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SE WFTE T I A PRI I R 0 ARRAIE . SRR RO 22 W BT 3 X AR R 22 P %, pH 2 7.0, TDS {60 19
mg/ L, 1EFIREMRFERD 70 BCd B2 0, pH 5 TDS 23BN Je b fin TH i O R 3, e (IR AEHR i BUAER 423 v, 20 1)
95,315 mg/Lo 1l pH AT TDS 9 d5 8 i 73530 H A R R R 2K o T 7 P ™ B SO5 ™ daemi fE % H BRAE
AR T, A B 8 - o B U FE A i K e v, HLHGH NOy 8RR R, dre sy I (AR 22 100. 4 £, @@ R,
Na* Zn®* B¢ Mn JCZ 5 (EA4 1 AR AR b AT 3R Mk BE U AE A B /K i fie s o T IR L P31 3L TR
R (14 Ca®* (Cu®* ) b, KARETIFR M AR 95. 414 ke/hm® | T 53 A2 J5 ,F~ .C1- \NO; .Ca®* Fe JG
R Cu?* i B A R R AR, AT R AT B, AR AT R SR 70 SR 93. 557 kg/hm? . AR ZE 1 A
YIZ)E Bk Na* S BN M FRARSN , AT R & 2 T, 3700 S AT T 72. 149 kg/hm® 5 KSR FT
AR H Rtz K A ISE I T 70. 296 kg/hm® , Horpr €17 (Na ™ Fl Cu®* & BT RARERT, oAb T 2 WA A e 2
JESEIN . SR I i MR A MR A+ TR 20 DA 165. 711 kg/hm , For TR 74 A B9 37. 823 kg/
hm® | 48T R i A A 127. 888 kg/hm’,
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LIU Xi; MAN Xiu-ling; TTIAN Ye-hong. Hydro-chemical and nutrient importing characteristics of
precipitation in secondary Betula platyphylla forests in northern Great Xing’  an Mountains,
northeastern China. Journal of Beijing Forestry University(2015)37(8) 83-89[ Ch, 22 ref. ]School of
Forestry, Northeast Forestry University, Harbin, Heilongjiang, 150040, P. R. China.

We observed and sampled the precipitation, throughfall, stem flow and litter water in secondary
Betula platyphylla forests in northern Great Xing’ an Mountains and measured their hydro-chemical
properties, in order to study the nutrient importing characteristics of precipitation. The results showed
that; the precipitation in Mohe area was neutral with pH value of 7. 0 and TDS of 19 mg/L.. The pH and
TDS showed a tendency of increasing first and then declining, with the minimum values of pH and TDS
both in the stem flow, 5.3 and 15 mg/L, respectively, while the maximum value of pH was in the rainfall
and that of TDS in litter water. The highest concentrations of F~ and SO;~ were found in the stem flow,
and those of other anions in the litter water. Among the anions, the concentration of NO; had the greatest
variation, with the maximum 101.4 times as high as the minimum. As for the metallic elements, the

** and Mn occurred in the stem flow, and those of the others in the

highest concentrations of Na®, Zn
litter water, while the lowest concentrations of them were almost all in rainfall (except for Ca** and

u’"). The overall nutrient input of precipitation was 95. 414 kg/ha. After the rain falls through forest
canopy, the concentrations of F~, Cl~, NO; , Ca’*, Fe and Cu** decreased to different degrees

whereas the others increased, and the total nutrient content of throughfall was reduced to 93. 557 kg/ha.
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After passing through the litter layer, except for Na® , the contents of other elements increased to varying

degrees, and the total amount of nutrient input was increased by 72. 149 kg/ha. Compared with the

rainfall input, litter water input was increased by 70. 296 kg/ha, in which C1~, Na* and Cu®* contents

were lower than those in the rainfall, while other elements had increased to different degrees. Eventually

the total amount of nutrient input that the rainfall brought to the soil after passing through the secondary

forests was 165. 711 kg/ha, the amount of anions input was 37. 823 kg/ha, and the metallic element

input was 127. 888 kg/ha.
Key words
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AR AR, FKE S RS RS,
TE R RN B A 2 43 BC A o F v, AR 2 U RV A K
A TARKHYALAL X R AR B T A S R G AR 0
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M S A [P P A O A PR TR K Al 27 R IE 22 57 I
B AT B AR AR R 23 i A v 97 i A\ R
PEATIRAMISE IRl Hy T4 DX 22 5 BIFE 48 Rt ml g
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northern Great Xing’ an Mountains; Betula platyphylla secondary forest; rainfall

1 A58 R

ARFFET 2013 4 5 H 2 9 AAER 4RI ALE
R VLB AR 28 R G0 8 A58 0 64T, M 3 AR
B35k 122°06" ~122°27'E 53°17' ~53°30'N,, iZHh[X
i FE TR AT PP 2 A, BT B S A L i S f oy
RO AFBRKIER, AR RH, £ R
~4.9 °C AFFHFKE 431, 2 mm, HZHE P T 7—
8 Ay, A4E P JCR I 89 d, WIFETE 9 HHI, %4
FEIES AN, DO B R RIOW K il FE i i £ i
MR, FETARMIIA 24275 HA (Larix gmelinii) | F
ME HBEF ¥ ( Pinus sylvestris var. mongolica) . 111 1%
( Populus davidiana) %5 , 3B E AR P AT 244 kY
( Rhododendron dauricum) Kt7F ( Ledum palustre) | #8
G ( Vaccinium vitis-idaea ) %5, 38 DIEZ G5 AR+
o, TR A A R RE R L IR R TR)Z
1t

2 HER &

2.1 FEMIEER RKHERE

PR VT FRAMAE 28 2R G0 S WAt MR A=
AR A 1T 2009 4F 1%, AEHL TR 100 m x 100
m, MRS 9 [ 1 1, FIHEEI MR 11,75
em , IR 13, 41 m, FHI RN 1. 44 m, FRHR
PRER 0.9, B R P43 O R o0 A4 25 5 4 44 JIEUR
AT R HESE T E, FEFEREHL 150 m TR0 Hb i E
W3 A, SERTOI AR [RIR 5 — A i )
BN 20 em [ PVC [N A AUCEE KA RER . 7E
FEHB I BEALAT 13 3 K EFLN 20 em x 100 em fY
AR A FLPE B M I = 1. 3 m, IR IFEY 5o
£ BAR— R H T O, M W H e, e R
RETR A S T 2, MR L AR AR B o A i 2R
[ ARAREAR 4 B, 1 2 %85 BE AN 325 7K U TR AR P B
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BAE AR — AT KN R SRS A T 42 00
AW [IiCL, PP T N A THOE N5
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XL EsE (] 47 2013 45 H 15 H % 2013 4F 10 H
1 H, 3t 140 d, SR 28 S KA EW, B &N
439. 4 mm, BRRFEIG , G 9 500 mL 3EHHIK
WA KA A VKR R AE . Horh B R A%
W 2R KRS 28 A, BETAR KRS 112 4> 4
KK RIRAHFE, B0 R 26 1~
2.2 JKEENIE R EHE AL IR

pH S TDS B (¥ M [ 44 S 5 ) 435 pH it
FUTDS ZEHEAT JEFEI A, KR I 2 i 34 H B AR
25 mm LK 0. 45 um BRI PE AL IE R L g
FAES T (F~ .Cl~ \NO; .SO2™ . PO;™ ) FH i+ il &
FEGEWE, &BICE (Na® (K" Ca®" Mg’ |
Zn** Mn . Fe Cu®* \Pb’") ¥ i 118 E A& LS A 1Y
novAA400P JCHETRINE | I HpAE o 75 I MR iR 1k
A A R AR R LB R R 10 A5 LUEIE

B8 A0 R AT 173 | LAY G 04 [ T
o AR R A e O AR T AA B T R R 4% 37
JCER AERI A

3 RS

3.1 pH 5 TDS ##f

HE 1 A&, KA 20 AR A R 452
WA, pH K TDS #4275 28 35 W S T2 3 b S f
ANTRIRR BE R BEAIG i Je AEAS B K S B F, o R
SBER pH {E R 7.0, J& Hh Pk, 3R I b IX 25 <0
B, TCRRETS G on . SR W A TR I B iz 7K
pH B350 6.4 5.3 6.5, UL R K £ (A MER A=
WEAR R, WTRRFERRZ, BRIkl
W, R O 2B W, W K AR b . R AT g
AP ER I 25  TRIR A2 3, R /K pH FEAIG,
A 26 400 )22 AT B 0 SO s e, K A0 PR 38 7K 1) i 2
P e X SRR R A 3, T
TDS {8, KA AN 19 mg/L, f RAEAE A5 K
11 52 mg/L, 2 ARMER TAR B 3. 4 4%, R IIHG
Y ER AR ER LR R L, MESEW M1
PRI TDS {EBSAR TR, X 1l B 5 B 28 4ok
Pk s SR A 56, DL R S ai e e oS f
HERI AR 55 25 S AN [, 7T BE 55 96 3 BT Ak Ay Ik B8 e
AR —E I , 2 B3R5 B ol 0, i) 1 X K<
R TR 2 P, R R PR o B F2 P pH 55 TDS A2 4k
B3, B R e RS ARG B K T T R SR AREAT
HIAER ARG, T pH A1 TDS B 5% i {8 43 91 4

PUAE KA A K (1)

8 60
] ——pH ——TDS 50 -
6 40 2
T4 30 &
20 4
o
2 10 =
O | | 1
KAPER FEMN  WTER FiigE K
Rainfall Throughfall  Stem-flow Litter water
[ F 25T Rainfall types

1 pH 5 TDS {2 fLERAE
Fig.1 Changes in pH and TDS

3.2 BABFEURESH
1 1 AR, AR T 280 I AR A R tE A7
FRFROMHE , JE R 2 A AR AR B K s, B A
TUPERY e A o As , HLAS [ B 88 A2 ALt AN A TR
RAWER ZFE N ST T S0; ™ WREEROR,
x1 BETFEMUEE

Tab.1 Changes of anions mg-1, ™'
ey KRN FEWN W AR Mtz IK
Anions Rainfall ~ Throughfall Stem flow Litter water

F- 0. 127 0. 096 0.582 0.274
Cl- 0. 636 0. 443 0. 406 0.721
NO; 0.247 0. 145 0.074 7.504
S03%- 0. 843 1.112 3.678 1.728
PO; - 0. 000 0. 431 0.310 1.521

H AP RN R B/ N PO, o O, HEITR N
SO2” >Cl~ >NO; >F~ >PO} ™ ; ZiE M & B 5 7
WeRE th K #B/IMK Yl SO €l PO} \NO; F ;5
FEWAM L, W TR P8 kA TR R,
Hk BEALRKF SO, HEF b SO, >F~ >Cl™ >
PO, ™ >NO; , A K H R i KR NO, L, S0; -
Wz, PO, WE KT Cl,F WEi/N, NO; K
Cl MR BEFIRIUNAE B > KABEW > ZFiEK > W
TARG , VL H KA R T 2t MOREJZ2 S5, e R A%
BT €17 NO; A W R (H 2t G T
BN NO; B €17, B K d NOy Cl e
43514 7. 504 0. 721 mg/L, Hrb NO; #e i b+
W 101 4 £5, B fb K, F- 2 SO e N3
PRB TR B K, 3 128 0. 582 3. 678 mg/L, #
B, Forfr SO #k 3 KA RN (0. 843 mg/L)
INFEEENW (1. 112 mg/L) 1 F~ RG22 35
T R BE AR T RARET, 43510 0,096 ,0. 127 mg/
L, RICAMIE)ZXT F - WIPER . W ] KRS
REFR AL PO; ™ 20 (AMER ARG IR EH
ANTEIRE BE S, AR PO, S EARTSEM
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FURG 335 7K, Wk BE PR AR 31 &5 K U 0,310, 0. 431,
1. 521 mg/L, YA KX T2 T Rm 5 4 )12
4 POy~ A —EMRIEAE . £ bRk, B R RO I
I FEHBH B KA F R AE 2 AR AR AR A, Hodh AR 4k
RHA NO; | femy ARfliAHZE 100. 4 1%, BR NO, |
Cl-ANARRIBH B AR AN ], 45 BB AE Al B K
WeREHR R, o NOS  CL™ K POY - B fi i BRAE
Wik F - K SO; () d5e i L) HE A6 A% 142 3
TR IS ) B8 7 25 SR AT R TR
3.3 EEBTETHWHLESN

128 2 T, MRS R T 1) o 2 A 5 K 45 4
BRI AANFRER TR, KRAENP44
JEBITE S M REBMKIKH Ca®* Na® K* Mg™™ |
Fe Zn®>* .Cu®** Mn Pbh** ,ééﬁ?ﬁ/l‘fﬁ‘}%@ﬁﬂﬂﬁﬁfﬁ\
PR, ¥ Ak Ca>* >Na® >K* > Mg*" >
Mn >Fe >7Zn** >Cu** >Pb** ;G &3 MEYE,
FKICRWIE K AEB KA, @ BRIR K R Ca® |
K* Mg’* Na®, Fe Mn, Pb’" Zn’" Cu’*, HH
K* . Ca’* Mg’* Fe Cu®* Jz Pb** Wk B4R B 7E A
B K R g, H A T 2 SR BT AR I R R AR R
T K WA aE s K B RS RN
HAY 0. 538 mg/L ¥ L FHEIHTEK Y 4. 904 mg/L,
FrE T8 1%, 5 KT AL, Na* t 24k & s it 7
(), B B 2 ORI i 1. 992 mg/L ETHRI 5B
A TR 1 2. 365 3. 065 me/L, {HZ 5 4 7%
Y2 5 e FE % A 2. 058 mg/L, i3 BH A v 1 J2 T ff
Na*, Zn*" 5 Na" ZBfLla B —3 , (EAL B K Zn®"
W T2RIE N, Ca®" Mg” " B sl M 22 ki
VU ORI AR Sl 53 W i e (U
AN, A3 B AN T 0,094 0. 133 mg/L, 78 M B 42
WG Ca® " MR PBEREAR, I Mg® " W —E 1Tt

Fe TR MRt KA N EMA)Z &Y 25
BETFE W H 0. 019 mg/L FHiE5 #) 0. 293 mg/L,
TF 15 N R I A S 38 n , T A8 3 A K
R 2, U R AR 3 K, Hvk B 2 R AR TR Y
15. 4 4%, Mn 7E RABEM & BARAL, (A 0. 004
mg/L (A MO G 288 W W T ARG A3 K
WEE S Tk 1 7.3 .51.8.,16. 5 %, RN WK XF
TG B K B A T M ot IR 1E
Cu®* Ve J3 45 JS [ T [B) AH 25 A8 K, e v L B AR AH 22
0.4 £, 2B Cu® " MR EE I RIS, B A2 0 S
FK A S R I, T e 5 B 28 4k B K R e b vk
AERIA S, ARG 3 K PRI P W R
0. 058 mg/L, UG A W) )2 &4 Pb*+ HLZE RN o 72
HHR bR P R AR L B R TR

Z PR, TR TR T, KABEW b

Ca’* it , Pb” Ml 0, PRI M2 A
&2 BT IC T, 4 I8 J0 3k B YA R IR R B Y
ThE, Hh Na* Zn®* K Mn JCELER TR7 D
VB f ey, TGt 78 28 ARG 3B K TP fe v T e 1K
{EJLF-349 H BAE KA (R Ca® " \Cu®4h)

£2 ERABMSETEST

Tab.2 Changes of metallic elements mg-L ™'

%ﬁ’f KAWE AW WTER sk
clement Rainfall ~ Throughfall Stem flow Litter water
K* 0.538 2. 166 3.040 4.904
Na* 1.992 2.365 3. 065 2.058
Ca®* 16. 784 16. 878 10. 946 29.297
Mg?* 0. 504 0. 637 0.729 3.005
Fe 0.019 0. 020 0.041 0.293
Mn 0. 004 0.033 0.211 0.070
Zn?* 0.012 0.015 0.030 0.024
Cu®* 0.010 0. 009 0.011 0.013
Ph2* 0 0 0 0. 058

3.4 MEWBESEREBMRERTESEMNIFIE
3.4.1 B THAGFIE

FH 2 3 ATAL, RS RETR BRI, 5 A5 K
EEAS I AR R BB A0 A A R R T R Y,
KAFEM B F B4 A RN 8. 139 kg/hm*, Hrp
SO~ My AHE e, M 3.703 kg/hm?® | (5 B A Y
45.5% , kK €17 NO; Al F~ PO, fig A2 i fik
K0, S FUHER AR MOE 2 5, SV RS A
B, 30T 0. 778 kg/hm® , 254 8. 918 kg/hm*, H
Hh IR RN AH [R], AR P9 R R A A o i e AT g2
SO; ™, k4. 594 kg/hm* , HJF MK A €1 PO, \NO;
ME™, MARE TR AN S, HA S0;
K PO, SR, 4» BIE AN T 0.890 . 1. 643 kg/
hm?, 1 F~ C1™ & NO; fig A& BIFEAR T 0. 127,
1.091 0. 537 kg/hm® . ULBHMGE B A J2 0T F -
Cl~ J& NO; , fif i 7K POMRE B A iz itk b 17 S0%~ &
PO, . B T4 A = /3= HEF o POy >
SO;” >F~ >NO, >Cl-, kINW&ELHEYIZ)E,
M AR YE— ETE BT 28. 904 kg/hm?, 7E K
37.823 kg/hm’ B AR Th 5 1 3.2 £, & BT A
HHF N :NO; >80 >P0}” >Cl” >F, H5#k
YR AR LU, A B 5 S 28, 340 i by 5 2K
YR H NO; (PO} SO Cl™  F~, Z» i fm 1
23.609,3.253,0.970 0. 620, 0.452 kg/hm*, H:
NO, MR el 2 B T 42,9 4%, TGS
K& BB A 5 R SREM AR I, B CL A
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TR ER AR T 0,471 keg/hm? &b, HiA
BB P AR E T RGN AR, WIEd S & TR kUL, M2 55 0 i AV
FURST B NOS POI™ \SO2™ F~, B AR RS THER,

®3 PETFERXERANE

W R B AR RS T 29. 683 kg/hm? , 45 LA L0

Tab.3 Rainfall input amount of anions kg-hm ~*

[ % A f Rainfall input F- cl- NO; S02- P03 - S Total
KA PR Rainfall 0.557 2.792 1.087 3.703 0 8.139
M Throughfall + Stem flow 0. 430 1. 701 0. 550 4.594 1. 643 8.918
MoK Litter water 0. 882 2.321 24. 159 5.564 4. 897 37.823
MR- RSB Throughfall + Stem flow-Rainfall -0.127 - 1.091 -0.537 0. 890 1. 643 0.778
Wi K- MR Litter water-Throughfall-Stem flow 0. 452 0. 620 23. 609 0.970 3.253 28.904
Wi K- KA PERN Litter water-Rainfall 0.325 -0.471 23.072 1. 860 4. 897 29. 683

3.4.2 A& BTLEMNSAE

H12¢ 4 WA RN S MOE R A5 Y2 IR
& @ TU R i A A RIS SORIE . R
W& ERITR DA R RS TS, 20
T A SRR 10. 7 £, R 87. 275 kg/hm® . it %
AN K& Ca®* | o 73. 748 kg/hm?, e /N 2
Pb’* R 0, i A i BRI R Ca®t  Na™ |
K* Mg’* Fe Zn** .Cu®* Mn Pb** K* Mg’ " fij A
AR R 2,365, 2. 213 ke/hm®, 3 MK F 8 B R
ST AR Y BT 2 IKUBK B R 2T 45 1, T Ca” WU i
HAFFRZE R, X AT 685 b i B B b AN [ A
KAREN L MTEZ G, B A WA B FEAK T
3.0% ,[% 4 84. 639 kg/hm* , H:H Ca®* Fe M Cu®*
TRBRABEWAL, /5 5B T 9.522,0.001,
0. 009 kg/hm* , Pb>* g At ANAE A5k O, 1 HAh T F
FrE T, X SRS WA B S A R R, K
SER MG 25 5 4B T R A = R R

HJ:K* >Na® >Mg’* >Mn >Zn"" >Pb*" > Fe >
Cu’* >Ca’" . MNWAEIHEWZG, A 152
4B o BT, S AR 127. 888 kg/hm?,
AR B N T 43. 245 kg/hm?, 2 RN FTAG 1.5
f o Hrph Na* S A BARKN Tt Na* fg AR AIG, T
Hofth 4x J8 Jo R g A 38 TARN RN, BERIBR Na ™ 4k,
MRNTRXF A )2 h & & JB o 2R 2 ik AR, ik
Wl /NE KRR R Cu®t L Zn®"  Mn, Ph** | Fe,
Mg " K* .Ca’" , A& Y EXT Na* AW BHEH , %
B A 2. 562 kg/hm® 5 KA 4 Jm T i A it
FHELAE Al KA ARG N T 40. 613 kg/hm® ,
H Na ™ Fl Cu®* i A AR FRA RS 4 A, 5
WIFEAR T 2. 126 .0. 003 kg/hm® , AT E M A B
ARSI, Hoh Ca®* B i £, 2 20. 578
kg/hm*, HJF MK KN K* | Mg’ | Fe, Mn, Pb** |
V2R 210 B W3 v TRLIIE S v e e oy T - (| W= B
YIEFR o AER T HOEZ

x4 SERRERRRERANE

Tab.4 Rainfall input amount of metallic elements kg-hm ~*
[ R 1 A Rainfall input K* Na* Ca’* Mg?+ Fe Mn Zn** Cu?* Pb* i Total

KPR Rainfall 2.365 8.751 73.748 2.213 0.081 0.019 0.054 0.044 O 87.275
AP Throughfall + Stem flow 8.442  9.186 64.225 2.463 0.080 0.147  0.060 0.036 0O 84. 639
#iiB K Litter water 15.788  6.625 94.326 9.675  0.942  0.225 0.078 0.042 0.187  127.888
fﬁ fﬂi}jiﬁifﬂow  Rainfal 6.076  0.436 -9.522 0.250 -0.001 0.129  0.006 -0.009 O ~2.635
ﬁfj J;;ff 'i‘]ffmghfa“ Stem flow 7.346 -2.562  30.100 7.211 0.862 0.077 0.018 0.006 0.187  43.245
K=K 13.423 -2.126 20.578 7.462 0.861  0.206 0.025 -0.003 0.187  40.613

Litter water — Rainfall

4 Bk gt

RS W ] Ml XK SR FR &2 b P pH
7.0,TDS {4 19 mg/L, F B Y b 25 <ot i R 47, TR

PET5 G o b | ik ot i B B s AR T
FABE S R — D E e fE P T 7
H, pH 5 TDS AR F— B, 24 2 SEFE ARG TEAt i
KT E AR AR B AR IR T i {3
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I AR RSB RN R i K b, BT R NO,
A, HoAh B B 7 A% Ak 55 BE e 451 F 9% 445 S 3 A
[, T NO; ZRfbHR K, i e AR AH 22 100. 4 £,
Bk NO; CL™ AN B B8 AR b AN TR] A g 7K v 45 ]
BT E R R, ok NOS C1T K PO R (Y
HELLEAR B R T F - K SO; i B0 S BLAE B
TG, X T HRARE, AR 8 T 25 R A AR
1M 4 JR TR FE YA AR RE B B Fh i, Hidb Na* |
Zn®" J Mn fee (B3 1 BAER TR, Ao &R
W MIAERG K e e, I B IR E L P ¥ BTk
SRR (B Ca®" (Cu " Ah) b, 5 AR sy 45 4
ML, Bt R Ca" RIB A FH, AW 42
TR AT AR Pk B X T R Rk e
AR R S AN 5 7R T ULl TRl s, Ca®* B8 Bl P4
22 ARG R | e et BX — S 2 5
KA IR o5 AN 95. 414 kg/hm” il i
HEW AR A B S, S A B R 3R 40 B
165. 711 kg/hm® , ot 1 85 %1 A &4 37. 823 kg/
hm? , 4@ TC R Hi AR 127. 888 kg/hm® [ 24t
M2 g, T F~.Cl” \NO; \Ca’" [ Fe & Cu®* %
N\ (18 AR AT 5 15 At 8 2 %) T v et R A
iy AR A FEAR T 1. 857 kg/hm?®, 111 J5 220t
HitE Y2 AN T 72. 149 kg/hm® , Horp gk
Na * i ASEREARAN , oAb T 4 A 33A AR
(I TH iR o WEORT T F1 R U A PRI TR 55 0 AR 0, il
HWEF o AN R TMGE)Z 3k — 2511
For 2z — J PR AT g 2 DR A A P R R 4 B i A —3
G322 1 T4 06 M B A P R e 2 T ) R )
J PO R KR T R T A RE R B RO, LR
B P A L R B 0RE ) K DT R Y BE T
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