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Current and future study about effects of acid deposition on forest ecosysems. L IU Juxiu( South
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Thispaper introduced the efect of acid degpostion on forest ecosystems from the following agpects:
the effectsof acid dgoostion on dement cycling and nutrient imbaance ;the effectsof acid dgpostion
on the il physca and chemica properties;the study on the forest water chemistry ;the study on the
activation of heavy dements afected by acid depodtion;the study on the plant growth afected by
acid depostion;thejoint effectsof acid depostion and climate on forests;the efectsof smulated acid
rain on il physca and chemica properties and plant growth ;the study on the il weathering;the
modding of problems brought by acid depostion; il anthropic and natura acidification in the
forests; the study on critical charge of acid depostion; the joint efectsof acid depostion and other
pollutants on plants; and the study on the restoration of acid il. It a9 darified the future study di-
rection and the problems that attention must bepaid to.
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60 ,
pH , 70 80
80 )
1 n [3]
21 ,
[22]
3
, “ ” 3 1
! * (2000-09)
:2002 - 08 - 29 :2002- 11- 07

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



114 22 5
: Al , ca’*
N , N , AR* :
, AIOH?** AI(OH),* AISO,*,
Parker ~ [% Aly3: AlOsAl
: (OH) 24 (H20) 2" * Al M aai kel %!
20 Al Al .
Makarovh ~ [?4! N : Al , , ,
K,Ca Mg , Hunt- Mg P Hirano %2
ington 14 Ca Al
) 3.4
Ca (
Ca Ca pH ),
Janzen ° Ca ( ),
; : pH ,
Curtin " Skri-
van [39] '
Zysset [#4 ( Castanea sati- , ,Mn,Zn,Cu Cd
va Mill) Cal Al 4552 2
Al , )
Al , Ca Mg Pichte 134 Niklinska [3°
Das [®) John [ Michopoulos [?] , H ,
3.5
) Hg ,Pb, Cd,Cr ,Mn, Zn
3.2 Cu , )
pH Pichtel  [3% :
) , 1976 Mats
Koptsk % , pH (3] Hg ,Pb,Cd,Zn Cu
BS( ) \ ,
Al , 0 E John [ :
Matzner %] ,
Al , 0,2 Das [®  Michopoulos?’] cd
N : N Pb
ca’” Carrol [

BS,Ca Al pH

3.3 Al Al
WAl ,
Al Al
Noble!®!] , Ca

3.6

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



115

3.7

Robert

[4]

(58 %)

(54 %)

14 %
3.8

Neil [

Rustad

3.9

Svein 140 ,

Raben!®®!

[37]

, 2100 ,
1990
21

21

Mitchdl

,10

[38]

0,%°

Alcamo

6

Bain ® )
,Mg ’ K’
Ca
3.10
Ulrich
[43] Al
Erikson!°!
y y pH H
311
Danid  [®
30 pH
38 % ,62 %
3.12
[2]
[3]
3.13
Ka nu-
lainen %]
3.14
[7.1133.35]  jognn  [18]
pH ) P K
Torleif 1?1 Jeffrey 1)
Al Jackon 1 THit 14U

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

Hue



116

22 5

[13]

p H ’

( Erigeron annus (L. ) Pers)
( Comnyza canadensis (L.) Crong)
; Ca

[1] ( ).1997.  [M].
[2] , .1999.
[31. 19(1) : 14 17.
[3] , , , .1998.
[31. 19(1) 113 17.

[4] Alcamo J,Krol M ,Posch M. 1995. An integrated analyss of sul-
fur emisdons,acid depostion and dimate change [J]. Water Air
Soil Pall. ,3:1539 1548.

[5] Ban DC,Duthie DML ,Thomson CM. 1995. Rates and processes

(6]

(7]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

of minerd weathering in 0ils developed on greywackes and
shdesin the outhern uplands of Scotland [J]. Water Air Soil

Poll. ,3:1069 1074.

Carnol M, Ineon P,Dickinon A. 1997. Soil slution nitrogen
and cations influenced by (NH,4) 2S04 deposition in a coniferous
fores[J]. Environ. Poll. ,97(1 2):1 10.

Curtin D ,Smillie G. 1995. Bfectsof incubation and phon il -
lution and exchangeable cation ratios [J]. Sail Sci. Soc. Amer.
J. ,59:1006 1011.

Danid M ,Danid DR,Lee HA. et al. 1998. DIVISION S7 —
FOREST &RANGE SOILS. Three decades of observed soil
Acidfication in the Cahoun experimenta forest : Has acid ran
made a difference [J]. Soil Sci. Soc. Amer. J. ,62: 1428
1439.

Das P,Samantaray S,Rout GR. 1997. Sudieson cadmium toxic
ity in plants:a review [J]. Environ. Poll. ,98(1) :29 36.

Erikson Erik. 1998. Modeding acidification effects on coniferous
forest wils [J]. Water Air Sail Poll. ,104:353 388.

Farina WM P ,Channon P, Thibaud G R. 2000. A comparin of
srategiesfor amdiorating subsoil acidity: .Longterm il ef-
fects [J]. Soil Sci. Soc. Amer. J. ,64:652 658.

Hirano Y ,Hijii N.1998. Hfectsof low pH and duminum on root
morphology of Japanese red cedar splings [J]. Environ. Poll. ,
101:339 347.

Hue NV, Licudine DL. 1999. Amdioration of subsoil acidity
through surface application of organic manures [J]. J. Envron.
Qual. ,28:623 632.

Huntington TG, Hooper RP ,Johnson CE, et al. 2000. Cacium
depletion in a Lutheastern United Sates forest ecosystem [J].
Soil Sci. Soc. Amer. J. ,64:1845 1858.

Jackson MJ Line MA ,Wiln S, et al . 2000. Application of cormr
posed pulp and pgper mill dudge to a young pine plantation [J].

J. Envron. Qual. ,29:407 414.

Janzen HH,Chang C. 1987. Cation nutrition of barley as influ-
enced by il slution compostion in a sdine il [J]. Can. J.

Soil Sci. ,67:619 629.

Jeffrey SK,Ivan JF ,Lindsey ER, et al.1996. Soil processes and
chemica trangort. Threshold gpplication rates of wood ash to an
acidic forest il [J].J. Environ. Qual. ,25:220 227.

Joann KW ,Chi C,George W, et al. 2000. Cattle manure amend-
ments can increase the pH of acid oils [J]. Soil Sci. Soc. Amer.

J. ,6464:962 966.

John D ,Antti-Juss L. 1998. Efects of heavy metd contamina
tion on macronutrient availability and acidification parametersin
forest il in the vicinity of the Harjavdta Cu-Ni smdter , SW

Fnland [J]. Environ. Poll. ,99:225 232.

Kanulanen P, Holopainen JK, Holopainen T. 2000. Fant and
environment interactions combined effects of ozone and nitrogen
on secondary compounds ,amino acids,and gphid performance in
Sootspine [J]. J. Environ. Qual. ,29:334 342.

Koptsk G,Mukhina |.1995. Bfectsof acid depodtion on acidity
and exchangeable cations in podzols of the kola peninsula [J].
Water Air Soil Poll. ,85:1209 1214.

Likens GE. 1989. Some agects of ar pollution on terrestrid e
cosystems and prospects for the future [J]. Ambio,18:172

178.

Maaike CCD ,Roland B , Peter JM , et al. 1997. Aluminium toxic-
ity and tolerance in three hedth land gpecies [J]. Water Air Soil
Poll. ,98:229 239.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



117

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Makarov M1, Kisdeva VV. 1995. Acidification and nutrient im-
baance inforest wils subjected to nitrogen depostion [J]. Water
Air Soil Poll. ,85:1137 1142.

Mats A ,AkeL ,LageB ,et al.1995. Monitoring of heavy metds
inprotected forest catchments in Sweden [J]. Water Air Sail
Poll. ,2:755 760.

Matzner E,Murach D. 1995. Soil changes induced by ar pollu
tant depostion and their implication for forestsin centrad Europe
[J]. water Air Soil Poll. ,1:63 76.

Michopoulos P. 1999. Lead migration in some acid forest ils
under Beech in Greece [J]. J. Envron. Qual. ,27: 1705
1708.

Mitchel MJ ,David MB , Fernandez 1J , et al. 1994. Response of
buried minerd il bags to experiments acidification of forest e
cosystem[J]. Soil Sci. Soc. Amer. J. ,58:556 563.

Nel WM ,Brandon JD. 1997. Growth and survivd of Jack pine
exposed to smulated acid rain as seedlings [J]. Soil Sci. Soc.
Amer.J. ,61:295 297.

Niklinska M ,Maryanski M ,Szarek G, et al. 1995. Chemicd in-
put/ output balance for a moderately polluted forest catchment in
uthern Poland [J]. Water Air Sail Poll. ,3:1771 1776.
Noble AD ,Fey MV ,Sumner ME. 1988. Divison S4 —Soil fer-
tility and plant nutrition. Caciumrduminum baance and the
growth of soybean rootsin nutrient olutions [J]. Soil Sci. Soc.
Amer.J. ,52:1651 1656.

Parker DK, Kinraide TB ,Zdazny L W. 1989. On the phytotoxici-
ty ofpolynucdear hydroxy- auminum complexes[J]. Soil Sci.
Soc. Amer.J. ,53:789 796.

Peter JS,Donald JL . 1997. Bfects of watershed liming on Picea
rubens seeding biomass and nutrient element concentration [J].
Water Air Soil Poll. ,95:193 204.

Fchtd J,Sawyerr HT , Krystyna C. 1997. Spatid and tempord
distribution of metasin wilsin warsaw , Poland [J]. Environ.
Poll. ,98(2) :169 174.

Fierce FJ ,Warncke DD. 2000. Soil and crop response to variable-
rate liming for two Michigan fields [J]. Soil Sci. Soc. Amer.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

J. ,64:774 780.

Raben G,Andreae ,Meyer-Heisg M. 2000. Long-term acid load
and its consequences in forest ecosystems of saxony ( Germany)
[J]. Water Air Soil Poll. ,122:93 103.

Robert KD ,Joe W. 1995. Aobd forest systems:an uncertain re-
sonse to atmogpheric pollutants and goba climate change [J] ?
Water Air Soil Poll. ,1:101 110.

Rustad L E, Fernandez 1J ,David MB , et al. 1996. Experimenta
il acidification and recovery at the Bear Brook watershed in
Maine[J]. Sail Sci. Soc. Amer. J. ,60:1933 1943.

Skrivan P,Rusek J ,Fottova D ,et d. 1995. Factors &fecting the
content of heavy metds in buk amospheric precipitation,
throughfal and stemflow in centrd bohemia,Czech republic [J].
Water Air Soil Poll. ,85:841 846.

Svein S, Kjetil T.1997. Crown condition of Norway sprucein re-
lation to sulphur and nitrogen depostion and <oil properties in
utheagt Norway [J]. Environ. Poll. ,96(1) :19 27.

Tait C,Lena QM. 2000. Heavy metds in the environment. B-
fectsof acidificationon meta mohility in a papermill-ash amended
il [J].J. Envron. Qual. ,28:760 766.

Torlef B ,Bo F. 1995. Slvicultura use of wood ashes effects on
the nutrient and heavy meta baancein apine ( Pinus sylvestris,
L.) fores 0il[J]. Water Air Sail Poll. ,2:1039 1044,
Ulrich EG,Wadter JH. 1992. Modding cation amdioration of au-
minum phytotoxicity [J]. Soil Sci. Soc. Amer. J. ,56:166
172.

Zyset M Brunner | ,Frey B, et al. 1996. Response of European
chestnut to varying cdcium/ duminum ratios [J]. Environ.
Qual. ,25:702 708.

41975 ' ,
, 10

E mail :ljxiu @scib. ac. cn

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



