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FEE AT H AN FE KW /NG, SRS T 4 AL ZRA AR M2 T 2011 4R2E K2 (5 H 24 H—10 A 20 H) K&K
(724.3 mm) ZFEK T AEYB B KA ER RJZE (0—30 cm) 135 K 9 TCHLA (NHS-N NO3-N) ¥k Ji 7k I 1 & 078
b BERRI AEMRIMREKEL AR T oK i £ AR IR T B K38 19 2B K 2% NH -N 38 & (ke/hm® ) (2L ¥ Fa A TAK 2.40 42
LILFA TR A= 4K 2.37 BT 2R DA 2.29 HEAR IR AE AR 2.09) 7B BAR T HRAME K (3.04) ,NO3-N i 7 ( kg/hm® ) (ARG 3% AN TR
215 MEARWKA SR 2.14 BFZETFHEM 2.00 AEIIFARAEAK 1.92) TE 10 I FARAMNEE K (4.27) o BEARFE K, IR PO Y TEHL AR
B W) VE RS = AP bR, 7E 4 FRERMORE M A VR 2208 33 K P, JEHL R R B2 AR AR TE 0.68—0.88 mg/L, i 1 T 28 i85 7K
BITCHLEHR B 4 MR AR TR W15 B K PR i (kg/hm® ) (BFZEFHEM 4.10 MEARR A AR 3.24 fEILAS AR 3.22 fEdL
TEMAR N TAK 2.77) BARF AT BEK . 7R ILAA R A ARAN AL T A8 N AR AR 52 (0—30 em) £IEBE K, TCHLA MK
FEY R T AR IE YRS IR K ; R 0k i A T, 4 L A vk AR ORI AR 6 T8 P N TR Y 83538 /K 1 JE ML U 10 5 4 1o 16.34
ke/hm* 1 18.93 kg/hm’ , ¥ 2 5 THG Y B E K B &, BAORE , AN K FER ML ITTHL R A A A, AR
G R Z MRS S22 R T 2 0 2 R (i ) 7 R R K i A ) AL 20 o B BRI, (H B AR R )2 H 3k /R B K
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The spatial variability of inorganic nitrogen ( NH;-N, NO;-N) flux with
precipitation for four typical forests of the Liupan Mountain of Ningxia, China
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Abstract; In this study, 3—4 stand plots of 20 mX20 m to 30 mx30 m were selected from four typical forests located in a
small watershed of Xiangshui River, the Liupan Mountain of Ningxia, China, to explore the spatial variability of inorganic
nitrogen (NH,-N, NO,-N) fluxes and their relationships with precipitation. The concentration and flux of the inorganic

nitrogen (NH;-N, NO;-N) in the infiltration water penetrating the soil of main root layers (0—30 cm) after precipitation,
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the water penetrating tree canopies ( that is, canopy infiltration water) , run-off water and the water infiltrating humus layers
(that is, humus infiltration water) were measured during the growing season (24 of May to 20 of October) of 2011. The
results showed that with the atmospheric precipitation of 724.3 mm in the open field, the concentration ( kg/hm’) of
inorganic nitrogen (NH}-N) in canopy infiltration water was 2.40 for the plantation of Larix principis-rupprechtii, 2.37 for
the secondary forest of Pinus armandii, 2.29 for the bush of Prunus salicina, and 2.09 for the secondary forest of Betula
platyphylla , respectively, and they all were lower than that in the rainfall of the open field, 3.04. The corresponding NO;-N
fluxes ( kg/hm®) were 2. 15 for the plantation of Larix principis-rupprechtii, 2.14 for the secondary forest of Betula
platyphylla, 2.09 for the bush of Prunus salicina, and 1.92 for the secondary forest of Pinus armandii, respectively, and
also much lower than that in the rainfall of the open field, 4.27. Overall, the canopy adsorption effect of inorganic nitrogen
was greater in the broad-leaved forests than in the coniferous forests. Among the four forest types, the humus infiltration
water had an inorganic nitrogen concentration range of 0.68—0.88 mg/L, which was slightly higher than those in the canopy
infiltration water. The inorganic nitrogen fluxes in the humus infiltration water were 4.10 for the bush of Prunus salicina, 3.
24 for the secondary forest of Betula platyphylla, 3.22 for the secondary forest of Pinus armandii, and 2.77 for the Larix
principis—rupprechiii plantation, respectively, and lower than those in the canopy infiltration water. In both the secondary
forest of Pinus armandii and the plantation of Larix principis—rupprechiii, the concentrations of inorganic nitrogen in the soil
infiltration water of the main root layer (0—30 cm) were higher than those in the humus infiltration water. Due to the soil
leaching effect, the inorganic nitrogen flux carried by the soil infiltration water of the main root layer was 16.34 kg/hm’ for
the stand of Pinus armandii and 18.93 kg/hm” for the stand of Larix principis—rupprechtii , being obviously much higher than
those in the humus infiltration water. In summary, precipitation plays an important role in the inorganic nitrogen fluxes input
into the forest soils, and the absorption or up—taking effects of tree canopies and humus layers greatly reduce the amount of
the inorganic nitrogen flux into soils through precipitation. However, the soil leaching effect in the main root layers can
markedly increase the inorganic nitrogen flux of the soil infiltration water, indicating the loss of the inorganic nitrogens in

the forest ecosystems.

Key Words: typical forests; hydrological processes; inorganic nitrogen; flux

R K i) ARPR A 25 R GE T AU R I T 2R AS , BEA RS BER S A WORT e i e i, 2 R AR KR 5O R
VIR HE (¥ B AR, 3O FRAR A KR 45 T Re AT 2R Y RS T R IO TE IR 5P, A AR A S R G
HEEM S5 TR L — , KON S AR 4 M A OE P2 MOk G B, A SR %5 oK it i ki
BIRICR  WREH WA LT IREIE T PR M R DRy EZ R ESZ (NH-N) (7S
ZU(NOS-N) S/ BT PEA HLA , Hrh B2 AR 2 ZUR A T OBoR T i R EALEUB S, J
SIAR 2 EWESE T NH; I NOS PR L3RR AL R MoK SO B i R R B R AR
MR ZEER AT P B NHY 5 NOS RIS 43452 (AR R P AL 52 T R U X, 56 TAERERE K (9 2R bk
A F G5 NH,-N Fl NOS-N il s AR L ARME R AE AR />

AWFFEAE T BN SINXEEPE T 4 Pl BUERAR, 5 AN 1 A2 R e PR BB AR iy AT Al R A= B JEHL R
(NH;-N NO;-N) it 5728 4k, A RE A A7 21 3 S A X B BRAR T SR IR IR 3% 00l 5 AR S e B PP AN
ARMRYERF IR IE IR -0 1 IR 55 DI RE L B AR A I ST SRk al

1 FAREXSEMER

WS 5 A T T B R A 75 35 10 A SRR XA B ATl /N i 3, b B A AR SR 109°9'—109°30'E, 35°15'—
35°41'N, A 7Kinl /Nt bk Ja B ] — 2% Sy i R X, VAR ] 2060—2931 m, % IX @ B IR KB PEZ= RS
fige , AEFR R 5.8°C AR 7K i 600—800 mm, /INATIE PN AR AR SE B, R L4, AR 35 R IK 72.9% , LLRSRIK
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MR 2, FZERFN N BB 1S ( Pinus armandii Franch.) | A HE ( Betula platyphylla Suk.) | ZL#E ( Betula albo-
sinensis Buck.) L ZHk ( Quercus wutaishanica Blume) | 1114 ( Populus davidiana Dode) 55 ; N T MR FZ M0V
#2 ( Larix principis-rupprechtii Mayr. ) FIVHAS ( Pinus tabulaeformis Carr.) i ; #E M UL BF 22 F ( Prunus salicina )
R 35 W e LR A IR 3 A 7R AR 2700 m DL b KNS BB B0 Y Blie A XA Y 3 AR Rk AR
Yy, LHELLUKAE 0 T

ARSCHeAE T AR/ NN BACR IR 4 FRE PR B IT S 4, RIAR LIRS R A bR HEARUCAE AR AEb 7% it
SN AR KB T HEN , AEUEE TR SIS T 3—4 AN HEAR 30 mx30 m (AR IIFAAR HEA MR TN 75 1
PR E RE | 78 B8 TR ST T 3 AN AL 20 mx20 m AYEFZS FHEEED . AR ISR Ak IR A= D B 4L
MEFIT I ME , AR A 9 B 5 £, £ 2 #8 ( Corylus heterophylla Fisch. ex Trautv.) . 2 2 ( Lonicera japonica
Thunb. ) VK¥E (Agropyron cristatum (Linn.) Gaertn.) KA 7% ( Rosa omeiensis Rolf) | £ %L ( Carex spp.) 55, HE
AR AR M R L RER A i ZTREZH A, AT B A 22, £ BEH #i1T ( Fargesia spathacea Franch.) & =445
283 ( Spiraea trilobata Linn.) /N T 3 ( Sytinga microphylla Diels) \2.4& $232 ( Smilax china L.) Bk ( Pteridium
aquilinmm (Linn.) Kuhn var. latiusculum ( Desv.) Underw. ex Heller) 55, #2Jb7% A A T MRAE MUK T Al B 5
b HEAR FEA E R ( Rosa xanthina Lindl.) fEVEEiT ( Fargesia nitida (Mitford) Keng f. ex Yi) &5 B R
APk AL E B ( Carex hancokiana Maxim.) 55, P25V DAY AR R BLAC 32 22l VK 5L (Agropyron cristatum
(Linn.) Gaertn.) A0, BRI ZE . SAEHIEACRAAE WL 1, R AL BT L3R 2,

R 1 FFSTREMREY S ANAE B ARARAE

Table 1 The site condition and vegetation characters of sample plots

AR HAR

. Bz . ME MR .
e e W L s OVERE e ww w
HEMgS AR . Slope AR Stand  Meantree
. Elevation/  Slope . Slope Stand . . Mean tree  Shrub Herb
Plot No.  Forest type gradient/ . Canopy  density/  diameter/ .
m aspect position age/a . ) height /m  coverage/ coverage/
(°) density  (#£/hm?) cm
% %
1 AR AR 2280 &4 35 BF 43 0.6 675 12.14 6.81 60 15
2 Secondary forest of 2241 N 45 e 42 0.6 800 14.54 10.54 20 10
3 Pinus armandii 2252 it 34 Yerp 48 0.6 900 12.53 10.13 50 15
4 AR AR 2380 =4 30 B 45 0.6 725 18.30 9.34 65 10
5 Secondary forest of 2320 it 42 YT 53 0.4 675 11.24 6.41 80 15
6 Betula platyphylla 2436 [l 40 e 56 0.6 725 16.62 11.34 50 10
7 At A LT 2320 ENi 30 HF 23 0.8 1125 15.60 13.90 5 40
8 Plantation of 2320 e 30 Wr 23 0.8 825 15.77 13.35 5 40
9 Larix principis- 2510 [N 35 AN 20 0.6 825 12.71 11.43 40 15
10 rupprechtii 2240 4] 3 pa)lis 22 0.8 1300 12.52 14.22 10 70
11 BPETHEM 2230 [l 39 Herf 20 - - 2.57 1.96 65 70
12 Shrub of 2427 P 40 B 25 - - 2.93 3.27 55 70
13 Prunus salicina 2379 Fir 30 WT 25 — — 2.81 3.27 60 75

s BPZE T AV SA - P 0 S S 2 P A B 2 TR DA A e

2 WRFE

2.1 JKFERREE S E

2011 AFAEK (S H24 HE 10 H 20 H) ,GELL WS T 4 FhAE A MRANERN | 2838 K T A 5 9
T 7K AN 32 B K S A I RERER

RO K HE R K S AR B 350 (3518, Weatherhawk 23 7] ) Bt i W =X 18 3R 23 b o R 2 145 00
AT AT 3 N4 20 em 1 A RS FE R WCER RO KA o 233 K A T ISR = 7E 4 PR N e A 3R
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Pl A, EREHUTAT 20 om A5 B2, AR LA FIMEAMRRE 3 B BENLAT 15 O ST R fAT , ARAL I AL AR i BE AL A i3
12 A F AR, B2 1 R BE LA B 6 > FR A , SRR i 0 K i O HORE

F2 BHBERWKEM 0—100 cm T EM TIEEWIER
Table 2 The physical and chemical properties of the 0—100 cm soil layer of different vegetation plots

" Kf# N
s AR M o o 5 =
A EOAIC anaR aR 2PaR KAR L. G Lo Mgy
Bulk density/ 2y . Ca /% Mg H# 1/ %
Sample plot 3 Oreanic C/% Total N /%  Hydrolysis ~ Total P/%  Total K/% (g/kg) (mg/kg)
(g/em®)  Organic C/% N (e/ke)
AR bR
Secondary forest of 0.83+0.21 4.48+1.56 0.42+£0.09 0.28+0.12 0.08+0.01 0.23+0.05 0.75:£0.12 4.01+0.29 1.12+0.24 0.49+0.13
Pinus armandii
HEARWAEM
Secondary forest of 1.02£0.32  5.35+1.38 0.43+0.13  0.30£0.08 0.06+0.01 0.22+0.03 0.94+0.14 4.09+0.63 1.05+0.08 0.48+0.03
Betula platyphylla
AL RN TR
Plantation of Larix 1.13£0.19  2.78+£0.45 0.23:0.07 0.22£0.07 0.09£0.03  0.34:0.12  0.84:0.07 2.98+0.13  1.36+0.09 0.55+0.08
principis-rupprechiii
BT

1.07£0.36  1.84+0.46 0.16£0.04 0.12+0.02 0.07£0.02 0.23+0.06 0.81+0.25 3.60+0.53 1.51+0.31 0.51£0.05

Shrub of Prunus salicina

TR A E AR SR A ARARAR SR FEAR LA HEAR ARV I FARE M PN 73 3l e 4F 6 BRARA | B 2= -
AIERE 5 BREEAR  FIR R SRHIAE MR T 2 m @b B B M IRIE S8 )5 51 2 0F 1 2% H iR g . BRIk
(R) SRR S A = SIS = S 8 7 =721 o D R TR O L1 ST 58 AT A /X

Wive )2 B K I R A B RE RN R BR 5 RS R AR EA 90 10 2R 454 42 0.5 mx0.5 m
(4 SR A 7 P R AR RS il B /NFL R BRI b TS FE SR 2 BRI I U0 S SRR TP A P 08 Tk

- HEB K ISR AR A8 LU A BRORIT A2 I I A BRORE 1 9 HE AT, AL A 15 7 A B G 19 288 A (9 AR 20
em) , BN AIE TR AR SIHY 30 om JEEARHE 1358, bR 123 b AT YR W) B TT RE AR A /N R RN R — T F
DA, TERRREET S, I 28 B UK R 19 L3805 I K i URE

TERETIG  # 2 RORBE RSN S A A M N 22 mORBE R ZE K T Y& Y018 /KR - 388 Tk 43
SRE TS A R A IKFE ; 53 4h  ZE R FIRDIE /N4 51 2R AR KK AR . BANR A /KR 500 mL, 78
HPAMHE PR UE AT KIS ST RV pH THIE pH (B A 5o AP S /KRR VR G SRR T iy o
FEURRRF BE A% bR AR 25 0 B8 1 5 S0 00 & A7 A0 B R A7 R4 BT, NHG-N R NOS-N ¥k B2 JH 7% [ Seal 23w Y
AutoAnalyzer3 FEZHA AN /HTICNE , 2011 A ZEILNE 22 RIEFHTSAF 4 FhERMAHIARIILIUS 440 JHRAKHE
2.2 NHj-N.NO;-N #kpgit5

KK NH-N NOS-N B4 K Z=(5—10 A ) PR IE (€, mg/L & B3R T I I 5E (9 AH LK 5 (P,
mm) FYIAGTHEAE (X (1) )

c=Yc-P/3P (D
Rrb, o B R JE I 2 AY NHE-N NO;-N ¥ (mg/L) ,n 2 ARG U8R,

PR PR L = S+ i, e NH-N UNOS-N B2 (R U i 1 27 185 7K 5 K B B A
IfE,

ARG R R G LEW TR 3 MMEHZ )2 (Mg Z HERR ) MiiEw)2  FRAKX 1R (0—
30 cm) |, IR R K 54 A0 i 4R FHZ 9 NH-N NO;-N il (F,kg/hm®) HE R0 F (K (2)) .
F=C-P/100 (2)

K, P oyl s AR HZ B EOK R (mm) .
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TE R T 2 AR T2 A v R A K S AR AL Y TR B 38 23 R NH-N (NOS-N W BfE 33 | 1 Jid 458 i &
He vk B A RS VEZ A NH-N NO;-N i &g, it ™ (R(3) ) .
AF=F, - F, (3)
A, F o AR RTZ 9 NHE-N NOS-N i, F, o F AR EAERTZ % AR NH;-N (NOS-N il i AF i FAE
FHIZXE F AR AR VR 24 AGE & A 52
£ Excel THEN BUEPE 38 ] SPSS B AF#EA TRAE 7397 o

3 ZBRE55

3.1 REBEAE T AR E AR A

2011 A KA K /N L R R K B 724.3 mm (B A I 2 78K P E7T—9 A (£ 3),

2011 4EA K Z A Al Ml % UMK TR AR B R (mm ) 28460 86.2—145.6 , 8 B & (%) 2846 11.91—20.11; T i
i (mm) 2B R 1.3—4.7, THER(%) 2N 0.18—0.65 ; ZFE K ik (mm) 2846 h 577.3—633.4, B KK (%)
A A 79.71—87.44 ; T /K i (mm) 286K 578.7—638. 1, BT FEAK K (% ) 251k R 79.89—88.09 ,

AR ZENAFE AR 5 )25 TR (mm ) BAS H BEK SRS R, HARfE Ry 368.3—525.0, Horf P Z=F-HE M\
R HEAME N, SRS RIAEI LTS MAARTE 2011 42K ZEA 0—30 em +HEBIR/KSM 0 275.9 mm 1 244.2 mm,,
3.2 BRI JCHLEUT R B AR Ak

NFE 4 TR0 AERE K 1 B VE FH 2B, O BE R AR T 284k, MRAME K 1 NH-N NO3-N | BLJEHL
R 53 5110 0.42,0.59 ,1.01 mg/ L 38 28 MO 2 il B A4 5 | 25 46 b b 2838 7K o i NH; -N ONO;S-N ¥ B
A PTBEAS AR AS LTSI, 4393 R 0.36—0.40,0.31—0.37 mg/L; T3 H NH;-N ¥ B2t BE AR, (R4 e 22 1A
K, AEAAE 0.29—0.38 mg/L; T-U A NOS-N i EEX KRR AL, 47 0.03—0.06 mg/L, 15 B JLA R 568 il
BEFXF NO;-N W B F 35058 5 2538 7K A3 R A9 A TG0k B 34 FE MR AN K A BT AR, 78 238 7K Hh AR AL T
4 0.69—0.76 mg/L, 7E 1T E LML E A 0.32—0.44 mg/L,

XA Ay 2 325 W AN T3 2 A AR R K, #E 28 1 B MROGE 2 5, FE NHG-N O NOS-N ¥ B S5 88 A MR oK A
BEAEG, PO/ AP 2 NHG -N (NO;-N ¥ BE {5 2058 K A TR .

HitE Y Z B TR K NH-N MR BRAEA UK AR AR AN, Hofth 3 e b 35 A bR R K A i AT, JHL vk 38 A b 7
0.30—0.42 mg/L; Ifii NO3-N W B RIA 4 FiREHb AR T B K38 K, Fovk B AR fEAE 0.38—0.46 mg/L; BRAEAL
V& ERABRAN At 3 FiAE b 4 I G v 208 T /K 9 5 JC LU B 1 AR R K

£ 0—30 em + 2B A, BT AR, SR LA AORIS I FA PRI 49835 T 7K 19 JC ML 0 B 38 R
BT HAEYZB K, BEKFH NH)-N(0.17—0.21 mg/L) NO;-N(0.11—0.12 mg/L) . s JCHLA (0.29—
0.32 mg/L) ¥ E LT AR R X H 42 (0—30 em) HIB I KRR K , 156 B R 2 3 A7 76 W, W s
AR
3.3 AMRNSAEZ M TCHLAGE &

A1 5 TI%0,2011 AR K ZEARAMEK Y NH;-N \NO;-N BTG AL 38 75351k 3.04 ,4.27 7.31 kg/hm* {H
FEAS AR T B K (2833 KT ) T S50 R ALK, 150 I A7 A6 MRS J2 14 14 W WA s RV FH . 2 AS TR) AR AR AR B 11
MFFEKH NH]-N 8 2 (kg/hm*) 284k K 2.09—2.40; NO;-N i & (kg/hm?) 284k M : 1.92—2.15 ; B EHLEGHE
it (kg/hm?®) 2B 40y 14.23—4.55,

2 FRMAE HUA 75 0 )2 18 T 7K 19 S JE LU i B3R K, Ul BHRG 15 90 J2 A7 A0 R B s s /R A R
NH;-N NO;-N (¥R A A[F], QB 2= AR AL 5 P08 e K (19 NOS-N 38 R TR REK . 7EA AR b A
YRS IR K T NHS-N 38 (kg/hm?) 28464 1.22—1.79; NO;-N i it (kg/hm*) 2846 K 1.55—2.31; B IEHL
A& (kg/hm*) 224k Ky :2.77—4.10,
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F4 2011 ERFABRMEREMKTEL I RRPHENE FHRE (mg/L)
Table 4 Mean inorganic nitrogen concentration in rainwater through forests in growing season of 2011

ARILRA R A HEAR UM AeALvE A TR

T2 FHE
KA Secondary forest of Secondary forest of Plantation of SRR .
. .. L .. Shrub of Prunus salicina

Water components Pinus armandii Betula platyphylla Larix principis-rupprechtii

NH;-N NO3;-N  Total NH;-N NO3-N  Total NHj-N NO3;-N  Total NHj;-N NO3-N Total
MANE K Precipitation 0.42 0.59 1.01 0.42 0.59 1.01 0.42 0.59 1.01 0.42 0.59 1.01
ZF%5 7K Throughfall 0.38 0.31 0.69 0.36 0.37 0.73 0.40 0.36 0.76 0.36 0.33 0.69
T Stemflow 0.29 0.04 0.33 0.36 0.06 0.42 0.38 0.06 0.44 0.29 0.03 0.32

A2
%fl‘zﬁk 0.38 0.31 0.69 0.36 0.37 0.73 0.40 0.36 0.76 0.36 0.33 0.69
Rainfall under canopy
Hik BBk 0.33 0.43 0.76 0.42 0.46 0.88 0.30 0.38 0.68 0.34 0.44 0.78
Humus leakage
TR K Soil leakage 0.60 5.32 5.92 0.72 7.03 7.75
&K Stream water 0.21 0.11 0.32 0.21 0.11 0.32 0.21 0.11 0.32 0.17 0.12 0.29
F5 2011 FARKFARBTHREHEEKELPSERABNEYRIEE (kg/hm?)
Table 5 Inorganic nitrogen flux with rainwater flowing through forests in growing season of 2011
A AR IR A AR HEAR R A bR AL F RS N TR Lige Bt N

IK R Secondary forest of Secondary forest of Plantation of Shrub of
Water components Pinus armandii Betula platyphylla Larix principis-rupprechtii Prunus salicina

NH;-N NO3-N  Total NH;-N NO3-N  Total NH;-N NO3-N  Total NH;-N NOj3-N Total
MM IK Precipitation 3.04 4.27 7.31 3.04 4.27 7.31 3.04 4.27 7.31 3.04 4.27 7.31
)Hﬂ:l%ﬂ( 2.37 1.92 4.29 2.09 2.14 4.23 2.40 2.15 4.55 2.29 2.09 4.38
Rainfall under canopy
Fi5 7K Throughfall 2.36 1.92 4.28 2.08 2.14 4.22 2.39 2.15 4.54 2.28 2.09 4.37
i Stemflow 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01

Filiv& 05 K
Humus leakage

T HEZBIRK Soil leakage 1.66  14.68  16.34 1.76  17.17  18.93

1.40 1.82 3.22 1.55 1.69 3.24 1.22 1.55 2.77 1.79 2.31 4.10

XF0—30 em HHEJZB K, L ILFAFIAEAL I A A A2 K 2% NH;-N 3 (kg/hm®) 43500 1.66 ,1.76, K3
J EMR R IE LR NH-N IR /EF ;NOS-N 3l i (kg/hm®) 230514 14.68 1717, ¥ Kig & A E D2 B
TmK i i R AR R JE T IARGRAY NOS-N ki VEJH . ARt dAFnAe b 75 A (Y 3808 T /K 19 S T AL AUE
it (kg/hm?®) 73900 16.34 18.93 , UL BAR 32 - HEAERFFT I Ml A7 Kt i JE WL
3.4 SAEHZE R JCHLEGE &£ 1200

TCHLEHE B 7EAAEHTZ 8922 500 72 Hh /K 42 Rl Rl 28 T R 7 40 /0 - 38 1) A 1 TT AL U bk 2R TR RS AT i
WAt AR AR AL T AL R S 30

2 6 T, £ AR AR B K 454 9 JC ML 2603 1ot AE X BRI B A S4 AN [ 2 B i 2> | BRIVAR S8 7K B A 1Y
THLRZ T B K i 1 0 TEAL A, MRS )2 26 B0 JE LAY i 18 2 A . NHG-N i 2 8 (kg/hm®) 7£
0.64—0.95 2 [a] ;NO;-N & & i ( kg/hm® ) 7€ 2.12—2.35 Z [i]; BICHLAGE & (kg/hm®) W8 7E 2.76—3.08
Z ],

M P& Y25 TR /K -5 MK T BEK 3EAT 1 JOA L0 5 2 22, W8 7 A 75 40 J2 X i A PRl 1) JE ML 08 2 FE
HLABAE TURh SR MR N X570 S ML, 08 B D o MR b 114 47 7 40 25 359 5L X TS ML 280 v W B 8 it A 1 < 9
YEH .

RN FAMFI AR IE HAA AR EAR R )21 0—30 em +JZ 9B T /K i 0 JCHLZGE 3R I00 LAl 7 9128 T 7K
A AN AR EE R0, BRI YR A TCHLED , R B LA £, 32 I T AL A itk
HAERT . o NHZ-N 34917 0.26 kg/hm*F10.54 kg/hm® ,NO;-N 411 T 12.86 kg/hm”F1 15.62 kg/hm? , ELTCHL
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AHEINT 13.12 kg/hm* F1 16.16 kg/hm? , BEBHAEICIE I AAFIAR LA 439823 HAT A E I A s 32 4R R 2 1 JE L
RamER I EM .

F6 2011 FERKFARZHERFMPHARIERBN LN RBEREEN/ (kg/hm®)

Table 6 The difference in inorganic nitrogen flux with rainwater at each forest layer in the growing season of 2011

AR ILIRA TR AR HEAR R A bR AL IE IS N bR Y 2R
R IVERH R Secondary forest of Secondary forest of Plantation of Shrub of
Layers to be compared Pinus armandii Betula platyphylla Larix principis—rupprechtii Prunus salicina

NH;-N NO3-N  Total NHj;-N NO3-N  Total NH;-N NO3-N  Total NHj;-N NO3-N Total

LIINEZI VN TN
Rainfall under canopy-Open -0.67 -2.35 -3.02 -095 -2.13 -3.08 -0.64 -2.12 -276 -0.75 -2.18 -2.93
field precipitation

i 2B TR -MOR ok
Humus leakage-Rainfall  -0.97 -0.10 -1.07 -0.54 -045 -0.99 -1.18 -0.60 -178 -050 022 -0.28

under canopy

TR B K-S Y 2B
TZIN 0.26 12.86  13.12 0.54 1562  16.16

Soil leakage-Humus leakage

BRI K-ARS K
Soil leakage-Open  —1.38  10.41 9.03 -1.28 1290 11.62
field precipitation

FEATGE AR LSRRI A it P bk i) 1 82 TR B EMR R )Z M 0—30 em + )2, KB IR KT
MUZUIE f 5 RAI R 7K GE 1 1 25, AT 7 — 8 R B Ll B AR 28 R 0 0] [ K B A TE LR A . 9 ol AR b
NH;-N 38 35 R BRSNS i A B 22, 1558 )2 10 1 20 | R PRORT B8 7K i A 110 308 1 349 2 B0 A 3 31 5 1 1, G
H5 514 1.38 kg/hm® Al 1.28 kg/hm” ; BiFPFRAK NO; -N 18 8 BRI A S AR 2>, 3525 A £ %
K A B A e Bk LB VR T, B4 B 10.41 ke/hm® AT 12.90 kg/hm? 5 W5 27 AR 0 B A S AL 2 TG AL
RUH R AVER B30 9.03 kg/hm® Fil 11.62 kg/hm?®,

4 5L

4.1 K IR E AR ERIE

FE2011 A K ZE(5 H 24 HE 10 A 20 H) , WRAMNFEK R X 724.3 mm, B Z4EPE (610.0 mm) | JRIE
TEAE [ 4 Ff 35 RO B 2 R M AR TR B 0 11.91%—20.11% , {57 T K 22 5= B 52 B) AR el 48 B
YL (10%—35% ) 2 N, 5 4 [ 3 B AR bKT- 34 MORE 8 P SRS L (14.7%—31.8% ) 7 AR A IF 5 v 4%
JI AR R B T AR TN 2 45 8 4R 1 2004—2005 4F A K FE N 251 32 B B 2K R RO MORE R B 4 SR, & ARk
BEREH 0 A K TR T A AN i, 2R A TE 0.18%—0.65% , 33X S5 R AR TORLAE | BT~ FRRE W Bz T e
LTI B e, A REHLIY 2% K L AR AL TE 79.71%—87.44% , 3 3o bRE R8T B9 AR T oK b6 48 Ak e
79.89%—88.09% ., X EL7K I iE AR, 2 K i A TCHLGE AR L — AR

BREHLAG TS )2 0E— AR R oK, F 28 R FIAE Y 2810 | 7e 48 LIRS U AR AR AR ALV i fs A TR
6], AFTEANTE Y E B 25 57, X 5 5 RE b RS Y5 0 B0 RN o0 iR 0 566 5%, AR TE 02 10 K 22 8 AR Ak 7
300.0—317.1 mm, R FEALTE 41.41—43.78% , WIE e 7K 122 F01 (5 25 07 b [ 7K %) B 451 43 0 A2 A6 7E 407.2—
424.3 mm#Hl 50.85%—58.59% . EAIEM AN TMALTEYZIE 5.58 cm, H it 22.83 v/hm® AR IS A T MA
VEWE 3.47 cm, FEER 24.73 v/hm® R VE )RR RN LR R 0 T RE R B VE DB K =, AR RS
TS A K i ARG, R B K A A TE ML ZGE AR — DR A

£ 0—30 em + )23, T R R FAEYIZE I | oK A SE— 20 B H AR, B3 oK 5 25 0 iR oK L 451 F
—N, AR AR A AOREJZE (A + B ) AR P a 4300k 30.73 ,14.47 v/hm s BRCT R 9 A 4 6 43 )
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8 1 WmaE AT N AR 4 Fh LR ER AR A BERE K A9 ORI 0 AR ARl 9

H47.30.,7.50 t/hm® " | OBRTEE 2 FURR T R )2 A 0 Ok, A2 LA AR I 39838 Tl K B /N T AR b 7 A Ak
TEASCHFE AR K BN AR B I A 275.9 mm, = TAEILTE T AAMRAY 244.2 mm 53X 557 4614 1358
DU B S ARARAE B A A T FIFE K 2/ DS 2R A G, @5 % 1198 AR, i Tl O ik 2 Tl 22 8
A, VIWT T A AR 2R i ELBEA AR A EAR B Z (0—60 em) , T LA 2 2 A9 35 T K B0 1L B IE A Ak 38 T
KESMAMRE , T EIRBELEANLMBFTED | RIS R A MRORARIE 5 A AR AL 25 28 G0 1 MR L 28 0
A K =[] A T S Y G AR 21.07% 1 30.4% , 48 AT Al B AS SCHE LI AA FAE L 7 I A AR B AR ZE By 152.7
mm 1 220.3 mm, 5 TABFGE 520 B A LA FR AR L 7 A BRI 28 1243000 5 {F ( 148.4 mm 1 163.0 mm ) , N %
N ) 3B T /K R %R 271.6 mm F1 186.9 mm , AJ UWLAFAE S 28BS0 & T ik Al 8B M i AR I
4.2 FIKICr R IEHLER R E 528

AWFFE T BRANGEK B NHS-N NO;-N ¥ 23514 0.42 mg/L 1 0.59 mg/L, AHAL T [ P Ah— L6 fF 55 b 5
R K R A JEHL R > (3 7)) SR, AT M F il PO R PR T L0 Y T TR

x7 —ERRMBRPEREFLFHENRRE (mg/L)

Table7 Concentration of inorganic nitrogen concentration in the rainwater flowing through forests at some study sites

S b A ARG BER it mm MEWH  MRIMEK ZEIBK T MiEwBEK %
Site Forest type Testing Precipitation  Throughfall Stemflow  Humus leakage  References
KL EELZIN 439.4 NO;3-N 0.247 0.145 0.074 7.504 [18]
RIEAE MAZTEM AR 460.8 NH}-N 0.037 0.145 [19]
NO;3-N 0.388 0.335
TIN 0.425 0.48
ELSSET BMAESRS 8103 NH}-N 1.43 [20]
NO3-N 1.118
TIN 2.548
PP L Lk A PR 1222 NH}-N 0.97 1.34 [21]
NO3-N 1.21 0.73
TIN 2.18 2.07
VLG TR NTEF R 1034.6 NH}-N 0.09 [22]
NO3-N 0.067
TIN 0.157
Pu 1S FIHERR 805.3 NHj-N 0.63+0.21  0.26+0.18  0.89+0.43 [23]
NO3-N 0.16=1.70  1.7120.79  2.91%1.20
TIN 0.79 1.97 3.8
[PARES 70N NH}-N 0.63+0.21 0.59+0.3  0.78+0.24
NO3-N 0.16£1.70  2.73x1.38  3.89+1.42
TIN 0.79 3.32 4.67
BRI NHj-N 0.63£0.21  0.44+0.19  2.65%1.07
NO;3-N 0.16=1.70  1.2120.55  4.08=1.72
TIN 0.79 1.65 6.73
Lower Austria IIEEY:S 929 NH;-N 0.5 0.9 [24]
NO3-N 2.12 4.36
TIN 2.62 5.26
=2 929 NH}-N 0.5 0.32
NO3-N 2.12 1.82
TIN 2.62 2.14
INEREXZAZ 929 NH}-N 0.5 0.73
NO3-N 2.12 3.33
TIN 2.62 4.06

* TIN= NH}-N+ NO3-N
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5758510 F B AR AY TOC e A K /K X R T8 A b R AR A4 26 18 5 A 2R AR S TR ) AR BIF 98 o, S 21l 4
ot ML TR ERARAE B 1) NH-N NOS-N W& BEFEAR SR8 K e Sy 2 35 7K R T G 1 e R v 35 BT BRI, B /K ol e
25,4 FhIRARE R 2853 K 1Y NH -N YR 2286 AE 0.36—0.40 mg/L, 5 00 )17 B AF 5 s (A5 25 SR Fe o —
P INOS-N HEAREAE 0.31—0.37 mg/L, 5 KFBAFIE L A9 25 AR, 5 BRI A = A2 AR B
PRI — B, 3X AT REAZS B LU T AL ) M B 8 B K i R N B DL AR R 22 A 06, Sl 4
FhZRAEAI TR 0 NH -N #BEAS AL AE 0.29—0.38 mg/L, BEARIMNE KA I FEAR , 5 DU 18 LR 2R R 9k 28
TR ) S35l 4 FhARMSEE TR A NOS-N #EAF L AE 0.03—0.06 mg/L, BRI K A R IE FEAIG
R AR AR A — 0, 55 001 A RERR RIS MK R R A R ], X s
B 225, AT RERE SRR S FRAE A 56, th 5 KR K FRIE A 26 NI 4 Bl ZRARE B & 9078 T K (1)
NH;-N NO;-N AR TR 242 0 (A HEAR ™ | 3k v] G S5 A5 95 0 AU LB JREBE Ao A 56, s 441l
P Ay RS A FIEFZS T3 B BIFSE 1, NH -N NO;-N W 7E H 3B Tk i e
43 MASERZEM TN AR Sk

ATFFIA IR ) NH-N NO3-N 3@ ik 43 5 3.04 kg/hm il 4.27 kg/hm? | 5 FAER G Z UL
MCTFAETF AR 0 F FE R 5 i X R T B 21247 g 45 0

FEAS LI 4 Ffr SR R AR Bl Bl RA K 2 MRS AR Bl 2 1 % A A TR O L ko) TR A e BRFAEAE R 5 R AR
K I K TCHL MR B & AR T A8 Ak, IR AS [ AR FObR o 18] 22 50 BH S o FE ARSI /K 7 Ry 2 385 /K RN 1 B ol
o AR AARR AL TR SRR HEAPR BT 25 T-0E AR NH-N Ve A BE A {0 NO;-N Y B LUTE R AR PRI,
VERRIEE X NH;-N \NO;-N A3/ W VE R . 2 K 1) NH, -N 38 i 22 L 7E 2.08—2.39 kg/hm®, 5 T H®
HFIIN 3 Flbk > R BLLAAE > s NOS-N il A8 L TE 1.92—2.15 kg/hm? | 5 K 242205 AR 2 A0 A1
AE—E, AR BRI 3 FiAR AN BICHLEGE B AR AE 4.22—4.54 keg/hm? &5 F U1 SE 28 A HEAR (KT
DU 1S GRARTT VA AZ RS I A2 AR LR R BRI 3 FhbRor 0 231l 4 Fh ZRAKIS B 3 (0 C L 2 1
RN AR 0.01 kg/hm? , 5 T VU ER AR AR AT 0012 AR IT A AZ AR B 5T ]
PRSP EB T RTR A AR TIN CEJEHLA) R R e 3 A2 BB K S > 4kl 4 R gk b 5
AT Z S A7 AE 2500, T RS2 H i3 25 1) | RS (B8 B S R RN R AR P I A & AR S 80, BARE
oK, MRTEE A JCHIL RS B FHAEREACRR P A K, 70 A8 LR R A8 PR RS 557 , JEL DR T 2 o] A g I o
K, S AR MR A A 2 P AN i A7 T ORI T R 7K HH TE AL A 4%
H AR A R AR SRIR AREST .

TEMF B A TE 2B T K G, BRHEAR R A pRAh , Hidx 3 FhbRar 1 NH;-N v B2 bR R B /KA BT R
15 4 FPARST B NOS-N MR BE XA AR B K 38 K, JEHL R E f A AL AE 2.77—4.10 kg/hm® , S T AR A1 R K Rk
TFRK R TCHLEGE B RICIRTEDZ T ERAZ G ULEH 4 B g n R TR 2 A R TE AL A i
W B

AR, B RlK H NH;-N AT NOS-N Kk A HETCHLEE, 7S & A 1 MR A dL v i Fapk
) 0—30 cm 388 U /K JCHL R HE Iz = T RSB ZK BT K RG99 78 T /K 38 it 290k + 582 JEHL A
AL i 2, BLTE 0—30 em + 4R X TOHLE bkt AR A, 42 0 i th AR R 2 A9 NH-N NO;-N i8
SRR VR . AR AR K R R K i e, 2 T B MR D 1 A AR K R P ) TE AL UK
H LA

FEARSCH T RA IR KRR TR T TR R A R R RS R R g A e T
DU RS A LL B B RAE 8GR K R A S, B LA R RE DU R AE S R AR MIR R 2
AR RV B X M R R U — A E R W R R s BTN T B TR SRR AT .

£ 3L Hf ( References)

[ 1] Lindberg S E, Lovett G M, Richter D D, Johnson D W. Atmospheric deposition and canopy interactions of major ions in a forest. Science, 1986,

http ; //www.ecologica.cn



8 1

WmaE AT N AR 4 Fh LR ER AR A BERE K A9 ORI 0 AR ARl 11

[5]

[6]
[7]
[8]

[9]
[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]
[22]

(23]
[24]

[25]
[26]
[27
[28

[29
[30

[ R AT

[31]
[32]

[33]

231(4734) : 141-145.

Melillo J M, Mcguire A D, Kicklighter D W, Moore B, Vorosmarty C J, Schloss A L. Global climate change and terrestrial net primary production.
Nature, 1993, 363(6426) : 234-240.

yBAe MoK deat: EMoll s e, 1993.

Puckett L J. Estimates of ion sources in deciduous and coniferous throughfall. Atmospheric Environment. Part A. General Topics, 1990, 24(3) .
545-555.

Wunan, R, FL, T, EE, 2IRE. SSERILRERAR PR RERE K B A LI (TOC) il B AR AR, A2, 2014, 34(21) .
6297-6308.

Crawford N M, Glass A M. Molecular and physiological aspects of nitrate uptake in plants. Trends in Plant Science, 1998, 3(10) . 389-395.
B, INERE, B AR E RIS, AR, 1998, 17(2) : 37-42.

Majerowicz N, Kerbauy G B, Nievola C C, Suzuki R M. Growth and nitrogen metabolism of Catasetum fimbriatum ( orchidaceae) grown with
different nitrogen sources. Environmental and Experimental Botany, 2000, 44(3) : 195-206.

AR, KRR ST IR B AR S RGO SCRIER AT [ D]. BUM : #RICE, 2014,

Glass A D M, Britto D T, Kaiser B N, Kinghorn J R, Kronzucker H J, Kumar A, Okamoto M, Rawat S, Siddiqi M Y, Unkles S E, Vidmar J J.
The regulation of nitrate and ammonium transport systems in plants. Journal of Experimental Botany, 2002, 53(370) . 855-864.

B, KRR JFAR AR NH /NO3 Az B4R AE 5 5L Be e P A Fh (038 By k. AEZ524), 2005, 25(11) ; 3082-3092.

Goulding K W T, Bailey N J, Bradbury N J, Hargreaves P, Howe M, Murphy D V, Poulton P R, Willison T W. Nitrogen deposition and its
contribution to nitrogen cycling and associated soil processes. New Phytologist, 1998, 139(1) . 49-58.

Bergkvist B O, Folkeson L. Soil acidification and element fluxes of a Fagus sylvatica forest as influenced by simulated nitrogen deposition. Water,
Air, and Soil Pollution, 1992, 65(1/2) . 111-133.

Skeffington R A. Accelerated nitrogen inputs — a new problem or a new perspective? Plant and Soil, 1990, 128(1) . 1-11.

B R, TR, KRBT, O R L 2R U SR AR K SO R MO AR SIS, AR SR, 1994, 18(2) 1 194-199.
WO, I, ERF, IR, XM, T, WK = W =R RbR o 28 B K FIR T 2500 b A R AR 5. L HGE R, 2014, 45
(4) . 884-891.

TR, Ed, HESCUH, AT, AR 0. 1 e £ DX SR T A o R bR S R A ) BOK BRI SR A 2SR, 2016, 36/(20)
6409-6419.

XU, ARy, HEPR. AMEREMEERT KA BRI ARHIE. JEattfolk 2244, 2015, 37(8) : 83-89.

ARBL. ROCLE AR DLZEVE AR R R K L2 R AERR T [ D] /R ARAEoll R, 2013.

JRIREW, Ak, RO, EBER, B, TRME, RTR. RALSMESRERIAZRIIRGE &R R R B RIE. AR,
2015, 35(1): 158-164.

NG DU LU ARARA S R G2 OO R K LR B F RO ARE[ D] R PR R, 2015.

BESCHR, TotHR, R, XA, Wi R BT R R I E AR AR SR A R R DR e —— LT TR RO . AR AR,
2010, 30(24) : 6872-6880.

JEHE, IS, BT, NG L 3 FhgpRmE v o8 8 F R 22 AR A R IEDFE. Mok, 2005, 41(5) : 14-20.

Berger T W, Untersteiner H, Schume H, Jost G. Throughfall fluxes in a secondary spruce ( Picea abies) , a beech ( Fagus sylvatica) and a mixed
spruce—beech stand. Forest Ecology and Management, 2008, 255(3/4) : 605-618.

Zhang G, Zeng G M, Jiang Y M, Huang G H, Li ] B, Yao J M, Tan W, Xiang R, Zhang X L. Modelling and measurement of two—layer—canopy
interception losses in a subtropical evergreen forest of central-south China. Hydrology and Earth System Sciences, 2006, 10( 1) 65-77.
Whitehead D, Kelliher F M. A canopy water balance model for a Pinus radiata stand before and after thinning. Agricultural and Forest Meteorology,
1991, 55(1/2) : 109-126.

Wei X, Liu S, Zhou G, Wang C. Hydrological processes in major types of Chinese forest. Hydrological Processes, 2005, 19(1) . 63-75.
TREE, WA, FEAE, fefl, TR, N0 EEA A R R RE. B A4, 2010, 21(10) : 2487-2493.

FAEEN. 7S AL PO R ERAR A K SGE RS FEOCEE R D], LA, EMOLARARTR B, 2014,

Wam, M, SCHA, XVGES, AR, A, 2R AN AN BRARAE SR G B AU b LS A RRE. RS, 2015, 35
(15): 5215-5227.

AR, S BELL AR AT/ SR W 25 R 7K S B i ROBERAW [ D] BT s o MO BT R BE , 2014.

Inagaki M, Sakai M, Ohnuki Y. The effects of organic carbon on acid rain in a temperate forest in Japan. Water, Air, and Soil Pollution, 1995, 85
(4) . 2345-2350.

Williams M W, Brooks P D, Mosier A, Tonnessen K A. Mineral nitrogen transformations in and under seasonal snow in a high—elevation catchment

in the Rocky Mountains, United States. Water Resources Research, 1996, 32(10) : 3161-3171.

http ; //www.ecologica.cn



