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Interception characteristics of nitrogen, phosphorus and sulfur in precipitation by

three forest communities in northern subtropical region of China

KANG Xirui, ZHANG Handan, WANG Xiaoming, CHEN Guangcai "
Research Institute of Subtropical Forestry ,Chinese Academy of Forestry ,Hangzhou 311400, China

Abstract: In the present study, Phyllostachys pubescens plantation, Cunninghamia lanceolata plantation, and
Cyclobalanopsis glauca broadleaf forest, three typical forest types in northern subtropical China, were selected to investigate
the fate and transport processes of inorganic nitrogen ( NH;-N, NO;-N, NO;-N), TP, and SO in various hydrological
components (i.e. precipitation, throughfall, stemflow, litterfall, and surface runoff). Results showed that the average
concentrations of NH}-N, NO;-N, NO,-N, TP, and SO in rainfall were 1.06, 0.61, 0.04, 0.07 and 1.84 mg/L,
respectively, with an average pH of 5.88. The canopies of the three forest communities increased the pH of precipitation and
kept stable throughout the year. The canopies absorbed TP and NH;-N accounting for 79.09%—84.68% and 30.88%—
69.36% , respectively in P. pubescens, C. lanceolata and C. glauca forests. The litter layer was the major releasing sources
of nitrogen, phosphorus, and sulfur under the forests. Compared with atmospheric precipitation, the mass flux of NH;-N,
NO;-N, NO;-N, TP, and SO7 in surface runoff decreased significantly, with a minimum of 98% being trapped. According

to the total interception rates of three forest communities, the C. glauca broadleaf forest most effectively trapped nitrogen,
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phosphorus, and sulfur in atmospheric precipitation, followed by P. pubescens plantation and C. lanceolata plantation.

Key Words: Phyllostachys pubescens; Cunninghamia lanceolata; Cyclobalanopsis glauca  broadleal  forest;

deposition ; interception

Tl Ak e 528 iz iy P & e BOR S AT 5 4 o Bl IR SCHE G A B R, K 43T e il i KRz
3, AT iR s i ke ny 2GR B fih, KBRS A B S E R, R A S RS U HIE R
MAEB RGN EEFRRIEZ " S8 7Y T LA E gAY WO Y (R ki 9 A K R SR 4
W, R AR S IS I RE R RAERAEE R4 52 L S — v, KRR Pt e S Y R IR MRS
el A ORI A A S Y i BB IR, P BUK IR E S IR IR A A Y R
RS — R G A A FREE [ S

FMAS ARG HA T B SR RMERY . PR R fERMAE SRS MOEE B WA &=
A A R RS U R 70% 2 RS B R & B nT IR TR OO B Y 289% 1 38% M IR A
A WMORI A, AT S 2 ek 1 A bR A5 I R TR TS G i | RO M 3ROK A AT R, D) — SR R
BT Y SEORT I 43 D 0 S5 DN AR B B IRV FH T B A e MRS 2 R 2 AR T I 5 e W 0E A b 36 1Y) 5 —
BiAFT PR it 7 22 D R el b R PR ()5 B 4P, R IR B — 2 BRI, PSRRI FE AR R A
K P 2 A VE R AR TR V0 B B B RT3k 45% , M i AR B — %E LU, T DL SE A ik L R AR P
MmE S BREEDS SHEANY A SERE ST AR BRI | XA RIS YR B SR 2 R
FRARXT TR 7K (0 A B e T SRR TR R T Qe W i B v AR VE L G B S 4 Ll iy AR b 9 A AR R AR L
MRTEEJZXT TCHL AU B8 Sl 1t 37.76% , {H3 b 2R MCHE D Xo JCAL UG Ak Hh SR R 5 123.539% ') i B PR 4%
7 LLUH S ARG JEHL AU B BE A 87 % , X BEIRER (POY ) FIBREREE (SOT ) MY B E B Fak 3] T 78.78%
H184.929%

AEA M X TR A Bl B DR AR i X7 R RR A A 05 e XA 7S R G B U AN 45 2
M, BRI T ERAOK SCAES AT R B B R MR V4 A KA K TS e MR B8 BE 71 B o0 B R IA
PR o ARWFFELEWTITAA B T 5 BH D L3850 M e 88 3 Fh At 7 Ry b DX HURY (9 R ARRE V% ( BAT AR A2
AT X R AR ) 38 2ok —4F 1 8 AL W, 53 B 2 R A A A & A (R R 7 AN [R) )2 I TEHLAC (NH -N
NO;-N NO;-N) & (TP ) FBRERER (SO7 ) o vk B ANl 2 (19 sh 2481k, X Eb 3 Fh 2R MR 75 %o 20 0 LA O A
B BE ST, H8 7R TS e D FEAN ) RS 45 2 U 43 BE AT RS R, Ry W B 1l DX R bR AE 285 2R 490 445 ) i et A
A= M55 D RE R TR A I A

1 ARMREHARAE

L1 AFFE XA

WF5E DA T WA B T8 BH DX LS 50 AR 37 (119°56' E—120°02'E 30°03'N—30°06'N) , J& T H X
ARl R i R VLR AR AR 35 3R G0 8 S WL Bt 1 — 3B 43, i X 6P B Zo RV X, T 2R3 B  [EK
Feiti, AT HIREK R 1441.9 mm, 2AEROK HECH 160 d 47, Fi 350 A, AP BA0R 16.1°C, i
TR 40.2°C B iR IR AR - 14.4°C . 4R35 H BREPE 1995 h AR H R 1 4055 449% 3 RS g 72 7R
R RERMST, AR R P APRE . KINK R BEEINRTEA S AL, BRI K R
B ATLE, MRIX EE RN T MA BATHK ( Phyllostachys pubescens) A2 AR MK ( Cunninghamia lanceolata) 55 , K 5%k
AT BT BRSSO LTS KIBR ( Cyclobalanopsis glauca) (156 45% 747 ) AT ( Schima superba) (5 b 25%7547)
N ERRIRE o TEM IR A REE

ARWFFEAEREBAT N TAR FZARN AR KBRS 32 00 KA ] i A R (5 XD I b)) 45 3 ol A0 ZRobR
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TEAERFFEXT S, ST 2 DK AL 10 mx20 m (ARF/NX (H31 6 R | 25 RE b A RAE WL 3%
1, BRI 2,

R1 HRERAEM BRI

Table 1 The basic characteristics of sample plots

Mz

; e oY SENEE S Eiliy
e it Wi Yol PH‘JH?E A R BE Diameter I PA
. . Stand density Tree Canopy
Forest type Altitude/m Slope/ (°) Aspect/ (°) ) ) . at breast .
/ (#k/hm?) height/m . density
height/cm
BT 158 19 183 5150 13.4£2.2 10.4£1.5 0.96
P. pubescens 20 187 5050 11.6£2.0 10.1£1.7
A 222 27 151 800 9.3+2.4 14.8+5.6 0.70
C. lanceolata 30 218 650 12.5£3.2 22.4+12.3
7 MR AR 130 28 182 950 7.8+4.0 13.726.1 0.88
C. glauca 27 182 1250 8.3+3.6 14.7£9.1
*2 MEHMREIEHEBLER
Table 2 The physicochemical properties of the surface soil of the sample plots
g TIAE ALK e IKFPER e AR
ol Bulk density/ Organic C/ Total N / Hydrolyzable N/ Total P / Available P /
Forest type 3
(g/cm”) (g/'kg) (g/kg) (mg/kg) (g/'kg) (mg/kg)
FEATHK P. pubescens 1.09+0.04 24.40+2.04 2.25+0.14 226.33+9.71 0.32+0.02 3.38+0.24
KZARMK C. lanceolata 1.26+0.15 31.87+19.06 2.38+1.10 153.73+72.43 0.37+0.07 4.14£2.04
T XIFENHK C. glauca 1.23+0.11 57.53+£5.71 3.75+0.57 197.33+29.14 0.55+0.06 5.18+0.56

1.2 WEDseit A i SR e

KEREAK AERFTEIX ARSI ZS W AT 1 & QY-DGHYL Fi it (th [, ks 25 ) 10 R Kk 8 IR 7E 850
Biss 1 5 1SC- 10 BIRE/K R A shRAE s (hE L 75 53R C) F1 3 A~ 5 L BB H T U R AKX,

B AE 3 FOARMBE SRR N REHLA B 3 DN TRATN 0.5 mx0.4 m BYEE/KAE  BEHLTE 40 cm, 5 b IR 15
2y 5 WA, AR K RE AR I — S SIS BB T 11, F PVC SRME 14 5 25 L YRR, F T UREE MR N 2B T, )
i, FESE KRR B 1 & AidSW R H T Ie R B R A AL R,

P20 . 78 3 FPARAMEEE AL P, 3 AR R, 2685 3 MREPRUEA B B2 2 2.0 em 1Y 3R 20 ¥R S
W AERITE MW T 1.5 m kb A Ll PR gise—F R 5 51 2 50 L SR, FH TR T 2500, bk
FIUBR A3 (R T 25 3 A MO 18 5 1R R TR 5

WK TE 3 FhARAREEIE A ML N BEHLE RS 3 A, 8 0.2 mx0.2 m A HEF AT VR 1) 4 JsUIR 3 A RS i 72 20
ATUEN L B AE EAR 24.0 em WY CEAR L TR BT 5 10 5% 2R AR N Y 7K B O HRURE

WA AEARTL/NX FUREEAT 1 mx 1 mx 1 m BYHEKHL , AR 4% REAR /N X S5 T B,

IR R 2018 4 6 H—2019 4E 5 A, THIE RAEKEE . RABEAKRESIR S G 3 0, & AE M Y 257 7 |
BT 2800 A3 K R R AR T4 BISRAE , IR ISR AR 300 mL A& c S;AARFR S Sz RIVHE 1] 52 56 %8 R 47 7K
JAT o WFFE I N B T AR — R SRR K 2R 12 IR IR F 4, 3R A5 432
1.3 JKEES T

SRAE KA v o o P DR AR T U U, FE 4°C IR BE T ARAE, SEAT K Ak 2% 2 M. R FE28 AU pH 3f
(METTLER TOLEDO, Switzerland ) Il % 7K #£ pH {H, R 7K 12 3 D66 EE ¥ (HI 536—2009 ) il 7 A5 it v A 2
RIREE R FHAHRR e 7 O BETE: (GB 11893—89) Il A it v SVl MR B2, SR ] MIC- 5 AU B8+ (4,35 X ( Metrohm,
Herisau, Switzerland ) ll %€ #£ 5 NO; \NO; . SO; #REE,
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1.4 HdhbHg
IKAEREAL AR AV AR ( € mg/ L) JEBE A SRR R I E A SR (P, mm) B IIBGT A

C= Z C, xPi/zn, P,

X, €, IR RR S 5 245 W B M (mg/L) ,n 0 R R AR

%TF%K%=%°£FE%+W?§M;,,\%%R(N) BE(P) BRE(S) B EE - BRI A2 B 28 TR
T KR AIACT Il TR X bR T 25T CEA (50 L) /KRR Z Uk /it 1 ﬂﬁ%‘/ﬁlﬁ%ﬁ
AR IR ﬁ*ﬂi%aﬂtlﬂlé%iﬂﬂﬁm?xm SR KAEDN 50 L, 1l 3 BRTT RIBRHEA 1 F- X MO 55 1
7.4 m?® U X AR T 2R R S IR P, =3.7 mm TR

it ek e A o AR v 25 Y 2 R (MO 2 A v )2 R 2 ) 19 NS R PR ) BOE o (F, kg/
hm?) AT

F=Y C xP/100
1

KA AR S AR [F]Z O A % A A8 A, 2 PRI R 52 e A T S B h B 7R 4
(NS P) kB A AR, 45 RO E SR o ) A B R R B R A s

AF =F, - F,
AF

i

i 2 B BRI, AF R F, 20O ARRE E 2 AR =R
B /B H Microsoft Excel 2016 5€Ji%, Fi Origin 9 1A, iz FH B AL FE 2 48 DPS 7.05 #E41501150 4T,

2 HBRESH

2.1 A[FJZRFEK pH ERZE1L

JNFE 3 FEL 1 AT AASH, WF9EIX A4 RS K pH 7E 4.50 3 7.28 Z [Al748 4k 4EH) pH J2 5.88, Hih Bk &
Z45 (9 H—WRAE 2 ) RAFFEKBRTERSR , pH (H 38 4.96, BatEfeom K BLE 2 B, pH i85 4.50; &
B2 (6—8 1 3—5 1) Bk, °F-3 pH iy 6.74 5 KIETE 8 H , 2 7.28,

F3 IMEMBEERRBRREKRHER
Table 3 Average indicators of rainwater per rainfall at different levels of three forest communities

WK

IRy NH}-N/ NO;3-N/ NO3-N/ TP/ S0y /
Water components ‘A.Ven,ige pH (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
precipitation/mm

K&K Precipitation 78.6 6.04 1.06 0.61 0.04 0.07 1.84
EAH e 49.8 6.64 0.82 0.80 0.06 0.02 2.96
P. pubescens BT 2500 1.6 5.18 1.32 1.24 0.03 0.01 2.94
i K 51.4 6.52 1.23 0.97 0.04 0.02 3.22

MR 0.3 8.27 0.38 2.06 0.12 0.09 7.17

FZAMR B 59.9 6.66 0.87 1.25 0.06 0.01 2.94
C. lanceolata L =S 2.8 3.67 1.87 3.78 0.02 0.03 9.12
i K 59.1 6.38 1.08 2.28 0.05 0.02 3.95

HRAR 0.4 8.63 0.34 1.72 0.11 0.13 4.15

T I bk ZFFE 46.3 6.73 0.47 0.94 0.09 0.02 2.83
C. glauca L =S 3.7 5.85 0.98 1.76 0.08 0.01 3.74
i K 49.2 6.17 0.94 1.90 0.04 0.04 2.85

HRAR 0.2 8.15 0.28 3.28 0.07 0.13 13.94
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3 Rl ARMEEE 255 Y pH B YE 6.64—6.73 ZJ8], 8B N 1 pH (E7E R Z MIJCW] 22 5 )F HARKE RS
Rk pH YRR T AE Ak BR A T 2= IR 1 P /K ik MO 2 5 pH W 4 &, FH i R P2 3R 31 1.68—1.97 1T 5 W
BN ZGEBEW pH KA BEDL, KR TSI T8 R 2500, 5 9B M A E 3 FhETE fA T
2500 pH E IR, BATAR AZASR T X rEARAA 253 pH (B 5> B0 1.46.2.99 088, Ho b A2 ARk 28
BRI T 225 pH 22 538 B KF- (P < 0.05) , SEEERAR L, RN ZEKEY pH E/MEFEAR, BT
MR AZAKR T X bR 52 0.12,0.28 ,0.58

—O— kAHBk —O— FEW —A— KHTRE —V— Wik —— BRER
10 ¢ BT - AR - T R iRk

P. pubescens

C. lanceolate C. glauca
8 M .m
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P B B T e e e e e T R R} — e e e e e e e e e ) B B T e B e e B T T R
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=
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[¢]
# 20
o

E 1 3#MBEREERRRXMEK pH BEHEE

Fig.1 Dynamic changes of the rainwater pH at different levels of three forest communities

22 ARREERFEEKICHL N Bk AR 1E

KA K NH,-N NO;-N NO;-N AY4AEEIH 43514 1.06 ,0.61 .0.04 mg/L( 3 3) ,NH}-N 7E Bk #
KU S0 1.82 mg/L, W FE AR, SF39 0 0.82 mg/L, i NO;-N H1 NO;-N 78 %5 2= FIRK 4 245 Mk i 4
=, P32 0.79 mg/L F10.04 me/L, H R FERAR, V144 0.36 F10.03 mg/L(K 2) . FEMI %t 3 FaRpRAE%
BT Z 5, 2505 P NH-N BRI RRA 352 T 0.47—0.87 mg/L, 1Ml NO3-N NO,-N #e B 44 $2 55 , Ui 3 fif
ARMRAEVE MG NH-N AT — 8 (W BFVE A, AR AR, B AT RIS AR B A% T 25 3 v NH-N
NO;-N ¥ R IEHE R, 23 Bk B R K Fh vk BE Y 1.25.2.03 45 H1 1.77 6. 17 4%, 111 75 X R bR} 22 3
NH; -N V& A PR, NOS -N (NO, -N iR B2 R4 iy | IR BB K ik BE 119 2.87 216 1,

MR BEKIE L 3 Fh AR AMRBEIE AR TE ) 2 5, NOS-N ¥ FBEA A TH i, 55 0.97—2.28 mg/L, J& 555 i Y
1.22—2.03 £i% ,NH; -N iR T+ 5 £ 0.94—1.23 mg/L, JEZEBE M 1.23—1.99 %, NO;-N ¥ WA AL, A2 fb iR
BEARK, Ut WIAR N K Zhh )2 5 Vs T A I& 40 43 9 NH -N Fl NOS-N, Hrp DL K] il i bk o B b,
HiiZE 7K b NH;-N Fll NO;-N B3R B2 3 il )2 2 25 R 1Y 1.99 £ 11 2.03 £,

Sk KA E, 3 FARMEER I b R AR NH;-N IR B B A%, £°h 0.28—0.38 mg/L, NO;-N ¥ &K
R4 e, 5% 0.07—0.12 mg/L, BRAZAMSL , BATMATE X R MR I HE R AR T T NOS-N Ve 3 FHE K, 13
FH bR 2 X NH;-N W BRI BE 52, [R]HA 7 S NOS-N Fil NOS-N
2.3 ARZREEK TP Al SOT WeEARE

RAREAK TP F1 SOT BIAERIVEE 73570 0.07 ,1.84 mg/L(3K 3) , TP W ETEHR B 215800, 3 0.12
mg/L, Bk Z=T A%, P-4 0.02 mg/L, M7 SO; WAEFR IR TR, -1 2.26 mg/L, B Z ki
AR, ¥R 1.32 mg/L(E 3) o KA TP BRI AFRBRAEE RS 5 0oMORE )2 L, 3 AR RAE VR 11 25 378 T
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—— KSHK —e— BN —A— RTER —v— Bk —e— HERERER
FiiB KBTI P.pubescens KAM C.lanceolate FHR A C. glauca

NH,*-N/(mg/L)

OO =N WhWLUA DO
LI o L S m s s s |
O O = N W kA W
d T T T T T T 1

—_

NO;™-N/(mg/L)

NO,-N/(mg/L)

— e e e o o e e e e

iy Time (47-H)

B2 EBAW AN SREHARREERREKD NH,-N.NO;-N.NO;-N REXREHSET
Fig.2 Dynamic changes of rainwater NH;-N, NO3-N and NO;-N concentrations at different levels of P. pubescens plantation,C. lanceolata

plantation, and Broadleaf forest of C.glauca

o TP W BEFEMRZE 0.01—0.02 mg/L, B T 22 A9 BE7E 0.01—0.03 mg/L Z [0 {H TP ¥R BELE 3 FhZRMAEIE 1Y
SR MR T2 A e B 25 5 . A HEVE N 203 BRI T 2538 P i SO MR EE 38 B 35 7, 20 il ok 2.83—
2.96 mg/L 1 2.94—9.12 mg/L, Ut BHRE K i 28 AR 2 AR T J5 1A T K0 SO7 .

PRN K G4 R A5 W2 G, TP W THE 2 0.02—0.04 mg/L, 555 M 0 1.08—2.43 %, Horp k2 K
ARFNTF IX] R ARG 35 7K TP e B 0 5012 2033 TR A 2.08 4% 11 2.43 475 ;802 WIS A T8, 78 2.83—3.95 mg/LL
Z ] fHHHR BEAE 3 A ARARIE VR A 7K [ JC 10 Pk 25 5=

3 PR I M R AR T TP R SO VR BE 1 2 2 i (181 3) 3t i T HLAE KA /K R P B8 I o 1 e
iK%E] 0.09—0.13 mg/L Fl 4.15—13.94 mg/L, BEBAREK IR AR R 2 5 W T KA TP M SOT, i =A%
i TP 1 SOY WETHE
2.4 3 FRERAREEIEXT NP AL S (A B REIE

MAFE 4 AT ST R AR K NH-N . NO;-N . NO;-N TP 1 SO fty i & 73 % 4 9.98 .5.78 .0.35
0.62.17.33 kg/hm?®, 3 FhARAREEE B2 XF TP Fl NH-N 390 18 BB VE T, % SO i BRKIAAE T, BATAK
FZARBRINTT X RE AR TP B B 20591 h 79.09% 84.68% F11 82.76% ,NH,-N 5 ¥ #4351 4y 48.34% .30.88%
H169.36% ,S0% FIMKIEZR N 5.12% 39.33%H1 0.10% ., EBATHIEE X NO;-N Hl NOS-N FHLH A ],
T AZ ABRANT X RE AR SEE 2 X6 T NOS-N FNOS-N H B R (RPIRES , I ELAZ AR5 2 00 W 4 FH e, Ik
TR N 77.63%F1 14.80%
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—O—RAHk ——FEW —A— KTERE —v— gk —6— LR

BYHK P.pubescens AR C. lanceolate HEREHH C. glauca
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cooCcocoooo D LSRR R R R R-E=-E=R=] SRS R EEEEE
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B3 EMH AR FRETHARERREKS TP 1 SO REKEHNSEL
Fig.3 Dynamic changes of rainwater TP and SO~ concentrations at different levels of P. pubescens plantation, C. lanceolata plantation,

and Broadleaf forest of C. glauca

R4 3HBMBEEEINARBEHEE

Table 4 Interception and interception rates of nitrogen, phosphorus and sulfur at different levels of three forest communities

ke TH ﬁ;ﬁ:ﬁg{ﬁi M Z Canopy Witk Y2 Litter W2 Surface layer H?ﬁfiz
Forest type Item settlement/ SRR A R R interception
" O L 7 e T T A
EEYUELS NHj;-N 9.98 4.82 48.34 -2.45 -47.55 7.59 99.80 99.85
P. pubescens NO3-N 5.78 0.80 13.77 -1.00 -20.11 5.91 98.64 98.60
NO3-N 0.35 0.00 0.21 0.13 35.84 0.22 97.90 98.66
TP 0.62 0.49 79.09 -0.01 -8.82 0.14 97.60 99.45
S0%” 17.33 -0.89 -5.12 -1.63 -8.93 19.56 98.58 98.37
A NH;-N 9.98 3.08 30.88 -0.74 -10.71 7.62 99.78 99.83
C. lanceolata NO3-N 5.78 -4.49 -77.63 -5.87 -57.19 16.06 99.48 98.54
NO3-N 0.35 -0.05 -14.80 0.02 4.66 0.38 98.63 98.50
TP 0.62 0.52 84.68 -0.08 -84.51 0.17 96.32 98.96
s0% 17.33 -6.82 -39.33 -3.91 -16.19 27.85 99.28 98.83
H X bk NH;-N 9.98 6.92 69.36 -2.50 -81.79 5.55 99.91 99.95
C. glauca NO3-N 5.78 -0.19 -3.24 -5.26 -88.18 11.17 99.47 98.96
NO3-N 0.35 -0.16 -45.97 0.30 59.03 0.21 99.36 99.62
TP 0.62 0.51 82.76 -0.15 -142.29 0.26 99.09 99.62
S0%” 17.33 -0.02 -0.10 0.55 3.15 16.55 98.48 98.53
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HiTa )2 5 AR N R K 45 40 o 1) ok 22 T AR 7Rt 9 00 2 %o T i AOBRCHEL %) #5400 o 7 R S Rk sV L 3 B
MRHEAL &2 HXE NO, -N F B AR ER AR A, oAt A S5 1 368 o 22 240 (R, 156 1T 3 bk s ¥ il % 40 V2 34 %8
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BT AT 55— Tl e [ TR RIUMR TR J2 0 R EL AR L A 5 I T T B 25 A e 2 B8 R T D e AR 4 A
e RN R A B (R FR i AR ) 0 B KGE S MR 2, ARV N SR TR A NH-N i RE 2
A AR, 5T B ARMRAE S NH -N PR 047 P R T RS A e B, 4 B S A7 e A V5 B B I, WROeE 22 4%
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