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Effects of experimental soil warming and precipitation reduction on the quantity
and structure of soil dissolved organic matter of Cunninghamia lanceolata

plantations in subtropical China
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Abstract; Temperature and moisture are important to the structure and function of forest ecosystems. In future decades,
global warming and variations in precipitation patterns will be the major climatic characteristics. Global warming is suggested
to accelerate the decomposition of soil organic matter (SOM), and thereby to increase the carbon flux. Altered rainfall
amounts might affect plant growth and soil structure. As a crucial component of forests, dissolved organic matter ( DOM)
plays an important role in such ecological processes. It is central to the questions of carbon decomposition/sequestration in
soils and nutrient availability to microorganisms and plants. Natural evergreen broad-leaved forests make up the typical

vegetation in the subtropical zone of China, but large areas of natural forests have been transformed to Cunninghamia
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lanceolata plantations. Therefore, it is critical that we should explore the effects of warming and precipitation variations on
the dynamic changes of DOM in these plantations. In this article, we investigated the effects of simulated soil warming,
50% precipitation reduction, and the combination of the two factors on the quantity and composition of soil DOM. There
were four treatments ( three replicates per treatment) effects studied: (1) no warming and natural precipitation; (2)
warming and natural precipitation; (3) no warming and precipitation reduction; and (4) warming and precipitation
reduction. The soil samples were collected in October 2014, January 2015, and April 2015, respectively. To learn more
about the relationships of DOM with temperature and moisture, we also measured the soil microbial biomass carbon and
microbial biomass nitrogen. The results showed that the quantity of DOM increased after soil warming in both 0—10cm and
10—20cm soil layers. In addition, the aromaticity and humification degree of DOM decreased after warming. In our study,
soil warming could accelerate the loss of DOM and restrain the stability of carbon. The impacts of the precipitation reduction
treatment on DOM production showed a seasonal pattern. In particular, the quantity of DOM was reduced but its aromaticity
and humification degree were enhanced in the drought season ( October 2014 and January 2015), whereas in the rainy
season (April 2015) , the quantity of DOM had increased since the growth of microorganisms and the content of aromatic
compounds were reduced simultaneously. Under the combination of warming and precipitation reduction, the quantity of
DOM increased because of accelerated decomposition of SOM. Moreover, the DOM structure became simpler through the
interaction of the two factors. The effects of temperature and moisture on the quantity and structure of soil DOM are
sophisticated. We will continue to estimate the impacts of warming and precipitation reduction on soil microbes, organic
matter, and other elements with long-term observational data to attain a more profound comprehension about carbon and

nitrogen cycling under global climate change.

Key Words:; soil warming; precipitation reduction; Cunninghamia lanceolata plantation; soil dissolved organic matter

F3EAH P (soil organic matter, SOM) BB RG R RMRRE" , WS HA PLT (dissolved organic
matter, DOM ) {43 SOM fR/NM—3B43 , LA R MG HE . DOM 3 % 52 X W BEMS T 0.45um FLAR UG H K
INFZERIARRI AL o ERKIE R 0 AR WS, 100 5 2% A5 Bk Ab S W D G oy AR R
TERI ) — A Y — 3R Z v, DOM X8k (C) VAN 3R HA AR,

T iy 284 A RRE Y I TSR AN T 3 R0 s UM BRI, 7 A 1 DL AR e o 2%
FAEM AL . 48 2013 4 TPCC T 9 TR (LIRS S/ |, 1880—2012 4R kT Ky 3R Ik K24 7+
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a3 %oF e R S R B 3R s A A RS X DR B AT - 4 DOM X i B2 K 43 A i 7 )
PLR BN AR B AE S R SE C N PRI AR SR 22 AR

SCHRFEIC AL BLBK ( dissolved organic carbon, DOC) P& 5IEE R IEMHLRK R, XIHKH FHEK
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AT, DOM FEE Z MA@ mt T fE S, S A RS 1T B4 DOM Bk B b, — BLUR A B
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f49°6.5% , o 3 N TR 199% %3 FE Al A A B2 i TIOR8 i N AR, 5Tk
TR EARMBRICEE 1 65% ), 12 X iR 5, A HLBT S PR, DOM A6 b 38 v (i T A 45 A TR, i A
PRI RURAR A, B0 2R 25 2R e B0 P (9 1 T T A LR R AR AR S S 20 AU I, i i D 2 7T i
SV IX AR TRAE A B H X AT BE2 IR DOM #2040, AT AT DOM #9 AR E 5 181 47, il - 3 57
IR . BT AET AR P 3 A A b R A X T O T 3Ry i DT AN R 4G S 2 R R
P F e AR D T8, PRI 3 ek B S IR B AR /K X 123 DOML (9 520 A7 Bl T 1 i A BR A2 AL 7 5t
ZHLIX TR A S R S IIRERI AL, h1l , A SCHERFSMZ AR AR 57 22 U I & BEBUR
KRR, L5 DOM XS4, 456 5 5h—nT WOLHE (UV—Vis) (230635 (FS) SR HoAR , S e
TR ARG I8 /0 X% DOM Y Eic K HC2H iR 52

1 30 thAER

G XA T AR = IR B R G5 2B AW FE 3l (26°19'N, 117°36'E) . P34k
300m , J& H 7R 2 XU, ARSI A 19.1°C AR BE RN 50 1749mm , FER 27 B2 4E e 3 H—8 J1, M
SRR 81% ., TIEANBARAER SR T LES

AR T BEAE A AZ ARG, A A 5 AN TR 2mx2m BEREE/N X, /N X DU JE 4 B PVC #i
(200emx70cm ) K42 , i /NX 5 /N 22 (8] 9 - 5ERR TF, AR 1B 45 /NKA B 40, /N X P B4 4 358 p B LR oA
ARNTAARA- et 2y | BART R B BB AR 5853 )2 (0—10,10—20 ,20—70cm ) B [1] f5 S BRHLAR A7
FHABZH) , 1550 )2 1R A 38 5 F IR 2mx2m IRE8 /N X PN (] SR P S22 A 4% + e 25 o 5 4 - S o
FE0, LA R 38 5 ik

I B (CK) S8R (W) FRESKER (P) (IR -5 0 BB 2 BAEF (WP )4 Fhkb B R4 b 3 3 A~
N (), 124 2mx2m BOIRE/NX . T 2013 4E 10 H 7EFTA BRI /N X 47 A0 B A [ B0 i B 45 18
&4 10cm, [A]FE > 20em , HL7E AR AN BIFASE— 8 AR UEREHE BGRB8 )0k . B Bs M rR AL FREDAE P A WP 56/
XN, ZEBSHI I 1.5m ZEEER Sem BIATHATEE— 1 0.05mx5m B9 B U BU45 ) TG 25 50% 14 SR 22
F 2013 4F 11 A 7EREA 2mx2m /NXFPAE 4 B 1 AEA: 2 AR5 R AZ AR LA, S35 80 B (25.7+2.52) em , -
B3 FHAL N (3.3520.48) em , L ARBYAL B T RSB 2 18], W4ifioe i 5 A5 (2014 4E 3 A) JFHR
T E IR (HA W R WP N X R B8R/ IN X GR 2L XS /N X 5°C)

2 WIRAE

2.1 KERCREE

TIRERLCREEIAT 3 AL, 2050 12014 4F 10 A 2015 4F 1 F 12015 4F 4 [ (2014 4F 10 A 1 2015
1A NRZE 2015 4 4 AONTEZE) o A A R ACIRLBE FIRE T & DL I 1,3 AN SRAE i A US43 B2 AR
H19.1°C 9.8°C | 17.5°C , A BN AR N 0.1,2.1 4.5mm, BEUCREEBIFERS A/ N S BIATHE 5 4~ HEH
FERL 5 0—10,10—20cm 73 JZIURE, BEGLATT 0128 P, 23 BRIGEE BRI A WU AR R | FORE B DA L b 9 A0 [7)
JRRIY 5 AW s RS B — R i 2mm G, B ER 43 D SRR B A M T | R A e
( microbial biomass carbon, MBC) Fllf#4: #) & % ( microbial biomass nitrogen, MBN) S HATH 2 H THEEL DOM,
2.2 13 DOM 4 H

L3 DOM IERIBCR HIZKIZER L', R 15g & + T 50mL B0 AP A 30mL 25 B F K (K LN
2:1,V/W) , FHRGHL AR 30min, SR 5 LLGEEE 40000/ min B0 10min, FH 0.45 wm & I8 , BEH T AY A HL
YrE g 14 DOM,,
2.3 FEGI T S I E

pH 2% H CHN868 %Y pH 11 ( Thermo Orion) M 3E , /K L HE-A 2.5:1 ; 3 E /K i (soil water content, SWC) [l
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Fig.1 Atmospheric temperature and rainfall in the experimental field at different sample time

FE R M 3B ML (soil organic carbon, SOC) il 133 1% ( soil total nitrogen, STN) 2K FH ik Z T % 43
Hr{¥ ( VarioMAX, Elementar, Munchen, Germany ) 5, £ AN [] 3] B[] UL 00 555, 4 oo Ak B (18] = 398 5 A4 4 Joit AL
®1,

MBC 1 MBN HI2 4R S 07 T 28— FR B0 1 , FLEA LA 43 T 4% ( TOC—VCPH, Shimadzu , Kyoto
Japan) 0 72 B O B A B B , HH % S 8 43 BT AL (San™", Skalar, Breda, Netherlands ) I $2 O T A HL
A&, 14 MBC IR AT B = AE k., 2N AE O B 75 5 R B 22 4R UK A B 5 8 19 251
ko R0 2B, IZAEER 0.45; MBN TR AN By =AE /ky ,AEHEZR S5 RKREZREBOR P A VLA ST =%
{FL 5 ke A0 2880 1A X 0.54

JEM Y DOC DON 5 H 73 il >R HLEAT MLBK 73 Hr{X ( TOC—VCPH,, Shimadzu , Kyoto , Japan ) FlI3E 223 5l 73
M4 (San™, Skalar, Breda, Netherlands ) I € , 45 7b 0] UL Wz 5% >R FH 45 7b—nT UL 43 56 5% & i (UV—2450,
Shimadzu , Kyoto, Japan, FL 4 ML R Tem) I 52 , 7 IR AE IS A 254nm Ak 59 W W {E ( Special Ultraviolet—
Visible Absorption, SUVA) 5 DOC B9 FEERENS 115 DOM (175 7 1448 2L ( Aromaticity index, Al) , B} AI=UV,,,/
DOC) x100"%" . iR FH H 7. 986615 ( F7000, Hitachi, Toykyo , Japan ) I 52 , i & F11 & 55 A bk 4% 5
B0 Snm , ALK 1200nm/min, HA 3 SETEEAS N 254nm , K P 300—480nm ; 556 7] 22 i1
KAGFE A 250—500nm ., 2T R Ay FHAG 0 WFE R VA Y pH (B 2, LIS i R U™, 2k 4t
JEik 3(435—480nm) XI5 3 (300—345nm ) DX 8 WA TR AR LU AH SR 2 O 2 301635 1 8 AL 45 %4 ( Humification
index , emission mode , HIX ) , i] LLH2R 7R DOM FIR AR DO R A EIE I K 460nm 5 345nm 4b 7%
Y5 BE 1 FUAEL R 9 6 [R] A 61 T 58 A 48 % ( Humification index , synchronous mode, HIX,) (2728
2.4 HAnab 5ot

A7 SPSS 19.0 FRAFHATEAE 34T o RITELP R T3 22 0 W AL REAS ¢ G0y b 65 [v] — s TR 08000 A5 AH [+)
A JZE AN [a] Ao 2R ] 5[] — Ak B8 AH [+] 0 2 R A [ 5] 1] 9 384 5 . MBC \MBN H1 DOM %0 Jz Holig
R 1Y 22 S 5 SR FH = DR 3R 05 2 0 A R, 6 R ) 4 J22 il B2 BB I ] X6 2% 8 s ) 52 ) ( SCE ARSI W
P WxP BYFEN ) 5 R AR M AT R D B8R Z TR 5C 2R (P<0.05) o AHIREIZRRH] Excel Hl Origin 55,

3 ZBREHS

3.1 HEUR B IAN S R B R A B A R ) R

1 R =ARAERSR]EF AR AL R A T, 755 — RS (2014 4F 10 ) 4T 0—10em +
2,5 CK A H A WY 35K 2 B 3 FRAIG; W WP 19 pH B3 /F CK; W P WP ) SOC STN ,C/N g/~
CK,HTREMEZSR, 7£10—20cm )2, W P B9 LIS /KE B E/NT CK, WP ol %2 %%, 5 CK ML,
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1L W By pH 244K ; W P WP [ SOC STN ,C/N % CK /)N, {B{L P Y SOC STN i #/NTF CK, 1E45 A%
B (2015 4F 1 A ) ,0—10em + 2R+ P WP AbBRS, - 38 & /K i i R, W.OWP /Y pH /N T
CK; X W % SOC 2 /NF CK; 7 10—20em )2, P /% pH B E/NTF CK, i £ 40BE )+ 48 57K i SOC  STN
C/N LR FMEZER . 15 = RS (2015 4E 4 H) ,0—10cm + 289 +32 WP A BS HIES KR BE T
W W WP (1% pH 8T CK; &40 B SOC . STN .C/N Jo i FE2E R 7E 10—20em 12, & AbH g 1335
KETEEMEZES P A pH BE/NT CK; &40 HAY SOC STN .C/N Lt FMEE 5,

[Fi] — b Ak B ) 3 K o B B TAD R AR A AT s 5 0 PSRRI, 76 2014 45 10 4540311
IR AR, X AT RERE R Z TN R D, B TIRER S, Kk, BT 201541 H,RET
K, 25 R LD A5 R IE S KA BTSN, £E 2015 4F 4 J,CK W WP [ &K 1L 2015 4F 1 A4 FTREAR,
XA RN R BARIZ N Z HRAE Y AR K Z | XK TR Ik i P oAy 885K B B im, B
HHE A HERS 5 CK M EE, W P WP (113 pH SOC A BRI HE, 22045 %W . fE 0—10cm +
2 AR (W) R0 S K AR T B3 T 7E 10—20em 2 | BEBS T (P) BT X +HE & K A B F1E
H(#2), XFHEEMT,W X3 pH FEHRE] 8 E K, P AT 0—10em 2 2H/ER B (£ 2), 14
HHYRLEE XS pHL 4 RZ A I R B R
3.2 B B ES RE N SRS BAE FE G A4 DOM B0 52

Kl 2 AN FSRAEERT ] 25 T #5 Ab# 3 DOC & DON [, XA 25, 78— REES, WP b #
i) DOC Fl DON 75t fe iy 7658 A SRAE S, W AL WP ALBR R 13 DOC S48, 1 P Al WP AbEEAY DON £
S A REE S, S CK AL, W P WP 1Y DOC & B &4 5 [ W A FE ) DON B35 T CK.
AW )2 [RIFP AR R 4358 DOC 14550 Fifi 2 i) (] A4S T 34 0 5 [RIEE, CK A W AR B ) 118 DON .35 7
Hahn, 5 P A1 WP AbEEfY +3E DON UGG REARA % X n] GBIV BEE H Y A K RIETIRI54)
FR 270 I B TS A9 A G 2 B, BUd &5 40 3 ) DOC 193] — E R 1Y 21, 55 41,2014 4E 10 A 2015 4E 1
H AR 2015 4F 4 AT Z, TSR T e S BIR HEAY 45+, (WG BfH7E 38 ) DOC B ok, MEPAE K
I HE RS CK W 1Y DON ¥4, #E AWM ZESG , P WP (1) -3 v BB4C2E 58 T 3 Wi i 1 | B
T AP /550K, DON (8 BRI, 7 220 T 45 R R, W, WxP X 0—10em 1 10—20em + )21
DOC FrE a2 i (£ 2) . W X 0—10cm 12/ DON Fig 520 i 2, X} 10—20em 1219 DON &6
R P WP X 2 1) DON B 44 W8 (£ 2)

3.3 BGR L BRES REET S HAS ELAE DA -3 AR Y ke U5

Kl 3 o 2015 45 1 HA12015 4F 4 H ASIRIZLBRE) MBC \MBN,, R H 3000 s (] AR G402, 1 3860 4= oy %)
B EREE AT BB IE AL 38 N, AR AR XA AT H R g0 A B S P s, PR, ARS8 v I &
X} 2014 45 10 A RS AT A RUE DS I . BBl 3 Fos, 7855 A RAE AL, CK b PR +3E MBC % &
ey s I HAE 10—20em 12, WP Fl W AHXTF CK B RN T 53% 1 24% , FE55 =S RFE A, W FI P AL
+3E MBC &85 F CK +3, IF HAF 10—20cm +JZ P 4 MBC b CK & 115%, 7 0—10cm +JZ,CK W P
1) MBC B s [A] () 3R 52 | T3, WP 2 B #H G 7E 10—20em 122, CK WP 19 MBC. [ B[] 17 B A1, W
P TS . FESE —ASRAES  7E 0—10em T2, W B9 MBN 83K T CK, P WP Il i & & T CK; 7E 10—20cm
+ )2, W WP #J MBN /NF CK, TEE5 =KL, 5 CK AL, WP W 4+ )2 A9 MBN 14 i 2 [4AI% , 1Mif P Ab3E
WERS T 0—10em £ 20 MBN,, & B} [ A LER , 7E 0—10em £ )2, CK W P ) MBN kA, WP
MR/ 7F 10—20em + )2, W 1) MBN 3 K3 CK P WP 5 RS,

FEMEERFH W WP HFALXF 10—20em 289 MBC 47 8 EMAEH ; W X L2 1) MBN 3447 8 3%
PERZA , XF N2 58,40 W XF MBN BI/ER 535, 1 P X MBN JE W B MAER (% 2) .

3.4 B PR R R S ELAE F 3 DOM. Y 58 MG R (B Y 52 1R
Bl 4 Fp ASTR) s [E] 347 | B B R S H 52 A X 38 DOM 58 /NGRS AR AR 152 e, 76 52 2% (AT A
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Fig.2 The quantity of soil dissolved organic carbon and nitrogen of different treatments at different sample time
CK, XTI, control; W, iR, warming; P, FHEIFETR, precipitation reduction; WP, 1415 <[ 2 F£ 7, warming and precipitation reduction; 1,
0—10cm /2, 0—10cm soil depth; 2, 10—20cm 1JZ, 10—20cm soil depth. A [F] K G 74 7R [a]—Fh AL BEAE [ — + 2 A Rl i 17 22 6] 22 57 5.
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Fig.3 The content of soil MBC,MBN of different treatments at different sample time
CK, X}HE, control; W, H4¥d, warming; P, FRESFERN, precipitation reduction; WP, 45 x @ 2 F& T, warming and precipitation reduction; 1,
0—10cm 1)2, 0—10cm soil depth; 2, 10—20cm + /2, 10—20cm soil depth; A [ K5 FAE 7R i) — P Ab PRAE 7] — - J2 A ] i 18] 22 8] 22 5
W2, AE/NG FREFRIR ]I 8] [6] — 2 A [ A B (8] 22 53 . 2 (P<0.05) ; 25 1R A P E +hiiE 22 (n=3)

FKAERD) P AT 158 DOM /) AL = T W A1 WP BB THIZR (55 = AR P AR D At de SR N, 7
0—10cm + )22, CK W 135 B P46 BB A IF 0] A HE RS S RIS T ms , P WP 0 i Fsf (1] R 4% S T4 v 5 A 78
10—20cm 12, CK P #9357 75 kA6 £5 bt B (5] A0 4 5% 10 3 A0, W I Fsf 1) B 3R S 14 K5 080708, T WP U S R AIG
Ja bR . T2 EE R R AE 0—10em +)2 W Al P S HAEH (WXP) X DOM 1935 F- 38 506 % 15
Wi, MAE 10—20em + 2, WA FIVERA B2 BT W P X5 EHREEREE (£2),
3.5 BEUR PR EGREET A RS EAR TR 4233 DOM 9T ARAE Y 52 e

W s fizs , 7 0—10em +JZ,CK W P WP 4P + 3 DOM, HZe 5t & SHE s s s b F5 50 HIX (e Ao
JGIRIE IS R A AL FE £ HIX A (34 BEIN TR] A HE RS e K 080/ s 78 10—20em + )2, CK W 1 HIX,, 1B #
/N, P WP USR8/, 2 AR PR HIX (E ) BE R ) A RS Se g 5 98y o 7R3 — SRR AL, W WP 1Y
HIX 8% /NT CK7E T2 3, W i HIX ,/NT CK, Tl P ORT CK, S5 585 ALAHRER, Bl R Be P 3 im T

http ; //www.ecologica.cn



8 S % 38 &

DOM W5 PEFE B M B AL AR B . TE58 A RAE AN, 6 - N

76 0—10em + 22, W iy HIX_, fii Ik CK 3% FRe T 5 AAb e
76%;1E 10—20em +J2, P {1 HIX,, BF KF CK,W, 7 [ I 2015-04
WP i HIX,, % /N CK, £ CK LML W WP B 2 ab ||

W, A ARRES AE LR R R, 5 ok e, B D]

W.P WP [y HIX,,  HIX_, A BT F&A%; 75 10—20cm + ﬁé

JZ, A BERY HIX,,, HIX (B EEES ., FEmr 5 °f

R WP TR R LHE DOM B RALEE A £ |

FAER R R WX 2 R A AR R A

FHER (£ 2), Tkl cke wi w2 Pl WPI WP2

AbPEIEHR Treatment type
4 itig
B4 FRERERETARELLETE DOM KL IEHHE

K %%?ﬁﬂ@ﬁg?&ﬂ*ﬁﬂ@i%%}ﬂﬂ}i Fig. 4  Characteristics of ultraviolet spectra of soil DOM of
1@ j:ig{ﬂE]'l Eﬂ’_l% , j]l] 1% 7]( ﬁ’;f Zvi; I:ﬁ% F%ﬂ:j ALI‘}E JWJ @ Ji different treatments at different sample time
WA SN A B AT LM A K SRR W CK, g, control;\ W, i/ﬂ?l warming; P, FEEIFERT, precipitation

reduction; WP, 34 & x P& 25 B W, warming and precipitation
MEZEWEKERBEZW, M P AT E LM reduction; 1, 0—10em +J5, 0—10em soil depth; 2, 10—20cm +
TR R (R 2) KRB NHNRER)Z LI 2 10— 20em soil depth, RIFI A 5 F7 [Al— b B 7 [ — +
KPS Gy 78 0% T T J2 R 1 EK A3 Z8 R ARXS RIME R R I 2 2 5 8.3, AR F/ING SRk [ — il ) — )22
LRI EON ) A KRR Z B A ARSI 8 (P<0.05)  SURFA NI bRl 22
S 7E T2 (RTPIASRAES) W P A WP AhBEpy 1 ()
FOKEEAHTALT CT, X AT 5EJ2 Az kR 2, B
FRaIIK Iy 78 AR T W P WP 3R oK o3, ABAERT 3R (5 = A RAF ) AL WP AR BRI 3R)ZE 155
KR T CT ARBR 3 & PR Ry K A IR R K i A 55 1 3R N B s R R VR 1A i 2 ORI T
SRIKAF I ZE A 5 [T, B TR e A 38 A X K A R
F*2 R REMERETEER . MBC,MBN, 11 DOM M ER H G FSMEMR NN =5

Table 2 Variance analyses of the effects of warming, precipitation reduction on soil properties, MBC, MBN, the quantity and spectroscopic

characteristics of DOM

+J2 L BT Factor +J2 1545 T Factor

Soil layer/cm Index W P WxP Soil layer/cm Index W P WxP
0—10 T HEE KR * ok % NS NS 10—20 *ow NS NS
10—20 NS ® NS 0—10 DOC L NS # oKk
0—10 pH ® ok #* NS 10—20 # ok ok * % ® %
10—20 L NS NS 0—10 DON # kK # kK Ok
0—10 SOC NS NS w ok 10—20 NS L ® ok %
10—20 NS NS * 0—10 Al NS NS ® ko
0—10 STN NS NS NS 10—20 * % * NS
10—20 NS NS NS 0—10 HIXem NS NS NS
0—10 MBC NS NS NS 10—20 * K NS NS
10—20 LR NS ® ok w 0—10 HIXsyn ® ok ® NS
0—10 MBN ® ok LR NS 10—20 ® NS NS

W, 149, warming; P, FEESFERT, precipitation reduction; WP, 3% i xB& 25 % F, warming and precipitation reduction;SOC, A PLHK, soil
organic carbon; STN, +3EE%A, soil total nitrogen; MBC, {4z #)# %, microbial biomass carbon; MBN, (/%) %, microbial biomass nitrogen;
DOC, ] A ML , dissolved organic carbon; DON, AJEMEAHLAL, dissolved organic nitrogen; Al, 35 & PEFEEL, aromaticity index; HIX,,, %EE
ST FEEL, humification index, emission mode; HIX,, , #OGRIAEIEIEF/LIE 4L, humification index, synchronous mode; NS, &4 3%

5#, no significant differences; * , P < 0.05; * %, P<0.01; * * * P<0.001
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Fig.5 Characteristics of fluorescence spectra of soil DOM of different treatments at different sample time
CK, X}HE, control; W, H43, warming; P, FRESFERN, precipitation reduction; WP, 475 x @ 2 F& 5, warming and precipitation reduction; 1,
0—10 em )2, 0—10 cm soil depth; 2, 10—20 ¢m +JZ, 10—20 em soil depth. A [F)K G FEEFemR Al —Fp b BEAE [R)— 2 A [8] i ] 2 6] 22
S AN FREFRR Rl — i ] [R]— 2 JZ2 R R A B 2 ) 2 55 1935 (P<0.05) s B3R FRR N F H AR (n=3)

ABEFE T I W P2 I pH IR TR, IR IR | CO, ISR M B B T o R AR
AR | TS e Y pH P BRI E K R s 2 pH IR R 2 — . ROk gy i, g
£ P, SRR B, AT B 22 1) B S Fi0E ABIV T , 30 pH FH Y R 30K 43 5 308 pHL 35 TR AH G
(£3),

TIEE KRS MBC \DOC 2 2 EAE B 5 SOC & W A (3R 3), iXFEW] SOC M2k AT fE 3= %
S LA L HERAE I LA K DOM SIS A1 . DOM S (A 1l LA H0e ) A g e A U2 i - A0
I BBURRER AR L X R R 88 e AR ABURR (3R 2) o DOC 5 3k vy 14 L M8 B R T A= 0 14 G
AHRLRY SOC st (£ 1,k 2)

AL 278 DOM 5 FAL S IIY & A 0 F 40 RAE R EE DY B 505/ H & B 2 IEHXECRDY,
AL iR, 278 DOM & A EE T F AR TR EAG YD . HIX,, HIX_ #5E T DOM 151k
FREEDY S HIX,, HIX 80K, 3281 DOM & 5 ZEo i i i o B HIX,, (H30R 50 F 451 2, DOM
L0530 5 1o BEAR 45 00 07 A ER R A0 A B U AN I G 10T HIX ), 5057 C M B2 IEADCT  dritb 3R, Al
FIHIX,,, HIX BERE IR DOM 50l XEZ RERE . 15 2014 4F 10 A, W F1 WP ) DOC T CK, J5 & 14
BRI AL R BE K, BT W AT WP BERZFAMIE SOC RIS ALAE , fi2 ik SOC [ DOC BREAL" | e it Wi
WEPE, IR SOC 1 43l 5 75 25 43 R, 443 352 0 DOC R4 (35 2) o LR, P ARZEAY -3 DOC ¥
B D7 RSO S AR FE 0, SOC AR ARG IXJ2 [ O P AR B2 1 = 3 A2 e, skl 4 3 o
JEA4T DOC BIF 4k, AR T8 Bt DOM B% A , BTLL SOC S itf&A%, #4 , ZM BUR T 2%, i D RN
T2 S I IR AR T I IR T S SR A BOK ASRFAEA AE RKn A AR X K A
Gt i), b T RO A3 AR R AR TR P AL ERYE D T DOC A, PR I S A
| CK 4 FEE) SOC i,

1E2015 4F 1 A, W A3 L3 DOC  DON AYE R T CK, FRUGIEM] T 33 lid A #) T DOC DON #9774z,
S B IR E Y B R 2 (AR AR R, SOC RR2206 1k DOC . DON JE R Mk w1k, W AL F 11y
AL FHIX,, FEARBEREA T DOC 1.5 7 ik e (A5 W ARFRIY SOC & e fiK, (AR B2 MORFE 1Y I
] AR T A RAR TR AR . 55— 7 T, 34 TR BE A B4 IR o A0 AR (A 4 TSR R T
MR I +39 C PE A B 4 ) Ak s sk R UM R SRR HLE AR BBy
Bt P ALFEAY DOC BB/, B 5 ME LA ST (18 4, 181 5) 5 P Ak 35 35 3K 43 AR, DA 532 Wl A 490 194 £
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KO0 PR I Z AN HLTE IR X AT RS 3 SOC BRI R A . ZEML B, WP 4B 10—20cm
T JZ SRR RAK, DOC f AL A HIX  WHEAR, (HJE SOC &, X5 WP ABEK A MBC AHIFER , KN
BIUE Y RIGE T SOC W40, WP J& W HI P SRR, 1B T A2 (s As B ) A= e 34, 2 s A1
AP R A 2 DOC \DON BN, 5 i T 7 i chg | Bt A D 245 5 02 SOC 1Y 2R,

F7 2015 45 4 H  EZRRI , 36 I0RT RS 2 B T 6 K A 2 N B A S, PO S K R A
Y, X AT BE A2 TR T S A A i T R38R FLBR, T 3EE KRR 13, i 2 17K 53 KT DOM B9 % i
B, FEMTEOY BAEN, BeEY SRS 2] 2R, JEA N G i i LA C s g RE s | 3 DOC 1)
WREAS RS AT (R I AR TR R 0 1 S K M B B 95 R A 5 %) (45 DOM. it Al 1) FH P 38 5 | B 2%
Dy bEm S R P ARBEAY MBC Al MBN f5e i, AT /i, W AbHLAY DOC \DON # , SOC & eIk, Ui il 4%
T—4FJ5 , W AL H A - e R AE 114022, T LB WP (1) +3E 5K MBC A MBN {5, Ifif SOC % it i,
VU 7K 2 B AR i =2 S50 WP b B SCAE R 7 | 3R RE IS 3 G LB A s A, (B2 /K 40 AR T 4
F TS T, I A HILET o0, DR e ZE B TR AN B S B B s EAEATR , SOC 15 LA B AR,

PRI, IR, LR N T A HLT A 4, {21 DOC DON %t s fin , i DOM 44y BAr
AR S TR S BOR S A5 5, PRI IR 1358 DOM (14 25 40 28 A5 AR X fT BE . B 25 [ T 4 1338 DOM. (94
e BN A 225, 13X T RE S T2 28R i) -+ 38 (10 25 ¥ 55 BRS8E 7 5ite Jl 10y, 7398 L5 I 25 A8 I g L
FAEHT, 23 DOC K DON AR AN 22 | LA R 4500t HR 87 B FURE X 2R PR - 3 TR0 1T 75 B S 4, 38
T B s A T S LA T G =18 DOM (19 52 i 458 4 52 2% , AR A R 2 LI LA B R TR A b4 9 T8 B KK 43
RS

£3 BIERZENEXESR

Table 3 Correlation analysis among variables

$Eb% Index 7K I pH soc STN MBC MBN DOC DON Al HIX,,, HIX,
KA 0.458***  -0.282" -0.250*  0.318" 0.037  0.529***  0.191 -0.101  -0.008  0.424***
pH 0.458 *** -0.468*** -0.368*** 0.185 0.017 -0.148 0.067 0.256*  0.081  0.397***
SOC  -0.282*  -0.468 """ 0.957*"* =0.156 0.321* —0.066 -0.125 0.206 0.091  -0.029
SIN  -0.250" -0.368"**  0.957*** -0.127 0.333* -0.096 -0.156 0.222  -0.051 -0.037
MBC  0.318*  0.185 -0.156  -0.127 0.355*  0.157 -0.168 -0.231  -0.058  0.001
MBN  0.037 0.017 0.321"  0.333°  0.355" 0.007 0.227 -0.069 0.087  0.040
DOC  0.529"** -0.148 -0.066  —0.096 0.157 0.007 0.369°** -0.259*  -0.306* * 0.006
DON  0.191 0.067 -0.125  -0.156  -0.168 0.227  0.369 """ 0.178 0.103  0.035
Al -0.101 0.256 0.206 0.222  -0.231 -0.069 -0.259" 0.178 0.350 % * 0.427***
HIX,, -0.008 0.081 0.091  -0.051  -0.058 0.087 -0.306% *  0.103 0.350 * * 0.400***
HIX,,  0424** 0397°** -0.029  -0.037 0.001 0.040  0.006 0.035 0.427***  0.400 ***

SOC, LHEAHLER, soil organic carbon; STN, +3EHE(, soil total nitrogen; MBC, f#/E¥HH%, microbial biomass carbon; MBN, 2L 4%(,
microbial biomass nitrogen; DOC, ] % 45 HLEK, dissolved organic carbon; DON, 7] %45 HL&(, dissolved organic nitrogen; AI, 75 7 P8 %k,
aromaticity index; HIX,,, , ZICKIHECIEIBIIEEL, humification index, emission mode; HIX,, , #4658 55, humification index,
synchronous mode; * , P< 0.05; * #, P<0.01; * * % P<0.001

5 ZHig

HEEFIK Sy R EE N ASE T N HEMAES RGN DI G EZ/EH . BRINEK 73258 &, b 25 5w
i Rl 4 7K P i AR A1 8 5 K R L T X 2 )22 3K 43 (45 M AR T R 25 I 6 2 R K 43
FIREMREE R, 1Ko A 028 B2 0 45 DOC A8 T BT i R AR 2R 43 I 0 1 7= 1 DA R 3B 1)
FHE . DOC Fl MBC J& A5 IG5 SOC &b E N 7, HRAHE S B2 5 % 1) DOM, K Ik SOC (1)
FRAK, FRERR I AR I B N A R AN TR B A T S W A 0 b A T B B S R
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