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Abstract: Global warming is the main phenomenon of current global climate change, which affects the carbon cycle in
terrestrial ecosystems. Forest soils are the largest carbon pool in terrestrial ecosystems. Climate warming often affects the

accumulation of soil organic carbon (C) and its different fractions in forests. Declines in soil organic C and its active C
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fractions are often observed under short-term warming, but it is not clear whether this negative effect still persists and
whether organic C fractions change under long-term warming. This study investigated the effects of long-term warming on the
soil organic C and its fractions in the south subtropical forest by simulating warming with infrared radiation in a monsoonal
evergreen broad-leaf forest in Dinghu Mountain, Guangdong province. The observation results of continuous warming from
2017 to 2021 showed that, as compared with the control, warming significantly increased soil organic C by 4.5% , decreased
heavy organic C pools by 9.1%, increased light organic C pools by 9.8% , and easily oxidizable C by 5.8% in the surface
layer of the soil. However, warming had no significant effect on the levels of microbial biomass C, dissolved organic C,
recalcitrant organic C, and complex C. Duration of warming significantly affected soil organic C, microbial biomass C,
easily oxidizable C, dissolved organic C, light organic C pools, heavy organic C pools, recalcitrant organic C, and complex
C. The interaction between warming treatment and duration of warming significantly affected microbial biomass C, easily
oxidizable C and heavy organic C pools, but did not significantly affect soil organic C, dissolved organic C, recalcitrant
organic C, complex C and light organic C pools. In conclusion, soil organic C increased due to the increase in active organic
C fractions in southern subtropical monsoon forests under long-term warming, and the bioregulatory effect leading the
increase in soil organic C may be larger than the protective effect of minerals. However, the decreased inert C fractions and
increased active C fractions may lead to a decrease in soil organic C stability. The results of this study explored the response
of soil organic C and its fractions to the long-term warming in the surface layer of the southern subtropical forests, in contrast
to most studies found that the short-term warming decreased soil organic C in topsoil, and the results may provide scientific

basis and theoretical support for predicting the characteristics of the future changes in soil C pools in this region.

Key Words: warming; soil organic carbon; organic carbon fraction; subtropical forests

PLA SRR I Sy T 1) Mg AR A PR 0] — B 4% 52 QT , BURT ) U 8 A % 1122 5123 (IPCC) B 7S ITAl 4
AR RN IR AUAHEORE 23 R 42 BRAZ 92 5 B AE AR HE I 52 T, 23k 2 R AR 26 5 3
21 20K BT E ARG IR L 1.5°C, BT REMELLRE R MR P 76 2°C LAY S AR A8 B 5 il 5 i b A
BRGBRAGIN ! FRAR SR 1L 7 i b - 30 A 2 () 73% , Bl /E S R G iR R IR IE . 3
LA b2t 1 - BB P 5t R X 42 BRI I/ NS T SR S B, 76 2 ™ R 114 4> BR 728 92 B 855 i) 0
T WFSE AR SR AIE PR R 1 Tk v 1 B S S

i T IEA PLEK (soil organic carbon,SOC) Y 2RI 5 2%, R S ML N A= B Abss = T
T2, HEEA PR A W50 4 3 B A HE e A W) & B ( microbial biomass carbon, MBC) (4] JEARE G+
HEA DRI 19%—3% (AT IE BAES 5 3 A Y0 2F 3 AL FIRRAR PR 1 4 43, % /b SR AR Ak 1 iUk,
REAEVE A 3 DO AR TR R BRI AR o -3 DIURR (4 9 B3 2 DR B P /IN T Ay S 4 R A 5% - 4
WU HY Em iz — FRPE Py R BE 4320 ] 7 A2 41 A HLK (light organic carbon , LOC.) FlEE 20 A MLk
(heavy organic carbon,HOC) , 13 LOC J& T 3Rk 2 G PEFE 43, B bl A= e b it SR 2l i 1
R T i B AR H3E HOC th H3E LOC /35 RATE I, HE5 8 44 MRS, A 5w g 1k,
S A LR AR E TR 53, AT TR /R A R IERR B AEVERE o e 3 BUBR ¥ 1625 43 21 LA S B I 2 )
i & TR 2 50 R4 G DA IL—TEHLE SR e T H3h Y ARt o 4l 2 0L 3
TR ZH 73 e AN ] B IR v 1 i A P | SR AR P R K i P AN TRl R AT 40 28 0 B R 3G, 285 A8 Bk R A ML
(dissolved organic carbon, DOC) | 55 AL F HLEK (easily oxidizable carbon, EOC) FlTE M4 HL#% ( recalcitrant
organic carbon, ROC) #JJ@ FAb2A el . %Ak FH 288k SREE TSI AIRNES ,JERCRY
B S ] DU R A LR 1 DOC X R AR Ak B s 0 U, B A AR AL RS S
TGRS VA p a3 B8 EOC A % st ) e, B 358 70 b o g UK 2 Bl 0 i et 1) 2 R
W HHE ROC 8 3RS E PEAR XT3, R 20 B A W A3 e R R
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Li 501 e e [ AR i AR TR L HEA T 1 R TR S0 v i L RTIR TR BUE T R E MR SR B T R
Yot A ot et R LA™k, R, tuAy R Ao 3 A e 0T TR & £ 0 ST AT LA 11 )
fi T T L e A LR R M SRR 1 L SR 2H 43, AT DA A e L O R AR AR
— Y BT FRbR A 25 28 G 1 TR S 0 9 T 45 R 3 P - A AL X e L o O AN 2 B
TR SUMRASA T B H 4535 22, AR - 3em 2R 0T A28 A ey 7 R I S ZE AN g i L el 7 A A A Y DX Bl 2
SRR ) A 25 R G 2 18] 9 25 1) e e | AR oK B9S2 A0 g S 34V ARV S8 2 B 32 475 B AT R B R A
P22 AR AE A R PR I S — K FLR 2 e B e e R 9 T 58 A AR AR AR bR L
B2 AL ALY SEBRsEN , F AT 2Bk E T AR ST TR 06 T 2 v (i v 25 B8 0 TR M Tl X
A I BT o DX A2 DRt AR T 4 L SR 43 RO LAY, 7T LASE S S P51 T g I Aty A R - 3
AL 2 Xof R A L Py

BT, FAT LA A R TR KUH S MO IFFE R R SR FHELA MR ST T, 5 KB i 0] i I
I AR L A WL S AL I3 B RE L 15 7 D PN R RAZ M IX - SR 1) AR AR AR S (A 2 AR s A Dy A Bk
122 Xof i IV At R bR - SR 28 1) S MR A S 4R (A B S

1 AR

1.1 XA

BFACAE T A AT AL A R G BFIE I (112°30'30"— 11233417, 23°09'21'—23°1130'N)
J& TR ZE AL e, AR IR 21.5°C, 5@ H (1 H) M A (7 A) B9 20 20 510 13.9°C Fi
29.8°C  AF[E KD 1900 mm , FE/K T 2R RTE 4—9 H o M IX 14 s AR Y o 2 KU 2 R IR, 40 S5
FBH AKMf (Schima superba) ZLHE( Syzygium rehderianum) ZLALHBE ( Castanopsis hystrix) 16 55 4155 ( Ormosia
pinnata) JEFT4E ( Machilus breviflora) F1 LT ( Psychotria asiatica) (52 1) , T3ESERI FF R IR0, E B AR
WY AR 0 A R A, + 2 H 2 i e, 128 40—80 em, +1 pH {Hoh 4.6, R L2 AW S =4
4.3 g/kg 7

R1 2021 EREHEFERME CFELPRERE)

Table 1 Basal diameter and tree height of 2021 saplings ( mean+standard error)

Tl 342 Basal diameter/mm W5 Tree height/cm

Tree species %I HE Control 3 Warming X H& Control HIWE Warming
At Schima superba 52.2+4.67 47.7+3.60 204.0+16.61 402.1+33.57
ZIME Syzygium rehderianum 51.7+6.04 72.1+6.31 411.2+44.44 534.3+29.49
LIRERME Castanopsis hystrix 51.9+7.27 39.9+3.53 470.9240.76 459.126.16
MEHIZL T Ormosia pinnata 50.8+3.60 62.1+7.05 296.6+21.88 466.3+31.59
55 7RG Machilus breviflora 21.6+4.64 19.8+2.79 218.7+45.27 269.0+33.39
JLH Psychotria asiatica 21.923.07 27.4+2.98 110.3x11.71 148.3+13.78

1.2 kit

2012 4 5 7, 7EIAR 30 m Ab A ZE XUH SRR I ARE R —HRZs  IXBR (24 30 mx30 m) #: 58 6 4~ 3 m(K) x
3 m( %) x0.8 m( ) BYIFTHAH (Open Top Chambers,OTC) ,3 > OTC /E T R 3 4~ OTC 2R FHAT AN 554 8 it
IR . A OTC b 507 U J&] B RS ER A oK PRV %, LAB 1k /K s A0 28 A 8] B = 38 vk ) 54 8% | T0i3H
FUEER A a1 N KFLIEH: PVC 4, DRI MK L R K, 6 4~ OTC By 353 514y = )2 (0—
20 cm ,20—40 cm F1 40—70 cm) I ZE XU SR [ AR DR ETEHIRCEE | 3 )2 TR 50 I e BB - 39800 7 )23 Uk SR g >
OTC, B> OTC FEHb N FE R IZARAL AL Fh ( RIAAT 204  Z0AH Bk T F 41 52 7 TR A A LY ) 4 6 #R,
FOAE AT H I KUY St I MR AT 25 TR 1o — B R e R b5 Ik 2

TERANIFTAE KA 09 23 23 3 J2 (5 em 20 em 1 40 em ) 42255 B epy {8 30 76 F /2 2% ( Campbell
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Scientific 109, Lincoln, USA) Fl/K 43 415845 ( Campbell CS616, Lincoln, USA ) ¥4 22 Wi i + 3 5 B A1 4 35k
g KR, BRI %% (CR1000, Campbell, USA) % 10 min io5% 1 I A shi Hk A7, S RE45 5 —
B MR G R S, WK A JELRE AR (HMP155A , Vaisala, Helsinki, Finland) . 355 I LI AL 2
ZOVEAE 2 m (= B A B R 3 m (S 2R b B R A A B At DR IR N T N A2 AT ] B A0 5 i), 0 i s
B A5 F AN B0 B S L AL 28 i 32 e B2

1.3 HEACRE ST

F 2017 4F 6 A 2 2021 4F 12 A 705l T4 6 A (ERRER) 112 H (fURTF) #EAT ARl L 3eRE il R
£ FEASTF AR N BEHLEEER 5 55, R FHNAR 3.5 em B L5 EL0—10 em L2 A0 13RS HHER A5 R AR
i Y ] S A AL I, A AL B A AR R T AR PR AT WL A AR AR R A U
2 mmii 2S5 AR S AT Py . — 0 T 4°C vRAE VT, T 398 Bk & | Rl A e e Ak
Wi ; o3 — 0 T B g WUk F AR, TN 3 A B P B A LA 28 53 . 3R ALK (soil
organic carbon , SOC. ) R FH HE 4% iR # S8 AL - Bt iR i #4200 22

TE ) A M) B ( microbial biomass carbon , MBC ) 2K FH &5 BEZE LI 5E S L FREUHIY 15 g 8+ 20 BlTA
100 mL BRI, BT ROCA 28 TR (TRER MR LA W8 40) h, — 1 K e A 75 24 b, 55—
AT EZEAE A I, 23 BII0A 50 mL 0.5 mol/L K,SO,,7Z % 1 h J5id &, e S A HLER 2342 (TOC-
VCSH, Shimadzu , Japan ) 1l % A HLAK & &, >R H 4358 MBC &, Hop #54 MBC 53 2508 0.45,

28 AN S R FH) B A TR N R - T A R B M B R M i B 2 L R 0.5 g 3 100 HR AT+ F 50
mL .0 T A 40 mL 0.1 mol/L FEBERREME M (A1 pH 2 10) 5235 2 h JE#FAT R0, 850 5 B 1 TE,
FHER B TR A - MR B IR & M B a2 o A7 AL 5 i BV 4% 15 Ak

AP HLEK ( dissolved organic carbon,DOC) 2K 0.5 mol/L ﬁ@?%ﬁa/‘ﬁ{&(KzSO4 ) RN E ) FRE
10 g WA 3R T 50 mL B4, 00 20 mL 2389, k37 Je 2k 08, 8 1K A i A, T DOC B i,

5B A BB (easily oxidizable carbon, EOC) 2R F S AR ER (KMnO, ) S ALIEM Y, FREL 2 o fif +FF 5
F 50 mL ELOA T A 25 mL VBN 333 mmol/L (1 = Bl FRETVA R, [RI B ks vt BR HR 35 5 250019 31 L3
W, BT A BE TR AT L £ I O AR AR i th 2 H A m A R e AR i, SR 1 EOC & i,

154 A HLAK (recalcitrant organic carbon, ROC) >k H HC1 7K ff, 22 Ji& >R FH B % R B0 - B 1R A1 i 432
BT BRI 2 ¢ HRETAE LA S mL 6 mol/L Y HCL AT, 115°C A 16 h, BHEB EELE T, H
FETFKUER pH R, 55°C HE, FH E 4% FR AR -V B R S M #4320 2 A BLAR & /2 B ROC

B A HUBK (light organic carbon, LOC) FIEE 214 HLEK ( heavy organic carbon, HOC) ,RFHZE N 1.7 g/em’
LALLM I ( Nal ) 23 25 B, T A% B A - B R AN A il sz 1 ) FREC 1S ¢ BRETFELLAE T, A 50 mL
Nal RS, RIBT S OO IR 4R35 J5 200 o B 3R TR PR 38 o AL B %, 78 25,048 Th im 50 mL Nal, 5
5223 WHEEA W WHFHY T, F 100 mL 0.01 mol/L 1) CaCl, #h¥E £ Nal, A28 7ok mhik, RIG
W UE AR LR YA 60°C FHET 12 h, /A5 LR, B804 h R AR IR RE T ik A B K g 4k
AR 60°C FHET 18 h, A% HIEHE A BT, TR SO TR ST o A A B A Y LA PR
AR S T T MUK & i . ARPE TR0 L BRI MLEK % i, 7581 LOC F HOC, T2 41 e 41 A3 MLk
., B E AR ETHE AT .

C,o. =BDx1LOCxD/10
X, C o ARER A A HUIRIE (Mg/hm®) ,BD 0K HHEAE (g/em’) , LOC (RER R 4IAH MUK & & (¢/kg) , D 1R
RHZEE (em) . EHAHUERIE(C o0 ) WARBLA T,
1.4 Gt

SCH T B s 12 F Microsoft Excel 2016 #E47025 403 Bdg 43 Mr Z AT, Se K 06 20 i) IE S PR 22 5%
PE, SR SPSS 19.0 #FATANEIR G RN ALY S A3 AL 3 3R A 22 s 1] K 5 28 B R G - S84 L S
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L2 5 BB AR A T BEH A D BRI . AT Duncan BT 2T Hok AT
i id Pearson HHOCREII TR 5 R IEA HLAK KL 7y 2 ] B9 AR DG, W 3E MK P<0.05, >R
Origin Pro 2022 #FHATIEE

2 #R

2.1 DR 3R S5 R 5

2017 22 2021 A= XIA A, AEJ7 b i 38R 8 oA B B B shaS B (4—9 A e, T2 (10 H—k
43 1) BAK, XFIRIFTOAR 135 0—10 em REE PP IIRE Y 22.4°C P IREE N 26.4°C T 1R
JER 18.4°C (£ 2) o £LAMG AL PR 31 B B 3 i 0.6°C 1B F R E = 0.3°C, TR EF = 0.8°C
(P<0.05) .

SIS [R] A Ty b ) R B B T A R (4—9 A B, T3 (10 A—IRAE 3 1) Bk, X e
FETOAE £ 0—10 em TREEMTFENRE R 14.32% 1B F-HRE R 16.43% , T2 F-YRRER 12.20% , 2150
T A O] A I AR B S AN {2 (P>0.05)

F2 11 0—10 cm BEFGEE (FHH AR EIREE)

Table 2 Soil temperature and moisture at 0—10 cm depth ( mean=standard error)

240 i Ji] X} i B 2 i [l %if iR kR
Parameters Date Control Warming Parameters Date Control Warming
S T i 26.4+0.45 26.7+0.45* TR 2 16.4+0.54 15.90.52
Soil temperature/°C 12 18.4+0.58 19.2+0.54" Soil moisture/% T2 12.2+0.49 11.5+0.46
AR 22.4x0.63 23.0+0.60 * AR 14.3+0.45 13.7£0.45
= fi3k P<0.05
2.2 PTG T3 SR LK AR W A i N2 2SIk Y 5 )
2017—2021 4F[A] it 2 22 WL 25 5 /R K 0904 Y 5 35 188 i SOC 4 (P<0.05) , 5% B 20 4 1Lt 3 384

T 4.5% FRHIRAE 2021 4F 12 7 SOC S BN T 17.6% . WK B2 MBC FIZ 4 A& & (P>
0.05) (& 1), £ SOC MBC FNZ&-& A o i 24 Bl 4 1 IR A 2 ) o] B A [m] i 4k 2 A8 1 ( P<0.01) o 3R A0 3
SR ARSI ] Y 52 B T 35 52 -3 MBC & 5 (P<0.05) , B4R A ,2017 4F 12 7 (IR AL 3R 19 MBC
B LA BRI 19.8% ,2020 4F 6 H =5 i L X REBE TN 22.5% 113 if A 3055 146 Y 4 2 B 1] 1) 28 BAF 6
SOC FEE A AT I 52 m (P>0.05) (Kl 1) .

2.3 RTADIE R G b IR A A B P AR L AT AT P 1) 5 i)

2017—2021 4F ] By S WIN 25 S il /R 4 B3 I 0 2 30 €0 (P<0.05) , 5% BRZHAH b i 38 hn 17 2y
9.8% , W IR FFLEIF X €, o A7 35 L (P<0.001) |, T4 T Adb 3 5 18 T F e T 1) 38 T AR X € T B3
Wil (P>0.05) (& 2) ,{HAE 2018 4 6 H 2020 4F 6 H i1 2021 4 6 HHIRALBE R /) C, o XF HEXT IR 2 14 1
2920.9% ,39.0%F1 29.5% , Al KIAG IR AL FLR Z 34 T2 €. (P<0.05) (HX T €\ TR EH
i (P>0.05) (K 2)

DR B D C o (P<0.05) , 5% FRZA AR L 0 25 BRI T 29 9.1% , BRFFEE B )X C o0 A7 i 355 )
(P<0.01) , [AlAs 3y Ab 3155 38 R R 2 B 8] i 28 BAE FH S 52 M C 00 (P<0.05) (] 2) , BARSKRF 2019 4F 12
H 12020 4F 6 A BIEIRAL BRI Cpo R HEXT IR 35 A T 24 34.3% 1 39.2% ,

2.4 FTDIEIR T IE RTE A ALK | S S A LR A A ALK Y 5 e

2017—2021 4 [a] () L 25 5 s | K IHHS IR XS +3E DOC Fil ROC & & 3470 B 352 (P>0.05) , 3%
DOC 1 ROC & £ $4) bifi 45 15 W A 22 sf [] () A ] i 2 28 Ak ( P<0.001 ) |, 384 7 Ak 24 55 498 318 4 S B ) 22 1) 1) 22
YEFIX 4 DOC F1 ROC & w3470 8 35 W (P>0.05) (K 3) ,{H 2017 4F 6 HI4EANEE T /) DOC & & Xt He Xt
WA BB FRAIR T 10.6% ,2021 4F 6 H HERALFE T (1) ROC 75 X Hxt FEZH S 38 10 m T 24 25.1%,
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Fig.1 Changes of soil organic carbon, microbial biomass carbon and complex carbon in 0—10 cm soil under different treatments

W FRRHTRAL B, D FORHIR IS ] 5 + FR B FH( + R P<0.05, =+ {3 P<0.01, ==+ fLFK P < 0.001)

T I IR 2 14 1 13 EOC & i (P<0.05) , 5% AT AH L i 38 17 29 5.8%, 11 EOC & &=l

B TR AL ] (8 AS [ 1 S 35 AR Ak (P<0.001 ), 76344 il A 28 55 18 YR R 2 B[R] (19 28 AR R, 28 BLAE FH TR A S
FR T EOC S (P<0.01) (B 3) , Bk H ,7E 2019 4F 6 H 2020 4F 6 J F 2021 4F 12 J 318 AT T 1Y

EOC g Xt L BRZH & 38N T 29 17.0% 12.4%F1 21.2%
2.5 BHEA MR A Z RO R

Pearson AHICHES T (6 3) %W ,S0C 5 EOC \ROC FIZ%A A5 Mk 2 80 8 3 IE A6 (P<0.05) , Hip SoC 5
ROC M RECH 0.61, HAHXKRFK T 0.5, 188 7B EFE, HOC 5 ROC I & IEAHIE (P<0.05)
DOC 5 MBC EOC FI4% & 25 59 . IEME (P<0.05) . EOC 544 SRR B EFMEER (P<
0.05) , AR R 0.55, £ AL &,

®3 TEANBREASZEHEXXR

Table 3 Correlation between soil organic carbon and its components

28 135 [p&s %E R EHAR Wl SEMk a1
Parameters APl Yk Ak BMUBREE  BLEREE AP ALK ALK
FHEH HLBK Soil organic carbon 1

A4 W -k Microbial biomass carbon 0.201 1

4545 25 Complex carbon 0.498**  0.098 1

B AHUIKE Light organic carbon pool 0.200 0.229 -0.006 1

A PUKE Heavy organic carbon pool 0.133 -0.192 0.126 0.138 1

T M HLIK Dissolved organic carbon 0.067 0.322" 0.316" 0.064 0.079 1

Gy A AT WLk Easily oxidizable carbon 0.417"*  —0.004 0.551**  0.142  -0.095 0.293* 1

5 HEA HUBR Recalcitrant organic carbon 0.612"*  0.062 0.237 0.202 0.390** -0.059 0.006 1

B AURAR R R B B AT IE SR IEAR SR S TR, » FOR BB H( = 3R P < 0.05, + = fLF P<0.01)
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