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Abstract: In nitrogen (N) saturated forest ecosystems, N deposition has been shown to increase NO; loss and soil acidity. This
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reduces soil quality and further influences the sustainable development of the forest. However, the effects of N deposition on forest
ecosystems in the red soil region of southern China are not well understood, especially the response of soil leaching solution
chemistry to N deposition. In this study, a soil column experiment was conducted to investigate the effects of N deposition on soil
leaching solution chemistry for eight months at 20°C . The soil column (10 cm diameter and 60 cm high) was filled with soil
collected from a broad-leaved forest at the Red Soil Ecological Experiment Station, Jiangxi Province. The simulated N deposition
rates were 0 (control), 7.8, 26 and 52 mg N month ™! col ! . The concentrations of NO; , NH;, SO;~, H*, Ca’*, Mg2+ ,
K* and Na® in the leachate were measured and basic soil physical and chemical properties were also determined. Results showed
that NO; , H* , exchangeable base cations (Ca?* , Mg?* , K* and Na* ), and EC in the leachate increased as simulated N
deposition rates increased, but no NH; was detected in the leachate of any treatment. Net mineralized soil N increased from
189.6 mgN-col ' in the control treatment to 554.2 mgN-col *' in the 52 mgN*month™'+col ' treatment. N input significantly
accelerated the mineralization of soil organic N, and a positive linear relationship existed between the apparent mineralization rate
of soil organic N and N input (R* =0.997" * ). The percentages of total exchangeable base cations leached from the soil to total
exchangeable base cations increased from 13.6% in the control treatment to 18.4, 27.7% and 48.1% in the 7.8, 26 and
52mgN-month™' = col ™! treatments respectively . Exchangeable base cations responded differently to N deposition. Ca’* and Mg?*
leaching losses increased as N deposition increased, but N deposition had no effect on the leaching of K* and Na* . The
percentage of exchangeable Ca’* leached from the columns increased from 22.6% in the control treatment to 31.4, 46.7% and
82.5% in the 7.8, 26 and 52 mgN-month™" col ™' treatments. Similarly the percentage of exchangeable Mg?* leached from the
columns increased from 5.0% in the control treatment to 16.9% in the 52 mgN- month ™'« col™! treatment. In contrast, the
percentage of exchangeable Na® leached from the four treatments was 16.0, 10.7, 17.6% and 26.3% in the 0, 7.8, 26 mgN-
month ™" col ! and 52 mgN - month™" col ™! treatments respectively. No exchangeable K* was observed in the leachate of any
treatment. N deposition resulted in a significant decrease ( p < 0.05) in the amount of sulfate leached from the columns compared
to the control. The pH of the surface soil also decreased significantly as N deposition increased. The results from this study
indicated that increased N deposition rates will increase soil nutrient losses and soil acidity under broadleaf forests in the red soil
region of southern China.

Key words: broad-leaf forest; red soil; atmospheric nitrogen deposition; base cations; nutrient leaching; soil acidification
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REWEMTHEREROEESRB I (KL 116055’ 3L 4 28°15") , B A AT BN E, RiEEE
. At REPTRFEHX, SHEBEBMEW, FEFLHEE 17.6C, > 10CH IR 5527.6C, FRFEKE
1794.7mm, FEHE B 1318mm, FFTRE < EKFETHHAY,4~6 AGBEKBILFESEE5H 50%, TESE
BALR IR, ERSBATER 71 kg™, BERHPAE 4 L0 HKE, BREELE 35 ~60m ZH,E
KRB, HEEEL15~20m, HEAK, LE3~T7%
1.2 +i

RETERNEROEESKRSHREESKBXRHACMR) T EE R H, ZLBEIEREFT
FARACKIBRMIAE LV PWHRUBRAMEBEAIE  HEE RN KZBURBRLVEH=
KEAMZR, LEEEE~10cm), FE (10 ~ 30em) FK R (30 ~ 50cm) AR R RE, B RE AT, B &
BARR SHBEEH. HEANBAERLE 1,

%1 SHRTWNEXRBUER
Table 1 Basic physicochemical properties of the tested soils

B rHE A YR 28 mER BER 0 EHLBL K 7 B
Depth Bulk Density OM* Total N NO; -N NH; -N Total-S Ca(H,P0,),-S CaCl,-S
(cm) (grem™?) (g-kg™") (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™!) (mg-kg™"') (mg-kg™")
0~10 1.32 24.2 1.20 4.59 7.05 175.7 155.3 21.3
10~ 30 1.34 10.6 0.64 1.70 1.54 290.3 287.7 16.7
30~50 1.39 7.1 0.51 2.09 3.23 225.9 225.0 12.1
B o ol CEC HLERAE AL AT XV AW
Depth (H,0) (KCD) (ol kg~1) BS Ex.Ca’* Ex.Mg* Ex.K* Ex.Na*
(cm) (%) (mmol'kg_l) (mmol-kg™") (mmol-kg™') (mmol-kg™")
0~10 4.41 3.66 71.7 7.6 3.66 1.17 2.03 0.33
10~ 30 4.48 3.74 77.4 5.6 2.21 0.85 2.07 0.35
30~50 4.71 3.80 80.1 6.4 2.31 0.95 2.41 0.43

* OM—Organic Matter; BS—Base Saturation; Ex.—FExchangeable

1.3 HERARFMRARFMAR
KEVMEYEFIERER B, HRK N Ca. Mg K. NafI H' &, RBRRANEBAKFE, SASHLIE NG
AR 0.7.8.26 f152mgN,8 ™ H N ERHWA RS HR 0.62.4.208 F1 416mgN, H & NH, -N & 75% ,NO; -N §
25% . % BE| LK) R TIEEE ARG, St Y T 244 2 FUHER, A E 75 S WmAKM Y. K
Yok pH R 4.50, 5B 5T Wi /K A0 2. ok Uk K B 4k 223X 371 ( CaSO, . Na, SO, . K, SO, .NH, Cl,NH,NO, .Ca(NO,), .
Mg(NO, ), .(NH,),S0, 1 Li,SO,) BT, Hrh CI- f Li* E A P&+, HARRE 2,
$2 WO T T 4B R PR B (pumol L)

Table 2 Composition and concentration of jons in leaching solution(ypmol-L™")

FHAR (mg- A HY)

N input(mg+ month "~ col 1) NO; NH{ S0;- Cal* Mgt Na* K* a- Li*
0 0 0 406 7.8 5.8 26.5 10 0 609

7.8 93 279 406 72.8 5.8 26.5 10 0 432

26 310 929 406 72.8 5.8 26.5 10 1 0

52 619 1857 406 72.8 5.8 26.5 10 620 0

1.4 HEARIR

W ABE PVCBHE , HEH 10em, B 60cm, K HBH AN E -1, UEKREBR K. RBRZ 4/ E
161, RESIELHFE S1LEREMNERERRESLENT LR SN EE L, £
ERERZEEERMM—EAam, SHNERM., REAEKE 20m B, BEHE 20em B, BREXEE
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10cm B, &R EABNEF, £LREH len EARY, TREEERA AT HNFKE, VEREIEH
KRBTSR, R B BMRAL. SR 1AM LR, SR 150,355 8 K, RBUKKE R 120, MM Bk
BAHNT 1528mm W&, BT LMW ETFHKE. BRMARKERE, FHRERBE . EIBBREAR
BB 1.5L R IE(KRA 10h) . BIRMHKUEZRe IR B I B LR B LK %R, KB 20CHEBE
WikfT. BIERBRTE T IKAEPHFW,
1.5 #EawS5%T

AR E B I pH R E EC™ . B W T K.Na.Ca . Mg.S & & ICP-AES I , NO; -N Fi ¥
WRMEREERE N, N ARBEEaRENE , REMTRABEASFFEY . BIERA Spss 4it
WAL
2 GRS
2.1 BEAENERBENE W

RIARREBARLHEBAR ESAMBRHLEBEURKRBANG L ERSR ZSEEL, TR, HEA
BMARMRM,NO, -NMHEZRSGEM, LEEER FIKBEZEKT(p<0.01), BMAKBIM, KERFRE
BME NH, -N, MBS L EPFREWHSEEEMARNE MmN, MESALBEZRAKR(E3). X
BEZAARETARE DEREYMENLACE L HEOHE KROH 0 ATFTPEIRFEERN 1:
1 B T B R pHE (S0 ER), —BARAEBEMAZWEN . ZERSE pHA3I W 1B
LI B4R B E IR ALAE ™ o Biederbeck Z B4 Rt 9, 7E pH < 5 MIBRYE + 48 7 35 20 4 4k 40 B 6 35 I BR
Wi, ML AHERBAEAZED, AEERNARSIESEAREELRPRE, WA S M EA
BALRAR ., —HREN, L BMHBAERY . AREP A ENTEEET . BEABART, CL ME
ABBK(GGE2) NEGRRE, HFREEEXWAWMIERM,

£3 FRARKARYIREHKM

Table 3 Effects of N inputs on leaching losses of nitrogen from soil columns

N#AR 3R Soil(mg)

A (mg'ﬁ‘l'&‘l) WEE N A WIE NS wmE-BA %iiﬁ‘ﬂzf:ﬁ
N Forms N inputs R AT AR REERE HMELER Inputs Outputs Outputs-Inputs N balance
(mg*month™ " +col 1) Background After trial Difference (mg) (mg) (mg) (mg)
HBER 0 17.6 23.1%+2.8a 5.5+2.8a 0 0 0A 5.5+2.8A
NH; -N 7.8 17.6 22.2%2.2a 4.6+2.2a 46.8 0 ~46.8B -42.2+2.2B
26 17.6 23.7+3.0a 6.1+3.0a 156.0 0 -156.0C -149.9x3.0C
52 17.6 24.0x5.5a 6.4+5.5a 312.0 0 -312.00 -305.6+5.5D
HEXR 0 12.9 112.5+21.7a  99.6+21.7a 0.0 84.5+5.6A 84.5+5.6A 184.1+25.6A
NO; -N 7.8 12.9 212.6+68.8b 199.7+68.8b 15.6 122.1+1.1B  106.5+1.1B 306.2 + 69.6B
26 12.9 381.8+77.9¢c 368.9%77.9c 52.0 205.8+3.3C 153.8+3.3C 522.7+76.0C
52 12.9 681.0+23.4d 668.1+23.4d 104.0 295.8+2.8D 191.8+2.8D 859.9 %+ 23.5D
XK 0 30.5 135.6+23.9a 105.1%23.9a 0.0 84.5+5.6A 84.5+5.6A 189.6 +27.6a
Mineral N 7.8 30.5 234.8+67.9b 204.3+67.9b 62.4 122.1+1.1B 59.7+1.1B 263.9+68.8a
26 30.5 405.5+78.7c 375.0+78.7c 208.0 205.8+3.3C -2.2+3.3C 372.8+76.7b
52 30.5 705.0+19.6d 674.5+19.6d 416.0 295.8+2.8D ~120.2+2.8D 554.2 +20.2¢

*BRUWTH = (RFEH S + THERE) - (FERBA + LHEAR);ANA -&SA + WER; KEFH(AB.C.DMNEFF(ab.c.d)
AESHMERRERE p<0.01 1 p<0.05 BFM/KF,TH N balance = (Outputs + After trial) — (Inputs + Background); Mineral N = NH; -N*

NO; -N; Difference of the capital letter (A, B, C, D) and lower case (a, b, ¢, d) indicate the significant difference at p < 0.0land p < 0.05, respectively, the

same as below

HEBARKEN BESESEEGEE - RN, XTRHARKBRBEANESTHALERS B
HESREMRGEL k., MERABRMRI, THLE(NO, -N + NH; -N) S8 HBR /D, ERWAR 26mg- 5 ' -
BUKER BN RN A SRAR T RERFT(X3). BRAMKT 26mg- A '8 "0, BHRB B E
FHA ZALRPHBIENR(BEBENRAET AW ESEOBERBE L L TR ARBT 26mg- A ' -4
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) B, VLB B TRA, EUHRERE AN S XV LB REF . Glatzel 7 Van Breemen % A KB R &

RER KHNASBEESBA, LBARBRTAREVE RBTASFERRNWESHANLBEHRERF
BRKBEHEKRS, ALBEREBR(20mg- A B 7'M S2mg- A B DABTEREMBNERA
M., THEEMMNABRABAREEIHRAKA  BTERE L BERHUARFE, REEBELHT, LENAHEAE
FEREAEENIESANEMMmE/D, BELBEPRETRKEMHEE, N TEARBNEESR , RENASE
BT BAMEERN T,

SAVNAXMNFEEERLYTHEENENTLE. ZERAR, L EENENT LEN 189.6mg-FE',
FERMARAEM, LMOENET L EZH M, EEREA (7 8mg- A" A ) MEEMA (Omg- A~
HDHABZEEZRAHE MSTREABALHEENEZRAR(p<0.05)(K3), HEXSGWERHA, HIRY
HESEMARNGEEREMELRR(Y=6.847X +198.3,R*=0.997" "), H TEB AT EIMKE AT 1k
BIREMA (7.8mg- A ') FEBMA (26mg- A KD MBABA (52mg- A7 k) HIHN 74,3,
183.2.364.6mg ' B RAWMARERHALBENRT LMIER, BABARRK, XARFEHBR, X
AHERE N RMAR R, B T LEMAYNER, B T HEERERK 2B,

2.2 EEABRXBMKE K

HE 1R, EESALEN RRAKERER, FRAEAN  RBRRNKRSEARE TH., LELHES
AFRAHEZ AHRBERKARELERFEE (p<0.05), BERRAMALEZARBRKERLERIFAEE., B
REREENAKBREIA LB EHETHEERMENEANTHIERGR?), A TEEMH , FBTEpHAEAT
FE(E 5), i R AR IE s e S B3R I, SR B B B FRE 3R, R SO R MR, KB WL
2.3 ABMABRMKBHECER

THERBBRNESE(EORMTHBRTPEMNE FRA. B2 R, ERBAERNEM, KERK EC
WAEE, ARIEMARRBERERBEKF(p<0.01), KU, B AKME LY FEHL
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0 7.8 26 52

—
(7
I
N
¥
(=)
T

g
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g 2
T T

W
I
%
(=]
T

SO BHH K R(mg S-HE)
Cumulative loss of SO42- (mgS-col!)
=
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C
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52

BB (mg -A-1E BBA (mg-A-LED
N input (mg - month-!-col-!) N input (mg-month-i-col-!)
B EEARX S0 -S HIE I W B2 EEARXEHKEEESEEC)HENR
Fig.1 Effects of N inputs on leaching losses of SO~ from soil Fig.2  Effects of N inputs on EC of leachate

2.4 EWABRNTEEEETHENERE

24.1 MEEETIEMNEZE HE3IATL HBESAERMNEM EXKELSBGESEM, S0 62
REBRBEKF(p<0.01), HAEMAMEREZE FHMRE, 2 AR HKEE T EXTHEHERRESEN
50.8mmol( + ) (F 1), HKERBITHANEELEE N 2.3mmol( + ), FHEMKH K 53. Immol( + ). FHAPFEME B
MEEEEERN9.2~26.Tmmol( + ), AT BEHBEHHRHEELEN 6.9~ 24 4mmol( + ) , WK TR 2
B, BR(Omg- A" H") MEE(7.8mg- A7) HE(26mg- A - )MER(S2mg- A7 A&
BNt SRR ESR A SRR MRS RS MR BT AN SR 2) SRR
SEAAHN13.6,18.4.27.7%F 48.1% , B + WA Bk R AL TIHAE FRHBEWWE, Ulich EH5IA
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H,+HpH=42~5.0, BTHEFXHEWNEE, & N D

AME BEFESETFXAEBERE Bty 5o} ]

e Cat Mg NH BRBE T, B MW e 55 o r c
HEHPFENBERREFAEMER WREWE 25 | 4 -

REREFLHRLR, RUEAREBEMES DK B2 | m

BB oh ik RAE DY R, BB vh B 1 B K B 1 % R 8 %3 o L
B, MU pH=4.0 M EBERMAE TR . & EEA (mg A4

RIS T IS 2 + 9 pH (H7E 4.41 ~ 4.71, W %R TR &E N input (mg-mont col™)
FRBEEHTEE . FIBEL5 Uich MBEHES -, M3 AHARMSERESENER

242 MELEETFHENEW B4R, %F Fig.3 Effects of N inputs on total basic cations in leachate
HHEBHEEEFHREE BARARNEN KEBE G MEREEN N ARRRBEZRAKBE KT
(p<0.01), Mg KA #ES ca* #HF, ARRAVIEREZRIFEREEKFE(p<0.01), —H#H K* Na*
52MK cd Mg FeAR ., FRIEAEKEBEE K Na EBREFHBHET.

MFEHEP L EAGTHELREETFARARREBRNEEE TRE R SKERNREB FERARS
E), RAWALH, L ERHE G MEHHE N 3.04mmol, § HEREHE C K 22.6% ; BER M AR 61
B Ca™ MR REB B ER M, X5+ ECBRE ™ WA RREEK, RHE82.5%, ARG AR
BlZRERBEKFE(p<0.01), Mg WAABES ca’ HE, AFRABARRZRUERBEE K (p<
0.01),{H Mg** WIF &R &5+ R ME Mg WHHIR AU 16.9% ,iE/NF Ca* i thBil(F 4), — @ K* .
Na* 5 -##y ™ Mg ZB2AM. ARIEAE K N BB BERAEHEN LY, THTHRES K %
WEmHENAE, RAAERE RS K HRAERL, RERPHW K BF L HFH L EEE. Na* &
WFEEMHENBAK, 5 K b, 2 HEACHS Na* MBS HE L FIAETEE, X5 10.8% ~26.3%,

GLEATW, T ETHREE FHERERBEREN C RN Na* , BLVHE M K JLEREH T
(R4), ARIKEEBFNEARAGRNAR, Z4 8 Ca 1 Mg X3 8 A B XN 8UR, — 489 K F Na*
MRMARTHABK RN, Atk EE THERS, I EAYHRIE, T HEMC L TREKAT(E
Do R ANENE QREALW, LECRA W EMKSE . Hartikainen A g AMNEFR F(H + ) B —
Hr i B BRI B — M AE F (LK Na+ ) MEWE/NBE . 2RXBRENMERFHAME A
FERB A, L AERMA AT LERRE A NR TREEE R, RS MNE R F R8s
ZR—HEK,

F4 TRAEKHANRHNBERFHREHTN
Table 4 Effects of N inputs on leaching losses of base cations from soil

EHA et 298 T (mmol) R R S 4 R T O 1R (mmol)

(mg-f~'-4E71) Base cations in leachate Leaching losses of exchange base cations of soil columns
N input

(mg* month ~ Yecol™!) Ca** Mg2 * K* Na* Ca* Mgz* K* Na*

0 3.4 0.32A 0.0% 0.64ab  3.04(22.6)A 0.25(4.9)A -0.03(-0.2)a 0.32(15.9)ab
7.8 5.11B 0.42B 0.05a 0.54b 4.23(31.4)B 0.35(6.9)B -0.07 (-0.5)a  0.22(10.8)b
26 7.16C 0.63C 0.11a 0.67ab  6.29(46.7)C 0.56(11.1)C -0.01(-0.1)a 0.36(17.7)ab
52 11.98D 0.93D 0.08a 0.85a 11.11(82.5)D 0.86(16.9)D -0.04(-0.4)a 0.53(26.3)a

* LREXCHAE Ca¥t Mg K” fl Na® S5 5028 :13.47.5.07 .11.69mmol 7 2.02mmol ; #§ BE A Ca®* Mg®* K* Fl Na* S84 5% .0.87.
0.07.0.12mmol 1 0.32mmol; S N BEN T HF T EA G CHEBT THERE S TR THENE A Exchangeable Ca’* , Mg*, K* and
Na® in soil are 13.47, 5,07, 11.69mmol and 2.02mmol respectively; the inputs of Ca’®* , Mg?* , K* and Na* via leaching solutions are 0.87, 0.07, 0.12mmol

and 0.32mmol respectively; the data in parentheses were the percentages of leaching losses of exchangeable cations from soil in soil exchangeable base cations
2.5 FWARX H' WA K+ pH MW
M4 TR, RS ALE, B WA BB R TTE R A0S M, B WS B W0, + 3 W
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Fig.4 Effects of N inputs on leaching losses of H* from soil

pH(KCI) PH (H,0)

by
=]

3.9
3.8 H

3% Soil pH
13 Soil pH
F-S
L

3.7

V22 A

3.6

%
>
=)

0 7.8 26 52 78
EHRA (mg A1) EWA (mg-A-1H)
N input (mg-month-!-col-!) N input (mg -month-!-col!)

Hs5 EBARXLEpHHMER
Fig.5 Effects of N inputs on soil pH
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35% , SRZBARMULERKEE, BRNNRLFRARSEER  REERARAE, XAREXRBRKLH
R MEEXRARBAESRERES.,
3.2 RRAVIMESHARLERE

BRIEEBAESRERANEE  EFBIAESRELEARN 85% . BIE Goulding EHF5, KK
VUREEI R 10% B, 12% R HIL,53% BRI, 30% SENREGHEE ., 2RXRER  EHAR
AT, BAMBHENERTEANBAR(RI), A, KKAVIBREH# - SHNLHRAETE. LEPERFAT
AEBEWENA(EERHESR) LA L EEMAFHREEZTNANBEA) FEERHENRES
Rotaett. i, BmMETEXWEY S FEAPHBEEY , KRAREEREBESEZHS, K
K UTHE AR5 A 50kg-hm™-a™' , S B PSR EILRRE L 30%,

Aber FIANH KM ATIEE S SBREHEA L ERETEE RN, B0 FT & M3 4 H Ak
R IMEM AR, EFAD EMN 12~ 18kg-hm™*-a '3 1NF)| 47 ~ 53kg-hm™>+a™ ", T 7E M 228 o B ML
LR AR, B ILEEEI M 40 ~ 46kg-hm ™ *-a” ' WA B 4kg-hm™2-a™ 1", AR 5 B K 00 AL AR IR %
THEEVNAMTHES) BEFRREBREOFTRABRENEAESESE 4 TR,

REERRABMA(26.52mg- A" H EHFT, T BENEEGEEREEE E I AH A K INTE/A(F
3) AL BERRFTRENHSE . EMTEARBNELELAR  BLSER L BAMEAR N T EMAAESKE
EEFRME R
4 it

REEFNERMKE LRPIFRUESE , U MBI M K3 NO, H M EE FHME., ARG RETF
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