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Effects of simulated nitrogen deposition and precipitation changes on soil organic
carbon in an evergreen: broad-leaved forest that is part of the Rainy Area of

Western China
XIANG Yuanbin, ZHOU Shixing, XIAO Yongxiang, HU Tingxing, TU Lihua, HUANG Congde "

College of Forestry, Sichuan Agricultural University , Laboratory of Forestry Ecology Engineering, the Provincial Key laboratory of Sichuan Province, Chengdu
611130, China

Abstract; To understand the effects of nitrogen deposition and precipitation changes and their interaction on soil organic
carbon, jan experiment was conducted in situ within the Rainy Area of Western China in an evergreen broad-leaved forest
from /November 2013.to December 2015. The study had six treatments: a control ( CK) , nitrogen deposition (N) , water
réduction(R) , water addition( A ), nitrogen depositionXwater reduction (NR) , and nitrogen deposition X water addition
(NA). The results revealed that the soil organic carbon contents in the different soil layers were high in summer and fall,
but low in spring and winter. The soil organic carbon content was higher in the 0-10 cm soil layer than in the 10-20 c¢m soil
layer. The average soil organic carbon content followed the order; R<NR<CK<A<N<NA in the 0-10 cm soil layer and R<

NR<A<CK<NA<N in the 10-20 cm soil layer. Simulated nitrogen deposition and water addition promoted soil organic
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carbon accumulation, but water reduction inhibited it. The soil C/N ratio for the 0—10 cm soil layer was significantly
higher than for the 10—20 cm layer and showed a rising trend as soil depth increased. Water reduction reduced the soil C/N
ratio, but water addition increased the ratio and soil total organic carbon (TOC) content. However, water reduction reduced
the soil TOC content under the same simulated nitrogen deposition conditions. Simulated nitrogen deposition increased soil
TOC under the same rainfall conditions. Furthermore, nitrogen deposition and precipitation changes had significant effects
on the soil extractable dissolved organic carbon (DOC) and microbial biomass carbon (MBC) (P < 0.05) contents, but
their effect on soil labile carbon (LC) was not significant (P > 0.05) ; and the interaction between nitrogen deposition and

precipitation changes did not have a significant effect on the soil TOC, DOC, MBC, and LC contents (P > 0.05)

Key Words: nitrogen deposition; precipitation change; soil organic carbon; evergreen broad-leaved forest
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A HLBIPE TN AE AR 23 5 A 5 AR P =2 ] 52 4t 1) B DR 738 Ak, x4 sk A= 228 A A e ~F- 48 7 A i R 1Y
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EUAT, A6 sh il (76 MU E 2 AL 17 1 A i e gk st 0 T 2000 % P 2 2 5 e W U e
LR PR 2T e B b AR I | R A e o 2 A P 1 T e R ) AR i T v L R AR IR I R4
TS B LB A5 o ks B 1) Sh 257, AT 5% M)+ 8 HLOR L 3 JL A1 HL A BRI B K A% R
KA T ARK AR, 1T ELRA R Bt A kA A 1Y, I HLZR AT AR OR ' R FE R i LA 10 45 0.5%—
19 W B2 78 39 0, AU 24 BRI BT Bl 3t X 55 10 4R 98024 0.83% , JCHR 23 b | i 26 b DX R K o 4 10 4R 190
0.5%—1.0%"""  BEIK S Ak 235 M A A A= 1 0 398 Sk i, o578 ZRMR U 7 0 10 i AR 9P o R S
S AR A LB SRR A IR 58 1) 2 S S X bR A 2 R e AR S, O
LA, ARSI 8 IT0 Ref RT3 TR 6 14 18028 T R 20 MRl el 78 AR AR - S3EA MILB P, 52 ) - 338 A WL A9 2R 25 TR 7 Ak
%, IR S TSI A DK IR IR | SR | R B D R A s R B AR S AT
RZEH T T A B T 2 5 T A LR 1 1) B DR, RIS 2 T LD AR R R T ) 38 A X
T A PR A O PR BIFSRZ DCRS RN it i B X R AR AE S R e b R IR HLERSE W, X T i AT
ek TR 2 T A8 X AR AR S R G T AR A R A s e A S LT B R S

ARG TR 5 DXAL T 2R T 2R X A 3 e D A6 X ) el 8 i 52 2R I 23 IXURIT D 32 28 IR 52 00 T2 g 0 1| 4
PHE— A Z R B bt 1 ALk PR ER B B IR A B i R (R SRR Y B R P A
HiL XTI B LB UL N R N VIR 2057 8.24—14.75 ¢/m’, B4 H T % IX Z U I A 7
W, HEA AR L TR R ITE ARV I B X8 S W MO IS X6 42 3 ik B AR IR B, ST AR
ST R Xof H PG T 5 X 2 ] P P LB 180 520, 40 SR e | R R L B JHG 28 A JE RS A L 114 52 i
WAEDL B PER DU A 2 sk U B AT 5T, i XS AR MR AR 25 3 8 T 8 SR AR 2748 AR
AR
1 ARSI
L1 R XA

BIFSE XA T DU | HE 22 T R 3 DX 28 Ik (102°90°E, 29°40'N) N, 4K 5 B0 977.62 m, = 10°C AR FR i
5231C AEBRIR M 16.2 C B2 A8 1A FHAR 6.1°C, IRMA N 7 1 PR 25.4°C , 24F i )
18.1°C, 4F H IEIM4CN 1039.6 h, 4 4F K FH 8 55 55 3640.13 M)/em®, ToRG 10 304 d, 4F P Rk &
1772.2 mm , SE256 DX Ay i 1 4 i s 1 IV PR 2 ) b R STV PR O 97 2 R L b e, S 36 X 9 AL Ao
REF, HEEWE R, FEH KRN (Schima superba) | ¥ Hi ( Pittosporum tobira ) 4 2| 43 ¥k ( Lithocarpus
hancei) 888 ( Machilus pingii) SR I ( Symplocos botryantha) A2 AK ( Eurya japonica) B VEW ( Acer davidii) .
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KA1 #5 ( Lithocarpus megalophyllus) 375 ( Rhus succedanea) IR ZEHAEM (Acer sinense) FJITE G ( Machilus
lichuanensis) . A¥E ( Cinnamomum cassia) F11LLI A5 ( Camellia japonica) 55 , T 3ERFIVI BN+, HIERE KT
60 cm , MM SE A HEA—FL
1.2 R E

2013 4F 10 H 755250 1 A BE R BEBR 1 BA AR AR ST 18 4> 3 mx3 m MYFEJT #E1T 40 5, 1>
FETFIIBE>3 m B G oty o ARG B B AR DIFEAIFRK 2 A AE 3L 6 MAbBE(ZR 1), PRI (CK) (RULRE 15 g N
m~a ' (N) JEFH 10% (R) JEH 10% (A) AR 15 ¢ Nm™ a™ & 10% (NR) AU 15 ¢ N m > a™ +1
I 10% (NA) BRI S 3 ¢, 38 18 ANAh B, #4057 DU T PVC AR FElE , K PVC Mg AT 15 em ]
TRHIEHRAS WA EA S20m IR Z I K 53280

F1 ERETEMENLZEERRRAR

Table 1 Experiment scheme of simulated nitrogen deposition and precipitation changes interaction

AL AOT N W I 7KF- Precipitation level (%/a)
itrogen level /(gm™> a™') +10%(A) 0 -10%(R)
0 A(3) CK(3) R(3)
15(N) NA(3) N(3) NR(3)

CK.: XFFEALFE Comparison,N: ZUTFEALFE Nitrogen deposition, R W FIALEE Water reduction A ; 4FIALFE Water addition, NR ; (TR +Is R Ak

H Nitrogen deposition and water reduction, NA ; ZULFF+IEFRHALEE Nitrogen deposition and/water addition

1.3 AUTRE RN R TR 2 e AR AL

FH NH,NO, FI3E /K A TR A OB AR R AL P, K4 R M e it 280 5 P2 40 B 24 5543, DL 2013 4 11 A
10 H# 2015 4F 12 J 25 H, & 15 d #4751 WAL i A0 7 75 2R B E 5 T NH,NOL AR 7E 2 LK,
FHFH UM 25 S5 AEARHIAE 7 50 em (=7 2SR M 34 ST ME0G | AR it 2V FRAE it 2 LK, B S 42 ia 00 DX 4F
SERIRERT L 1772 mm T 30 10% (09RO BRARE S N 177.2 mm 0 R 6 5 080K A8 A0 U8R A8 6 A T
REFADRK, Ul 7R 2R T AR K RE D7 TR Y 10% . D8R ZE b3t 5 3 120—140 em &b, FH 5 em FE FLHDIR %
BH PV C AR RS P4 A I T A R TR, R34 50 40 A 7R D8I RN 28 1 1T, 0Bk A3 187K FH 5 25 25 7E MR A
7550 em = B R 1355 P A 7 11 35 Kok, B UG /K AL 3
1.4 FECREESEIRINE

M 2014 4 3 A, B FREERAE AR 1 I 2014 4E 3 A 06 .9 H 12 AFI2015 43 6 1 9 A .12
A4 8 Wk, BUREMT , bR R %Y 2, 485 F 100 em® 3R JT7E 0—10 em Al 10—20 em )2 RFE, &2
OF 5 ECREEA S ANRA LR AL BEEE TS 0—10 em FIl 10—20 em 12 R4E 3 MRS LRG0 N
5 438 A WU (TOC) | HIBEAT BEPE A HLER (DOC) | T3 WA 5k (MBC) | 3G MRk (LC) (2 A
('TN) Fi %5 i S AL AR bR
1.5 | EHERES 0T

FHIRII I e 375 o FH S 4% R A AU Ak - (LY /T 1237—1999) W5 + 3 GG ML & i 5 2
fiburt LG 7 4 2 5 FH S0 T 2R B BB 0 5 - 300 W A= W d sk s FH 0.5 mol/ L BRARBF 4RI, 3 0.45 pum i
FLUERSE S AT BILAs 53 A4S 2 98 TV AT LA 5 FH 0.333 mol/ L e i PR B R0 P - 498 06 Mk
1.6 Hdliba

ARG B TR A N T, = N, xD, xH /100, 2CH T,k 58 Af &t (kg/m*) , N,y 1384 HLAR % &
(%0) ; D, NAIEAETE (g/em®) s H o JZESE (em) 5100 g HE 2500

KR Excel 2003 BHEATHIE A OCHE PRI 22 5tk W38 K46 2 [ml 05 23 A7 >R SPSS 13.0 GeiH#q
#17
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2 EREH

2.1 ARABLGEUITCRA RIS T kR Yo 6 R PR - AT LR A 5 M

IR (CK) AR T AR T 250 ) A LR A 2= 15 AL Bl 2, 25 LR RN R PR & 38
B BRAE SRR, 0—10 em HEAPLE SRS T 1020 em 2, VTG X % S0 Ak 0—10 em I
10—20 cm 42 BA PR S H50 T 17.85—20.16 g/kg Fl 14.54—16.84 g/kg Z [il,

A FRIAT HLR 2 I 2 AR B AR CK R A R H (1) | [Rl— b R[] — + 2 0 3 U 5
SN RN AR R E . A A3 A HILRR & 5 1) T AR E ,0—10 em )2 A MLk & 524310
18.82 g/kg(CK) .18.55 g/kg(R) .19.40 g/kg (A) .19.63 g/kg (N) .18.77 g/kg (NR) F1 19.79 g/kg (NA) , K
NP A R<NR<CK<A<N<NA;10—20cm 2P 45000 15.51 ¢/kg (CK) (15.01 g/kg (R) |
15.49 g/kg (A) .15.98 g/kg (N) .15.44 g/kg (NR) 1 15.88 g/kg (NA) , K/ FF I A R<NR<A<CK<NA<
N, BEARE R DT AN TR AL IE T A8 5 1 57 X H 2 I vk 358G LIk i S8RV AR 1 3 & v i Ak
A PRI R

fdck BRrR EaA [ON EN FENA

ba
;;

BABKTOC

Total organic carbon /(g/kg)

H 4 Month

E1 TBAELELETEFNRIENNEE
Fig.1 The change of soil total organic carbon content in different depth of soil under different treatments
CK: Xl H4b3H Comparison,N: ZULKEALHE Nitrogen deposition, R : U FALIE Water reduction, A : 3 FHALIE Water addition, NR; ZUICRE -+ 4L
P Nitrogen deposition and water reduction, NA ; % T % +3% FF 4L B Nitrogen deposition and water addition ; F#E AN [/ 7 8L 6 /R 22 5 W3 (P<
0.05, n=3)
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Fig.3' Effects of simulated nitrogen deposition and precipitation changes on soil organic carbon storage in 0—20 cm soil layer

2.4 AL ZUTRE FRE T i AR X 4 C/N B3I

B T4 AT BR R ARBEAL , AR PR 0—10 em +)2 +1E C/N{H R E 5T 10—20 em, 13 C/N {EFE +
I R B g e B R DT AR ALRE 2 a 5 ,0—10 em +)2 C/N K/MIF K : R>A>CK>NA>
N>NR;10—20 em 1:J2 C/N K/MF 4 : A>CK>R>NASN>NR, SVAKRE B ATTREE 3% C/N FEAK, 9
P FIHE R AL XS+ C/N M2/, Al — & DI  BERN A 145 C/N REAR, BERR A 18 C/N 3855 [\
—PERI ST AU R C/N BT,
2.5 AL R R TR 2 008 X - SR 4 sk 1) 52 B A

FEBU DT FIRE RN A 22 BEAE N, BUARE K, Al —Z OIS T B I AL B in T £ TOC 15 &,
FIAL > T 3 TOC 1y F it ; Rl —FE R 2440, AU i 3 TOC iy & ik, HIETEMEA PR E B WUH =
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Fig.4 Effects of simulated nitrogen deposition and precipitation
changes on C/N soil layers

AR R FREACFRA R AL BRI ) 22 5310 35 (P<0.05, n=3) , Al
INGFRHRRAR L2 WY 2258 % (P<0.05, n=3)

A BLRR B U O S A BRI B N LA ALk A SR Z A SRR AT
FEARW, B SRR B B R0 S A L 5 Rk o T R R AR IR W X AR S A1 L S Vs ) i ot
A PURIEA LR UOT , K2 LR B2, T2 b e YRR 80 RIZ A BLBR R
W Z SERZ L DAL TR, 5 BERE L3 R R RLEE U iR, % 2
R PRI AR RE RN R W] LR HLBRAL TR R RS AX 5 1 R ISR 1 e AR R AT

R 3L,
x2 TEENREENEZHENN
Table 2 Two factor variance analysis of soil organic carbon
AL e W55 7 Ky )
Soil organic carbon Soil layer/cm R Source Type Il sum of squares Mean F Sig-
square
398 AT LI 0—10 RULRE 6.986 3.493 5.102 0.010
TOC soil total organic % 2.684 2.684 3.920 0.054
carbon RUTRREX R 0.736 0.368 0.538 0.588
10—20 AU 2.595 1.298 1.182 0.317
435 2.227 2.227 2.029 0.162
HUTRRE xR 0.012 0.006 0.005 0.995
e A A PR 0—10 RUTRE 15667.422 7833.711 13.750 0.000
DOC soil extractable dissolved [T 2364.055 2364.055 4.149 0.048
organic carbon R X PR 2741.728 1370.864 2.406 0.102
10—20 R 3347.145 1673.573 3.886 0.028
[E355] 916.127 916.127 2.127 0.152
BT XREE T 196.462 98.231 0.228 0.797
SR Y A ik 0—10 AU 74097.401 37048.700 2.116 0.000
MBC soil micrabial G35 40692.871 40692.871 2.324 0.025
biomass carbon RN 394350 8583.083 4291.542 245 0.784
10—20 AU 45221.930 22610.965 13.859 0.000
R R 4922.168 4922.168 3.017 0.090
F TR X PR 1325.425 662.712 0.406 0.669
+ e PR 0—10 RUTRE 131.968 65.984 0.441 0.646
LC soil labile carbon [355) 121.508 121.508 0.812 0.373
F TR X P TR 18.112 9.056 0.061 0.941
10—20 AU 68.950 34.475 0.264 0.769
4355} 61.314 61.314 0.470 0.497
FUUTRRE xR 172.894 86.447 0.663 0.521
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3.2 BEIGUIRE FN R R F AR X AR 22 A 5 Ml

T, SRR 5 HLAR S i (%) 5 LR A e VR 30 1 k3 e I s> AR g R
B R TR TE — R L4+ 2 b 8 S AR & s (2 TR IR R . SEL AT AZ AR A
TR AT HLAS 4 5 0 R e 2% A W A T 33 LRI A 52 i) A T 98 8 R — 30 A U D 1 B
A E A P A BE AT RE AR T BORIE LD (AR A b, AT 80/ AR 2R U8 i 0 R s kNt
b A AT AT RE 2 0 A LS AL A E - DLBRFL 2R . DOC 1 MBC 7EAR K AREE
EHE T TOC 15, 1 H DOC F1 TOC % AL T 8 -5 2 f, ol LLAE— 5 41 F M 5 B0
DOC 2 JATEY A Ak = ) PR, BLTREXT DOC (14 55 0 T 83 4 2k 28 o 75 00 19 4 it i 6 7 M S T
WFFE R, RUURFRE IR T 13 DOC (& &, SIRFIARAE S S 28T AR ge 45 SR — 5, TR os il , ALK %
I T JRATE D0 53 ff s R R T o0 0 | 08 A R A B U /D | FT RE 2 33 HE DOC B Ik, - e
DOC EAM R EZREIR" , £3E% DOC W& BT RESFm LR E YR, TR EIE IR DRI T+
HE MBC B % & BRURTRERE 7 09 132 pH B/, S BCE R L, AWFos &M, e pH B FiFA , R +
B MU S A TN AR AN 2 o SR MR DR v T = A s v b A S A W R A A
AR S DR, TR Nt B A+ SRR AL AR T BB A IR Y i TR R

et R ot S MR 28 1) S M 2 2k AR 147 1 S B, — T e et ol A K A i, Rl g
WAV . 7K 432 - A HLAR g AR o0 it ot AR Pl VR T G RS P2 — ) AR gT R I, [ 3
i - HLER AT DOC &5 B , R s b B + 38 TOC F1 DOC 5 i /b 5 107 B R 3 Jinfifi 4 48 MBC & &
UL | B R R 98 MBC S, BFST 2 A, il b - PR PR Bt PR K (R G N T3 It SRk K
I3 S 3 R0 - 398 P A T R - S8 A AT LR A FRg AN AN AT BB P [ gt , 208 T 5 i) - SR 1
BHlE, HHOKSTER, MEESYE2 | AR AN S0 10, SNEA DRI TE K A VE TR 52 T L R /N
AN ARAE T 3, A R T - EAHLER & AR & KA AR, R HEFLBRRE K, R T ML
FIR AR A3, AT A BRI RN A T IR 2R A Wi ol W A S o B D R T v L
K SR PR, NS T R E e e ¢ N S0

LC 2 A 5 12 i AR e PR R pn 2 — Y AT 9T R 0, DL LD T RA R M X6 4% 1 )2 Y LC
PSRN, RUTRERT CK A FEAIZE 5 A .35 (P>0.05) |, 22 BH A 57 0T RS 01 [ T Ak BG4 7 TR o X 2%
I I AP - A 2R P A M A Bl 3 R
3.3 BHEDTRE AR W ST 4% C/N E 1)

+3gerf C/N XS A HLT i BoA AR, 3 C/N (R EA HLR B8 B AL R B AL R
AR AL EENT + 3 C/NYARISE AR 7 B Xt i i RS AR N TR 338 S AR 55 22 W, R R bR 43
0—5 cm A1 5—10 em 12 HHERA LT W E 225 . MXIFEE S X 5 Rl 5 ZRpk - 39l 0 A i R A e
ZSA% SRR ,0—10 em )2 TIEBRA L (16.7) B EMLT 10—20 em(20.1) . ABFFERY], ALV FE X H
23 ARt 4 0—10 em )2 14 C/N (H 5 E =T 10—20 em, +3E C/N HBE 1 J2 i i 5 50 o 55 fn iy #a i,
545 Hamer 255 AfF 7345 5 — 30, BRI T g AN A £ )2 o, 360 MLBR S LR BE /Dy, 139 4 R TR iR
JERBIE , AWk 20, BB R DT 45 + )2 13 C/N FEAIX, 55 Nadelhoffer 45 58 % )2 + HERY C/N
TR TR I T M4 F T 5 T RS 45 9 — 30, Aber 25207t i A KRR S0 T A 2 1l YR AT AR AR - 8
C/NH TR, SRR RE S K AL R DT 2 32 3 P RO S 38, i - 396 HLRR A A Aa e , M
ffi+ 4% C/N (EHIRMG, EF—5rE I, 38 /N (HEEAR Fo—3 805 e B SNBERR AN A 130 %%
PR, oAb PR 2 3 C/N (BRI, HER i 32 B i A (A e R 0, He A ek R 9% 0 o el B0
W A HLE EEE AEE I F380 C/N (B s o a6 s I R0 T A B 5 1 R i AR % 3 C/N
(B Az 5] Yol R (A2 0 5 e 384 LA 88 0 e ok S AR AT, T 344 T 00 955 400 2 vk R 098 o L[] 2 f
REMBER . P AT sl w9 A A BT + 45 C/N (E RS2 AL/
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3.4 BERGURE FN R R o AR Xt - G MRS S 22 B FH

LR DT AR RN 3 EAE AR, BAE K, IRl — R UTRE A AF T S M AR BRI N T -4 TOC 19 & &, s ik
/D T 4 TOC W& i Wl — B A, B DIRES i +58 TOC & i, L 580E M A MLi 8 2 WA R 7 2
AR, A UTREFERTXT DOC Fil MBC % 177 A2 i 35210 ( P<0.05) , X LC & 52 A I 3 (P>0.05) ; HAg
HAEHX TOC . DOC \MBC Fl LC & #5200 B3 (P>0.05) , BN EDTRE AR KA BEAE & TiIF2
PIERA WAk 2 S, 52 P78 B RIS R ) o b AR e R I 5 1 S e A A TR 3R % 5 i
FEHE RN LR A A TR R B LRI 25 2R LA frilE— R E
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