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Calcuim depletion in forest ecosystem induced by acid rain: a review
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Abstract; Acid rain is a global environmental problem that has become a very serious issue in China coupled with the rapid
economic growth. The loss of nutrients in forest ecosystems, especially calcium, as shown in a lot of references done over
long-term observation and research, is one of the key factors which indicate that acid rain caused the decline of forest
ecosystems. Calcium has been markedly leached from the soils by acid rain, mostly in acidic soils such as red soils. Acid
rain has also leached calcium from the canopy of forest resulting in a decrease of the folia calcium content sometimes,
imbalance of calcium homeostasis at the cellular level, impair of physiological responses. From the ecosystem aspect, acid
rain changed the characteristics of calcium biogeochemical cycle, brought calcium to be depleted from the ecosystem in the
surface runoff, reduced the bioavailable calcium pool and increased the turnover rate. Because acid rain influenced calcium
at different levels of the ecosystem, it is important that we focus on studying the calcium depletion and responses of plants
under long-term acid rain, which can help us in the progressive prevention and treatment of acid rain and the conservation

of forest ecosystems.

Key Words: acid rain; calcium; forest ecosystem

A Dok iy LA , A 695 3h B R AU AN, 2 A A iR et i R Bobe A st A R D7 X 21284k, TE 5
B EBRTRARIZVZ o BRI — > 2 A0 S BR PR PR 5 R B, R Wt PR BR UL e , B0 43R DR A T 070

EEME : HEK A RBF A4S BRI H (30930076,30670317, 30770192) 5 JEITRFEH L AA B4 B BT H (NCETXMU07115) s KL% #
AR AT BA R SR B B B

%5 H #A:2008-12-09 ; f&1T H#A:2009-02-23

* W ifAE#H Corresponding author. E-mail ; zhenghl@ xmu. edu. cn

http ://www. ecologica. cn



1082 g & ¥ ik 30 &

R, B 20 4R 70 AEAR BRI AL 3E & BB B AR PR BRI AR B9 AR AR A ( dieback ) FI5ESE ( decline ) B4
& , MR EEB B AT REMTEZ W, K, MEREZFHPGE KR, TALIE SO, 1 NOx HEjk
[7] GDP (3K — R 2RI i, b2 >k A BR Y (Rl H 25™ 5, BR TN 78 25 & - i FH | 1985 4E /Y 18% &3 I
THZE 1993 4E 9 30% , T E E BN AL 2 JF B0 3 KIRFTIX ' . B4R 1998 4F [ S0 “ Wi X7 B
e , BRI 55 [ 1 W ARAE 2000 2 2007 4F A 4ERFLE 32. 6% —38. 4% 2 [8] , {EERTR FAF B RO i 4F 1712

XTERT L 5 BRI B PRI M, BRTANERI X B A S R G EEA LT L
A R SRR FRAOR R E R TE TR i A B R TR R R R R E R E LY R
SEIMEDS RAEZRNEZRHEPME S8 FE A7 X TR, Aifidr 4, N LR =R
SRR AP R 3240 SO SR AT S IEE S K E K IR O N IR R BN AES RAE
FEWR FERR Ca PR REPHEERRZ Y, H b RTHNES RS, BBt AT s B
oA 25 RS AMF LRI E B RS Ca Wisk , HEMT WA S RGPS A7

ASCFEELLR TR LB Y ABENFMHESRGEF Ca WIARMR, it T BRW - F3 Ca KM i
B R, FHE TR EE X TR A S RGKF Ca shAMF BB,

1 BRI Ca B0
1.1 i Ca WFFEIR S

PMAESRGH Ca B 4 FIEE, BIEVUEF I Ca 72 Ca 2 Ca FI/KEEME Ca, AHLH A Ca
FEFAETHHEDES ;7Y Ca i4 Ca & 40%—90% , 2 F B Ca JEE M FEE Ca SkIE, E 1 KL FH DA
Ca’* FEASFE AW ;35 Ca 4 Ca B9 20% —30% , 2 H3fEh 3 S B i 1A, XA Rtede ;s Tk bk Ca
WHEAETE T 13 P Ca'™ . BB REH K Ca JEFME LI SHYIAIK Ca FEAER— S P4
1.2 FRWIX 48 Ca BT

AT KVE R G R 2 — Rtk i BR AL, I B T4 B 2 Ca®" Wi sk, HE s A A + i B 1
B, FRW PR H' 5 e A T W B A 6 3 B T AT S 4 S 7 T R 7 b 3 T, S T ke i 2k
HE TRk , 13 Ca® Mg’ $h3E B 71 K \Na* X BRFT R 8UR " . 0 B e BRI 1
AT TR T BA G Btk , 76 138 pH TR 4 28T, TER Ca®" fl Mg®* S0tk FH B T &2 ¥ 2% vh 1k
FH, T2 pH F2 4 Zo 7R, Ca® " il Mg® " S FHES Tt B A AEFA R, IR A R UGB IR ST IR 5
R,

WAL E B F R IE 5 LSRRI RBY), R UTRUATE SR L 2 o e DR 98, U 2 SR ER S 1)
T4 T K S TR R A A ST B 38, N2 Kb SF R A G R IR 55, BRI N
Ca k="', PEKRHE ZERIERKIIE, ZHBX KL R HER T, XTI SR
HoRSRLH ) LA B A A S 3 (BT B B AT AR/, B Ca B — /N T 0.5% , BHES FAc i B (k™ , B
XX PRI Z b RS , MR R W E AR, 55 T30 Ca MBkR . ARIIBRFUMIS LRI, 7E4T 4%
b+ R R P B TR B RN . Ca®t > Mgt >KT > Na Y
1.3 EPNINTERT T2 Ca Wik B HAEF SR UL

S AV 1 < BA E S7 WRI IR SE R TR R BUR R L3 P Ca R E TR . ZERRMIRER AR KA, BT+
HOIRAL L, ZZ b B 122, A 20 4D 70 AR E 90 4E4R 3 AN HbIX AT 354k Ca [FIBT 2 I AR HTA, B
SRR RIE L o ZEINE R %KM Plastic WIHLX , 3P i AT sS4 Ca o BE 40% B T, S51it
[ b F AR F P Ca th FRET 20% 245! . Ti7E3EE Hubbard Brook Experimental Forest( HBEF ) SLill 3 FF J&
fK 3% 50a LI AP, & B 4 38R B AT R Ca i IR 73 50% 15

TN, FEH E BRI ARG 5 b DX, 10 W B R 150 B R R S BR AN Ca BITRR . ShiBIIL B AR
PRIIX R 1955 AF3R E i RS I B AR IX, S 7E 1978 4 5L H R Be 5 1L ZR AR A 28 R Go s A0 WA
WFFE 07 s YOk R B, EL st Tl %% 5K BBRYT = F O X 38, BRTR /6 5 /@ 2, 50 4E i) +4% pH FRE T 0.3—0.5 4
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B, PSS Ca RS T, G B ULR A 20 HH42 50 4R 60% 24" . THBRTRE &0 T i
20a A1l TR AL E , I\ 1983 4512001 4R AL BT I 6 BASSHe bk Eh 32 85 TR A BB, UL Lk |38
R HARIME - RZ P RCHAERE B T T T 5.96 cmol kg ™', FFEIREEIA 58.36% ' J 1L X th B i
3% pH TR, AT3cHedk Ca Mg R IFEFAR ,35a [AI FFE T 30% —60% ',

AR L, AT A Ca FEFO T MRS SBUEYIAN Ca S EMZSL, K ZMH], Xt NI HIREE T 5
— AN TBE . 1R Sl 3 55 50 B X, RS 3 T R AR 48 Tt R 5 S R 1l L3 Ca B
Ak, FEZ BRI ) b X, AU KRB 5 T F SR IE S R AT, Fih Ca NS BBSHEZT
R0 Bah, il THE(S) I Ca 7E AR AW A B, ENTRUB L 48 , 2 PR R 3R AL 2417 o A,
AHXF Ca M F , FEAEMRP St AUE XIS 3 B HAS R RE S WE R, BT Sr Mg R E R
B Ca WBhZS Y o XTI AL SE AN HLIX B R R FR B AE S TS0 45 SR B, S 648 7 3976 1880—1920
i 6] B A7 B S H9 St [RIA AR Ak, X UL A 7ZE 2 BRER TR /5 A 90399, KB SO, M NO; BEA H3E, 2RI
AT L3P Ca BIHIBRAL2AAT 0, NTTRZMA T HEAXS Ca Ml >’ .

2 BExiEwh Ca M
2.1 YRR Ca WIFEFEES

Ca TEAEYIH &R ETERNO. 1% X 5.0% , BRI RG & H 1S, fER T A8 EEEE B 58 T
AR & B BARY  TERIIRIN , 4 KER A Ca USRS & 75 RO A Bl THLAS 3L (B mAS h 1) 77
7E T4 UBE B P AR P Ca TESEHRSE RS THE, BFE Ca®" —f#{ 200 nmol -L ™11

TEAAEHIYIF , Ca WHIMR RWIUG HEA SR SE , FEE AR mEIM H &8 E. HTEEREM
I F 20 B B B o B SRR S KB S5 A Ca, NTIER IR INTE IR T — MR T2, Ca M 755 B B0 e JEE 16
B AT Ca A% K Mg SHAWE SRR, BAEMYIKNA S B3h, 7E3 3 s Ca WA e T
FEAMBC ) B B I SR AN Ca ITESR . R LBRTEXTHEIRVES , B Se e U R BLEER " o
2.2 FREXTHEYIM B Ca B E BN

HARMTE RSB A ERTENME, SEFHRESREBEHRBIAN—NEBHRHBH . W
Fairfax il Lepp ™ £t 5 % BUBR T AN T MHEEH - BHES T (RR B2 Ca° ) Bk Ak o T R AS [ R BE P 400 AR T
(%) 4b38 B A ¥ (Abies firma) ') FILL 7% (Picea rubens) '™ By S2 6 pth, % B, Ca® A0 TR T A 242 v i 25
BRAHMAET, BATHESERT P H* A NO, WX, HEBRT pH A iR 038 hn , A5 49 K I8 %
BHXMER,

TEXTEF AR 2 5735 7K ( throughfall ) FIR 255 (stemflow ) FIBFSEHF , & BB Y T2 M Hrp K& B
BTOM v Sk T BB 000 X 1 ik JE 1B & AR (IR B Y8 A2, Abies fabri ) F0 R AR (42 TH AL BY,
Rhododendron faberi) 5 /2% BRTR R BL A ZE R, B2 F BK B ERBRNIHE T, B/n H BTN A H
HCa®" Mg " il K" S5 38 F ROk, B Ca®* il Mg™ " FHES T AT Hh 2 B e T PR BE S P T8 A Zemg 251"
TEHP Ly 4 X 8 [ B X L5 ) S PR R IR SR BEAT T —4E IO IR 9T , B SR R I Z R T R, 78
JEWRE BB T Ca® 1R EE AL (50% —80% ) , TARE B K 58 Mg’ , HEAZ R B B 1
WV, Sk BAEY I AU Ca® (5 RSB K 87% o
2.3 FRWXS AN R FRARISRY AR I R el

PR H' W B ARG & R 4 TR KL, X 5 78 R 2K 5 g pk0m 2 0 BR TR B9 % WA A 5 o
5RUIREA L, AR EK H YRR, pH [EF &, TAH AR SR B K HY WREEAIRG I, pH (EFEA%, KA T
WL PP S ot R T B9 8 Wb VR P, I MR 2 iR BRI BR 16 ™) o Cronan il Reiners"™ ! X 37 A% 22 v 30 5 ¥ 4K
EF - AZ R IR 7 W AR EL SIS R B, ZE BRI VR R, M A wb Ca? " S5 3 Tl K BN , EL R Ak
PRIV B K T bR, BT H 0 Ca® " R T X BRI 28 0P Y, 53X — 25 3R S0k 8 LL R o 0 24

S R G E B BRI RIA R BB ME R A E AR, RSP E AT T R E RN, 15
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2 [E Hubbard Brook Experimental Forest( HBEF ) iR v , 2815 X AS [F] 8 B i) Zf ki 2 2 i3 K AL T2 K
WRFFR R, BB K 65%—89% ) Ca’* Sk H F a2 M H I , 4% B SCHh AR JZ M A Ca & & 618
mol -hm [, TEJZ4EY Ca IR 5 A4 Ca 1 13% , HEBARIFIR A AR 2 15 i Ca® " Ho i i3k 0
Ehmpker 2t FEXHL AR AR B T B R AR AR ST R B, O B A M A Ca 9 4% —13% YT
P35 E 44 TG M B9 M I B ) K B, A T A B Ca TR, A R 28 B R AR 2 R B Ca®t b
12%—20% ",

A HFFE ) WL B A bR B R TR AR, U07E S AR A LU X Z5 R A ( Pinus massoniana ) PRI Ty 15 AH
B (Acacia mangium) B AF ( Schima superba) PREIMR B KB SR , £ bk P K EL RE BRI K B 7 4R 72
BERh B BRI AT RGR AR R E WM ) Ca " Mg® " /b BT A FT RE 2 T8 1Lt K IR
18, FURERBOR, T D RAR I I S B 5 B RS Y e ) A
2.4 BWIBHEDH R L Ca FEEML

BPAMATG R, BRT G ™ E A X SAHXEE X AR L, B T IR AR Ca R Z, BAEYIE
B3 RJEXT Ca TR EF, H s A B S . TEE MARM IR R 2RI F 5 Ca A8 T, Qi
W IAE 2 F R M & TR X 4T Ca S B RAIEH Ca HEI68% 4 o Liu 277 %t £ H #5245
HIPI B (Acer saccharum ) R BTt R B, 7618 2 BR TR /& ™ B M IX B i ep ) Ca 1 Mg il T
X BRIX, FFIA R ] B2 A CO, [RIALBE ) FREME R Z—

(B 7EA S0 Py SE I B R T P, (R A P Ca ST EFA B TR X AT BB i T8
HHRWALET , BAMEYH R Ca RIS IR, (B et T HRERXS Ca WRIKFIERS , 76 T AT F|H Ca A
BEZRIELT MR Ca WTFRIFARRE
2.5 FRWSBHEYM R K Ca R

BIRBRTI A —E & BAEY M R Ca &2 0T R, (RS AL Ca F3h 25T 518 U™ E 1%
W MAmEZH A ERWAHET, BT AP E Ca FBRAHEZER, (B4IE KL 4 1 Ca( membrane-
associated calcium,mCa) & &8 B T W&, [, AT MBI S FLiEshna i B B E . BRNEE L&, W1k
AT M R Ca H 5 18 Ca H1#) 10% —20% , {H 1 T R A ) Ca K252 DAREVE 19 SR I 55 A B PR A5
ST SAFTE T A0 MUBE | T vkt 9 Ca DUV Tt -4 BR AMA ), a4t Ca i FERTRZNA =4 mmol -
L7 Rk AR AR AT BB S BRI Ca (55 2R 4, Y0 3h 40 Mo 1E % A A B0 R . 78 S AR FAE & ISR A2
(Abies balsamea) \JINEE K842 ( Tsuga canadensis) F1ZE [E [ ¥ ( Pinus strobus ) H 1 & PR L ER T AL B J5 O JS 8L
B4 ,mCa & BT M [k Bt 2 20 M A e v S LR BB D I TR o X B R T S 3040 Ca S A
T2 T PSR TR M SRR

FRTH- 2 Ca MR A —MERZ TIEP A Ca WEZ . 7ERI AR Ca BT IR R IURR T S0
Wik Ca SRBESCIRIT , 21 A2 it Bl mCa & B A9 M, T2 0 T A i 3 AR o 7E BFAMK 300
LI PRI, AR BN = A28 1o B Ca TRE PR E EF, 8 & T80 A B mCa K FIPTZRBE
JIRIRRAR . IR R IRAR LU B BRTR P S BUN LR AT A Ca BEZ SRR E M 1, S8 8
YA Ca P HIREIR
3 BWXHRMHESRSE S Ca i
3.1 FMEBRGH Ca AW HbERIL 2B

Ca HJAE Y BRI AR E S TTRE R L IR R AR Tk ) AE W) B B R s R T 0 43 1
FHEANHPRER. BETX Ca KEFRRWEHF BRI, Y B Ca FREPEFAZ KT
JZHPIH I Ca B —MBAE 2% —5% ", At Ca ZEM A H BT R FIAHC b, 76 61 MR I K R B 4
KER . M, Ca FERBAEN T, GRS B B8 K 45% 24,5t ERERERE
BIARE 20% 5 TZE R M AR, Ca I B AAE B R B AR 8, Bl 30% K Ca 727 FAEHIM Fr it 9,
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B anTE S L, 2R ESTAE - S I PR (40 4R4F) BT8R T BALREVE (66 4FA4:) 1y 11.7 %, T 400 44
JREAEL Ca B FEIRF] T 2648 kg-hm > (KL ARAE HL AT AR, EAEHIRS Ca (ML ICRIIA 5 38 5
1A

HHEINBR TS BN B A S R G RGP 2 07 R HI AL R S, T ZORHEY) 5 AR K ST B ST
254 JFRKIIE I . TIERX - KREESRGEESFEIRTR AL T 20 LK A20F
R R, lin3E Hubbard Brook Experimental Forest( HBEF) iXHuli, B 20 th42 60 (0T ih , R K X
R IR T A YR F R S5 5 T A KA S RS FBE IV TS REH Ca YR
BRI R BN R Z —, Likens 5 WA T 1962 % 1993 4F, £ B RS+ Ca KA Jiith Al
PN IR A IR R AR AL, A X SRR T R A S R G Ca P4, R BUAEBRTUXT Ca A= W)3BR b2
TEEF IR ZHRTT A TR, FZRI X Ca R B AR # R M
3.2 BRWRW T ARMES RS Ca WATFHEL

BABMESRES Y AFA Ca FEAHE LIEH AT ZHE Ca MLERHEEZEINDESH
Cao TEAWIHIERAL-AAEER A2 R o, R 0 TR S A R 1 3984 ) 85 St Ay JX P AR R T R U T 78
St 75T, U R BRI S Ca E AMBSRIBTR M TSR , LA AR R € E AR BF H Y Cao BRI AT
Ca FE A RMLE T R AR R N AT Ca & BRI RCE = JIRERA + 13X - STk - Y
[ €

& HBEF X303 % 50a I E LB 5 B T LUK B, 3t K M AR AE S R 48 Ca I A BT R 3X
R T RS 22 E( A R) WS, KSERYTMEF ) SO; Al NO; B/, H 5 LR Ca " YIREHIA
TR T R A SR A e

T AR 77 T, M RAR WP Ca WU 48 TR R B BRI, R W+ Ca & B SIRUTFEH™
FEARE R MR, 1E 1970 4R 74 th B Ve, J5 3 AR BEPR TR /6% MOIFH%6 T R I BRI 4R Ze 4 W
J&i T R Ca WA RGPk, BAMEMIIKEE R Ca B 20 42 80 ERFFIAZAE TR X
S R N TERR TR R B30 , T R R AR AR R P B 7 I R B Y, bk — R I AR R AR A, AN aed i 30 )
RS

XS B R B, HBEF il SRR RGP AT AU Ca i B E MR T, BRI EH AR
B, NI SBAES RGPS FHET 715% P 1 Bailey 2 I F Na 76453577 s 9 R 3F R (4%
W18 Ca:Na fE g Ca ZEAEB REHIER MR ERES , KO WG H TREIEER
3.3 BRWRW T ARMES RS Ca FHE KL

Ca B A=W ER AL 223 P 3 SR R ZEIATT R LR I XYW IRE . )2 Ca FIK ¥ C 1E R H AN
PAigid, 75 HBEF X % v R B 58 2 A 1) Ca SR I8 B UIAR K, 29 S AE Y B U8 Ca B 10%—
20% ", FRAIRFE YR AFEY) Ca BAE HBEF B0 I8 R B B AL o AR5 38 B 5 80 Lt O F
FER I, I 20a g WG H SRR AP ERE YR SRR TR . Bl THE%E LRk, Hihi
HE TR PERIR T, EL Ca (TR 2R BUM A DR B G M8 A7, 0 40 T R Rk B RO BB ol /> , I PR L T 1 L 3R
T TR T VR P 0 5% K TRRFT R T URTE W AR R R I Z M o Bk, BRIAE YT Ca
EEBA KRN REEE, BEHOHEAS RGP HEY REY HIE R Ca BHIE R TR

BEE YY) Ca V385 4T R T ) 70 TR, AT 32K Ca TEAES R AR AR . FHEERT
RS REMPIITINN Ca ZEESREH T FHI N 5. 92", {0 HBEF R 3k e 85, K
BRFIIEF T Ca 3y AR M C 4058 0 3a 247" o TR Ca JE AT FR R0 R 26 5 ) £ 40 0 R DR 38 AR AR A
S ARGUN BR T S AAEURR , A YR BEDRE R T X R Ca B4 o
4 RE

fE25 [ HBEF KB uf KT T R, R B R 3 T BT RS Ca Wik . ZEENMBIR S,
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IR T ARA AR B IR AT A Ca & BT RS HR DG MK R AT R R
BEFEAR A NI, R AE TR U1 RJE 1L 45 R TR U L HfE E - E A X, AR GE AR R IR fa 3 H
it 7 B 9 PR R AR AR X, R A A URIEE il B TR BT 5 | ) AR b A 3B B AR A

17 LR S& B X0 BR T BEAT R I A A (58 2T SR AR IR B AR v M R M MRS AR AR S R L, T
P 77 32 BT A6 35 b DX R 25 Sy YA S ] PR R P AR R A RS, LU B 7 SRR3R AR T
A BRBOAR, RN REFRRESRENEERREERFE PP M IR E BRI U
A B E SR S S E BUE, X B AR A S R R RBERE A SR E F A BRI A BEAMEXS
PR TR & 3 FA) U H , G i 49 M 0 0 Ao S M B SR P AR S R G R A B ES 5 08, BI WIsR A St [
PIRAE B 5 Ca:Nal ANy Ca HIRERME S, HBFIE LS SARX 5 550 1k T & BE R

TR E 257 & R BT Z PR, BRI R R A0 AR SERR LRI . IRABT ST Y X BRI ST O BLEE,
FHAFEEA RIFAR A SRS TR TS RO AR EE R O R A, 5% 20
140 80 AU AR I BRTE UL B A T R B A AR , i LM B R B BTt 22 5 B AR 5 X Bk Ca AN
BIA K, ARFRADI.
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