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Differential patterns of nutrient elements in rainfall and its redistribution in three typical
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zhou 510650, China; > Graduate University of Chinese Academy of Sciences, Beijing 100049 , Chi-
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Abstract: Pinus massoniana forest, mixed P. massonniana-broadleaved forest, and monsoon
broadleaved evergreen forest are the three typical subtropical forests at the succession stages from
pioneer community to nearly climax in Dinghushan Nature Reserve in South China. In this paper,
the differential patterns of five nutrient elements (K, Ca, Mg, N, and P) in rainfall and its re-
distribution in these forests were studied. The results showed that after the redistribution of rain-
fall through canopy, the concentrations of test nutrient elements except Ca in throughfall and
stemflow had somewhat increase, especially in stemflow. In all the three forests, the Ca concen-
tration in throughfall was lower than that in rainfall. The nutrient concentrations in throughfall
and stemflow didn’t show any significant changes in these forests, but the nutrient inputs in
stemflow had an increasing trend with the progress of succession. In addition, the nutrient inputs
of throughfall and stemflow were generally higher than those of litter fall, especially in the mixed
forest and P. massoniana forest. Our results suggested that rainfall not only played an important
role in nutrient transfer from forest canopy to soil, but also supplied necessary nutrients for forest
growth, especially for that at early succession stage.

Key words: rainfall redistribution; nutrient input; litter fall; Dinghushan.
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A 25 TS RS E IR EE W, P LA R [ Hp A P A B PR A 7 P A T R

MBI ALY ISR 2 1 B R AR, IR E AR
PEER I AL 45 1, b 2E ) i i A v )y A SR IE =X
RSB b S 1) DA R R 2 i MO 2
Fsf L 25325 RT3 ) = 338 5 A 3543 ( Dezzeo &
Chacon,2006) . U4 S HE 6140 R L , 5535
T AFVBRY 3 [ b e 0 K 98 2 i A 3% 4 7T L) A
PR AW, PR X AR 4 7 20 A R S B 5 AR
MAEB RGN0 3 BB £ Z R E (Parker,
1983) %375 N RV T 0 X R bk 1 35 4 FE i A 11
FEE AE — e B L X 2 i 3B (Tobon et al.
2004) . SR, X ] — ¥ R 5 b A [ 35 2 B B Ak
ARAE 25 2R G0 28 375 T AR T U % 0 A 1Y FUSOR WA
16, W2 X RRMOR SR IR E R BIFFE 3220 K
FERRMOK SCHE R A2 Hh 9 7K AR 10 LA KA R 40 52
TCER AN TR IR BRI ST (FMR4E,2001
JAMEHEAE,2005) o BRI , A SCF i) L3 DX R
H 1 3 A FRAREEIE AR T3t 53 3 £ B[]
SASTEAT FIR  TITHE— 20 46 7 A [7) 1 2 B BV 2k
MAESRGIIRETT TR 0 WAE I T B R RE R, DN
AT Hb DX R IR ARLR PRI D BT (1 BRARZE A ki
SRR

1 HARMXREHARTE

L1 WF5E XA

SR, T AR A HE IR T BE  (23°107 N, 112°
34'E) e R —A> BRI X, Horp O 4 T AR
91145 hm? , ZHLXARFEIR O 20. 9 C L feid A
(1 A7) S&HA (7 H) A5 12.6 CHI
28.0 C, AFRIFEI KR AR50 1929 A 1115
mm , FIXHEEEAESE N 81.5% , THREH 8, Hp
4—9 ANBF 11 H—K4E3 AR5, HHE0H
DUARELSE A P 3y 3 Fe 3l B b0 A i
FILLI B AR -

3 T AR RIS A R W) T RN AS R 2E 5
Hrh B RAAE YR A5 S 0% TR ARGy 3 2, 2
AT HE B ( Castanopsis chinensis) | faf A ( Schima sup
erba) JE5EHE ( Cryptocarya chinensis) | ¥ 3 )& 5¢ kE
( Cryptocarya concinna ) 1 ¥ itk (Acmena acuminatis-
sima ) 55 A A FE L RRGHT i P R 1 AR 2 0 Y
IR AR JEFEAEREE O A 400 ZAEMRES KT B
TR Z R REA G ARk A 55 22 %) T A A8 0 R A=
T (R A S5, 2003 ) | BEASHESS AL T 1 FH A= HE )

JE BT B o TR S FEAN AR v 17 2 XUPR T 2 A i
(It VB B, B R LU IR 2900 4 ¢ 6, BT Rl
FEAN, I B A R B ST AR R R
( Craibiodendron kwangtungense ) F1%E 3] ( Castanopsis
fissa) 5, EREFAMN 20 40 60 AEAHT A TR E
(Y BARR L EERARK 75 AR R AR DL, B AR A
ME—HI T AR
L2 BIFrk

WFFE XS 23 BI7E 3 AR R A 1 hm?
AR AR S iR TR AR M, 7 R AR b R X 37
FRP 2B 1R 25 12 N MR T O R A R B 5 AT IR M
PURILS
L2.1 JRFERSETIE  KRABEWARE, FED
MOEZ LIT2Y 3 m A EAL N 20 em BRI LR, 45
ASPR N IR AR T G A il R TR IS BOE B
TRA KA VKA N PRAT

W HREE . TER AR N BEPLCE 6
PVC APRHR R, R A 1,25 m? 7R EERE, 7K
PR S b 7 29 40 em, A HERRVE 552X 58 1 W
RS2, R 55 K MU PR FF 0. 5o, Bk —
SR L | et o SR T 238 T

IR RAE o AR S W) LU AR bR A 2 R G A
U ZAF AR AL A5 R | 75 B AR vk HOA [R] i
AOPCER Il | 43 FhEHE 3 BRAE MR HEAR (K 1),
B EAE N 4 om B LIGIBRVE P SE 31T (M +
AR REIRIAGE— A, PR [ - - He e A
T PR T 2500 A PR AR SRR T R o SR
A HL (1E 34 ,2005)

JIT A SR B LRI 3% HYERTIRIZ 24 h
Ja A SRR gk, I ZR IR I BE =D 3 1K,
R GRS I S5 T I e 45 2R AR N o T T X
®1 3 HHEIRERERSE (n=3)

Table 1 Basic parameters of standard wood in three for-
ests

st ol M4 (em) W75 (m)

BN H ik 25.8+ 6.0 15.3 £1.5

JE e 33.9x1.6 22.7+0.6

H B 23.8+0.8 13.8+1.3

TiAR 29.7+0.2 16.8+2.0

TR AR HEZE 24.9+5.6 12.3+2.7

TiAR 21.6+2.0 13.2+1. 4

HEM 35.7+2.5 15.2+1. 4

TR M 24.4+4.6 9.8 0.6
BB R Pl bR 22
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1.2.2 JKEEHTEE 2009 4F 3 H—2010 4 2
A X 3 AN MR (1 KA RETR | %0 35 T AR
TR, WA KEEXERRRFERN G 2 h P9 B
RAE , RAEFIE KRR BT 00 B 238 TR B 25
B SR E pH E, SR 5 T KRR h sk R
SRE D 3 WG FE AT R AR, I 37 R A [ 52 56 % J5
i FH e A U B AR S RO 4 C VKA VA
JE (K RERTALER ) | 4225 Fh G bm 1) 20 A 3 225K 7
5 HNTERITA L= Ak, fesf o 19 43 b
25 8 v ] A 2 2R 0 I 4 ORI 5 43 s o D 0 (O %
BEFN F 57 42,1998 ) . K*, Ca®™  Mg™ i i 7 W A 6
(GBC932AB B WA ) s A (N) FI% 430
JEE B (P) FARRELE BT

X R RET T 25 R SR B FH A AU
S H ( volume-weighted means per event
(VWME)) i85 i FE 70T (Zimmermann et al. |
2008) VWM, = (X Cp, Vi, )/ ( V), H, C, .
Vs 53 TR R U 88 R 45 85— ) R R AR AR
BRUNMBOT- Y EFR 2 H 95% & A5 X E3 5,

R T AR KA MOBRIEE 2 VAR 3 ) . T 5
by TR B AR R it
B8N (André et al. ,2008) :E=C, - S/(C, + R

- B,), & E RHUTEER, C. AW TR R Bt R

WEE (mg - L7') 5 S M T WK (mm) 5 €, HRA
e P R LR E (mg - L") R HFEW &=
(mm) ; B, FARMEARBIE A (m®) . TIRLRINACE
EAREZEFH 95% B A5 X,

2 HRE5HMH

2.1 RAREM 205 M B30 0 3% 0 vk B RRAE

VLB P (2009 4F 3 H—2010 4F 2 H ) 4
L M DX 3 o R AR TR | 2 378 R LR 1 3 T i)
Fer e BEAE M R 2,

P 2 T, 5 T 1L e X R R T R 3R e
R Ca, 2EXIMH M 3.06 mg - L' /M2 P,
120.05 mg « L', RABEM LT 3 DI HRGEZ
FOBLE AR LS PR e R RIERR T Ca 24N
A AR EERG I, B R AR T > 2R B W > KA
R R 5 Ca DU 000> KA > 2835 1Y, BI7E % 5%
MR BT R AREM . XA SRR P K,
Mg 7525325 W v B 25 8 T R AR vk B2 (P
<0.05) , [AIA} Ca 782835 M 1 (9 B 1B 0 F KR
FEH e (P <0.05) , B N JC K AE 5535 /i AT RS,
BT rh IR B 25 R R IR B I 2 K (P>0.05) , TR
SEARFIRABRZE 7 T R Ca AN 4 Fh3R4> & 34 16
FE T RAFEW P IR EE (P<0.05) . 3 FibkY
BT NP K Ca Mg AHR B 2 TR
i (P<0.05) .

Fb 5 28 35 TN ORI T 7E 3 RO AL v ) 25 53
WL FEZEBEW P P K Mg BV FE R <22 K
MR<IRAH, FEM T N Ca Mg UMK EEH R I N
TR <= KUK <FABR, 53 S0l K 25 325 TR FOBRS 1 3
FROPUREAE 3 ASPRAL ]9 25 AR N 7 200 k&
B, 2B A K AEIR SRR bR 5 i 22 7
F(P<0.05), 3 DMHRBIR T PN Mg 762 X
ARFIASBRIE] LA B IR AS PRI 1 25 55 3 3% (P<
0.05) 5 K 78 Z= UMK FIE 58 Mk LA B2 28 IRUMRRITAS Ak 2
(] 1 22 7 ik 2 (P<0.05)

TPl 1 RT3 Al bR 78 2 37 W AN A T 3 AR LAY
F AR ARG A RN AH [R) , 6 UL 1 1] 27 35 7R
AR LA 3 53 ok 28 AR 66% 5 TR 38 Ak
76.7% s FAMK:81. 1% , 22 KUK <TRAS PR <HABR, 4
T o AR RN A LA o3 ) R 2R KUK . 4. 2% 5 TR ZE
M2, 8% s AR 0. 2% , oy 2= UMK > TR A AR > B K
& 3 PRSI GE A AN TR] , (H 2835 MR B H A8
b5 RKAFENEA B EHCHE (7 =0.94 ~0.98 ,n=
28,P<0.05) BT AT H AL 5 KA RN

R2 IHHKRBEASHER . FENERKMFRPNVFSREFEE (mg - L)

Table 2 Average nutrient concentration in incident rainfall, throughfall and stemflow under different forest types

Fa4y KA BT ERriAl) LR

SRS B LN SRS TRATHK FABK
N 2.85+0.32 4.28+0. 42 4.78+0. 56 5.48+0. 45 7. 4620. 37 7. 4420. 47 12.230. 80
P 0. 050. 01 0. 1220. 02 0. 1320. 02 0.10+0. 04 0.17+0. 01 0.15+0. 01 0. 52+0. 36
K 0.97+0.24 3.17+0. 34 3.92+0. 70 1.93+0.23 6. 7620. 56 4.93+0.37 3.76=0. 36
Ca 3.06+0. 50 2. 880. 27 2.55+0. 29 2.49+0. 23 4. 41+0. 30 4.05=0. 35 4.99+0. 48
Mg 0.26+0. 04 0. 4320. 03 0. 44+0. 04 0. 38+0. 03 0. 64+0. 05 0. 5620. 04 0.83%0.07
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H30% H2W

[FIRE AT A K (PP =0.86 ~0.91,n =28, P<
0.05),

HI 1l 2 W, 3 FlobR 7Y v 2 375 W9 LR T 0 9 5%
SWERWH BN EN AR A A B iET—
B BIERE R RI (3 ) FRO U B (P E N
Ca BRAL) , Bl 5 T 12 2 RRABTRE 3 i, 8 H sk 9 A
07 (953 A N 4 o= (3 T = = I /7 i
IR TC R R H - A PR 22 R, AR 5 R AL
JEFEITE 50.2% ~235% , Ui B 3 ASHR PN 4% 3 AN
T A R K 2 A AR Sk XD AR S ] B2
FECFL TR AE 3 FhARARIS T[] (4 22 A8 B 25 1) )
HZ—,

A3 I 25 Fh 343 70 AR T RN 28 375 F T vk
JiE 5 HARFWEAHSCHE 3BT & R, A ZE KUK N R
EMRI K 5 283 AR R A O (r 4300 R -0. 721
F1-0.638) ; BLAM  AXZERAM A P Ca Mg FIIRAE M
H Mg ST FABLR SR 56 (r 43 310 -0. 487
-0.539,-0.519 ,-0.475) , HARF50k B 5
FHSAEAR IR F 2K F (P>0.05)

& FBUE (enrichment ratio) 54k KA M
JE USRS 38 1o bl T o R P 3R A T R M,
7 AN [78) AR 28 X6 A= R T 3 Ao MRS AR i B ot
PRI RN 22 5% (/1 3)

HIIEl 3 AT LA, R RURFTR SR K 1
SRR, 0l LR AR RRIVR B v 4. 9 A5 1 2.1 4%,

600 [ TR = WAH —A— Mk —c KR
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Fig.1 Monthly variation in the water volume in through-
fall, stemflow and incident rainfall of different forest types
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Fig.2 Monthly variation in the concentration of N and Ca
in throughfall, stemflow and incident rainfall of differont
forest types
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B

FEXLI A E] P (2009 4E3 H—2010 42 H) , kK
REFR A 1968, 1 mm, Horp A BRK B KAE N
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1298.9 ~1596. 1 mm , B T &4 3.9 ~82. 6 mm,
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Fig. 3 Enrichment ratio of the chemical composition in
three forests

%3 A& 1,3 PR AL 258 W P F: 4 e R AR
By ARG N:55.04 ~87.44 kg - hm™ - a™';P;
1.56 ~1.93 kg » hm™ « a™';K:30.87 ~59.2 kg -
hm™ - a™ ; Ca:37.45 ~39.78 kg - hm™ - afl;Mg;
5.64 ~6.64 kg - hm™ « a™' [ HE XA N Hb, By

TRA M AR N.56.11 kg - hm™ « a™';P;0.9
kg - hm™ - a';K:19.03 kg - hm™ + a™';Ca.32. 18
kg - hm™ - a™';Mg.5.02 kg - hm™ - a™', UiHHTE 3

PR AR 225 W 2 R 0 O0 R MOMOE 2 5 76 ) 2R bk
Y L RIR I kAR, A8 3 MR P AYRIA
EPARFAR, KR TIZtR R R E LR O &
BRI T XA T AR 0 1 3 DX 8 e T i X
T RS R R A AR, BRI N # Ca
g AR 3 bR ] ph 00 2 B T 9, P
Mg 1) i A A2 A0 A 350 7 KRR <A PR <R ZZ AR, K

R3 3HMKEFERHMTRESEBNETRAEYHES
FIFFEEXTLE (kg - hm™ - a™)

Table 3  Annual inputs of nutrients in littlefall and in
throughfall+stemflow in three studied forests

sl N P K Ca Mg
W 56.11  0.90 19.03 3218 5.02
FEMN FRB 5504 156 4123 37.45  5.64

BRASH 7214 1,93 59.20 38.46  6.64

Wbk 87.44  1.64  30.87 39.78  6.08

BT FAM 617 0.14 5.5  3.64 0.53
RAskk 410 008 272 223 0.31

FAbk 048 0.02  0.15 020 0.03

S 75 W+ T FRA 61.20 170 46.82 41.09 617
RAH 76,24 2.01  61.92 40.70  6.95

WAk 87.92  1.66 3102 39.97 6.11

52 ENXHk 130.03  2.61  10.80 31.72  4.67
RACH 107.41 469 31.60 24.41  3.99

PSPk 79.84 443 9.75 5254 3.96

TSR PR < 2 XUBR < TR ASHK .

JUE RT3 253 TC R R = TR AR I AN 2
B (FE2)  (ER 37 % e o K 4 32 B 37 00
AL FRABER A ZEEN (£3) , LA K R, K
ARARE T B B AR 5.59 kg - hm™ - a”' UK
KABEWEY 29. 4% , 5B 13. 6% 5 IR 3SR H AR
T A 5.59 kg - hm™ - a”' (U KRS
W0 14. 3% , ZE3B 0 4. 6% ; AR RE T 1% A
0 0.15 kg - hm™ - a™' (U RSFER 1. 6% ,
FBWA0.5% . WP IR ICER AR 3
T AR TR ] F0 725 A s 34 g VR 0 0 38 TOU ARG 8 34, RIS
MR <TR AR <FE KA

FZE % W + 8 1 i A & (Nelda & Chacon,
2006 ) TSI L X 3 A AR RIS R AR 25 K S0 R
i A L IRFE R (K 3) . SURTEY I it £ 4
JZAER AR LR B, 3700 R K I Mg, 2R i
+BE U AR B = TR VR AR i A S 3
APRAYFR S A LG4 0 53R 66% ~ 81% ,57% ~
64% ., [RIF, 25 KUMORTR S8 PR 2F 3% T+ T Ca il
Af i T P59 0030 &, 5 S A= 1 56%
63% o {HX]F 3240 N Z KUK HINE SS Ak e 8 I P i
A b7 R BB, o R IR R A
1Y 68% Fll 58% , WA BRI 7% Wy i A\ i o 48% , I
SYICER PL3AMR B LLETE Y o f AR
AR 61% ~73% ., BLAM, atkH #2590 %K Ca
AT AR AR 57% . B % RS 55
TRV T It A B9 55 53400 S5 LU 0 9 400 4 A o %) 0 o
BHAEE, R TS R 20
O] 45— 2R 51 AR A FH A T Bl R ORI
U, X F AR 3 9 5% 40 SR R 2 38 TN + AT I A
A LRI 53 i B B 80 X, R TR
S L Hb DX R R I L3R 0 Bl 2 1 AR MR 3, X
WX HFMAESREMEREBREEZ L,

3 i i

3.1 A[RIBRARIE R ZRAREE A AL BE 1 52 10
FRMRE TRUAS [R] S BORMREE A8 40 0 b 28 18 e v
25k FHBCRE MOSZSIISE A 225, X LEES Y
250 OB B AR IR 55 T RE UK LR Fr SR
M SOR T BARF R IRIRIR S 22 5 1) BRI R Z —
SIS 3 o BRI B b 2 A T T 4 R A AR
R, Frp T UM T ) 2 XU e o] - PR %
e FLEA I, Al A 5 ARG AT AR 3
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§30 % G2

2 FERJZFEAE | WA LG Z M A I A= 45
JZEAEY) (FEABAISE,2003) , 27 1 )2 M) 24
IR SEHE ( Cryptocarya concinna ) | HE 5L ( Castanopsis
chinensis) i AR ( Schima superba) FN4EE R ( Machilus
chinensis) %5 B E N 16 ~27 m; AR 2 EHYA
JEFEAE ( Cryptocarya chinensis) CERESE R W TR
( Pterospermum lanceaefolium) 55 | %55 £ 16 ~27 m;
53 JZMYA & FHR 4L (Aporosa yunnanensis) | 5t 5]
8% ( Lindera chinensis) . 7K £1¥¢ ( Sarcosperma lauri-
num) % R 3 ~T mo FAR)Z AR FETE 90%
Pl BERZZ RHIRARGR, A LA ( Blastus co-
chinchinensis) . % =B (Ardisisa quinquegona ) 55 , %
FERR, SRR EL 45 KRB0 4 2, 46
TeARZ2 B AT R, 7R R ERESE, TrR
PR FEA DR MR AR, SN 8 ~16 m; T
)2 EBAG L1 % ( Craibiodendron kwangtungense) |
v R ST L 3 ( Castanopsis chinensis ) 55 , 5 4 ~
8 m, WEAKJZE FEA S5 (Litsea rotundifolia) | JL
9 ( Psychotria rubra) 1 % A1 (Ardisisa quinquego-
na) %, HhRRANRIE IR I HZ5H KRB AR ARE
HERBMFARE 3 2, AR E NG R, MEAR E
2 AR JZ A B4 IR ( Rhodomyrtus tomentosa ) | 53 ¥
( Baeckea frutescens) B4t F} ( Melastoma candidum) |
WAL (Ixora chinensis) F198kT J€ ( Clerodendrum for-
tunatum)/{ﬁ:‘o X BEZERY 22 XA B R G K L &
RT3 A A TR
3.2 Sl DO RT SR AR A ML
R 2 S 3R T ) 5 kB 52 b A e M
Sl R PRI PR 2R A L RS20 i) L DX 52 1 S By
BRGEIR R MR R e R SR EA T
PR, ARAE 224 WLIN 235 R B, 2 b DX T A v
1E4—9 1T 30 4ERAET-HRERT HEH 1656 mm , H:
HR 2 AR R R i 80% , TR (5 20% , ZAF T
FEREAS AN 13% , LRt/ T VT LA L XY 20%
UEHTZHLIX FER AR AE o Al B Tz X Ak 7 A H
B 0% KR b IX., N2 Bl 7 AR ) TR 52
Me) R AR L 1Y R R 22— 5 HA T T AR
At b DX 3T H R 537 240k B AR LG Sl L i XK
BERITPER T P LLAE, FoA SR 23 e B 2 i =5 (N 0. 04
~0.85mg - L™ .P0.03~0.19 mg - L™ K* 0.13 ~
0.48 mg - L' Ca0.18 ~0.51 mg - L' Mg 0.06 ~
0.17 mg - L") (Wilcke et al. ,2001 ; Chuyong et al.
2004), Hh NJTREEILMRIEMES T 3.4 ~71.8

£ Mg TR T H HGEERE 1.5 ~4.3 f5,N TE
TiE S ARES T EA BV LR Mg TR T
S e T RE A7 b 50 Ly M DX b B A Y T R )
(Dezzeo & Chacén,2006)
3.3 OR[FIZEAUZRAR 25 3 T RS T U R 43 A8 AL R
=

RS TR 38 2ok R s BT, AP 2 6T 93 T A -
Sy FECAE AT B R AR R AR B3 Rk A8 4k, T
TEZ AR R B 5 BT B ZE Rk
04 B L T R R B [ B2 PR A
B AERSEEAE AR5 FE | 5e J2 A PR E A R E 5
(JEIE %R ,1997) , Shild Ll X 3 bk 20 2535 W A AR
FE 7 ) 2k i B, RIS PR > TR B8 A > 23 KUK
BT DA RR U 42 i 25 7y i) S22 3 3 e B AA AR < TR
MR<ZE XK, 32 BT DB b o o] P bR 1Y)
I AR BRARFNFP 2 4 B 235 ¥4 Fh 2R — 118 5 B2 P Al A
T BB TR SR ) 2 4% ) 2= UM AR RGeS
VA R RIS 2 45 ) T B 1) R 2 R R o I8 L s X
EEM P IR & 2 5 KA BEFAR LR Ca Z b
AR PG X F I T MO R (45— 5
P KRR BT ZE S, TR 2D T Rk A FR
(Kopa cek et al. ,2009) , BEAN, K& RN FIARIEE 2 (1) A1
HAEH] A4 B TR 5T 8 e 5 )22 BAR )
AR T8I T RO IR 5 MRORE X 49 I8 5T 2 1 I W g
B 7 T R FE 7B 4K (Parker,1983) .

AL 3 BB T T SR U R W R Y e
fm TORARETR , I HLAEAS [F] A AR S AU rp 38 iy 7%
JEA—F, X 5 HETIr s 4518 40W) A (André et
al. ,2008) , BTV & /I INZ A=Y LW
KIEZE W, KGR R EAHE . B AT T i
(i) A RR R XU ] LA IR TR B T &R
JePHZE (André et al. ,2007) , AW 2R FEAR A
ZH % ( Levia & Herwitz,2005) etk +d A Ff 35 4
RBLAE ST 3 FARMM T W BR K Ah, HAth 57
IYTCERMRPE Y AR S F XK S TR AS R, X F 22
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