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Acidity and Inorganic Nitrogen Concentrations in Soil Solution in
Short-term Response to N Addition in Subtropical Forests
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Abstract: The effects of simulated N deposition on acidity and inorganic N concentrations in soil solution
collected at 20 cm soil depth under pine forest, needle broadléaved mixed forest, and mature monsoon
evergreen broadleaved forest in subtropical China were studied: Additional N (NH,NO; solution) treatments were
established for mature forest: Low N (50 kg N hm? a™), Medium N (100 kg N hm? a™) and High N (150 kg N hm?2a™),
and Low N and Medium N treatments were established for mixed and pine forests. pH values in soil solution in the
control plots of the 3 forests ranged from 3.82 to 4.24, but pH values decreased by 0.08-0.18 in plots treated by
spraying additional nitrogen under the forests for 5 months. NH,-N concentrations in soil solution increased
averagely by 74.0%, 355.6% and 57.9% in low N treatment and by 68.4%, 93.2%, and 188.8% in medium
N treatment for pine forest, mixed forest, and mature forest, respectively. As in high N treatment it increased by
1254.7% for mature forest. The increases of NO;-N concentrations were by 56.4%—88.5% in low N treatment, by
65.6%—132.2% in medium N treatment, and by 85.5% in high N treatment.. The results showed that additional N
deposition increased the potential of inorganic N leaching losses and enhanced soil acidity.
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E A ETF R — SRRV R M K AES R AN R,
Rk M NITREX (Nitrogen Saturation Experiments)
FMEXMAN (Experimental Manipulation of Forest
Ecosystems in Europe) T H B4; 75 36 B 5 5% i 2 M
Harvard ##K. £ (X1 M Bear Brook #E 7K X FI{# 5% 4¥
M Mt. Ascutney FRMECFFE T 15 FERIEUTFEE
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1 W3 s ML Ot
S L E R AR A T R A S R %
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2.3 HEFit

K F 45 v % 14 SPSS for windows 10.0 & &
A& A Z57#T (One way ANOVA) MRS E £ ELLE
(Duncan’s multiple-range test) &3/ REUEE S
A58, HEESEMN pH EEARHMIEE AN
—HRMBHARELAREER. DENREEE
I AIFEEE p=0.05 M p=0.01 K F LB ER.

3 SRR

3.1 XSk

R A, K MK pH AN T 4.08-522 2
6], 35K 4.54. ANFREFERTE, A TTHUERE
ERRK,TE 0.03-14.79 mg L 2 8], 3 290 mg L.
BENE (ESE+HEE F, &5 & & 49.7%-
88.8% (F 2) .

F1l MALIITHEH2003FE6RZ2004 F3 At MEHNRNSR pHENSE
Table 1 Available nitrogen concentration, pH value and bulk density of soils in pine forest, needle broad-leaved mixed forest and

monsoon evergreen broad-leaved forest in Dinghushan (means for June 2003 to March, 2004)
BAERR

. +B HER HEER Total AR AE
Forest type Soil depth NH4+_1\11 NO,'—IT available Perient of pH Bulk den:ity
(cm) (mg kg) (mgkg™) (me ke™) NH, -N (%) (gem?)

LK Pine forest 0-10 3.65£0.37  3.268026 650040 49.3533.05 4.08+004 1.16+0.C
10-20 2.9420.35  3.28£0.38  5.89+0.52 47.17+2.96 4.25:0.02 1.4820.03

15 Mean  3.30£026  3.27+023  6.19+0.33  482622.12 4.16:004 1.32+0.02

YBACHR Mixed forest 0-10 3.53:0.35  4.17x0.42  7.70£0.68 44553227 3.95+0.01 1.22+0.03
10-20 3.424050 2794027  6.15x0.71 47113258 4.19:001 1.43x0.08

X Mean  3.47+030  3.49:0.26  6.95:0.49 4579171 4.07+005 1.32+0.05

FRH #k Broad-leaved forest 0-10 1.79+024  11.57+1.48 13.82+1.47 26.04+4.13 3.81+0.03 0.98+0.04
10-20 2.05:0.26  8.72+1.08 10.62+1.03 32.61+4.87 3962002 1.15+0.07

i Mean  1.92:0.18  10.13£0.92 12.25£0.91 29.23x3,18 3.88+0.04 1.06+0.05

£2 BWMLRSHKpHERLZHZER
Table 2 pH and inorganic N concentration in rainfall collected during August 2003 to April 2004 in Dinghushan

ERHEA 7] BARNH,S N HEENOSN  HEHE Total B AB LB Percent of
Sampling date (mgL™") (mgL™h inorganic N (mg L:l) NH, N (%)
2003-8-13 1.03 031 1.34 76.9
2003-8-26 0.04 0.01 0.05 80.0
2003-9-12 0.02 0.01 0.03 66.7
2003-11-11 0.10 0.04 0.14 71.4
2003-11-20 4.45 0.14 0.05 0.19 73.7
2004-2-4 4.44 0.87 0.88 1.75 49.7
2004-3-21 4.97 9.65 5.14 14.79 65.0
2004-3-26 4.08 3.81 1.60 541 ) 70.1
2004-3-30 4.23 2.50 1.06 3.56 70.1
2004-4-4 4.42 3.64 0.47 4.10 88.8
2004-4-27 5.22 0.30 0.30 0.60 50.0

FHEMean 4.54 2.01 0.90 2.90 69.3
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oA R AR 3 MR FERK
pH{HE % 5.98-6.88 (/1) , LLF¥ /K 0.78-2.80. 3
FEARAR FEW pH FIHME 74 6.52.6.53 1 6.29.
o A PRORRAS AR pH f bk i M AR5, 6 Rl E
A 3R (2003 85 11 A 20 H.2004 &2 A 3 HH
2003 H21 ) #REF (B D,

7.5 T
- B TE R Pine forest ®

7.0 - .
0 O W ZHMixed forest * *
6.5 - wf= P81 B Broadleaved
-2 forest

pH
o
(=]

[44)
—_——
DS N A S N WD

AR NH N(mg L)

RIAENO N(mg L)

03-8-13 03-8-26 03-0-12 03-11-11 C3-11-20 04-2-3 O4-3-21 04-3-26 04-4~13 04-4-2T
BY#EIFIA] Sampling date

B 1 @ EN pH ENMENR S &
Fig. 1 pH and inorganic N concentrations in throughfall obtained
from three forests in Dinghushan
* RN 3ANFHIEZREZE . Asterisks (*) denote that the values
are significantly different at p<0.05 among the three forests.

IMBEMRFENTESESEFHREKA
1.85.2.36 #1 1.92 mg L', AR N 3.34.234 M
5.65mg L', FEWNESATRILKABEKERNK,
HRE, MAESESREA L LMK SR (F2,
Bl . FENLTIETESER LG 3 gk
MK IR H 38.4%.50.9%F1 33.6%, B BAKTFFEK
SR AR LB, Ui B B K T MO BB S LR B 9R
WIRRE S . 3FBRK N, EEEERMERHE,
T AR A B K 2 S0 00 F 1 i pRR B B AA R
ETRASH (B2 . FEWNH pHHSESE SR
ERBEEFEAMERXR 7=037,0=90) , HEHER
EEBMXAREE r=-007,0=90) , AT ER
MRE L EZESESERNEM. ERMUN, 5
FREAAPRAR AR 5 35 0 P BR A sV B KI5

BIgH K Pine torest
0O Control

OlLowN HMiddieN [ HighN

|

7.
é

(4
9413 041 27

03-11-20 01-2-3 013 26

Sampling date

B 2 SRR R X 5 L B AR 1 iR B K R P R B
Fig. 2 pH in soil solution from 20 cm depth in three Dinghushan
forests, in response to simulated additional nitrogen deposition

Values marked by different letters are significantly different at p<0.05.

33 LB EK

TEBBEKERGHEE TP EIERYE, K
pH (AR ILTEE Y 3.82-4.24, B MM IR
HAREE N 4.08.4.04 F14.03. 18T 2004%F 4 H 13
HEUFESL, 5 B RVR R m TRMA (FH2) .
JLFEFTE S E A BRE 7 M L3 % K pH EBME
FHABES (B2, HHEALEF L IEKENR
k. B 2004 FF8 GREHAT S A , 3 FhfrMiMg
A EHE L EWBBEK pH & L BAK 0.15.
0.14 71 0.08, &AL HK 0.11.0.13 F1 0.12, f@M #
HEALEK 0.18,

3ANFMAT AT L IEB B KN TSR
81K 6.14.6.66 f1 11.64 mg L, ZAXEETE L
15.0%-11.9%H1 3.0%. ] W, Tk FEMEL T H
REEDA 0-20cm, LB J5, HHEDTRK . HED
B I RBAEKFANEFTHRERE, E&5ES
B AR RT & LR pH {880 B FK, RS AEN
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Table 3 Concentrations of NH,'-N and NO;-N in soil solution collected at 20 ¢m soil depth
in three Dinghushan forests, in response to simulated nitrogen depositioh
N B NH, N (mg L) RS ENOS-N (mg L)

T frm . HE X8 & R =7

Control LowN Middle N High N Control Low N Middle N High N

I BHA#K Pine forest
2003-8-13 0.310.1 0.4+0.1 0.410.1 8.3+3.5 12.3£2.3 19.5+3.0
2003-8-26 0.1£0.0 0.1+0.0 0.120.0 544430 247433 a 113£23 b
2003-9-12 0.1£0.0 0.1+0.0 0.0+0.0 5.8+4.4b 8.6+2.8b 14.6+6.4 a
2003-9-17 6.0+1.7 14.5+3.4 15.0+0.8
2003-11-11 1.6+0.5 3.1+0.5 10.2+1.2 10.7+1.4
2003-11-20 1.2+0.4 2.8+1.2 2.0+0.8 5.6+0.9 7.1£0.5 14.5+7.4
2004-2-3 1.3£0.2 1.620.1 2.2+0.2 2.4+0.1 5.5+1.4 8.0+1.3
2004-3-26 2.5¢1.2b 3.4+15ab 5.3+1.3a 7.6£1.8b 10.2+1.8 ab 15.6£25 a
2004-4-13 0.240.1 0.9+0.2 0.740.5 054020 3.7:0.7b 55+0.3a
2004-4-37 0.1£0.0 0.1£0.1 0.110.0 1.4£03b 3.3:0.6a 38+0.1a
ZEHk Mixed fores! '
2003-8-13 0.1£0.0 1.2+0.9 0.60.3 43424 6.8+1.5 8.0+0.3
2003-8-26 0.12£0.0 0.4+02 0.240.2 39433 8.3+4.1 9.7x1.3
2003-9-12 0.10.0 0.1£0.0 0.320.1 13.6+10.3 14.616.1 7.8+1.1
2003-9-17 0.2+0.1 0.120.0 0.320.2 14.2£7.0 17.6£14.0 26.9+3.9
2003-11-11 0.6+0.3 44122 5.1 18.7+3.4
2003-11-20 330.1 18.2 6.8+3.8 6.3
2004-2-3 1.0 2.6+0.3 2.7+0.6 4.1+0.3 b 5.8+0.8b 192+30a
2004-3-26 0.3+0.2 3.4+2.0 3.442.2 45+0.7b 6.3:3.8b 203+3.7a
2004-4-13 1.4+0.0 2.0+0.5 3.3x1.3 2.1:0.4 5.2x1.4 11.524.8
2004-4-37 0.0£0.0 0.120.1 0.310.1 0.9+0.2b 3.7+1.0 ab 7.4x1.7 a
W& #K Broadleaved forest .

2003-8-13 0.240.1b 02+0.1b 0.6:0.1b 1.610.3 a 19.3133 13.8+4.6 34.045.6 20.9+2.0
2003-8-26 0.1£0.0 0.1£0.0 0.240.1 0.10.0 21.5+8.6 19.3+4.1 243+14.8 12.5¢1.5
2003-9-12
2003-9-17 " 0.1£0.0 0.1+0.0 0.1+0.1 0.0£0.0 19.1£2.1b 67.346.6 a 245+09b  47.1%19.5 ab
2003-11-11 0.9+0.1d 24+05¢ 3.9+0.6b 7.5+0.3a 12712 ¢ 17.3+22b 21.244.6 ab 30.7t19a
2003-11-20 1.2+0.7 0.7+0.4 2.0+1.7 29.4+16.4 9.6+2.3 10.2£1.0 16.8+4.8 21.4+8.3
2004-2-3 02+0.1¢ 12+02b 2.0+0.1a 24+0.1a 73x1.9b 9.9+0.8b 12.7£19b 19.742.3 a
2004-3-26 0.4£0.2 0.0 0.0£0.0 0.120.1 8.8x0.4 320 22.0+1.7 26.8+3.6
2004-4-13 0.0£0.0 0.010.0 0.0£0.0 0.110.1 234040 5.240.5 ab 5.3+1.2 ab 6.6+1.8 a
2004-4-37 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 1.1£0.4 3.5+0.6 2.5+1.8 2.8+0.7

[FATERE EA R FHRRAFEMER B¥E. Values in each line with different letters are significantly different at p<0.05.

MEK T EZEKESEFHEMT 74.0%.
355.6%F1 57.9%, FEEEIEINT 68.4%.93.2%F
188.8%, F EAL B AF FE I MR N T 1254.7% . SR
RHRMEXH LB EKHARSEERLE)E
WA BRI In, 7 A e AR B AR B 2 S H A s n
(R 3) . BEMPFREN RSB 3 AR
BINT 88.5%.56.4%F 75.4%, FHEALESNT
124.4%-132.2%F1 65.6%, & & Ab I 4F g mh Ak 4 b
T 85.5%. At AL gAML RS EAKESEMN
WARSEN (X3, AKHEHEHBRIMIKE
RESHEBESFRESETNT K.

T2 B K pH H S ESRAMSE S EYE

WEE SRR R GEEE =023, AR r=-045,
n=301), {H pH HSHASE S ERHIREE K, %
HIEBEKNBRESE KEE LZHERSEN
Zu, B3R EAKEAR S B, RUEER.

4 Hip

MAEBF TG RRE, 3 ML IBBEKTH
ASTBEYUBEEEN T, E5EAN & 3.0%-15.0%.
TEBEKPEFEUBSEANEZRRAMERN
iy, HHNBETRBRENZRLERRK, T

BWERRS WA AR ST Y 5 B
Feo v, fest, BAR 3 Frdrih L3RS E KR E 1S


http://www.cqvip.com

128 AT A R R

0000 http://www.cqvip.com|

£13%

AEBETTE, BETEERKE, HBEKE
K, DRI A K 3 43 T A N Yo A 58 17 o PR A
EHRT, AHKREREEEETEFTAR
SRAZEYD BRI ABAR A 2 f5 (R D . @t
MO ESTEREDEZRRALS T LEMR
FRANEAT RO, U8 i i AR AE S R ARXS T 5 A
MFNBRZHREEE. FIh N TREBBEKTHES
BRARKRE , t 5 i bR b S B AR FR AT
HER. L BMARABEHESE S SRR
) 2.4 F1 2.1 1%, AEASE A KA R AR 47.3%F
52.7%, R IRPESEE L KBELREE
R FEHARKIN, ERMNESRATEEZINEA
AL R R RN E RS RI B BRI, SAMINE
PR I R B S 41, EROAR R AR AR IR AL R A T 3
BEKMHEERERIT 2 MABA S TR (TR
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