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Abstract: Nitrogen deposition, in relation with cliamte change, is anticipated to increase in the following decades. It is a
potential factor that might profoundly affect ecosystem functioning. Enhanced nitrogen deposition might result in
stoichiometric imbalance or other changed soil environment, and thereby affect plant growth and soil processes. Soil DOM
(dissolved organic matter) plays an important role in ecosystem biogeochemical cycles. It is central to the questions of
carbon sequestration in soils and nutrient availability to microorganisms. For example, in the early stage of plant litter
decomposition, non-structural compounds are lost to soils mainly by the vehicle of DOM, which in return forms mineral-
stabilized soil organic matter. Soil DOM is thus often considered to be a senstitive indicator of the interaction among plant,
soil and microorganisms. Although many experiments on nitrogen deposition have been reported, inconsistency still remains
about how soil DOM will respond to nitrogen deposition, especially in subtropical China. . Natural evergreen broad—Tleaved
trees make up the typical vegetation in the subtropical zone of China, but large areas of natural forests have been

transformed to Cunninghamia lanceolata plantations. Therefore, it is critical that we should explore the effects of nitrogen
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deposition on the dynamic changes of soil DOM in these plantations. In this study, we conducted a mesocosm field
experiment in a Cunninghamia lanceolata plantations that stimulated nitrogen deposition. DOM from soils of 0—10 ¢m and
10—20 cm depth were examined by spectroscopic characterization, to explore the effect of nitrogen deposition on the
quantity and structure of soil DOM. Three treatments ( three replicates per treatment) were assigned to 9 plots: CT
(control) , HN (80 kg hm™ a™) and LN (40 kg hm™ a™'). The results showed that (1) compared with CT, nitrogen
deposition significantly increased the quantity of soil DOC ( dissolved organic carbon) and soil DON ( dissolved organic
nitrogen ) for both 0—10 c¢m and 10—20 cm soil layers. (2) The aromaticity index and humification index of DOM from
both 0—10 ¢m and 10—20 cm soil layers were significantly enhanced by nitrogen deposition treaments in January, whereas
an opposite pattern were observed in April. Besides the direct impact of nitrogen content, RDA ( redundancy analysis)
revealed that soil moisture, pH and soil organic carbon content were also main drivers regulating soil DOM. Our study
suggests that nitrogen deposition might regulate soil DOM in either a direct way or an indirect way. More attention should be

paid on the seasonal pattern of the influence of nitrogen deposition on ecosytem functioning.

Key Words: nitrogen deposition; Cunninghamia lanceolata plantations; dissolved organic matter; spectroscopic
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FH R EDTRE RN+ )2 = F A8 BAE R ISR R E R B (R 2) Bl R DR )2 B R RN RS
YEFAXT pH A B EVER , ADikE  LJEXF SOC Fi STN /I 2% .
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Table 1 Soil properties of different soil layers at different treatments

HHES KR

ALK

T P H
AbH SRAF I ] Soil water content/% P Soil organic carbon/(g/kg)
Treatments Sample time
0—10 c¢m 10—20 c¢m 0—10 ¢m 10—20 ¢m 0—10 ¢m 10—20 ¢m
CT 201501 22.55+0.65Aa 21.46+0.28Aa 4.60+0.17Aa 4.73+0.26Aa 14.18+1.16Aa 10.85+1.19Aa
2015-04 20.87+0.14Aa 18.67+0.67Ba 4.42+0.03Ba 4.72+0.08Aa 14.29+1.02Aa  10.24+1.34Ba
HN 2015-01 19.05+0.83Ab 17.93+0.45Ab 3.90+0.07Ab 4.02+0.16Ab 11.43+0.47Ab 9.75+0.80Ab
2015-04 18.67+0.35Ab 18.78+1.28Aa 4.40+0.07Ba 4.59+0.06Aa 12.04x1.42Aa 8.67+0.74Ba
LN 201501 19.23+1.15Ab 16.64+0.56Bc 4.06+0.06Ab 4.12+0.06Ab 12.00+0.48Ab 9.27+1.31Ab
2015-04 18.49+0.83Ab 18.96+0.81Aa 4.48+0.06Ba 4.65+0.03Aa 12.71x1.52Aa 10.29+1.68Aa
o 2958 AL
AL PRI ] Soil total nitrogen/ (g/kg) C/N
Treatments Sample time
0—10 c¢m 10—20 cm 0—10 c¢m 10—20 cm
CT 2015-01 1.34+0.13Aa  1.19+0.10Aa 10.64+0.38Aa 9.13+0.22Aa
2015-04 1.36+0.12Aa  1.13+0.12Ba  10.55+0.36Aa 9.07+0.25Ba
HN 201501 1.07£0.04Ab  0.99+0.06Ab 10.67+0.76Aa 9.85+0.27Aa
2015-04 1.16+0.22Aa  0.97+0.09Aa 10.55+0.97Aa 8.95+0.87Aa
LN 201501 1.12+0.05Ab  0.93+0.12Ab 10.71+0.34Aa 9.96+0.17Aa
2015-04 1.21+0.13Aa  1.0920.17Aa 10.50+0.64Aa 9.44+0.26Aa

CT: %M Control; HN: &4 High nitrogen deposition; LN : KA Low nitrogen deposition ; AN [/ K5 A 7R [A] — e [i] [6] — Zb BEAS [R] + )2 8] 22 5%
W2 AR NG TR IR [F)— 8] [ — 2 R S R AL 2R 22 57 1 25 (P<0. 05) 5 85 R FR N EBIME bR RS (n=3)
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FI A LN>HN>CT, 2015 454 H ,0—10 cm A1 10—20 em + /29 HN LN Zb¥ (%) + 3 DOC .DON & & g 3 5
T CT A, 0—10 em +/ZMFEFZL B DOC A1 DON 5T 10—20 em 12, 2R A AT .
2 R RIS EAE R A2 AR BAE RIS DOC A 5 25 50, i) B DR )2 I FE DA
HAEH RO 2B AR R R TR )2 = H S BAE X DON A BE - (£2)
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Table 2  Variance analyses of the effects of time, nitrogen deposition and soil layers on soil properties, the quantity and spectroscopic

characteristics of DOM

“F Factor

FE845 Indices

T N L TxN TxL NxL TxNxL
+ 487K 43 Moisture ns ® ok # ok w ok ns ns #*
pH # ko # ko # % * ok ok ns ns ns
SOC ns # ko EE * * ns ns
STN ns # Kk * ns ns ns ns
DOC # ko # k% EE * % * ns ns
DON ERES * ok ok Y ® ok ok ns EE B
Al H ko Y EE EE EEY ns * ok %
HIX H ok ok # ok ok ® * ok sk ns # ns

em

T. BF[A] Time; N: Z UL Nitrogen deposition; L: )2 Soil layers; Tx N i [i] Fl 2 YT 1938 B AL Interactive effect of time and nitrogen
deposition; TxN; Bif[6] Fll 1 JZ ({58 .20 Interactive effect of time and soil layers; Nx L. ZU0FEAI 12 A28 B AUV Interactive effect of nitrogen
deposition and soil layers; TxNxL: K&l SUTHEFI 1 JZ 1952 T AW Interactive effect of time, nitrogen deposition and soil layers; SOC: =34 HLAK
Soil organic carbon; STN. 13 &L % Soil total nitrogen; DOC: I % 7 LK Dissolved organic carbon; DON: H] ¥ 4 HL % Dissolved organic
nitrogen; Al; S PEFEEL Aromaticity index; HIX,, : 94364 61 I 55635 %0 Humification index of emission mode; DOM ; ] ¥ P4 HLE Dissolved
organic matter; ns, P>0.05; *, P<0.05; = *, P<0.0l; = * % P<0.001
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Fig.1 The quantity of soil dissolved organic carbon and nitrogen of different treatments at different soil layers
1:2015 41 A ;2. 201544 A; CT: %1 Control; HN: /%l High nitrogen deposition; LN flt%( Low nitrogen deposition ; AN [f] K 5 5 Hf 3R
(i) — e ][] — b AN [ 2 ) 28 e 8037, AN IR/ N S 3 [ — s i [ — o J2 AR ) b B ] 22 55 W3 (P<0. 05) 5 G5 3R R g P B e i 22
(n=3)
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2015 - 1 H,0—10 em —Fpab3#55 FMEHE 52 7 B2, 23 HN>LN>CT;10—20 em /21 HN LN 4k
P BRI ES T CTAM (& 2) . 5 0—10 em +ZHM L, 1020 em +)2 HN LN 4bBE Y 55 B PE45
B E AL, 2015 454 A ,0—10 cm Fl 10—20 cm )29 HN LN Zb BG5S B P850 B KT CT Ab B,
P a3 I T T 0 2= ST S v (=3 A E N LT S = (=9 A E N 151 I = R B = e i
VEFRXT D5 B PEFRBOR W5 m (R 2) .
2.4 ADIFEXT T DOM SO EIEARE A0
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AEFRAX] Treatment type AEPESRAY Treatment type
B2 AERELETAELLETE DOM KIS EIEHHE B
B3 AEBRELIETARLIELTE DOM RN IEHFIE

Fig. 2  Characteristics of ultraviolet spectra of soil DOM of
. . i Fig. 3  Characteristics of fluorescence spectra of soil DOM of
different treatments at different soil layers

- different treatments at different soil layers
DOM ; T AL Dissolved organic matter Y
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10—20 cm + /2 +31E DOM ZE1L1Y 78. 7% , HHEE /K EFN SOC 73l f#RE T 75.7% F13.0% ., 4 A, 5 —HAn
o5 LRI T 0—10 em 2 1 DOM 28 5349 77. 0% , Horp HHES K& SOC 43 e 1 73. 3% il 3.
7% . WIRALRRERE T 4 H 10—20 cm )2 1358 DOM 2811 61. 7% ,pH & KR4 AR T A8 5214 52. 9%
8.8%
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3.1 FUUREXIAS R B e A I 1) 52 i)

FHEE KRR I A S R S R . BFSE R IR, 1 A4 AR ,0—10 em )2/ HN A1 LN 4b34 + 35
FOKEEEMT CT(F£ 1), XEEREFNEVIFES S A RS B, AR s ARG |, 212
PHEY AR TR IR R L AR TR AR R Z 8 0—10 em + )2 L3 ff
PR 22 N 3 T I BOE 22 197K 3, BRI 0—10 em )2 FDTIHAL B Y 4335 K i 5 PRI

THEA PR Z AV A S Y K SE 2R E RN AR, 4 AR, 5 0—10 em )24
[ ,10—20 em +J2 CT Ab#EY SOC STN .C/N R EREMR (K 1), HAEJZX SOC SIN 2w (%£2), X5
AR AR FT A R —8, nTRE RIS Y o R B R AR e ISR 2 I T R HUR B L 5341,
0—10 cm )2 HHERET LZHYMR R, QAR A M A PR 5 30% —80% ', A Al T H A L 16 £ )2
R, I 10—20 em H)2 M HEEAPLE S AT 0—10 em 12,

138 pH R RAERRIIME Y 2 by, ] 51 I A BTy A2 4k, 1 H B, 7E 0—10 em F1 10—20 cm
+J2,CT A PR pH B3 5T LN I HN ZbHE, X nl fE2 R R DTRES 3 38 h NH; F1 NO; & #, NH; 6
g B R T SRR R TR . I LAV SR SER Y WO N B HY L 5341 NOS k2R
BOE L HP D 4 A, 5 0—10 em +J2M H,10—20 ecm +)2H) CT LN HN ZFEAY pH B & THE (£
1), JF H )25 pH A5 B 5w (£2) . TRERIR AT . (1) R ZBARE T T 0—10 em + )2+
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IR 0—10 cm IR 10—20 cm
LN2
A
CT2 LN3
o DON CT3 A
< o
g DON
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-1.0 1.0 -1.0 1.0
RDA1(76.26%) RDA1(58.98%)

4  F@ILFERT T DOM MK TR #T

Fig.4 Correlations of soil DOM to soil properties as determined by redundancy analysis( RDA )
CT1, 2, 3. X ALY =45 & Three replicates of control treatment; HN1, 2, 3. B & AL =5 & Three replicates of high nitrogen
deposition treatment 1, 2, 3; LN1, 2, 3 {R& LAY =& Three replicates of low nitrogen deposition treatment 1, 2, 3; M. 38 /K& Soil
moisture; SOC; FIEA LA Soil organic carbon; DOC; A A HLER Dissolved organic carbon; DON; A A HLA Dissolved organic nitrogen;;

Al. HHEVEIEE Aromaticity index; HIX,, : PN G IE AL 5 %8 Humification index of emission mode

AU R AR R 2 3 0 NH FIER L7 Bl 1Y, 518 pH FEAR™ . (2) 3T Ml X T 2
K, FZ N NO; R 2R E RSO Bl 0 S8 Em ik pH R (3) RIZ HHEMEY R
Z AHAVE ] F 2R R IR IR = 158 pH B E T T = 148,
3.2 EUIREXIRRITREE 158 DOM it FEs 14 1 5% i

1 A4 ArE,0—10 em +JZ CT HN LN ZbH ) +4% DOC F1 DON &5 T 10—20 cm,iX 5 Fang %"
WA R 3, FTREH P TR IR R RT3k, 5 — VR o0 i 2 AR i e R 2 H R ZE U Wi 4 4R
HFE )2 0—10 em™ 1 -4 DOM FZR IR T ¥4 YRR 22 530104 ,0—10 em £2BETEL DOM, 4
=,10—20 cm 2R TR 3 pH B E R T 0—10 em 12 (£ 1), LY 13 pH Thi, B F0R %
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T FEL AT 38 0, SOM. Al - e U (1 45 45 1 T, SOM 32 B B AR 385 ) SOM R 5, 54kl DOM, 4 H I
YK 2 R BT BT Y MR R R R W 0—10 em 42 3R A A DL, e o 3 Soc FLE,
+3% SOC ¥4kl DOC, Hik,4 AT 0—10 em +JZ HN LN b3 {5 + 3 DOC Al DON & & %5 T CT,
EHR R, RV 2R IR A K 38 s e A5 LS 1) - 85 A, A AT DOM LR Wik 4 A
PP 2% HN LN 4Zb 39 + 58 DOC F1 DON S & & T CT(BI 1) o A5 k8,1 AP 12 HN LN 203
) AL B m T CT, T 4 I 4+ )2 HN LN 2B AT HIX,, BT €T, 1 A RIEA K MY + 3
T A LTAR D | H TR A B 2 fiff EURIUA [ 28 R LR At v ) P 285, R IO R A A2 B k), AR o R AR
R PRVE Y T RS R A AR 5 AT SRR 4 H oA A 1) R R e
HUR (LRI FYIIR) L2, HERBEDR SR (6 o/ke) , NHEW 225 W75 Y 0 e
AR T U FRAE— o FEE 380 7 8 76 4 o0 0 vT R FH B R0, s 0 95 90 43 ke, D2 M it 400 o AR
Z M HN LN ZbERAY AT HIX,, R, 13X 525 He 0 gy — 2,

ORI, 1 HEF,0—10 em £ )20 £HEE /KRR pH J2 35 %0 38 DOM s fgh 4 i K+ (&
4),10—20 cm 23 EKE R SOC JE52 M 13 DOM fEZE N T, 4 A ,0—10 em )2 A0 B3 K &
A1 SOC & 8 =0 +3E DOM %= LAY 7, 76 10—20 em )2, pH A1 H3ES /K B2 m 1 DOM 1
HEH T, 0—10 em 1JZH) SOC 5 DOC &&= 2 HAHIE(DOC 5 SOC F M KT 90°,K4) , 0—10 cm T2+
e e W 2 MY RIE Y, B T EEMMEYR R AT 5 soc iR 4 A AR, i 11 soc 43
fift, 13 SOC B 564k A DOC, A58 &, £ HES /KXt 138 DOM (2 ml-F g« 20" By, —Jrim,
g A KEBE , DOC & E e, Bl R & KE S DOC &R IEMKEER, MANI &8 0—10
em T2 HN LN Zb3 Y 38 Bk & B FAR (£ 1), HN LN 4 FE 5 DOC . DON 5 s (1 1), B 4358 13
FrKES DOC DON Fi 2 AR, Hik, BITREFE SR 19 A KA & 38 DOM By B EJEA . 55
—J7 1 ,0—10 em + 2 HFESKEER KT 1020 ecm + 2, BI7E 0—10 em + 2, HIES KB RE N
73.2% ; MAE 10—20 em )2, ISR BB 8.8% (K 4) o X ] e Ry B UTREE L 15 Y Y A=
AR T A BT 3 ) 3R 2 A AT AR W £ R K A, i -4 DOM & s, rbL, B
R T HHES KRR DOM SR GHAMEER, 7 10—20 em + )2, pH 5207 13 DOM FIHLEE, B - 4
pH T+, SOM Fl -+ 3 Ukr A9 45 & 17t , SOM A2 2 Y FLAR B o > SOM R 5 54k DOM, Mt pH 5
DOC .DON HJ & S 7 AH A E 2 (DOC .DON 5 pH #9392/ KT 90° & 4)

4 Hig

RAUIRESARE 0—10 em A1 10—20 em + /2 13 DOM & &30, HEAM 1 F B A4 1) b 3 % 326 4 7 fef A
PUSAR D R UCRRE AL P2 M AR BOR B, P 207 B A8 8O m o 4 A IR DTRERES 18 hn o8 7% 990 23 gk m] 1)
FHRYEER I P75 4 73k , e A sl /L, 2 ol 4 1 22 SR T e Ak B ) 05 8 P R LA R 2 8 2 PRI
R R DT A I 1] H AT L35 DOM LA — %2 OS2, DA R e DX G DL AR AU 3 5 55 82 R AT, DA TR
U LR TE L3 DOM Kot Sz 45 F 0 S DT BB SR 07, iy 485 75 BT X 138 DOM. #5283 Hp T Aty
AR S R G AN BER 2 U
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