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WE XTI L X 31a MRKRBEKEEEGTEMRI S 4H,. FREXA. (O)KKEKREWRAIRY HERXTRR
Na* SMHRBEHASETL N TEARTFENRTASE K, FEEHB WA REL, FHAMKE BT HERRBEHF
TR HREARTHIRITRERERRESRAERSBAEENLHERT. QEBEFRTEEZL P RELRTUBEAHTE
£ NO; -N#1 K" ,NO; -N 7E 57 EFN AR T 22 L o BE 43 B R K SPEK B9 4.4 £5 9.9 5, BT I K ESFI A K KHE AR 4.1
fEH 8.1 %, G)BKETWMMMH, FOMBLBEISA. R kghn?  HBFBRREMNTER CaH K, HKFERERAXWNTERK
(4) b L 3 X K SRR A BRI B FE S 66.38 kg hm™* B E ML R R CaNo BE/K S T M #A SRS A MMt 3% 4> B & 2h 120.50
kg hm™,Ca JTCE BB, 0 61.22 kg hm™? , LIk & N JTE (NH,; -N + NO; -N), % 31.34 kg hm > ,K JLE X 16.49 kg hm > ,Mg TE N
8.11 kg hm™* ,Na JLE B , 5 3.34 kg hm™?,,
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Transfer characteristics of nutrient elements through hydrological process of Pinus
tabulaeformis stand in Beijing Xishan area ‘

WANG Deng-Zhi"®, NIE Li-Shui'’, LI Ji-Yue® (1. College of Soil and Water Conservation , Beijing , 100083; 2. College of Resources and
Environment , Beijing 100083 ; 3. The Key Laborotary for Silviculture and Conservation of Education , Beijing 100083, China ) . Acta Ecologica Sinica ,2006,26(7) :
2101 ~ 2107.

Abstract: Forest precipitation chemistry is a key issue for forest hydrology and forest ecology. Chemical content in precipitation
changed significantly when different kinds of external chemical materials were added, removed, translocated and transformed to or
in the forest ecosystem along with precipitation. The chemistry of precipitation was monitored and analyzed at a 31a Pinus
tabulaeformis forest in Beijing Xishan area. Movement patterns of nutrient elements in hydrological processes could be uncovered
by studying the monitored data. Moreover, the information is useful in diagnosing the function of ecosystem and evaluating the
impact of environment on the ecosystem.

Samples of rainfall, throughfall and stemflow were collected on the site. In the lab, Ca’>* and Mg** were analyzed by flame
atomic ahsorption and K* and Na” by flame emission. NH,” -N was analyzed by indophenol blue colorimetry, and NO; -N was
analyzed by phenoldisulfonic acid colorimetry. The results showed: (1) The concentration gradient of nutrient elements clearly
changed except for Na* : The nutrients in stemflow were significantly higher than those of the throughfall and rainfall as the
precipitation pass through the P. ;abulaeformis forest. The monthly patterns were distinctly different. It is indicated that a large
amount of nutrients were leached from canopy, which was a critical function of intraecosystem nutrient cycling to improve the

efficiency of nutrient use. (2) the concentrations of NO; -N and K* were changed greater than that of other nutrient elements. The
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concentrations of NO; -N in throughfall and stemflow were 4.4 times and 9.9 times higher than those in rainfall, respectively. The
concentrations of K* in throughfall and stemflow were 4.1 times and 8.1 times higher than those in rainfall, respectively. (3)The
leaching of nutrient elements from stand was an important aspect of nutrient return in the P. tabulaeformis forest, which returned
a total nutrient of 54.1 kg hm~2, with Ca’* and K* being much greater than other elements. In addition, K* was the greatest in
leaching intensity. (4) Nutrient input through precipitation was a main source in Beijing Xishan area and nutrient contents of 66.4
kg hm ™2 were added, of which Ca’* and N were much more than other nutrient elements. When precipitation passed through the
P. tabulaeformis forest, there were 121 kg hm ™2 nutrient added to the forest floor. Ca’* recorded the greatest nutrient increase,
with 61.2 kg hm~2, followed by N (NH; -N & NO; -N), K* and Mg** , with 31.3, 16.5,and 8.11 kg hm~2, respectively
and the least was Na* , 3.34 kg hm~2.

Key words: Pinus tabulaeformis; nutrient elements; movement; leaching; throughfall; stemflow

EBRGERKSFFEFEIFURERRS, RERERETAIYETHWESEIE. TR -ANRGEH
THRIEFEMAEDREBEREROAA AREBREANG RN EYHRLEIBROEE EEELD
BNTESREETNINRBELAREEFELEN, FRERARKTIEMELEM4RT,E3 T IEBHN
R . YREBKESFHERRE, &I TAERE RUBCHMKE, K FRAERSRETBHBRE,
XA F R T ROK KR MK MR R ALEE™ . XML AT B ES REND
BERA R ZI AR EEETER

EETELERFALAERERBRIE EES RKFEN —ERBRERLE ., BRESRENEREZERZ W
MIKERE . MRREIHEY X AARRENEHNF . BET, BEE X MMAKKEKALERNRE 8
WU LR AR R I A TARRIBR ST, Xt 1 4 X b 57 85 25 K B K VR R R AR B B 5T o T AR SO b 3 7 1Ly 4 X
AR AR BRI K AL 22 BT 5, AT U BR R A BE R MUK SC B o — S8 B SR TR I B LR L3R A B 3R 44, S At
ROELRRESREN IR R EEEBRE, NTTE SRS BRI T B E RN TR RIEL, ™
BRARG FERMTBBRER LMRARESREREERR I,

1 BFRMER

R WLA TR, BT RATIWLER, EATRTILAHIFSHLLRAS, MANILTHE, HE
RWEEHR, BRTHRIEREBHFFLBELTREAMEZENEX, FTREE1~15LUE, FFETERENX,
BERPEW . XFTEER. F9R 1N7C, ERR 39.7C, HRMKEKE - 19.6C, TEFHYHEWEIE
645mm, FEFE T ~9 A,

REMEEREERRRAAEEE, K 465m WHE LK, IWHMBRAERE BRKE AREEEAX
RN ERY, LB AMRBEER L, L3 pH6.4 ~ 8.4, M ¥ T E A M A (Pinus tabulaeformis ) . & B ¥
( Quercus variabilis ) A ( Platycladus orientalis )%, LA BRI MM AN SEAR R BF 58 X 52, AR UMK IS 8 312, THIFAZEAK
EHMEN 8. Tm, FH MR K 14.7ecm, BB H 1625 ¥k hm ™2, ?E*EE%%%(Myﬁpnois dioica Bunge) . E5H
%%(Spimea dasyantha Bunge) . 7 B ( Cyperus sp. YEBEERR. MEYEERE 3~5m, 8 L-F4H,

2 MRAE
2.1 REFE

DAL g B AR B RGeS AL BT 520 4 3 s 0 B L S R, T 2004 4F 4 ~ 10 A EMAM S A i) 2 4
MEMABERIFEK, MRTEMERR AT T IR 3 W B (200cm x 20em x 20em) WEFEF . B
KB EBRR N o TEARPY B P B BRI B AR AR (P3RS IE RN R MBS, R B EAET
HERE, EHTER 4em RZHEE ,FEEME Im WK T L, ER TREESEN T L, THAEREE
BR T 225, BRERHERR A KRR B RHR A . RAFRTIERIRA 1:5 WIRBE 34, A HEBAEE. K
e, BRUKEEE . SXKESEPRE 1~ 2K, 64 27 RFEK I 81 MKEE,
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2.2 WA

WRERKBEFEILEE, RS E., —85mB AN NH, -N.NO; -N(R 7 RH %4 XM & NH, -N.NO; -
No FH—WFHRBEFERLEMERT pHE 1 ~2, AR Ca** \Mg®* \K' \Na’' . NH, -N Fi#eB i th 2 3% ; NO; -N
Al R BETREEEEEMNE Ca Mg s FABRETRE S EEEEME K* \Na'
3 BRESH
3.1 HMMHAMERTEIBHRESLL
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Fig.1 Monthly variations of elemental concention of throughfall and stemflow in Pinus tabulaeformis

RF: %k #h B 7K Rainfall ; TF : 25 % T Throughfall ; SF: 3 T 2 % Stemflow

BE L TTUBREH AR N )NAKSREK-FER-FIRNTER, REHHTHESH, RKAHT
W >FEW > KABEK, FEMANTERTRLSFHENSH MG, FEECMNWARELBT—
BO7EMOKIEE (4 A FESRERR , HERKERMBEKKEEM,7 BHREXBRNME. XEXEFR
WA KRR K AL A — 3", SRR B £ Rk 4 20 B3 50 1 2O A T B b IX Y ZRAROK AL 2 AR 1,
FAMBFELENAEY , BRI ENE XA ELME,

K'%E ASMKP,4ABK ABKRER1.86mg L', 7£7 ABEBB/NME, AHKRENHN0.77mg
L BRKEH K REMMLEA. SERANTERTEHLUNAGISTARE 4+ ARFEMANTZE
MK WESRAT7.58mg L'\ 16.21 mg L™, A KKK 4 M8 TET R FBEMAN TERK
K WESHN1.55 mg L7'.3.99 mg L' (A KSFEKP K EWEN 25, 4~10 AHAKKEK FHEHAIN
FERFIH K BHFENN FRETALRBEE (p<0.001)(n=27), 2FFLUE, KEERKERTER.
FEMSHTERZEAERBEE(p<0.05)(n=27), WA K B—HAMRERNER TR . EHYENER
®OKBERE. ‘

Na'WE Na' 5 K' M, HUBEFESHEETHEDES BB EER. Na' ERKBEKSH A HERE (B
CAMBTFEMMNTERNEKE, X—SARFHEEF. 6 A Na" AW TERMWKER TRAIE
K, TRERMNM FHRMBBELM Na® . KEBEKK Na AEREE 4 ABBRE, N 7.35mg L™, 7 A BEx
BE/ME, N H0.6Tmg L' Na' AEFBEMAN FTER T 4 A AHKERS, 5% 2.33 mg L7'.6.67
mg L™, 7E7 A FIEKER, Na" ABRESKEEAEF—H. NAKBEKBIFERBR TR Na* %
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Ca WRE KRRMEAKD Ca EERFERSKPHEREENY ., MKt C’* AHWELE 4~ 10 AR AT
BFHEEN4.9Tmg L', FEWHARTERN C> EAHUE KA FIIARTL, B Ca HYmRE
BE.4AARTFEMMARTERSH N 30.64mg L7’ 77.28 mg L', 0 BI R K MK Ca®* REEH 6 1%.16 /&,
ETABR_EHEBS/AME, PR 7.83mg L', 13.47Tmg L', BB R KKBEK D C®* WER 1.6 155 2.7
& KGR C™ WEXAR EETREAMBMKRE, KSEBK.FERNINTERPH G 2FELRF
BRIEAEREEER(p<0.001)(n=27), BBELE, KSKBEKAKTER . FETARTEXERZEZR
BE(p<0.05)(n=27) MYUKEAK Ca URRBRENEESFETHRYKRENEN BFRER.EBEES
8 HEREENTE, REWHEIR A0 K. Na BRI

Mg’ ¥R Mg W R EEBBAMBEMER TR, EHELRKEKNKFERS M 5 Ca’* B
KREFEKS Mg’ FHRERK, X 1.22mg L' MAEWTERS 4 A M ABKRESESETHRE A G,
WEN12.56 mg L' , HESAM Mg ANRBEZLARNEN., M EFEWMPME, BB 4 AR)
CABWRERTREAKFERTAG) 8, HEE&AH M BEER/D. M EXSEK . FERANTZE
RPLFENT FREIEHGRBEET (p<0.004)(n=27), BRI BEHER, KSEKMWN TR . FEM
MM TFERBHEZEMEREBE(p<0.05)(n=27),

NO; -N ¥RFE NO, NWESHEEFTREML, EFRIEKPHREERR 4~ 10 AHRFEHH0.57 mg L7’ ,8
AmEEN1.12mg L7y FEMMK TERP NO, -NHWEEE7 ARXIBK, 255074 mg L'.1.13
mg L AR TERPREBRAIREOE4 B AHEREN 12.03mg L', 4 AHFBEWF NO; N A
WER2.06mg L") 61F. NO; NE=ZFHNERKBE(p<0.001)(n =27), 2B E HLBIE B K&K F#
FER FERAN TERZBERBE(p<0.05)(n=27),

NH, -N ¥ B NH, -N [f] NO; -N, E RSEK FEMAN TER P E ML A R Z2 1L, /8 NH; -N #
AWBEER 3.44 mg L', 42 NO; -N ¥ 6 5. B NH, -N ABRAELIL NO; -N B4, 4~10 A ##
WEAAES5.03~9.70 ZIA], WTZEFHRS NH, -N KR EALEERR, NHE 4 ABR TR NH, -N 893§
B, Rk 50.78 mg L' , AR KEKEKH 13 5. BAGita8, REMK FEWAR TR+ NH, -N ke
FERBEER(p<0.001)(n=27),HERSBEKHINTER  FEWANTERZBEZRBEE(p <0.05)
(n=27)0 BJEE" BFIFAAMN MK AL 22 8% 0, 32 3041 78 2003 4R BF 5% 10 T 1L % 42 W M AR b, NHL -N.,
NO, -N EMHBEK PR EAARBRMER, AR FAXHHARALE L. STEEHTERXANMKLEFEEE
BB, %t NH, -N.NO; -N KWEE,

1 WRRPFERHTERSKSEAFES SR
Table 1 Ratio of nutrient concention of throughfall, stemflow to precipitation in Pinus tabulaeformis (mg L™ ')

_ & Throughfall BT ZE M Stemflow
BEFfTR KRAFEKKRE
. . A ®E .3 424 w®E WE L
Nutrient elements  Concentration of precipitation
Concentration TF/RF Concentration SF/RF
K 1.13(0.28) 4.60(1.12) 4.07 9.15(1.17) 8.10
Na 2.70(0.81) 1.15(0.59) 0.43 2.56(0.40) 0.95
Ca 4.97(0.98) 18.5(3.74) 3.72 39.32(5.45) 7.91
Mg 1.22(0.22) 2.52(0.43) 2.07 5.30(0.83) 4.34
NO; -N 0.57(0.14) 2.52(0.58) 4.42 5.67(0.89) 9.95
NHy -N 3.44(0.57) 6.56(1.12) 1.91 21.79(2.93) 6.33

FEE FHETF AIFHER Standard errors in parenthesis
ETEBERLTERENLE KSBKEIRER  XMAKERREWTE KEEZRTLERNTERLE
NO; -N,NO; -NEFEM MK TERMKE DA RERIEKE 4.4 65.9.9 %, HKE K .Ca" ,EFEW MR
TZER K EWEDH A RKIEKN 4. 1FM 8.1, EN1HM C WER KKK 3.7 M 7.9, Na* &
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B/ AR RS RS 0.4 fEMO9E(R Do AREBHFRTEERKEK . FEWHAN TERF .25
A FRETHASEREREE(p<0.000)(n=27), RAMBKESRENKATKNERTREA —ENE
WA, XIE R BESKERMMAR REALECREL, EFERAN TERFELEANIE NK,
5RXHMHELEL -, XRHAKKRAKZIHAREZHNRTE, ERTELABEARNIER, 4T
FAEE, HHKPEFEENETIENTREAES ", RATEEETRAKBEENN TREN TR
FEDL R BT W — Y R, R AR R B TR KR ZE T ERE R SAERTER, RBARANE
FRAT R BERE A0 :

3.2 [ K N AA PR S 2 B O T L

AERAZEIRE W FE, HEPHEFRTEFTHRE, KIELROFSRTEEN, AR THRRERE
B, RBREFBENAN TERNAESERARTNBRRIBEKFSMARME ., WERETLUHRKE
DURLEL (Dy )™ SR B

HWBULRREL (D) = RARBEKERB R/ KIEKFIRAR

AKEBEARZEMMRERNR TG, SR BEN 4. 2kghn >, A TTERBERENE Ca&° ,H37.26
kg hm™* , B K& K* , 5 10.98 kg hm > ,NH; -N \NO; -N HIZ R £ , 4> 51K 5.27 kg hm >l 4.57 kg hm~*, Mg**
TTEHND,H2.70 kg hm* ,Na* TEMRBBNMME(-6.66 kg hm™*) , ATRERAE Y XT Na* BRM(F 2), — M
KRR K MBRES ERAYEASEBRE, AHMEYFER, Bl K WKRBEET Ca° T G’ BR#EE
28 AREEANE, FUNBEME, BEEARREF G KF K  XATRESHELMALEAKE BEIKE
k.

MBI R, i 2 TTUE K" A0 DU LB, 2000 2, ISR E Bk, Ca®* 1 NO; -N AE, 4
BIR 1.56 #1 1.41, B/MYE Na* , BB UL N RE,

Rk BRI RMEERTENBAMNEDER, REEPERK BRI ENRBESERERYE
ML RES BN A NS ER NN BEAEEERAEEW S, FARKHL FRERKFE, SEE
FRUERETED ERHEAERTEH, BRHHEREE N, B, LT L K REARERE™ . R
FRTE BRI, B A LI L B AR A S RGEE DLRF ST #EAT I

*2 muKMEXKFESEANR
Table 2 Nutrien input by precipitation of Pinus tabulaeformis (kg hm™?)

Nmifj:ems K* Na* Ca®* Mg* NO; -N NHy -N 41t Total
KKK AR Input of precipitation 5.51 10.00 23.96 5.41 3.23 18.27 66.38
FETH A& Input of throughfall 15.40 3.09 55.66 7.47 7.00 20.89 109.51
BT ZM % AR Input of stemflow 1.09 0.25 5.56 0.64 0.80 2.65 10.99
%W B Net input of eluviation 10.98 - 6.66 37.26 2.70 4,57 5.27 54.12
IR ULARLL Net D. 1.99 -0.67 1.56 0.50 1.41 0.29 0.82
% A 5 & Total input 16.49 3.34 61.22 8.11 7.80 23.54 120.50

3.3 BARERHEMAXIBTEFTERNBAR

KEREKREMBHRE AN ELAECRRERERE, MEMNTFHREFSI TENAAR, BEETH
A, St F AL, £ P RIS EBERE TREE M KIS A, B TR xS B, F B REKRAKRE
NEFRESRATEARERNL, BRFITENBARR T KRSEKBASN, CEFEFEN M TER
BN

ME2TH, BERSEAKBRARMIES N 66.38 kg hm™, EFHAREHITER 2,0 23.96
kg hm™?, Z & & N(NH, -N + NO; -N) , % 21.50 kg hm™*,Na"* i JE 45 3 £, 29 10.00 kg hm ™, K" 1 Mg’* #Iif, 5
B 5.51 kg hm ™ *F1 5.41 kg hm ™%,
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WA EETEARMANTESR 109.51 kg hm > AR GREMTER € ,H55.66 kghm™*, HF
BERBMARENS0%,NE27.89, hEBWHEARM 25%, K+ NH;-N 4% NO, -N ¥ 3 £5,K* K 15.4
kg hm™>, 5 149% ,Na* B/MYUH 3.09 kg hm > (£ 2), WTERBMANRBAFE SR 10.99 kg hm™*(FK 2),EF
TEBARBKPMIFMERTERBABRNEASFERNHAR. FERRAKBHFRSBERAIRTER
B 105, AT, . FENMHHEYTREZA TR TERYTRE, REOH N TERNRSEBERERARN
FREHHL, AR TFHAARK, ETENEN, ERETERTERRINEEE,

R 7K O 22 T R ARSI A PRHB B 35 43 B 120.50 kg hm ™2, B9 Ca** TTE R H, B 61.2 kg hm >, HRE N TE
(NH; -N+NO; -N), % 31.34 kghm ™ , & NH; -N 92 NO; N 3, N T EWAAEMY THRhAMBEA
68.13 kg hm MR E, K' TE N 1649 kghm > , Mg LE N 8.11 kg hm > ,Na* TTE &, N 3.3dkghm™ >, B
14805 B IS M AR 50.80% .26.01% ,13.68% .6.73% \2.77% .

4 g5t

(DASMKEMMHE, HEFHFTTE K* .Na* .Ca* Mg \NH,; -N.NO; -N I3 E £ 4L K3, B Na* 5,
HEBRLEZNKREIB LA THRESKL, KEKAINTER > FEW > KKEFEK. FERNARNTERPFS
FHEWAREA, FAENAEHRANELABE . AI—EXTEEXARER TR Na" )EXRKEK . FE
MR TERPHRERBEER,

QEFTEPRELERTELUBE RN TER N, -N,EFENAR TERMIKE DR KKEKDN 4.4
f£.9.91% KRR K" .Ca" ,EFEMAN TR K RESFIAKKFEKE 4.1 55 8.1 15, Ef 1P K Ca®
WERKSMEKKYITEMT.OMN, Na* hB/h,. NTEBIUE, ANKRELEREABRRKHTRELK,H
B NO; -N 4L B oK, ATRER M AR P A I NO; -N 2 T Rilt, KEBEASTHBRAERAN TG, H
BAESBER

(3)PEKZ T AR, e MIE BB N 54.12 kg hm ™2, TTEWB B /MK K Ca>* > K* > NH; -N > NO; -
N>Mg" >Na' o MIKBREF K KRBT R, Na" BB TIRL N GE, BRI BEREY X Na* 1
T

B REWMANHFES BE QIR TIRE, BARXBEBNREFTENER ., B KKEAR AR
F#r% 66.38 kg hm > , I AR BHWITER C*, W 23.96 kg hm >, K& N(NH,; -N + NO; -N), 2} 21.50
kg hm™*,Na* L& 58 3 fif,20 10.00 kg hm™* , K" 1 Mg** A3k, 43 52 5.51 kg hm™>#1 5.41 kg hm™*,

G)FRKETHMMMMANRBRFESICEFETNAR TERBHBD, BAFSEEN 120.50 kg hm ™, 58
WAEERBAMBNFIBEHEY TR TZERY 1048, B Y HETERET T U0MHE B UTRE MY o
WY, Ca’' TRBRRF, N 61.22 kg hm >, KR NJGE (NH; -N + NO; -N), % 31.34 kg hm™*, NH; -
N#ARENO, NH3E NTENRARHY THMRMBMEA 68.13 kg m IR E, K' JTTEN 16.49 kg hm 7,
Mg** JTCE W 8.11 kg hm™*,Na* JTTE &/, H 3.34 kg hm™ %,

LI M TE 1999 4F Bk, B K B 3 R 1R 2>, 2002 4E 1 & K B 4 512.8mm, 2003 W FEK B K 417.6mm, #H
XF T JLAE,2004 £ M PEK BB, K 585.5mm, B A — R ERRW , ARERARKREARBEHERTEN
AR EAMOFESR, FHATERRERSEKAMAREREEL KT
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