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Abstract; Soil solution is called “soil blood” , which is the medium of various biochemical reactions in the soil. When the
external environment changes, the chemical composition of the soil solution can quickly respond to the environmental

changes before other soil indicators have changed. In order to explore the impact of increasing atmospheric nitrogen ( N)
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deposition on forest ecosystems, we set up three N treatments including the control (CK, 0 gm™a™), low N (LN, 5 g
m~ a'), and high N (HN, 15 gm™a™") in a subtropical evergreen broad-leaved forest in the raining area of west China,
artificially applied ammonium nitrate to simulate the increase of N deposition ( replaced with sodium nitrate and ammonium
chloride since September 2017 ). After 42 months of N treatment, soil solution from two soil layers (layer A: 37—45 cm,
layer B: 52—60 cm) was collected using negative pressure soil solution sampler and analyzed chemical composition once a
month for a year. In CK, soil solution NO; concentration reached (3.94+0.77) mg/L(layer A) and (4.27+1.13) mg/L
(layer B). Nitrogen additions significantly increased soil solution NO; and NH concentration in layer B. Nitrogen additions
significantly reduced soil solution pH value and increased Al’* concentration, and the concent of Ca™ and Mg™ increased
with no significant in statistics. Nitrogen treatment significantly reduced the dissolved organic carbon ( DOC) concentration
in layer A, and had no significant effect on the aromatic index ( Al) of soil solution in the two layers. The electrical
conductivity (EC) and the redox potential ( Eh) of soil solution increased significantly in two soil layers. In addition, many
chemical components in the soil solution of two layers had extremely significant correlation, especially the correlation
coefficient between NO; and EC reached 0.855. In this study, the extremely high NO; concentration in CK and higher NO;
concentration in layer B than in layer A indicated that the nitrogen availability of the subtropical evergreen broad-leaved
forest exceeded the total nutrient requirements of plants and microorganisms, and the ecosystem had reached the state of
nitrogen saturation. In addition, nitrogen addition significantly promoted soil acidification and aluminum activation. The
decrease of DOC in surface soil solution to some extent reflected the inhibition of litter decomposition by nitrogen addition.

The significant increase of redox potential may lead to the decrease of the mobility of some metal elements in the soil.

Key Words: nitrogen addition; evergreen broad-leaved forest; soil solution; chemical component; nitrogen saturation
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O3 IET Ry R REA R AR, eI 11 M B PRS2 REZY 5 em, - 3R FE 2 R K2 10 em, B3
WRE— KT 60 cm, FFHL F ZM B A Ko ( Schima superba )  Z1IR H ( Cleyera japonica ) . R % F ( Litsea
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Fig.3 Effects of simulated nitrogen deposition on dissolved organic carbon and aromatic index in soil solutions

2.4 N BN EC Eh 520
[Wl— N WINALER T, B 3R AU IR, EC I Eh FHE (K 4)

SR EC
Electrical conductivity/(m/cm)

FALE R BLAL Eh
Redox potential/mV

1200

900

600

300

600

450

300

150

AR B2
1200
time (P=0.090) time(P=0.199)
nitrogen (P=0.018) Eg 400 nitrogen (P=0.063)
430 b N (P-0.090) o mx 900 300 b DN P=0274)
200} a
100
600 |
CK LN HN
300 |
0
I time (P=0.025) 600 | time (P=0.002)
350 nitrogen (P<0.001) 350 b nitrogen (P=0.001)
000y g T xN (P=0.170) 3000 a a TN (P=0.038)
250 450 b 250
200 200
CK LN HN CK LN HN
- 300 |
[y o« D (= — o~ — [} [sa} <t v O o~ oo} [N} (=} — o — (o} o < wv o
S ITIT TSI e I FFP O OO SO
[ o~ o~ o~ [ o~ 0 oo >} oo 0 oo o~ o~ [ o~ o~ o~ [~} oo o0 oo [~} oo
S 2 2 2222 2 2 2 2 o S 2 2 23 2 2 2 2 5 5 o o
[o I o\ N o NN oS NN O IR S A o RN o\ I o\ BN S IS IS\ | Lo I o I o IR\ IE © I o IR o\ N © IRERE BN S I o\ I o\ |

H 4 Date (4:-H)

B4 N#HRm3tLERREC T Eh B0

Fig.4 Effects of simulated nitrogen deposition on EC and Eh in soil solutions

http ; //www.ecologica.cn



9360 JAE = 41 4
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GERN], HEAREE R S AL A S I NH (AP Ca® Mg® 5 NO; 2 8 IEAHE, EC 5 Mg™ |
AI™ NH; NO; 855 2 IEAROC R A2 S NO; MIAHDCREGE 0.855 (3R 1,3 2) , R Ik 2= 14y 18l A
HEEW,
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Table 1 Person correlation Analysis of Various Indicators in soil solution of layer A

*5*’3 NH} NO; pH A Ca®* Mg?* DOC Al EC
Indicators °
NO3 0.691 "
pH -0.379 -0.345
A% 0.471 " 0.490 ** -0.572
Ca®* 0.004 0.296**  -0.034 0.218**
Mg** 0.040 0.251** 0.283**  -0.148 0.123
DOC -0.070 -0.039 0.129 0.062 0.376 ** 0.098
Al 0.001 -0.107 -0.244 0.017 -0.113 -0.024 -0.284
EC 0.590 ** 0.855"" -0.043 0.336 " 0.333"* 0.305 " -0.005 -0.219
Eh 0.365 " 0.442"* -0.486 0.451"* -0.105 -0.016 -0.291 -0.003 0.293 "
* % P<0.01
*2 BELTERREIER Person XS r &
Table 2 Person correlation Analysis of Various Indicators in soil solution of layer B
fﬁatm NH NO; pH AP Ca?* Mg?* pOC Al EC
NOj 0.385""
pH -0.266 -0.335
A 0.330"" 0.485"" -0.154
Ca 0.011 0.183 = 0.088 0.314""
Mg** -0.064 0.248 " 0.180 % -0.121 -0.006
DOC -0.002 -0.025 0.102 0.313"" 0.524 " 0.101
Al -0.029 0.090 -0.331 0.068 -0.147 -0.109 -0.188
EC 0.358 ** 0.855"" -0.072 0.370 " 0.150 0.327 " -0.107 -0.177
Eh 0.267 " 0.481"" -0.612 0.533"* -0.004 -0.064 -0.203 0.002 0.361""

* . P<0.05; * * .P<0.01

31 ZAESRGR N ZAREFIRE Y
ABEFEH, AR, IR LA NO; AL N B9RE R FEX & T 90% , Tl i 4 X 3224 s i 0F 52
R ,0—20 em IS N LN W LLBIZIH 60% 1, XRIITEZAS R, AR TR ik
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I FEIEE 0L N AR A A & 2R R BB FIE . (BAN D, T2 R Pl s S N &
i, B R A RS R SRR B E T A BRI EWRE A KRR NOS WA R, HE N AR
WRE N AA R S R A ) B E R R Y X — A HIT A E S R GRS N R B bR S A, Rt
MEERRF 2l B 2R AR S R TR 3] N AR,

BT A [R]— bR A — 4 J2 A 5B NOS B (3.94—31.23 mg/L) B B T NH] ¥ (0.05—1.15
mg/L) , X5 R A B AR R R AR SRS 4 SR — S, B NO; R 2/ He NH HR B i — N
Y%, XAl e R AL R BRI NH] #4008 NO, 05— 72 B 45 S 3% NO; #e 3 T 5 1 i il 4 0
pH BRI, ASRIG &I, N BINRE AR NOS A NHS e B8 A W 88 hnvE i, 2 — 0 B AN i AL N
IERBEFAL, R g N BB A W A B FR R, A0 N I S 200 5 s AL VR FH 7= A i BR R 1 a0 A
TS T AL TR A, R ROICE D S EORIE T PN TR S T e D AL VR B
3.2 N USSR - S R R Y- A 1 5

TEALAE S 3 N S5 A i B BR 42 ARSI o NO; ¥ Bt v 1 NH #3120 56 i 3 vp & 2B T
KRS IEVER i AEVE R NHG #4060 NO; iyl f b &= AR R Y Y 3R AR 1) 2 B AF R —
BRRERRER L 1 M — 2 (BT , B R BT AL, BRI S8 ik ALY BEE RS T 1Y S AL IS kIR
A TSR AR, Eh I B8 AR FH S T Ac 4V E I MR e g 1 scde ke . D30k N TR N4 il 2 4 vy + 0
VTR NO; &, A R 0 F A7 S, 3840 PHES 7 (U0 Ca®  Mg™ ) M\ 398 [T AR 08 A 389 07 AR F 5
Ca® Mg™ W5 NO; VR JE 5 25 I A G ENIE T 3X A e . ARBFSEH Ca® Mg™ WREERE N IS N3G i A ik
B 5 K LR AT g R AR I W0 NaNO, Fll NH, C1, ZMiti A4 BH S 1 Na* B NO; k2% Iisiss 7 N 7
XF Ca™ Mg™ [UREI , 25 & IR A B0 25 1 N IS e 2l /b + 398 KRR 22 10 Mg™ /2538 N TR
FRL sl e 2l IR I B R A — Ak

AHFFE H N TSI R AL VR 3 5 TR A X BT RS A N TR - A R A 5 4 SR A A
— BN A X - R AR A 28 R T B IR &R B R, 3 pH (AN, 2% op R IR Y 4 8 BH B Tl
Bt AR e pH Ry 4.5 5] 7.5 BF, FRALTE 2 4l £33 7R 28 o, ML 53 1 FHUR I 8 SR 35 5 1
TG (FESE AL ) KRR AR e Y L RIS o HIN AR BT AL AR, R e R
A AR AT REC AL 5] AL 28 v - BERR AL OB BE s L AN, AL Ve J5E 38 fin 2 410 ol MR 25 WG B 5, DA 552 T A
AR RACHITIEE ' I pH (B & AP WX HN KRB MR R, Sl T N AR N 824+
B TR AL
3.3 N USSR A T VA HILAR 1 5

ARBFE N VR 5 B0 ) - HE T DOC MR X S A AZ AR N T AR T AR RS AR 7e 45
R—2, WAEY, RHIRWAE M R C B A FEERIE, 1T DOC ZIEY L BRI =Y 2 —, AR
YIXHZ R (7T R B, N VS ket A 1 56 b 0 45 400 i A B O 7 A 0 R L S S AR T R IR 64
et DR R i A AR S IR H DOC ¥ B A8 fh (4 SR I i 9 % 400 gt ) i 2R A 72 ] RS2 R BRI
R, ARIEREEEY R IE DI G R N BN 278 iR ss , anfefik pH (8 3] se etk & i B 1
A AT A B 28 A i A A i 288 A 95 e L R0 ) A RO 8t R st 414 40 Tl 10 3 P DAL T 0 ) A i 3R ) 43
i FE DOC YA, HR ARG R N I AP IR R AL RS A P T4 A B R E
RS 53 FAk A B8 e 3 A b B 38 DOC MR FEFRAR™ N HS0 mT A ol A 40 1) AN 4R A 4 o
%, DT AR Fh AR 2R 40 ik AR 3R 43 W07 AE 11 DOC,
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55 T S HH AR A O AR A AL (DOM) N EL R RRUE AN S B E W R e . AL R TEMY
DOM "5 FE45F & B 0 T Z AR A, AT (E S, 200 DOM 5% Bk & 0 AR 5 & Bk | B DOM &5 44 itk 2
Ze 0 AIRIG I AT (B AN, 5 OCHR S MR A AR TR AR S5 AR, W] DOM H 25 &b &
YIPT 7 LB, 25 T B, AR i, A 2 AT (ERE N 00 AY 3 I3 i, B )2 AT (EI MR, Jthek &
XA EAZARN TARAIBFFE &I 0—15 em B N G0N E 5200 DOM 544,30 cm B N Z0%F DOM Z5 44 Jos2
R )2 AU 32 N USR5 e 2 ek /s o 3 AT RE i A 0 T 3 i, +)2 80, I A
TE g, Ktk DOM 25478 48 T )2 R A A1k,

3.4 N INXT -85 EC Eh (52 0R

EC J&4) 5 5 HL B PERE , SV T & B TR S FBCE A G, — IR R i o™ . AR EC 5
NO; A NH] Mg* %544 52 28 ARG 2 5 NOS AYAESE R E0AE) 0.855 , 3 W AN BRER 70 443 1 3V W Y
FLfaf P A P A AR . N VRN S B i VR NOS VR R T AR R 2 R G AT Mg AR
FHES TR 5 | e fin > A7 I i faf (9 BH S 34 i 30 T BEC B & Thimr . IR UL, AR SR vk B8 A o8 32 348 i 2
AWFSE EC BER M I BRI, EC i N B f93ghnm b s, 2680 N B s 7 B3 sh & &, s
eVt , R i — e R 0 TR AT oA AR A R AR AL T R SR A, SR EC o W AT BEXTAR 7 AR e

Eh & 5 b 2 S8 A0 BGR [ BEA T 45 T RO JE 25 A TR B, BB A% Ji I = MR T SR AE A D I 1
AR B, tho S B SR T MR A SR ) AR ST R, CK T, )2 A VR Eh 4351008 249 mV (A J2) Al
276 mV (B J2) ,N BNl Eh W25, RUSA AR PERE 58 , T fE iF + 508 sk by, 8RR A e 2 T B e
W ARE T, FEOX I E AR E T LI P IERREE

4 it

ABE VI %I G 1 B IR B R AR | HIZOIRAS 1 R AL S s A7 47 2 N Ui T 8%
WAAG PR SR | AT ol 5 2 i B 1 1A% R AR
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