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Table 1 Basic characteristics of the experimental plots in different forest type

AL i F 2R BE Soil depth(em)

Mean diameter at

breast height( cm)

o

Stand density

Mo B
Stand volume

(m® hm~2)

-4 g
T FHbiT

Mean height(m)
(trees hm ~%)

A
Forest type .
orest type
No. v Ao A B
G FAR VN
1 Natural Korean pine and 0~3 3~25 25~66
linden mixed forest
IR A bR
2 Natural secondary 0~2 2~29 29-~64
birch forest
LTAR N TR
3 0~5 5~19  19~40
Korean pine plantation
PR N AR
4 s 0~3  3~19 19-~56
Larch plantation
AELT R RS AR
5 Natural Korean pine and 0~3 3~28 28~68

Betula costata mixed forest

28.4 15.0 460 222.723
14.6 13.0 1 300 170. 300
15.9 17.5 2530 335.248
21.0 18.5 680 248. 447
19.6 11.0 550 110. 895
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Yongcui River .
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WK, ASLLRANTAR; AAFERFFA N TAK; A SHUELLAABR

o] Stream; @2 Stream; @3 Liangshui River; 4 Yongcui River;

A 1, Natural Korean pine and linden mixed forest; A2, Natural secondary birch forest; A3, Korean
pine plantation: A4, Larch plantation; and A5 Natural Korean pine and Betula costata mixed forest.
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Fig. 1 Distribution of sampling sites in the study area
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Table 2 Dynamic characteristics of throughfall, net leaching P and leaching coefficient
s . iR . - . N
AL G5 o i TR E S . ZF 15 M 7 T R AL
Ay . Phosphorus deposition )
Forest type ~ Phosphorus Concentration ~ Amount of throughfall ) Net leaching of Leaching coefficient
Month with throughfall
No. in throughfall(mg L.~1) (Lm™2) throughfall(mg L=") of throughfall
(kg hm %)
1 0. 095 +0. 008 19. 87 £9. 658 0.019 +0. 008 0. 026 +0. 003 1.377 £0. 703
A 2 0.078 0. 011 22.87 +5.165 0.018 +0. 002 0.009 +0. 001 1. 130 0. 259
7
Jul 3 0. 131 +0. 007 16.53 +3. 110 0. 022 +0. 003 0. 062 +0. 007 1. 899 +0. 642
uly
4 0. 034 +0. 006 19.49 +4.529 0. 007 +0. 002 -0.035 +0. 005 0.493 +0. 181
5 0.073 +0. 008 35.13 £8.295 0. 026 +0. 008 0.004 +0. 001 1. 058 +0. 427
1 0. 121 =0. 003 11.59 +1. 305 0.014 +0. 001 0. 008 +0. 002 1.071 =0. 325
e 2 0. 125 +0.011 14.49 +2. 066 0.018 +0. 003 0.012 +0. 003 1. 106 +0. 431
8
A 3 0. 145 +0. 005 11.24 +1. 846 0.016 +0. 002 0. 032 +0. 006 1.283 +0.278
ugust
4 0. 108 +0. 003 15.67 +3. 083 0.017 0. 004 -0.005 0. 002 0.956 +0. 166
5 0. 116 +0. 009 19.20 +0.917 0. 022 +0. 003 0.003 +0. 001 1.027 0. 214

TE:1.2.3. 4 F015 20l UM LD RAMR | FMER SR UCAE MR (ZIRA N TR T8 A N TARFIARME LI AR SR 5 Flbk L

Note:1, 2, 3, 4, and 5 stands for Natural Korean pine and linden mixed forest, Natural secondary birch forest, Korean pine plantation, Larch plan-

tation, and Natural Korean pine and Betula costata mixed forest, respectively

T2 MR R 5 Bl 2 05 WA R AL
I R/NHES T H LA N TR > R LD AR >
HET SR UL MR > IHELT AR > 5 H A N TR, 8 H
LIRS N TR > FAME R IR IR AE AR > HBARS 2T Pk >
IRHELT AR > JEITHA N T AR
2.2 HHRESREBHHINTHME
2.2.1  FMAS RGBS KB AR AL RRE

M3 AT LIEH,7 A &M A 2 58iEK
RN RE LT AR AR > FIHER SR A R > M 21
PABK = VR HAA N TAK > 2L N THK, B3840 5N
52 ml 35 ml. 31 ml 31 ml f1 27ml, &% /K e )&
FKNHERE LIRS N TR > B LTAM AR > I RER SR IR
AR > FRHELTAMAR > FE AR A TR, 38 3 2 e 1
DT ARSI K P O T SR A A ) R
IRV KN LI A N TR > FIRER SR U AE AR > J5 0t
PN TR > ABALTRARR > HREELTFABR, UEHAARHELT F
AARTFITREEARS 2T WA A 118 1 8l 3% EL A A 1) A 7 R U
BRHRE T, JEHIEAME LT Fa AR EL A AR 5 1 [E B R ) (3%
3)o 8 M A 2 HHESBE K S HIT LA
TR > HHELTAAR > HBARZTAR AR > FEEFis A TAK >
FIMER SRR AR, 18385 7K s 1R R B S ARRE LT AR >
FIMER IR U AR > FEIE RS N TR > BB LT RAAK > 41
PANTAR, BRI HESE 8 H 1 HE R SR Uk A bk - 43 [
EWEHN 14.519 x 10 7 kg hm >, Z0F A T bk 4 52 [#]
EWEN 2.393 x 10 7 kg hm > BB 20 AR AR L 75 AL
TR R AR R 21 B AR - 358 85 4k %5 &= R 0. 661 X

107° 6. 021 x 10 °H17. 778 x 10 ° kg hm

3 MGIRERW],T H &R N TARFIARAMELL
FAbR, LLK 8 H FIMER SR AR MRS 5 K b 42 171
WA, HARMRENS K T B A BT
2.2.2  FRMRAAS RGUE KB 2 AL RRE
ARRA S R G TR A R AR K IE RIS, Ak
WZEE R B TR MR AR TR I P i A T /K
LML AR . KA AR TE 28 MOt I 32 A bR
b, I 3 T ) e R R 96K, R R 2 RV 22
JRFRI R A 8 M 3 RN R AR 3 ST DLV g+
5 A A S sk b 2 AR HLY, T
BB K A Rl AL By o R, KA e g S
BT, FLeAb 2 i3 BE B SR Wl | ok DB B i 5
e B e LD I A P BN R AR P 2R B AR R
TR R 225

Wk 4 FiR, 7T A BUKBRMOK REE/NEPIZ (/)
B L /INE 2) UK R KR Rl B2 DR/ AR
HAFRAT > NEE T > FOKW > NE 2, 435
0.167.0.099 0. 097 #10.095 mg L™' (£ 4), LI
TR LTRSS AR A N TAOE Y B 7K DR 3t 2
B FE SR/ N e /MR 1 /N 2 B K] R R ] 7K A
WiV B2 5 bR A T W98 Wk B2 A 1L 20 Sl s i 0. 03
0.026.0.028 F10.098 mg L', Bl & HMERR
Gerb AR 27 T R AR R AR I S A
H R KA 1 AR A S [ VR P 0 235 5, 3R I I T 34
TAMOK RGEHERIIE
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Table 3 Dynamic characteristics of seepage water, net leaching P with seepage water, and leaching coefficient
. BB E B BB KBS i e
B Gy . Bk R . . . B BRI Z AL
Ay Phosphorus concentration Amount of phosphorus  Net leaching P with
Forest type . Amount of Leaching coefficient
Month in seepage water leached seepage water
No. seepage water( ml) of seepage water
(mg L) ( x10 kg hm~?) (mg L)
1 0. 103 +0. 002 31 +£3.215 6.094 +£2.963 0. 034 +0. 002 1.493 +0. 034
2 0.099 +0. 003 35 £2.906 18.07 +6.238 0. 030 +0. 004 1. 435 +0. 065
7H
Tul 3 0. 161 +0. 060 27 £0. 577 19.85 £7.211 0.092 +0. 007 2.333 0. 094
uly
4 0.051 +0. 034 31 1. 155 13.78 +£2.520 -0.018 0. 001 0.739 +0. 024
5 0.056 0. 014 52 +2.517 -22.22 +11. 260 -0.013 0. 001 0. 812 +0. 028
1 0. 127 0. 007 10 +1. 453 0. 661 +0. 347 0.014 +0. 001 1. 124 +£0. 071
2 0.094 +0.017 18 +1.453 -14.52 +5. 608 -0.019 0. 002 0. 832 +0. 042
8 A
A 3 0.131 +0.014 7+1.732 -2.393 £0.943 0.018 +0. 004 1. 159 +0. 060
ugust
4 0. 126 +0. 009 13 +1.732 6.021 +4.378 0.013 +0. 002 1. 115 £0. 052
5 0. 130 0. 029 22 +3.283 7.778 +2.006 0.017 +0. 003 1. 150 0. 061

TE:1.2.3 4 F1S SRS CFRABA LLAAMR | MR AR U A MR 2R AT AR 6 0 A8 N TR RIARAE L MM PR SE S FIAREL Note: 1, 2, 3, 4, and 5

stands for Natural Korean pine and linden mixed forest, Natural secondary birch forest, Korean pine plantation, Larch plantation, and Natural Korean

pine and Betula costata mixed forest, respectively

®4 FKRBMKRFEEHH B ITRE
Table 4 Dynamic characteristics of output and translocation of TP in Liangshui forest ecosystem

A FMK RS LR BT BB R A RN

Month Forest water TP concentration Stream P translocation Stream P translocation Relative balance
system (mg L) amount (mg L.™1) coefficient (mg L)

/INE 1 Stream 1 0.099 £0.012 0. 030 £0. 002 1.435 £0. 211 —-0.019 0. 003

7 H JNE 2 Stream 2 0. 095 £0. 026 0. 026 +0. 004 1.377 0. 327 -0.015 0. 002
July UK Liangshui river 0.097 0. 011 0. 028 +0. 002 1. 406 +0. 369 -0.017 £0. 004
Ik Z3] Yongcui river 0.167 £0. 041 0. 098 +0. 006 2.420 £0.579 —-0.087 0. 009

/IMZ 1 Stream 1 0.111 £0.025 —-0.002 +£0. 001 0.982 +0. 101 0.010 £0. 004

8 H /INE 2 Stream 2 0. 115 £0. 055 0. 002 +0. 001 1.018 0. 188 0. 006 +0. 001
August /K] Liangshui river 0.114 £0. 061 0. 001 +0. 000 1.009 +0. 207 0.007 £0. 001
K Z9] Yongeui river 0.193 £0.077 0. 080 +0. 003 1.708 £0. 352 -0.072 £0. 015

BB R = BK O i - Bk i, TR R = BB & i/ KB A i A P (E = A B i — S A i R K RN 2 B K
B (5 APRAURR P R SEME) B9 1E % A% 12 Note; stream phosphorus translocation amount = stream phosphorus content — precipitation phos-

phorus content, translocation coefficient = the ratio of stream phosphorus content and precipitation phosphorus content, mean precipitation and throughfall

phosphorus content, averaged by rainfall phosphorus content in 5 forest types, was regarded as input phosphorus content

BURFRMOK R GE T H Wik e 5 (ORI K i
R ) L5 PRI 273 W Wl g AR E AT LE , BB 2D A A
FIMER IR URLEAR 5 A N AR AR LT RA AR 23531
4911 0. 002 ,0. 019 ,0. 063 F1 0. 024 mg L™, 21 #8 A
TR 0. 034 mg L1, FWIHOK E A SRLRX
E BRI SIS AR DO A R B /N T K R R e
BT, Ul W R WA C R i e - Sl 14 7
KX EEJE M T 2006 4R 7 H R EEOR, S

VAR s 1 S TR (HZE R N AR AR 2, KA
DUREREIN T 3 e g W B AR 2, JLJBUIR A 7o T
=L

8 JH/INE 1 /NER 2 UK AT R K ZRA] 7K e B8 5
509 0.111,0. 115 .,0. 114 F10. 193 mg L~", 1 &7k R
KR i K, (ELHEI /NG 1 i /N, A
R EAR R, BT A it 8 H,/ME T /D
B 2 FHUKIT K 22 6] Wi BEAR T, B0A W25 5
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8 A/INE 1 HLAMANER Pk /N 0.002 mg L™,
JINER 2 K IR R AR K Bl R R 43 ) s AR A [ T
FR R Tk BE K 0,002 ,0. 001 1 0. 08 mg L', $i8f
PN 2 KT K SR R A A T e A 1
o M AR I A g v S B, b i R K
e 55 PRI o8 T A A R 11 2 (B KT /INE 2 UK
DX R P 7K ] ol R B 5 PR A o R e A R A 22 /1
R 1 WV 3 B AR AR AR, 2 B B B 1% Mk b 1 458
WAL, T BH 33K A~ 46 7K DX A 38 X0 i %) W o e ) A
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Table 5 Correlation coefficient of soil total phosphorus in the Liangshui forest ecosystem with atmospheric P deposition and P output

with the forest water system

WK ERAMOK 2 e i i

KB
LPRREELTE Phosphorus outputs with Liangshui
Atmospheric P wet deposition
R Forest type forest water system
Ao J2 AL B J2 Ay J2 AJZ Bz
A, Layer A Layer B Layer A, Layer A Layer B Layer
EGLFARVNN
. B -0.879 " -4.43 0.707 -0.916" -0. 144 0. 692
Natural Korean pine and linden mixed forest
HEU A
FIFRUCEA -0.078 -0.079 0. 147 0. 100 -0.077 0. 046
Natural secondary birch forest
LIAN N TR .
0.338 0. 641 0.968 ** 0.218 0.524 0.973 "
Korean pine plantation
TR TR
0.658 0.785 0.524 0.723 0.798 0.458
Larch plantation
IRAELT FABR
0.355 -0.269 -0.488 0.385 -0. 168 -0. 407

Natural Korean pine and Betula costata mixed forest

H:# p<0.05 L 95% MYMEFARUE A, #+ p <0.01 Lk 99% [MEFRARUEML i #F I n =6;Note: * p <0.05 with 95% probability to

ensure significant correlation, ## p <0.01 with 99% probability to ensure highly significant correlation

F6 TEAVEBSESKSEBTRME. RKRWKREHEHMOBEXRE( A8 A ,n=6)
Table 6 Correlation coefficient of soil available phosphorus, with atmospheric phosphorus deposition and phosphorus output with the

Liangshui forest water system

=G ARV FIAEUCAE bR LIAN N TR . o PRAELT FA PR
Natural K i d Natural d K i AT Natural K i d
SR gA N g atural Korean pine an atural secondary orean pine atural Korean pine an
W A -fi i p. ) ’ b Larch plantation P
Phosphorus linden mixed forest birch forest plantation Betula costata
mnput-output A JZ Bz A JZ Bz Ay JZ B2 Ay JZ B2 A J2 B2
Ay Layer B Layer A, Layer B Layer A, Layer B Layer A, Layer B Layer A, Layer B Layer
RATEIIE
Atmospheric phosphorus 0.59% 0. 157 0.498 0.017 0.173 0.096 0.918"" 0. 187 -0.330 -0.386
deposition

BUKBRMOK R G
Phosphorus output with
0. 625 0. 109 0. 566 0.079 0.150 -0.035 0.885" 0. 052 -0.201 -0.324

the Liangshui forest

water system

T+ p <0.05 LL95% MMESRARIUE B EASE, #+ p <0.01 Lh99% MIMEZRIRUEN B E AR ;n =6;Note: # p <0.05 with 95% probability to
ensure significant correlation, ** p <0.01 with 99% probability to ensure highly significant correlation
TS N TTAREY Ag J2 1334 00 5 UK BRAR rP BRI 3 ARUbR 1 38 R0 v 8 e 32 100 R D M 1 R 3k 3
KRG A G R B0 0. 885 B IEAHC,Y  BEAKT,
R I RIAT RO & i, X SR BUK BRMOK R Gk
G, B AR AR R Y = - 34.531 «+ 3 ZER5itE
427. 544X, FABARIY Y 25 JZ= A Sopk & S
TKFRMOK R GE Wi R AH PR B B B 28K (1) PROMET & AR RERT = FARAR A R85
AMBRTEARESES T H 8 HBiEK KEWEGERSR T AT 8 A, Mgk 121k

7
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DYNAMIC CHARACTERISTICS OF ATMOSPHERIC DEPOSITION-OUTPUT AND
TRANSLOCATION OF PHOSPHORUS WITH WATER SYSTEM AND THEIR
EFFECTS ON SOIL PHOSPHORUS IN TEMPERATE FORESTS

Chen Lixin Qiao Lu Duan Wenbiao" Huang Lanying Ma Haijuan
(College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract By comparison and analysis, dynamic characteristics were studied of phosphorus input through atmospher-
ic deposition and output with streams, rivers and seepage water, and their effects on soil total phosphorus and available
phosphorus in forest soils under different types of forests, i. e. Korean pine plantation, larix olgensis plantation, natural
Korean pine and linden mixed forest, natural Korean pine and Beiula costata mixed forest, natural secondary birch forest,
within a temperate forest ecosystem in the Dailing Liangshui National Nature Reserve, Heilongjiang Province. Results
show that the annual atmospheric phosphorus deposition with rainfall was at 0. 888 kg/hm’; phosphorus concentration was
higher in July in throughfall in all the forests except Korean pine plantation than in the rain from the sky; it was lower in
July and August in percolating water through soil A horizon in natural Korean pine and Betula costata mixed forest, natural
secondary birch forest and Korean pine plantation, than in rainfall inside the forests, which suggests that the topsoils fixed
a part of the phosphorus brought in with thoughfall, and it was higher in Stream 1, Stream 2 and the Langshui River, all
inside the forest ecosystem of the natural reserve, and the Yongcui River outside the natural reserve than in bulk precipita-
tion and throughfall, showing an order of bulk precipitation < throughfall < streams < Langshui River < percolating water
through Soil layer A < Yongcui River, which indicates that a part of the phosphorus in the soil is lost, flowing with surface
runoff and leaching into streams out of the forest ecosystem and finally pooled into the river, causing phosphorus enrich-
ment in the streams and rivers. TP in A horizon of the soil in the natural Korean pine and linden mixed forest was nega-
tively related, but TP in B horizon of the soil in the Korean pine plantation and available P in A horizon of the soil in the
birch plantation were both positively related, to atmospheric phosphorus deposition and phosphorus output from the forest
water system.

Key words Temperate forests; Phosphorus deposition; Phosphorus migration; Output from water system; Phosphorus





