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ME: FERLAATEARFRILT 104 30 mx30 m IR, Xt 1 EFZ I EHNRABBRE. EREREER
BHE SHEFTEHRURMEZEN H M NH ORARRIT TR, HUOSRKEITMER S P L Ca B E,
Mg, K SEREK. HEEEEEFREHEYF Ca» 85, X% 155.34 mmol m? a', Mg* B 1K, 24 30.74 mmol m? a', K*
FEh, 4 84.13 mmol m?a’s  Ca® IKXERYE R Y e RAN i 2R MK BRAE ) EEA R, [R5 B R T X 88 LL R 4K E)
BEAE, HELRBEHBRFIHLLENFNELRE: H(584%)> F(54.1%)> £(51.4%)> K(32.5%). SEH THEHELL
ZF B >HKKRER, BRWEZEFHHEA NH, W ETE 30-100 mmol m?, Tixt H* HHEA R NI7E 30-180 mmol m?,
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Leaching of Base Cations (Ca*, Mg%, K*)
from Forest Canopy during Acid Rain
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2. Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: Ten plots were used to study the interception deposition, total canopy leaching, base cations from
canopy leaching, and the H" and NH," uptake by the canopy in subtropical coniferous-broadleaved mixed forest in
Shaoshan, Hunan Province, from January 2001 to June 2002. The predominant elements in wet deposition in the
forest were Ca’", Mg? and K*. Ca* from canopy leaching was high, amounting to 155.34 mmol m?a", followed by
K" (84.13 mmol m?a') and Mg* (30.74 mmol m?a"). Large amount of Ca* leaching indicated that it was the main
acidity buffering agent from canopy leaching, suggesting the poteﬁtial harmfulness of acid rain to the forest.
Seasonal changes in the amount of ‘base cations from canopy leaching were in the order of winter > spring >
summer > autumn, but the proportion of total leaching were summer (58.4%) > spring (54.1%) > winter (51.4%) >
autumn (32.5%). Seasonal uptake of NH," by the canopy in the year observed varied from 30 to 100 mmol m?, and
that of H* from 30 to 180 mmol m?,
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1 BFFTHREL

WSO ER L AL TR 2 P &8, K& 1120017, 1k
2 27°87', B T Wl MK, RS, AR
292.3 m, - FHMEFTE 1 200-1 700 mm; ¥k P # 7f
ZH, mARFFARR M EEH K KR(Cunninghamia
lanceolata). % & ¥& (Pinus massoniana). & &
(Cinnamomum camphora)- 1 (Vernicia fordii)« H17T
(Phyllostachys pubescens); {RBMEAREET LA
1t (Camellia japonica). M %% (C. oleifera). 3% 1 th
(Nerium indicum) L & %7 B 5§ (Euonymus japonicus)
%, HhLER SR A E, A5 3 HWE SHR
(4 55%, TREL) 5 25%, HUREBAT . IXLEER MR
e E R ENE AN EENEE MM,
B4 % K 7¢ A 7 2 (Canopy) FUE & (I ¥ A d 2
(Sub-canopy) & F AN 2 S5 44, R M PR K LTI
M AT RIS RSN LRE.
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2001 £E 1 H-2002 % 6 HEE LA RH B
M 85T 10 A 30 mx30 m BIWF SRR Jr, FHRERRE
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g A X R KR pH (8, K\ Mg**.Ca*.Na*.
SO \NO, Y& BE#ATMEMI. &BET
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HAHB R R FIPIRRE ., HE T8 Tt
8 (3L ID 33 B JUF% interception deposition; PD
9 B K PTUB#% precipitation deposition; TF 4 %F i 7K
throughfall; CL & 7 JZ ¥ ) canopy leaching; SF 24
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D, _ ID b Ca2 T Mo B8 K 3 LZEHEA
Cpp) = = % Ca* Mg WK (1) L RS
=12 ) xPD, @ 31 ASTBESHEEEH
FD A% UTRE(ID) R B 1R B MR 2 K T Ui 8
ID\=TF\~PDy, 3)

ID, & Ca* . Mg* K 5 ) Ji i) T UT B 38 7
M E I RS2 FEKP & FIRER
ZHBUIREERNBEKTER, 8.

CL=TF~ID,-PD, ' )

HFMEEE KR P ERE FRSMAm
53U B155 BR Y T — [RIHT L. (R ik, B B S A
H* f1 NH," HIE 5 THE 2 38 ) Ca* Mg K+ &
B gl 5 BE e E o W 1) 55 BR A =) — R IR
H ) Ca* Mg K IE . T E R 2 2k 1 35 BB
BFRIE, XA van der Mass Fi1 Papel 2 H{ 1 -1 A
“F (Excretion factor, EF)# (30 ID 4 T Ui f, X F
PHEF VSSRGS , A4 ID=PD";wa A 55 weak
acid; cat } P2 F cations; an A FH 25 F anions):

EF=CL, /(CLep+CLyg+CLy:) (5)
Hrp. cL.=TF +SF.-PD.-DD,, (6)
TF,=TF ~TF,;SF,=SF,,~SF,;

PD..=PD.,~PD,, (7)

HEES H M NH, 8 A& T
2 FREEH:

CLy=~(CLogAClygtCLe)x (1-EF) (8)

RWATH AR L —Fb R 47
7w, T EREFEDNS, JLPA K&
THX AR S FPEEAH, IEEFRA®E TR
TR RPN,

LR ZERHR P LI, H 5EEEME FRR
o F R NH, [ 6 509, Kk, i E §) H 1 NH,
HIRAEST AN
CUw=CLyJ(1+(1/[6% (TFg/ TFygeo+BPue/ BPgi)/21)) (9)

CUne=CLy~CUss (10)
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5y. WP 1 Fiw, Ca? BB UTTREE WAL FAK,
7£ 50 mmol m? £ 47, E Z & E1A 2] 52.75 mmol m?,
KR EFAK K 45.5 mmol m?; Mg BB UM ERT 3 A
EWHIFE 75 mmol m? A, £ FEN T FE
4.17 mmol m?; K* MIZ WHEVIFEHENEEE
W, % H > X ->F KRB . 8L SRR B R T
BERTLL Cat k3, M2 K B, KA Bk b Ca?
KRR RGE ). WK E AT R AR S5t
R, Ca 5 SOF HIAHRFEE R B (=0.92), fi H*
5 SO Fl NO; HIFH KX B 1RK; NOy 5 Ca® AR
FRERE(=0.80)s LEFHMHE Ca” YR
BEKH Car L —, RAFBKSHEFETSTR L
BB T R, EARKELSRS. Bl
KT KRAREKSE Ca> KRIER 3 Mtk 1L.&F
CaCO, BB R LT TR P KRB
FERWKF S H80, 3 HNO, RAERN; 2.5F
CaO HIBR HRYE TR KIDURP B KA B
PR AKF 5 H,S80, 8 HNO; KA R N 3.8 F
CaSO, KT ¥ 51, 40 & 1 8B M4 L8 /KW fg, vl
LR SO A1 Ca”,

B = S B TR N B AU At AR MR 4%
LA RS RGOR LRI, 1T BEEL T AR
R ARG, B 12 ATLUEH, 3hE
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HFoRE -GN Co K EZiEE BNEEHE
FIBRRERRAL, T — B —FKE, £ ZN 85 0; Mg (5
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XEFENBRRGMBEAE K REHESKLS
Mg FA, (B LA ZE B, 1A 2 90.49 mmol m2, & &
T RE. EEHEEFIRHERKKE Ca, FHMEN
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Fig. 1 Amounts of base cations (Ca*, Mg* and K*) from interception deposition (ID) and canopy leaching (CL) in different seasons
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F1BUEKREFEVEH LY .pH . B FXE (mmol/L)
Table 1 Rain times, pH value and concentration of ions (mmoV/L) in Shaoshan forest
EE BP 15(9) 4.75 60 32.57 18.92 13.55 12.18 215.63
Spring TF - 5.96 40 237.50 49.36 79.80 11.30 311.53
k3 BP 24(14) 4.35 63 85.00 37.02 7.42 15.65 66.52
Summer TF - 6.59 30 166.00 65.82 80.82 12.17 190.13
®ZF BP 12(9) 5.51 75 25.25 14.81 5.62 7.00 3049
Autumn TF - 6.18 35 1255 62.53 122.76 14.78 17350
2% BP 16(12) 430 80 22.5 8.23 12.79 13.04 105.32
Winter TF - 4.32 56 177.50 106.95 150.90 25.65 133.04

BP: KM /K Bulk precipitation; TF: %7K Throughfall.

155.34 mmol m? a'; Mg* /)N, A 30.74 mmol m?a’;
K* JEH, 4 84.13 mmol m?2 at., Ca? 5 K i JR R 7] #8
3401 BREETTHE Ca WRXHRMA AN Ca>
BEiEAEAEmA SR 2. Ca REY 4 EE
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Fig. 2 Seasonal changes in total amount of
base cations from canopy leaching
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wE 3 iR, REEFEHENSZTTRNALL
Z->K->F->RHRIRFRIKRER, 5554 271.60,
260.50, 189.30, 150.70 mmol m?; £ S H B AT &
H A R (58.4%) > F(54.3%) > & (51.4%) > &K
(32.5%). HEBEFEBERENE . ERENIGTZ
P W14 B B SE 2R ZEY, R R 5 2 R -5t
6 9 ) BB L 0, SLA 2R 5 A G T i A0, iDL R
WA & RRB, WK pH HZE 4.5 LRt

R E B, 1 pH KT 5.0 AT KA A 1E
FHWABES, ARk ESHPEK pH EH 5.51,
XT e S AR i M A R 99, X 5 L3 =
SRMEE. MAZEHEERTFEHRESREHRER
BIBKHIRETTRER: 1. £ ARSEKBENE
F H AR (pH=4.30), F R EMMBEIER 2 REF
REAM AL TEEGIEHIN, 82 TEKNE
BB R KR B AR, B3 1L ZR Ak R H M 2 B
THSH SRS HBRE NN E RN R
SREVMIEVER . TR E B ES 6
MM EAEE, B AKBREHN/KS RN RKEENE
BT B P YR, X R R T T R R —
PR E,

400 r oc.

]

Sprmg Autumn Winter
B3 BaAER E\ﬁtﬂi SEEE:3:8 Tl 08

Fig. 3 Total amount of canopy leaching and the amount of
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A KRR A B R NH, DM E SRR
FE, TR SR A A S K R e - S
FET. MEH PIBARHE DT NH BAE £
EH H BARNEERS, 1239533 mmolm?. #K
Z ' AR/ RERE A KK pH HE &
WEERAAK, MAZRKENH BAWRELXS
BHEESETHREHBHRAIBAFEX. NE&F
¥ & ,NH, {1& A\ 27 30-100 mmol m? 2 [&],
H* FIARALIE BE B K, 47 30-180 mmol m2, #id % iE
KPR T, AF 81%HT Ca.49%H] Mg*'.
76%H) K #f H* B ik, BIXREAKBErIEAETE
MIEA . 18 76%H) K* 0l f8H — &4 2B et E X
YRR R A

EAEKZET, &FH NH, BIRKITREBH MR
TS SUTREEIM [ H) NOs 4 B A A5 F B it &
e . EEAMRKMKDH B SHHREH S
RAEB ARSI R T W E AR E =R
g5, LB G T R K BT B T 7K 38 fi B 1) S5 1K
%, 2 EMAEZHT/KARERK, SH SR H
F B Ak B R) 0, 2 BRI K b e B B TR
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Fig. 4 The amounts of base cations from canopy leaching
and the amount of H* and NH,* uptake in canopy
CL,: /2 thE & 78 B Base cations from canopy leaching;
CU-H: ® & 2RI H™ )& H* uptake in canopy; CU-NH,: 4 & 2R
I NH," {9 8 NH," uptake in canopy
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Table 2 Comparison of canopy leaching among forests

in Shaoshan and other regions of the world

F355MK B Annual 22

2+

rainfall (mm) Mg K
#8 iIShaoshan 1500 115.34 30.74 84.13
Finland"? 502 8 45 16.5

Spain ' 1223.6 31 21.7 27.7
Canada™”) 1008 44 1.0 11
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