HCLLO;(8:1:1)for Ca, Mg, K, Na, Mn, Fe and Al. N
was determined by automated ion analyzer (Quick Chem, U.S.); Ca, Mg, K, Na, Mn and Fe by atomic
absorption spectrometry (GBC932AB, Australia) and Al by digital spectrophotometer (Shimadzu UV-
120-02, Japan).

The annual variations of the ring widths were generally consistent across the four trees. After
removing the age-related variations,only the short term variations were still retained, so the major cause
of the long term radial growth variations of these trees can be attributed to age-related factors.

For all the elements except Al, Fe and Na, the variation pattern was fairly consistent among the four
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trees. To show the long term trend and also to eliminate the possible effects of lateral translocation of the
elements from pith to bark, ten-year averages of the element concentrations were calculated.

Comparison among the trees showed that, the unusually high accumulation of most of the elements,
esp. Ca, Mg, Fe, Al and Mn in the first ten years. i.e. the juvenile period could only be accounted for by
the difference in the ability to absorb these elements selectively between the young and mature trees. This
difference shows that it is problematic to apply the results obtained from simulation experiments using
seedlings or young trees to mature trees.

The 1970s saw the lowest concentrations of Mn, Mg, N and K in all four trees, which might be
accounted for by the unusually high precipitation which exacerbated leaching and nutrient loss.

After the juvenile period, most of the elements showed a more consistent and substantial trend in the
near three decades, with increasing N, K and Al, and decreasing Ca, Mg and Mn concentrations.

High N concentration is one of the important characteristics of acid precipitation. Thus, it is natural
to link the observed increasing accumulation of N in the tree rings with increasing acid deposition with
time. The increase in the concentration and total amount of N in the precipitation from 1989~1990 to 1998
~1999 might give us some validation.

The observed profile of K variation with time seemed to be inconsistent with most other results about
reduced K availability due to enhanced leaching caused by acid precipitation. However, the accelerated
weathering might increase the availability of the element. Thus, other factors excluded, the variation of K
should be the results of the balance between enhanced leaching and weathering, both as the result of
reduced pH of precipitation.

All four trees showed a constant decrease in the concentrations of Ca, Mg and Mn throughout the
time, indicating a regional controlling factor at work. Although it was reported that acid precipitation
could enhance weathering which may lead to linear increase in the availability of Ca and Mg, the rate of the
loss of Ca and Mg due to leaching seemed to be enhanced to a greater extent.

The acid precipitation caused a substantial increase in the concentration of Al in the annual rings of
Pinus massoniana for the last two decades.

For Fe and Na, there was no consistent change of the concentrations both with time and among the
trees, which is in accord with other reports, but few data seem to be available regarding the reason.

Interpretation of element profiles in tree rings by the environmental change would be compromised by
the effects of the endogenous factors including the variations of cation binding capacity (CBC), living cells
and lateral translocation of elements, etc. Analysis showed that the influence of CBC should be excluded
and the influence of the variations caused by changing living cell numbers in our study is mostly local and
could not cover up the long term trend of the element variation, which is also the case concerning the
influence of lateral translocation. The great annual variations of Fe, Na, Al and Ca argue against the
existence of lateral translocation in these elements.

Pinus massoniana proved to be a suitable species for the study of regional acid rain pollution history,
but further elucidation is required concerning the endogenous factors affecting the radial variations of tree
ring element concentration to increase the reliability of the results obtained.
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Table 1 The pH and frequency (%) of acid rain in Guangdong Province
Year 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
pH Annual 5.18 4.82 4.78 4.53 4.46 4.43 4.96 4.61 4.93 4.85 4.89 4.84 4.81
average pH
Acid rain ) )
frequency 34.6 41.4 43.5 53.3 51.9 49.2 46.5 53.1 43.4 46.5 45.8 42.7 51.7
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Table 2 Variations of the eight elements in the rings of Pinus massoniana(mg « g—1)
N K Ca Mg Na Fe Mn Al
1#
1970 0.614 0.371 0. 689 0.165 0.184 0. 085 0. 04 1. 206
1980 0. 581 0.317 0.517 0. 141 0.164 0. 066 0. 04 0. 639
1990 0. 695 0.521 0.422 0.139 0.148 0.053 0.038 0. 641
2
1960 0. 765 0.33 0.772 0.235 0.107 0. 081 0. 068 0.932
1970 0.733 0.314 0.521 0.172 0.107 0. 054 0. 048 0.505
1980 0.727 0.379 0. 424 0.135 0.196 0. 037 0.037 0. 637
1990 0.9 0.537 0.408 0.107 0.14 0.03 0. 031 0. 689
3
1960 0. 781 0.453 0.608 0.164 0.157 0. 062 0. 065 1.914
1970 0.702 0. 361 0.528 0.12 0.117 0. 055 0.043 0. 866
1980 0.8 0. 445 0.536 0.111 0.128 0. 052 0. 037 1.248
1990 1.052 0.663 0.397 0.104 0.223 0. 058 0. 034 1.418
4
1960 0. 803 0. 341 0. 641 0. 258 0.11 0. 093 0.076 1.143
1970 0.677 0.363 0.532 0. 215 0.14 0. 042 0. 045 0.33
1980 0.734 0.431 0. 454 0.197 0.137 0. 06 0. 045 0.503
1990 0. 955 0.518 0.428 0.184 0.122 0. 049 0.028 0.523
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Fig. 3 Variations of eight elements in the annual rings of Pinus massoniana
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