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Effects of nitrogen deposition on the concentration and spectral characteristics of dissolved
organic matter in soil in Moso bamboo plantations. CHENG Lei'*, LIN Kai-miao™®, ZHOU
Jia-cong"? | ZHANG Qiu-fang"?, ZENG Xiao-min'*, JI Yu-huang?, ZHENG Yong', XU Jian-
guo’, CHEN Yueh-min'?"* ('School of Geographical Science, Fujian Normal University, Fuzhou
350007, China; *Cultivation Base of State Key Laboratory of Humid Subtropical Mountain Ecology,

Fuzhou 350007, China; >Daiyun Mountain National Nature Reserve Administration Bureau,
Quanzhou 362500, Fujian, China).

Abstract: The subtropical zone in China is one of the regions most affected by nitrogen deposition.
Soil dissolved organic matter (DOM) is considered to be an important indicator of soil organic mat-
ter. Nitrogen deposition may alter the quality and quantity of soil DOM by changing soil microbial
activity. In this study, we explored the effects of nitrogen addition on soil DOM content, its spectral
characteristics and microbial extraceller enzyme activity in the Moso bamboo plantations by setting
control (CT) , low-nitrogen (LN) , and high-nitrogen ( HN) addition levels for three-year nitrogen
addition. The results showed that there was no significant change in soil pH, dissolved organic car-
bon, dissolved organic nitrogen, and aroma index following nitrogen addition, while the humifica-
tion index increased significantly, microbial enzyme activities increased first and then decreased

with the increases of nitrogen addition. Fourier transform infrared spectroscopy results showed that
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soil DOM had similar absorption peaks in seven regions, and that the absorption peaks of 1000 to

1260 cm™" were the strongest, indicating an enhanced amount of polysaccharides, alcohols, carbox-

yl acids, and esters after nitrogen addition. The results of three-dimensional fluorescence spectrosco-

py showed that soil DOM structure significantly changed following nitrogen addition, with a decrease

in low-molecular substances such as protein-like substances and microbial metabolites and a signifi-

cant increase in high-molecular substances such as humus-like substances. In general, nitrogen ad-

dition made soil nitrogen compatible with microbial requirements. Microorganisms decompose sub-

stances that were easily degraded in DOM. The structure of soil DOM was more complex after nitro-

gen addition. Therefore, short-term nitrogen deposition might be conducive to preserving soil fertility.

Key words: three-dimensional fluorescence spectra; nitrogen deposition; soil dissolved organic

matter (DOM) ; enzyme activity.
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Table 1 Main attribution of infrared absorption peaks

[41-42]

[l X %3 EEAR

Spectral Wave number Main attribution

region (em™)

1 3300~4000 S S5 19-COOH | B K A By v 1-OH
TR AR S, N-H 1R 5

2 2850~ 3000 R C-H C-H, .C-H, i)

3 1625~ 1644 AR EHFAMER C=0 MR
AR HURTRES COO-Hy B FR iR 5h

4 1300~ 1475 TR C-H T P A S R 3h

5 1000~ 1260 L R RIS RBRZS C-0 My fih4s
&3

6 700~ 1000 R B C-H B SN 3

7 400~ 600 e C-Br C-I

WHANRA) 7 10 t - em S 3  JE 800 F IE 4% 1
min, 5 I 5 HOEGTE | IS4 5y 400 ~ 4000
em ™ R 1O LTAMRC I Y E B .

F-7000 ¢ %43 56 5 BE 110 5 A o 1 = 4 5
TG = HESEEIE I RE A7 3 ( Bandpass ) : R K
Ap =5 nm, KHFIEK Ay, =5 nm; Wi R B E]SEN [ 3
(0.1 s) ; FH B E . 2400 nm - min™" 5 FHHPASTE
Ay, =200~450 nm, A, =250~600 nm; G
PEATAES A S IE. 35 2 S = 4ot iy 2 E.
1.4 Bt

K H Excel 2013 #1 SPSS 21.0 #4430 $0d 47
1B R L R J7 227007 (one-way ANOVA)

R2 SHERREHNTERED

Table 2 Main attributions of the three-dimensional fluo-

rescence peaks [

T X WA KT LA

Region of A/ A g Fluorophore

fluorspar (nm)

spectrum

I 200~250/280~330 R RN ARG

F AR

If 200~250/330~380 RIFEH TR AT
200~250/380~550 K LR

4 >250/280~380 R E w4

v >250/380~550 KIS TR

£33 EEX BRI

Table 3 Effects of nitrogen addition on physicochemical properties of the soil

1 LSD #H47 B FH MR («=0.05) . 5% H R(2.1.3.0)
HEAFARIEHE 23 7. FI FH Origin 9.0 B {22 &1, 8 v
B I AR 2%

2 RS54

2.1 Jta R - e R AL 0T 52 e

M3 3 0l LI, Al 2L #E1E], 4% pH |
SOC . TN ,C/N . DOC . DON # NH, & #1470 i 2%
SR 4 NO, & 7E HN ZbHE 25 73k 3
T EIKOF, XTI 1.93 £5.
2.2 il - HEO W A ik R T T 1
Al

HN & 4E 5 MBC 7 &, Jiti A b FEXT MBN 7 &
TC R (3 4) .4 TP S RRAE P AH C B BEREG HEAE LN
AR R B KA, 43 318 CT AR BRI 1.45.1.97,
2.37F1 1.59 £i5 41X BG BAIA S B E 27K (R 5).
2.3 4 DOM L5y HRAE
2. 3. 1%t 138 DOM 5 & 1L 45 50N 6 78 1k 48 £k
sz i3 6 AT LA, AL (AT HIX (6K 5Z )
FALHE Y 52 it P 5 B R HIX, L, LN Al HN 43
S CT 1Y 1.74 #11.37 4%,
2. 3. 2 AR 11 DOM O GIERHAE I 52 45
A B % B0 T T A E ) i B AR AL (&),

600 —CT
Lo ----LN
-~ e e HN
500 ST ~-.
8400 P
%& R
g 300 e
§ § //f,"
g 200F 4
=) g
100 [/

%300 330 360 390 420 450 480 510
BT ESTBA

Emission fluorescence emission wavelength (mm)

1 JiRAHE T 58 DOM 95tk H ik &l

Fig.1  Fluorescence emission spectra of soil DOM under N
application.

CT: X}H& Control; LN KA Low nitrogen; HN: BA High nitrogen.
IRl The same below.

3] o TR R BRI RIEANE  TRRANA | BAA WER
Treatment SOC TN C/N DOC DON NH4+ NO;~

(g kg™ (g-kg™") (mg - kg™") (mg - kg™) (mg - kg™") (mg - kg™)
CT 4.66+0.19a 65.08+18.44a 4.65+1.18a 13.92+0.59a 96.77+11.83a 41.04+15.22a 72.39+15.25a 8.81+3.64b
LN 4.62£0.14a 59.50+10.62a 4.33+0.70a 13.75+0.80a 88.64+34.62a 33.03+4.52a 67.55+15.25a 12.60+2.53ab
HN 4.59+0.12a 63.72+12.29a 4.65+0.73a 13.66+0.50a 121.42+24.91a 46.55+10.05a 84.26+10.03a 16.98+3.65a

CT: %FBR Control; LN fiXA Low nitrogen; HN; A High nitrogen. ARIING FREFR R AL PR ] 22 57 1 3% (P<0.05) Different small letters meant sig-
nificant difference among different treatments at 0.05 level. T~ [fi] The same below.
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Table 4 Effects of nitrogen addition on soil microbial bio-
mass

EfiaD CT LN HN
Indicator

TP 2E PRk MBC 0.66+0.23b  0.64+0.19b 1.20£0.23a
(g+kg™)

A A P A MBN 0.19:0.03a  0.1620.03a  0.1420.02a
(g+kg™)

MBC/MBN 346+1.09h  4.11£1.27h  8.36+1.23a
F5 EERXTEREEEE R

Table 5 Effects of nitrogen addition on soil microbial en-
zyme activities

$8%5 Indicator CT LN HN
YUK K#RE CBH  2.87+0.69ab 4.15+0.70a 1.67+0.65b
B-HAIFE T BC 3.00£0.71a 5.91+2.04a 5.04+1.45a
Z WA LH PHO 1.83+0.57b 4.34+0.88a 2.93+0.75ab
ALY PEO 5.51+1.28b 8.74+2.12a 7.92+0.65ab
*o6 MmRXMITEFEFNUREBENLIEHMII

Table 6 Effects of nitrogen addition on soil aromatic and
humic indices

$&47 Indicator CT LN HN
FEAFEEL AL 0.27 £ 0.05a 030 £ 0.10a  0.23 + 0.04a
(L-mg™'-em™)

JE AR A HIX 175 £ 0.09¢c  3.04 £ 0.39a  2.39 = 0.35b
JEFEALTE R HIX,, 0.21 + 0.07ab 0.33 +0.06a  0.20 + 0.05b

HE DOM 1 I8 W I 6 107 ) I8 32 B4R TR 7 427 ~ 435
nm, LN ZbZH R DOM 37 188 fr %o 107 1) i 4 e K. CT 7
352 nm Ab BRI | it AL S R T 2K
2. 3. 3 it AT 135 DOM [6] 25 9 6 't 15 R A 19 52 M
[0S, 3 A AL FE 4 1 DOM BE & B4 1E
e A 3 A (I’ 2), 00 ) AR E A
D5 A AR AT 5 2) R I B NG W B AT 5 3)
Ay, =450~453 nm AR FA TR IIL A 4 Lb B
A FRRIE U A ESOR [R) , (EURE X 06 BN [) AR

250 - —CT
& 200
8
= 5 150 -
B3
R 8
& % 100 -
2%} 50 H
0 . . . . )
250 300 350 400 450 500
RIS T H PR
Synchronous fluorescence emission wavelength (mm)
B2 jfiAALEE 13 DOM ZOLEL Ot

Fig.2 Synchronous fluorescence spectra of soil DOM under N
application.

F,CT7E Ay, =285~290 nm #1 349 ~ 381 nm Wi
F BT AR X D T AR A A R HN 7E 285 ~ 290 nm &b
WA T AR /N LN A 349 ~ 381 nm AL U T FHR /).
2. 3. 4 it E X 13 DOM {8 B i 21 SB35 RRAE 1952
M) 45 ALBRIE], DOM AL A W 5 06 7 B F AR —
B, EBM AL 7 AR 1) AHFE DGR 5 A
25 (& 3) .=, 3300 ~4000 1000 ~ 1200 470 ~ 538
em” ' Kb A7 7 ASE TR A T WSO E CT R LN A3 F,
1000~ 1200 em™" B 35 4775 — 1> 58 1717 5 A4 W UAC 0eg. 17
HN 2P T 76 1000 ~ 1200 em™" &b Wz i 4 75 555 . i 44
T 75, il 2R Ak B R 22 5 ) R S W 45 A 9T 4 52 ( HIN
ALFRTR 912 em™ il 470 ~ 538 cm ™" b W SIS 5 A1 ) .
LN AbFEF | 435 DOM W Wi 5 21,
2.3.5 i A A -3 DOM = 4T AR IR
Chen 457 J2 A2 G X SRABU L 5 BE 50  5
X (E 4) . -5 DOM OG0 F 24T 3 K
KA X e, BY T IX (A, F1 A, 20 SHE 200 ~ 250 Al
330~380 nm) 2 IF TR LD a IVIX (A,
F A, 4390 7E 250 ~ 280 A1 280~ 380 nm ) A2 1
TAEARI = ot ¢ A1V IX (A, B A, 73 0
>25071 380 ~550 nm ) B 2 & 58 R W) 5T ¢ 4 d. LN
AEBEE ¢ WETRIFRIS)N , T HN AR Y a WEAT ¢ 16
2.4 8 AT HIX AR

& 5 A LLE ), HIXem 5 PEO FH PR S 0L
FIEARCR B PEO B TE PR 2 BE % T T AL AR B 1Y
$e M T HIX, 5 DON 5 52 4 5 35 FH OG G
F, R FE AR 25 Bl DON 5 52 s /A T 34 Jon.
A5 DOC & &1 DOC/DON 25 5 35 17 AH 56 %
2, B35 LR 2B DOC 5 i A/ D ini g .

3 it it
3.1 JE&EX} DOC Al DON 5 1 it 52 M
it 2R SO AR A 9 pH AR R A 0 e 9 A T

120

_ -
=
(= —]

#EYEEE Transmittance (%)
=]
(=)

1000 1500 2000 2500 3000 3500 4000
% % Wave number (cm™)

0 500

3 JEALEE R 13 DOM ZDAMEiE
Fig.3 Infrared spectra of soil DOM under N application.
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Fig.4 Three-dimensional fluorescence spectrum of soil DOM

under N application.

a) KIFFHEIEE A B Aromatic protein; b) JEV il L AR =8
Soluble microbial by-product-like; ¢) 2&& BB BT Fulvic acid-like;
d) KIBHFRPITE Humic acid-like.

ST B DOM B A2 Ak 1 32 %2 J5 AL pH. 5 ) - 43¢
DOM W B fife Wi BEF ok 2, 0 JHG %5 ik M A 1 4 52
Wi 57 pH 7E 4 ~5 B, H X DOC # 0 fH 5 K,
FER R BB pH R, L 3EXF DOC By W B i 24 F
Bl SE R DU it AR Ak 8 SR AR 9
Jite AL BRI A AR £ 4% pH A, 3 1T AEJE T2 DOM
i I 2% S 1 S D DAL RO I A R A AR
EFESGESRGE M JE L pH (B AU M
B Rt ) LR it 2R T AR BRRE I

4 1.0
0.8
0.6
0.4

0.2

n it L

B -0.8
STRN. B
N | -1.0

5 HHOFER AR (HIX) JE AR B (AD) S54ER Y
I AT
Fig.5 Correlation analysis of HIX and Al in the soil with indi-

cators.

SOC: A HLAK Soil organic carbon; TN: 4% Total nitrogen; DOC:
T %A MLk Dissoved organic carbon; DON: AlVAPER HLA Dissoved
organic nitrogen; NH, ™ . 25 A Ammonium nitrogen; NO; ™ : AR
Nitrate; MBC ; T4 44 9y & 5% Microbial biomass carbon; MBN . fi{4:
) A=) & Microbial biomass nitrogen; CBH; £ 4k % /K fft i Cellulo-
Iytic enzyme; BG: B-HiZi M1 B B-glucosidase; PEO. i % 1k ¥
Peroxidase; PHO EA=Riq Polyphenol oxidase.

RUUREERE AT R4 1 pH TR 0.26 547,
o Bh -3 B R R, S 0.49, 1T AR AR 1
Bk 0157 JF H., 24 18 pH AL T 3~4 B, £
8 pH X AR MR HURE, X 5 43810 52 v bl
A I ARG RE A PR S R S, XHIRALAY pH
{ER 4.66 , H235 T ANFURR X 8], 1 5.2 5 30 it 20 R
k34, R it U 38 pH G AR 1k

AHESE T it A AL BEXT 1€ DON Fl NH, % &
JCR M HN AR FE R, NO, ™ & i 1 (£
2) X A AESE i T HN AL BER i1k 40 i F 3
Pew HEm AR PE R NO, & T Fang 25107 Xt
A HRHT BRAR - AW R B2 & I, DON 2 U S b
X R 1) s A, o i S K TR AT AR AR Y
TR AR S R T, TOIS R AR AR
VBB 25 25 T8 WAk 2 1 3T A A 35 Tk 19 o 1) 7 4
NO, ,NO,” &G it — 5 LA WLTUE £ R N1 TE
A DONP'2) A BFFE i DON 5 2 76 it 280 4k 2 7] I
255 X0 RESZ 3] 15 B R .
3.2 X DOM M A5

IR AL FET 3% DOM 4 B 21 APt
WS §35 1 3 A 7 AL (181 3) , (R s 3
22 S 6 BRAE IR &8 T AR i % C-H, C-H, ,C-H, By
PRy 2923 em™ Ab BT /INITTAR (A IS 0, (HLFE
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SO 30 %

Jit A I SV 2 Ui T T B AR T 1 e 4
PR3 (3300 ~4000 cm™ ) F AT C-H ThI P A4 7
B (1380 em™ ) SR LA Fral g | pAh, A A B A
S IR WA UG 347 Y BILAE 1000 ~ 1260 em ™ AL, 1 I J 22
2 B FRIRZE KRS C-O B 46 PR 3. 18 I il L
J& T B 105 e B A R R T ZR R T R TR
Ko B BRI S DA Y BT, LN AbEE 2

WA AZ AR N AR 8 W DOM (1 F 5 45 S 3%
HH it 20T A 3k 1 - S VR P R )
AT 8 o0 M R T AR

AHEFEH, X, 285 ~290 nm Ab i 5 Fifi 75 it
FR RSN T R (L 2) BVt 2605 S8 1 o ) Jo ok
D N T R R | S B A K
W, FRAE DOM THAEFE 5> F 25 s 187 B0 4 6 B AR
(40 2 3 A0 B 5 T 40 5 R A v RO X 4 il AT DL 7 o
ek S EE R TR B B PO
JINBRY UG ) AR TR 5 I8 0 i) K B8 ) B8 B, A U A
AR R AR oy B AL AR BE (HIX) 2 LN>HN>CT. A
=HEFIEIIE UE— 4 T DOM 43 14 22 57, 45
FEU LN Ab R A 18 v 45 4 7 S0 00 B S
AR W R I T8 5 o 4 Jo % £ 1) o 2 1 TR HIN
AbFER - 498 v S5 R T B 28 B T S RN A R
R e 2T, R 45 55 24 0 2508
FATRYIT (] 4) . LN A B R, PEO F1 PHO fiff 6 PE ik
F Rk, R LN A2 i B3 5 /AL S W o i
153t I P AR 55 B I8 o 220k 2 2% %) i Al ]
%%i%ﬂ%ﬁ’%*ﬁg.w/aldmp 2030 (R A 5% e, 2 B ,
it R B A AR R I S G N, S 5K
JE R/ i PEO A1 PHO [ i% PE 42 %5, i PEO A
PHO i X255 5 IR A b > 5
B e pE AL
3.3 JEEMES DOM s A 2 (R 1956 &

FHIEAIMTEE L W, PEO B 15 1 2 bt 25 5 A 1L
PR A 1M FH . LN AR FE R, PEO A PHO S5 S
PEIR B F KA. P LN A 1o i v 39 R S
i TR Pt S HLBEA T A A, 1T 3
DOC 7 g AR, [RI A, S0P il R /K e g 1) VE
LN BT 950 A 400 I 0ok S B A 2o 2 T T 165
AR R A LA R A A b X KO85, (H
T BT @ AR KRR A e 5 R 5 s
HAL T AR A7 LN b B AT BE R4 2 T s
PR, 1HE C/N SRUEYTR R AT, Bk, 4
WS R BTG it o g Fe

DOM J& + e BB A A LA 4, 2 HIEAE 71
HEAE R A A DT WA BT AR L1 DOM & &
JC 355, 3K AT 6 32 B W BT b Xt AR 5 ik
TRBRYE , % it 00T 3 pH JC 2 0, - SRt
VE AR A6 R B 8 5 B 1. 2R 1T, il 460 0 3 el AR T
DOM 25 #4 , Jite A% 0 fifi 5 - 3 05 2 0 75 SR AHE
N, A W TE YRR R 3% T DOM. H B B i 1)
Yy, I o W K AL, % DOC Fil DON #%
PR S B IR 2 ) 5. A 1 36 B DX R T R A 403 6
T RFEE AT, DAE T 4 M 45 5% + 18 DOM X & it
BRI 1, AR 5T TR 25 T S #iHE AT A
S PR A I ] R (A FE S AR B

[1] Galloway JN, Townsend AR, Erisman JW, et al. Trans-
formation of the nitrogen cycle; Recent trends, ques-
tions, and potential solutions. Science, 2008, 320.
889-892

[2] Tateno M, Chapin FS. The logic of carbon and nitrogen
interactions in terrestrial ecosystems. American Natural-
ist, 1997, 149. 723-744

[3] LeBauer DS, Treseder KK. Nitrogen limitation of net
primary productivity in terrestrial ecosystems is globally
distributed. Ecology, 2008, 89. 371-379

[4] XiaJY, Wan SQ. Global response patterns of terrestrial
plant species to nitrogen addition. New Phytologist,
2008, 179 428-439

[5] Liu LL, Greaver GL. A global perspective on below-
ground carbon dynamics under nitrogen enrichment.
Ecology Letters, 2010, 13, 819-828

[6] Xu XF, Schimel JP, Janssens JM, et al. Global pattern
and controls of soil microbial metabolic quotient. Ecolog-
ical Monographs, 2017, 87. 429-441

[7] Cotrufo MF, Wallenstein MD, Boot CM, et al. The
Microbial Efficiency-Matrix ~ Stabilization ( MEMS )
framework integrates plant litter decomposition with soil
organic matter stabilization: Do labile plant inputs form
stable soil organic matter? Global Change Biology,
2013, 19 988-995

[8] And KT, Farrell RL. Enzymatic combustion: The micro-
bial degradation of lignin. Annual Review of Microbiolo-
gy, 1987, 41 465

[9] Zhou J-C (JA# L), Liu X-F (XI/NK), Zheng Y
(¥8  7K), et al. Effects of nitrogen deposition on soil
microbial biomass and enzyme activities in Castanopsis
carlesii natural forests in subtropical regions. Acta Eco-
logica Sinica ("EZA%3), 2017, 37(1): 127-135
(in Chinese)

[10] Craine JM, Morrow C, Fierer N. Microbial nitrogen lim-

itation increases decomposition. Ecology, 2007, 88.



53

e R4 RURN BATAR L AT P LR 55 R AR 5 R

1761

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

2105-2113

Hessen DO, Agren GI, Anderson TR, et al. Carbon
sequestration in ecosystems: The role of stoichiometry.
Ecology, 2004, 85; 1179-1192

Moorhead DL, Sinsabaugh RL. A theoretical model of
litter decay and microbial interaction. Ecological Mono-
graphs, 2006, 76. 151-174

Chen R, Senbayram M, Blagodatsky S, et al. Soil C and
N availability determine the priming effect: Microbial N
mining and stoichiometric decomposition theories. Global
Change Biology, 2014, 20. 2356-2367

Yuan X-C (JCHEH ), Chen Y-M (JFER), Yuan S
(3 H), et al. Effects of nitrogen deposition on the
concentration and spectral characteristics of dissolved
organic matter in soil solution in a young Cunninghamia
lanceolata plantation. Chinese Journal of Applied Ecology
(BEHIAZS244) , 2017, 28(1) : 1-11 (in Chinese)
Kalbitz K, Solinger S, Park JH, et al. Controls on the
dynamics of dissolved organic matter in soils: A review.
Soil Science, 2000, 165 277-304

Mchale MR, Myron MJ, Nell JJ, et al. Nitrogen solutes
in an Adirondack forested watershed : Importance of dis-
solved organic nitrogen. Biogeochemistry, 2000, 48.
165-184

Xu XF, Han L, Luo XB, et al. Effects of nitrogen addi-
tion on dissolved N,O and CO,, dissolved organic mat-
ter, and inorganic nitrogen in soil solution under a tem-
perate old-growth forest. Geoderma, 2009, 151. 370-—
377

Pu X-T (&%) . Effects of Simulated Warming and
Nitrogen Deposition on Soil Respiration and SOM in Soil
Solution. PhD Thesis. Fuzhou: Fujian Normal Universi-
ty, 2016 (in Chinese)

Pregitzer KS, Zak DR, Burton AJ, et al. Chronic nitrate
addition dramatically increase the export of carbon and
nitrogen from northern hardwood ecosystems. Biogeo-
chemistry, 2004, 68. 179-197

Froberg M, Grip H, Tipping E, et al. Long-term effects
of experimental fertilization and soil warming on dis-
solved organic matter leaching from a spruce forest in
Northern Sweden. Geoderma, 2013, 200, 172-179

Tu L-H (I&A14E) , Hu T-X (WIfEX%) , Zhang J (5K
fi), et al. Effects of simulated nitrogen deposition on
soil active carbon pool and root biomass in Neosinocala-
mus affinis plantation, Rainy Area of West China. Acta
Ecologica Sinica (HEZS*##), 2010, 30(9): 2286-
2294 (iin Chinese)

Zhao FL, Sun HF, Li Q, et al. Effect of nitrogen depo-
sition on soil dissolved organic carbon and nitrogen in
moso bamboo plantations strongly depend on manage-
ment practice. Forests, 2017, 8. 452

Zsolnay A, Baigar E, Jimenez M, et al. Differentiating
with fluorescence spectroscopy the source of dissolved
organic matter in soils subjected to drying. Chemosphere,
1999, 38 1. 45-50

Zhou S-X (JAI2%) | Huang C-D (& MFHE) , Xiang Y-
B (M JGH) , et al. Effects of simulated nitrogen deposi-

[25]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

tion on ligin and cellulose degradation of foliar litter in
natural evergreen broad-leaved forest in Rainy Area of
Western China. Chinese Journal of Applied Ecology ( %
FAERM), 2016, 27(5): 1368-1374 (in Chi-
nese )
LiuZ (X #), Yang Y-S (#%EB), Zhu J-M (£
HAE) | et al. Effects of forest conversion on quantities
and spectroscopic characteristics of soil dissolved organic
matter in subtropical China. Chinese Journal of Applied
Ecology (N FAAERAR) |, 2015, 35(19) ; 6288-6297
(in Chinese)
Chen W, Westerhoff P, Leenheer JA, et al. Fluores-
cence excitation-emission matrix regional integration to
quantify spectra for dissolved organic matter. Environ-
mental Science & Technology, 2003, 37. 5701-5710
Huang Z-C (#57%F% ), Chen T-B (FR[FIK), Lei M
T H¥). Environmental effects of dissolved organic
matters in terrestrial ecosystems: A review. Acta Ecolog-
ica Sinica (HEA2EAR), 2002, 22(2): 259-269 (in
Chinese )
Song X, Zhou G, Jiang H, et al. Carbon sequestration
by Chinese bamboo forests and their ecological benefits
Assessment of potential, problems, and future challen-
ges. Environmental Reviews, 2011, 19, 418-428
Song X, Chen X, Zhou G, et al. Observed high and
persistent carbon uptake by Moso bamboo forests and its
response to environmental drivers. Agricultural and For-
est Meteorology, 2017, 247, 467-475
FAO. Global Forest Resources Assessment 2010: Main
Report. Food and Agriculture Organization of the United
Nations, Rome, 2010
Yuan L (2 %), Li W-Z (Z=CJE), Chen W-W
(BR3CHS), et al. Characteristics of nitrogen deposition
in Daiyun Mountain National Nature Reserve. Environ-
mental Science (FRIEFF), 2016, 37(11) . 4142-
4146 (in Chinese)
Huang ZQ, Wan XH, He ZM, ei al. Soil microbial bio-
mass, communily composition and soil nitrogen cycling
in relation to tree species in subtropical China. Soil Bio-
logy & Biochemistry, 2013, 62, 68-75
Jones DL, Willett VB. Experimental evaluation of meth-
od to quantify dissolved organic nitrogen ( DON) and
dissolved organic carbon (DOC) in soil. Soil Biology &
Biochemistry, 2006, 38. 991-999
Vance ED, Brooks PC, Jenkinson DS. An extraction
method for measuring soil microbial biomass. Soil Biolo-
gy & Biochemistry, 1987, 19 703-707
Saiya-Cork KR, Sinsabaugh RL, Zak DR. The effects of
long term nitrogen deposition on extracellular enzyme
activity in an Acer saccharum forest soil. Soil Biology &
Biochemistry, 2002, 34. 1309-1315
Saadi I, Borisover M, Armon R, et al. Monitoring of
effluent DOM biodegradation using fluorescence, UV
and DOC measurements. Chemosphere, 2006, 63. 530—
539
Weishaar JL, Aiken GR, Bergamaschi BA, et al. Eval-

uation of specific ultraviolet absorbance as an indicator



1762

B A

Eitd 30 &

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

of the chemical composition and reactivity of dissolved
organic carbon. Environmental Science and Technology,
2003, 37. 4702-4708

Yuan X-C (TG ), Lin W-S (MAFE), Pu X-T
(7%5}51@) , et al. Effects of forest regeneration patterns
on the quantity and chemical structure of soil solution
dissolved organic matter in a subtropical forest. Chinese
Journal of Applied Ecology( W FHA= 75244 , 2016, 27
(6): 1845-1852 (in Chinese)

Kalbitz K, Geyer W, Geyer S. Spectroscopic properties
of dissolved humic substances: A reflection of land use
history in a fen area. Biogeochemistry, 1999, 47. 219—
238

Bu XL, Ding J, Wang L, et al. Biodegradation and
chemical characteristics of hot-water extractable organic
matter from soils under four different vegetation types in
the Wuyi Mountains, southeastern China. FEuropean
Journal of Soil Biology, 2011, 47, 102-107

Kaiser K, Zech W. Natural organic matter sorption on
different mineral surfaces studied by DRIFT spectrosco-
py. Sciences of Soils, 1997, 2. 71-74

Du T-F (#:4E % ). Chinese English Contrast Organic
Spectral Analysis. Changsha: National University of
Defense Technology Press, 2001 (in Chinese)

Evans C, Goodale C, Caporn S, et al. Does elevated
nitrogen deposition or ecosystem recovery from acidifica-
tion drive increased dissolved organic carbon loss from
upland so0il? A review of evidence from field nitrogen ad-
dition experiments. Biogeochemistry, 2008, 91. 13-35

Waldrop M, Zak D. Response of oxidative enzyme acti-
vities to nitrogen deposition aect soil concentrations
of dissolved organic carbon. 2006, 9.
921-933

Molina R, Moreno S, Vieira-Coelho A, et al. Is a uni-

versal model of organic acidity possible: Comparison of

Ecosystems ,

the acid/base properties of dissolved organic carbon in
the boreal and temperate zones. Environmental Science &
Technology, 2003, 37. 1726-1730

Pisani O, Frey SD, Simpson AJ, et al. Soil warming
and nitrogen deposition alter soil organic matter composi-

tion at the molecular-level. Biogeochemisiry, 2015, 123.

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

391-409

Tian DS, Niu SL. A global analysis of soil acidification
caused by nitrogen addition. Environmental Research Let-
ters, 2015, 10 024019

Bowman WD, Cleveland CC, Halada L, et al. Negative
impact of nitrogen deposition on soil buffering capacity.
Nature Geoscience, 2008, 1. 767-770

Zhong Y, Yan WM, Shangguan ZP. Impact of long-term
N additions upon coupling between soil microbial com-
munity structure and activity, and nutrient-use efficien-
cies. Soil Biology & Biochemistry, 2015, 91 151-159
Fang Y, Zhu W, Gundersen P, et al. Large loss of dis-
solved organic nitrogen from nitrogen-saturated forests in
subtropical China. Ecosystems, 2009, 12. 33-45

Dail BD, Davidson EA, Chorover J. Rapid abiotic trans-
formation of nitrate in an acid forest soil. Biogeochemis-
try, 2001, 54; 131-146

Fitzhugh RD, Lovett GM, Venterea RT. Biotic and abi-
otic immobilization of ammonium, nitrite, and nitrate in
soils developed under different tree species in the Cats-
kill Mountains, New York, USA. Global Change Biolo-
gy, 2010, 9. 1591-1601

Waldrop MP, Zak DR, Sinsabaugh RL, et al. Nitrogen
deposition modifies soil carbon storage through changes
in microbial enzymatic activity. Ecological Applications,
2004, 14 1172-1177

Liu JG, Zhang W, Li YB, et al. Effects of long-term
continuous cropping system of cotton on soil physical-
chemical properties and activities of soil enzyme in Oasis
in Xinjiang. Scientia Agricultura Sinica, 2009, 42.
725-733

Saiya-Cork KR, Sinsabaugh RL, Zak DR. The effects of
long term nitrogen deposition on extracellular enzyme
activity in an Acer saccharum forest soil. Soil Biology &

Biochemistry, 2002, 34. 1309-1315

EEEN

2 1993 4EA A 32 AR S A

5%. E-mail; 969666455@ qq.com
RERE W Ol

AT, MOTAR, FZREE, 4. RUTREN B A7 AR S T i M A LSRR, S5 0 A R B2 WA I A2 252741, 2019, 30(5) -
1754-1762
Cheng L, Lin K-M, Zhou J-C, et al. Effects of nitrogen deposition on the concentration and spectral characteristics of dissolved organic

matter in soil in Moso bamboo plantations. Chinese Journal of Applied Ecology, 2019, 30(5) : 1754-1762 (in Chinese)



