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8 F. WPORREIRE A TG I T R IE R AT 0 =R AR 8 AR A (CEL A A AR TR SRR
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Effects of climate and forest types on
soil aggregation organic carbon

SUN Xiaolu', TANG Zuoxin', YOU Yeming'*", CAO Yuanshuai', ZHAO Hailei'

(1. Minustry of Education Key Laboratory for Silviculture and Conservation, Beijing Forestry University, Beijing 100083,

’

Chinaj 2. College of Forestry, Guangxi University, Nanning 530004, China )

Abstract ; Study on effects of climate and forest types on soil organic carbon (SOC) in aggregation would attribute much
to a better understanding of the variation pattern of soil aggregation organic carbon (OC), and provide researchers with
data support for better predicting SOC response to global climate change. We sampled 0-20 cm surface soil layers from
eight forests (including broad-leaved, mingled and coniferous forests) in three climate zones, subtropical, warm temper-
ate and cool temperate zone. We also classified macro-aggregation and micro-aggregation with dry sieve method, meas-
ured their OC contents and percentages, and analyzed the relationship between aggregation OC and environmental varia-
bles. The results showed that both macro-aggregation and micro-aggregation OC contents were significantly affected by

climate, and the OC contents of both macro-aggregation and micro-aggregation decreased with the increasing mean
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annual temperature (MAT). We suggested that this results were caused by the inhibited microbial decomposition activity

by the low temperature in the higher latitude area. Aggregation OC percentage was significantly affected by forest types:

higher in broad-leaved forests and lower in coniferous forests, resulting from different litter qualities and quantities be-

tween various forest types. In addition, soil pH and texture could also affect soil aggregation OC. The aforementioned re-

sults indicated that temperature rise and forest structure variation by human disturbance might cause soil aggregation OC

content decrease, and lead exacerbate global climate change.

Key words: macro-aggregation, micro-aggregation, soil organic carbon, climate, forest types

Tolk i LAk, BRAR B b A5 AR A Y IR B AR
Be AT MAEAL AR S BOR U RS COo,
EIHOE A K iR 2Rk A, LSRR
P15 00012 t BB fi# 5 ( Stockmann et al,2013) ,
IR T 1 1 A BR A B % R I - B 1
AR R P BRI R B 5 W L NS B KR 2
( Kirschbaum ,2000 ; Stockmann et al,2013) , |
AR S RGP A Bl b A 25 R G0 P R Ry 3
JE HCT it o o 4 R b SRR i 1 39% (X 1 SR
SE 2001 ) R WA Ak itk I T e Gk AR S P
EH o BRI BRAK A LR A A 5 X
g 4 R Rk PR ) AR AL LAY A T L

S A SR A — Rl el IR AL BT RN ) UL
2 (8] 3 42 98 1Y £ 48 45 F9 JE AR B IT (Oades,
1993) . 75 HIERIREAIE B f b il o b
VE (B A8 v 59 A BIL BT 38 3 Ak 2 B 5 0 ) 3 T
SEETAHEAER) /T LIE e WA e
AR, X LY A R DLk — 2 dE A AL
B K& AE F B i K 2R AR (Dexter et al,
2008 ; Malamoud et al,2009) , 3 A1 5 &k — 7 1
RE % £ s - HE 45 A, gl 2D - 42 it (ol 2 A
2002) . F3—Jy I AT LU i E B 45 R R 4
A BRI W R A 2 1) L B S T T
28 AV - S AT BBtk 1) 20 e o 30 8 S AT AL e 19
R PR - B Al R PR e L N S R
(Liitzow et al, 2006) , =3 A 5 fA AR 45 HC R/l
LU R KA AR (macro-aggregation, B2 KT 250
pm ) FIG AT AR (micro-aggregation, B2 /N T 250
wm) ( Amézketa, 1999) . 4 1 3 H LK J& 5 wsf
i 0 57 7T 10 43 W 25 1 3 0 ransient. aggrega-
tion) T B AT A& (temporary aggregation ) Fll7K A

K ( persistent aggregation ) ( Tisdall & Oades,
1982) , ARk ZK F& 1 AT L g Sy oK R 2 AT 3R A
( water-stable aggregation ) il JE 7K £& & Hl % &
(Carter et al,2003) . A~ [R5 531 (¥ P 3R A0 390+
SR 1 PR R 5 U s AL B AL A A [R] B AR
P AT 58 1A o PR 7 S A0 B 5 s R R AR
i BAT BB AL, B ] e I 1] 650 v A
( Amézketa, 1999 ; Dexter, 1988 ; Dexter et al,2008)
PNZIE 2 iEoR N AN EiE Ry IWDi: U (R ER S
S v A FURE AT BIL B | B AT 3R A D b A5 3
TE— , Fo g MR 22 | W) B0 58 748 Al R4S R O (R
S BEVE 5 it ) %% #BUEK ( Bossuyt et al, 2002 ; Six et
al,2000) ,

UABERTT R AT R AR AT AL A ) R W) 32
PR BEAE T B2 B R ) L il B — 7 ThT 38 3 5 ) - 4
A HLBR 17 A B A CIRUEE Ty, AR R G A7 T Bl
Z I, A ML A QL 22) ok 52 e 4 38 14T 3R
1A % (Smith, et al, 2008 ; & #4E%5 2004) . 7
— 7 T 3 I 5 W S B (LR AR S B
W) BTG 3l ok 52w 4 3 A 5 A E 1 ( Amézketa,
1999) . Gl A (2014 ) 77 4 L X b Y
B0 W] - S AT SR A AT AL Atk 5 ek 18 B i A Y 9K
BT B T T v e R VR AT e R A G
AR 706 1 398 1T 2R AR HL AR o AT 35 R ), A
BRI (& VAT FIAR R I W) 09 L A BB
s A NS W B R R B AR B S B Y
AR g A SR AR A Y R B 22 88028 (Smith
et al,2008) . X AL 233 i 52w - 3 A LAk 1 1k
e apS A IR ¥ RIRTEY/N-REX U N LR S0 N2
% ( Tisdall & Oades, 1982) , 1 H. 1 £ 38 i ok 7% +
S W O TR TR 5 4 e i) o TR AR T DR ) A
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AR T B ( Amézketa, 1999) . WA [A] 4= 25 & 48
(] ORI 9 26 B, bR A 9 AT SRR A ML o i —
KT B Hb B K F 4% ( Six et al,2002b ; Schwen-
denmann & Pendall, 2006 ; 251555 ,2013) , 42k
A R BE K DL K pH A S5 B R PE 0 RE S e 1
B R AR MLBR BT W, a0 0 Y L 3R T
RO A SRR RS | IR S A Rk B
AR B i A P Y A 5 AR R
25| £ 5 H R R G HLIK 19 28 1L ( Liitzow et al,
2006 ; Plante et al ,2006; Jones & Singh,2014) ,

g5 LRTR 1 2 o o 1 g R AR L
B ™ A= 52 | (HAH DG AL o A s R FR I H A AT
BT A P R AR LA I BF R R T
KHEAEBRG, — B HE X ey X4
PR it %o A T A SR AT B 1) S T (R R A
2013 ; F 1l 55, 20145 PR Ibe 2% 55, 2013 ; 2% % 3R 4%
2014) , TAPEFXTHAM A S R G, W0ARMORN B AR S
ARG R R WK (I F 5T 0 I8 4 FE A2 BR
SR ST, WF5E 1 58 A R AR HLAR 7E A
[F] A 45 A T AR AR 2 28 38 °F 19 22 5=, LA UG 43 B
A R RN A 8 A BR R IR X - 48 A SR AR A AL
TR B2, A B T PR AR 1 498 P SR AR BILAR X A
FVERIEAS b 1 S0, Sy 803000 A e A3 A AR Ak 1) T )
PRI FBCHE S

AT R 23 8] 7 50 A3 B ) 5 91 0% O 3k
PR T4 [ = A F B, WA | I IR A
FEIRA (AEHIR N -0.5~20.9 C) B =PHEH A
AAREANE R N Fh AR>S AY 4T 1 38 A R AR Y 43
YN A R AR AL 53 A HLA A 2 38 3 53 T 4%
AIREE R FNAS (] AT SR AR A LB 4 53 9 DG &R, A
B LU BRI (1) AN TR 2 BE RS [R] bk 4328
RUR R )2 A RIR A YUK AT 5 A 5 E
FERY2E 57 (2) 3k 20 25 5 3 0 37 B W L6 [ 1 1 5%
M7 (3) S50 25 5 % Fi il o > 42 Bk A AR A 5
R A LR e AT BIRLE JE O 2

RS

1.1 FRXER
ASBIFFE 36 U = A A0 ] 2 02 T S AR AT Y

S E R E AR X (DH) A7 T B RAT R K
2 E K B RAY X (BT) A T &5 194
FHRGRI X (CB), FERMFESERET HA R
M B RE K (broadleaf) | 1 38 Ak ('mixed ) A4} 1
M (conifer) ZEREHEATHIGY . W EREHSEAH
TR & A, B DAASIF 92 3 78 = AN S 1\
FbR oS A0 e R AT A B HRURE 0 1A SR AR o4

S ARAHT A S 1L S SRR KRR AT
KM (112°30739"—112°33'41" E, 23°09’
21"—23°11'30" N) ( Zhang et al,2013) , J& Fg V. #4
W2 R, AR IR 20.8 C L 4E R K 2 103
mm , 32 R g 00 5 A KU AR T R kAR iR R
(FAO-UNESCO + 3 70 22 R %) ( Zhou et al,
2005) . AWFFESEBCGZ R X B A ARRNER 3 Fb
RO ZAL 435010k 2 UK Sk B A 4 T TR 38 ARORT
SRR, 25 KUH G e bR A3 A5 76 DR AP DX A% 0
X, BEAERE 524 O 400 Z4FE 10 7 5, 02 R 7 4
AR MRS A (BEVT I 5E 2004 ) ; £ TR AC
PN TR A 5 A ( Pinus massoniana) [H— L&
V8 B AR AR T E SR B o S AL A e
TRAS K, BRI 29 85 a; Th B AN MK S A T A
(1930 4224 ), FiAt 5 % 52 N TG 8h T4 (R %
RCEN R YRR T 2 ) Rl 5 1R A PRy A —
FH(SLILWIAE,2004)

G PN S P A= N VS Al S g VA e}
MAMMET NS H (111°46'55"—112°03'32" E,
33°35'43"—33°20" 12" N), J& i 7 2= KA e, 4F
SEHRBE 15.1 °C AR R /K 900 mm, - HEZ Ay
b J5 e XUAR T B A 46 FR 46 B+ ( FAO-UNESCO
TP RLE) (You et al, 2014, 2016) . AW
PEOZ AR B X EL A AR 2 10 W b Ak 43 25 Y, 43 3]
R BV AR ( Quercus aliena ) AR AN 8L 1 A% 48 1 A2
( Pinus armandii) RS, Bt AR A LA TR 28 HROE
76 20 42 50 AFAC N T ARG A2 1L A s ARl |, A
SRS T ( You et al,2014,2016)

FEWRA W T L A SR ORI R B AL T i bR
i | B g MK AR 3 B (127°337
30"—128°16' 48" E, 41° 42’ 45"—42°45' 18" N)
(Yang et al ,2010) , Ja& ik 7l R fli M 2 KU A, 48
PR 2.1 °C , 4E R 7K & 600 ~ 900 mm ; 1 15 2 7Y
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kol RO B R E OBRR R G R - (FAO-
UNESCO 32K R 5E) (Yang et al,2010) , AT
FEREBGZ AR X B A CRIE R = Fhbk 43 258 4y
SR A TR HE IR 500 ~ 1 100 m 1Y £0 A B Ak L

HE A IR S R AT A 4E 1 100 ~ 1 800 m () = 3 42
M H LA IR S ARTE 20 22 40 AR I
U 2T A0 I AR A b 1 A (A7 T A5, 2007)
KT LR RN S B L 1,

1 =ZAERN\FARSEREER

Table 1  Basic information of eight forests in three study sites of China
Sl DH FRE BT KA CB
Variable Ji#] b b N A N Ay 7 N s Jia] i b TR ZEHk RN
Broad-leaved Mingled  Coniferous Broad-leaved Mingled  Broad-leaved Mingled  Coniferous

forest forest forest forest forest forest forest forest
13 Altitude (m) 300 150 50 1 400 1350 750 750 1100
AEHIR MAT (°C) 20.7 20.9 20.9 15.1 15.1 3.6 3.3 -0.5
AEFE K B MAP (mm) 1 996 1 990 1 990 855 855 689 689 854
Mt Age (a) 400 85 85 80 60 45 200 160
EFIB E 43 L Conifer percentage (%) 0 40 100 0 50 0 15 100
AKJFiE & it Lignin content (%) 21.9 23.9 26.8 21.7 22.0 20.8 20.1 28.0
P87 BAUE Litter biomass (t - hm?) 8.8 7.3 2.5 6.9 5.2 5.2 4.9 4.5
YR H) - Fine-root biomass (t + hm™) 65.9 53.5 50.0 31.4 24.2 28.8 66.0 42.5
FHLIK SOC (g - kg') 56.2 62.1 54.9 59.5 70.1 90.4 104.2 73.0
MA TN (g - kg') 1.9 1.0 0.9 1.7 2.6 6.5 8.5 3.8
pH 4.2 3.8 4.0 4.6 4.6 5.5 5.3 4.6
Ybki Sand (%) 27.6 29.2 44.7 24.0 6.0 7.3 6.1 45.1
KPR Clay (%) 13.7 10.9 8.4 13.0 10.9 6.4 10.6 11.4

1.2 HEHh i, LR E TR

AWFFETF 2013 4 5—6 H VEAT T RE A 1% A
T HEHORE . R b AT B T, B B SRR Y R R
MATAAIAG B S DAL, B AR AR O 20 m x
20 m FEHIARAK , Feit A0 B AR 40 A AR SR EE TS
T, BRI OR T« S” RUBRURE %, BE R 24 A4S A5,
3 em HAETEH#IE0~5.5~10 F110~20 em +
JEFEATHORE 5 R Ak B0 5 T, X [m]— A | ] — -
BT IR A, T R 2 mm LR L3, IF
FTEBERMREAA L,
1.3 ARESEREFNBRESENNE

ARG A AR AR - HERS PR R, R AT Six
et al(2002a) B K A4 AR A 1 A R 198 0 vk 04 7
A3 LB AN ()R i T) X A1 SR 1A 1 e R A B2 AR Mk 42
—, JCIR R oy B A SR AR, DR, AS B SR R
1RG0 i AT R AR Ar 21, [W g, Sy T X 43 M

RARAG BLA AN 2 41 HLAKk (LEC) , 1 A B 5% 1) A
RARA BB L 7 e % T g b AR 28 40 BB 28 19 5 AL
B2 53, 3E — 20 P 0 06 43 5 4% R A2 vh Ub R RN 42
LA 43, I ik 2 41 4 A A5 LB & o, LA AR T
R A SR AAAT A LB 2 s 2 B3 3K 8 A AL 114 B i
BRI RUXT 4 25 ¢ BT 250 pm fL42
I w7 R 1 o 4 e o 5 s I S
P56 B0 B 20 ARG Ok X — i B —
FFLE 20 ~ 60 min, - HETH P9l 4 4 R 0K F
250 wm 443 ; AR X B4 AL o HETRRE (W, ) 5
W b — 2506 i AR RVRE 9 7 5t 53 um FLAR
- G, R N R TR 53 ~250 wm 41
o3 s WO IZ AR A BT FREE (W), JBGRR 43 T  5 7K
AR 53 m B B O R A B AR, ML TR E
(Wsy) o [FIHF, B 25 ¢ W 4, ] 10 mL 0.5
mol - L' NaOH ¥ ¥ #4743 #, FH I 0 32 43 1) i
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250 wm 153 wm TG WO B AR - R A YD
H(Sand ) AL (LF) 457, FREE -0 € K F 250
pwm 1 53 ~250 wm i [ AV RL AR 7 (SandC ) Al
Mo THE (W, M W,) DL A ik & & (LFC) fid
S TE(WAW,) .,

H1 T H SRR B % 5 A BB R AE A DLk
FE R B A B A O, P IE AR B 58 3T T R HE R
VA S A FIARY 141 SR A AT BILAS 7 ( B 1 kg JFUIR L 3 p
B P S ', LN ¢ - kg soil) AT 4L A
(A BB 7 S BLBR 7 0 E 4 b A T
HEPR AR A BB & 5, 3X P> 48 b g T 47 b SR AE
AN ) AT 3R A v i A AL Bl 43 BC A7 20, 1 7R 3T L
S Y/BE UL iaR ity

B A AR R AT R AR,

Macro OC = ( TOC,, X W, = SandC,s, x W, -
LFC 50X W) /W0 (1)

A1, Macro OC 3R K B R & A Lk & ;
TOC,5, /8 T K F 250 wm 253 09 A HLAR & &
W, 2R T KT 250 wm 2H 43 19 5 6 ; SandC,, 3
TR KT 250 wm B VD RLAR & 1 5 W, R [ K
F 250 wm YR HY A LFC,,, #8180 KT 250
wm FOER A AR i W R R 03 KT 250 wm #2240
)

Micro OC = ( TOCy;_,50 % W,=SandCy; ,5ox W, -
LFCg; 050X W) /Wi (2)

A A1, Micro OC 3 7R 1 F1 R & A L ik &
TOCs; 5o 7e7n T 53 ~250 wm 4143 1A HLIK &
W, R T 53 ~ 250 wm 41 4> B H &
SandC., o, F/REFH 53 ~250 wm ZH 43 B9 V0 ki Bk &
T W, FR B 53~250 wm YRR LFC,, s,
FoRIBIH 53 ~250 wm YRR & B, W, FRoR
MBI 53 ~250 wm FRA ) E &,

Mineral OC=(TOC;XW ) /W, . (3)

A Hr, Mineral OC E7R/NT 53 wm 4730 AL
Wit ; TOC ,, n T /NF 53 wm 4143 1948 LA &
B W FoR THi/NT 53 wm 415009 TR W, 3
JNFESEE B 0.025 kg KT+ A4+,

S A AR A 5 LA R

Macro OC % = Macro OC/TOCx100% (4)

A H, Macro OC % R KA R A YLK & 55

Lt ; Macro OC 3R/R KT RIAA Pk

Micro OC % = Micro OC/TOCx100% (5)

P, Micro OC % 278 1 B AR HLBR H 43
H s Micro OC 7l A1 R A HLAk &

Mineral OC % = Mineral OC/TOCx100% (6)

ZLH, Mineral OC %3R8/ F 53 pm A5 HA
HLUBR B 43 L s Mineral OC 75 /N T 53 um 4143 0
AP ; TOC Fom BA Pk
1.4 it 54

ISy =3 TG 7 NI = o N i N
A I+ 20 R AR AR A R AR RN T
53 wm 70 HLIK 19 22 5 247 20 A, A dRc o/ 22
S 55 1 (LSD) X & 7K - 8] 1) 22 S i A7 40 A, A
FHZ I FR J7 2250 B A [RIRE G0 A R AR 43 26 80 O
[F) 2 % A S A SR AR HLAK 12 F0 A S5 b AE HL R
WAl FEAT 93 Ao X5 22 AN FF B O, i AR S 80K
B 1975 (Kruskal-Walis H) #4722 540, 1 0L
SCHRRTE, M Pearson FH G HEXT 25 M5 AF | 5
T AR A AR A S A LB B A BLAKR 43 LY
A HEAT 40 A, LA b0 B Y 7E G 3 3 SPSS
17.0 For Windows ( SPSS Inc, Chicago, IL) H 3417,
BEMEKTFEENRN P<0.05, G K EMEH
Origin8.2 BAFHIAE

2 HR G54

2.1 HEEFARGKFNHE

K AT AR A AL 2t KT Tk T SR A A Bl Bk
i ARG UK R T/ T 53 um 214530 A Bk
(R ) o AFE 20 R B R R A R AR
Ml it 22 57 35 (3R 2) , +HE A R AR MLk i Bl +
JERINRNT T RE(E 1) o ARZEERREST B3R
BRSO RIEFI/NT 53 wm 405078 WLBK & 22 57
B3 LSD KA SR o, 4K IR S R A R
B ML (40.9 + 4.6) g - kg soil 3 KT 51
IFE A (19.0 = 1.5) g - kg soil Fl5 K S FE A&
(19.5 + 1.6) g - kg soil , S LI AR 5 ) 4 A 2R
AP (5.8 £ 0.3) g - kg'soil BE/NTEHAIL
FER(11.2 2 1.1) g - kg'soil FIEREFEL(11.5 +
1.1) g - kg'soil ; K FTIIFE S /N T 53 um 4504
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BB (4.2+ 0.6) g - kg™ soil L3E T S L kL 5
(1.9 £ 0.1) g - kg'soil MIFREFELE(1.2 £0.1)
g - kg'soil (B 1) o AN[RIAR A2 Y + 38 K P 2R A F
TR IAA MLk & 22 A B3 H/NT 53 um 457
APl B E (K 2), LSD 4R BoR, [k
/NT 53 wm AP (3.4 £ 0.5) g - kg'soil i
FERTEMHA(1.6 £ 0.3) g - kg soil, IRASMRAL T
ZFHZE (2.4 £0.3) g - kg'soil . ZH R FIARAS 2
X K P R A RN AT SR AR A Bt s A 3¢ BARE T (B
X/NF 53 wm A A WL E A B E L EAEH (£
2), LS LEX I RAF/NT 53 wm 50 F L
et HR A WE AL HAEHI (£ 2) .

AF L ZHEE R A 225 ,0~5 em LR HKR
PR T AR F/INTF 53 wm 450 A LK = 53
WIE10.2~132.1.3.0~32.9 F10.4~12.2 g - kg
soil Z[d] , Il Ky 42.3 .12.5 F1 2.4 g - kg soil;5~
10 em 4 J2 1 K H 5 44 Fn i A 58 44 A7 L Bk i 7
3.9~91.7.0.5~25.9 F10.1~13.2 g - kg soil Z
], ¥I{E N 24.2 8.6 1 2.3 g - kg™ soil;10~20 cm
2 A K R A RN A SR R LB B AE 0.4 ~
37.2.1.4~15.4 f10.3~15.4 g « kg soil Z[0],J{H
H14.7 6.3 F12.6 g+ kg soil, 0~5 c¢cm F1 5~ 10
em )7 K AT 54 R0 B AT SR AR A BIL Bk = A [m] 463 32
HRZMAREER (R, BlEHEE 8K —
B, RPN A L RE K A R ARG PR 5
T AR L R 5 S AN S LR A
ZIk: 2L SR IR 5 A (A s NI S TS SN R =
(B 1) o ASTRMR AR ) A FA 3R A Rk A 23R AR A Bl ik
R EZERT(KR3), HEMMAIT LRI 0~5 em
)2 A R A SR AR AR A SR AR A B i A 5 EL
YEH X 5~10 em 422 G R AAG HLIK A I 2
THAEM(F3), 10~20 cm + )2 A 25 B AIRE 5
KRR A PR &2 55 B (R 3), R AW
LA R AT SR AR A Bl i W 25/ T IR A,
T 5 R 2 A R T SR A L Atk 5 A A A i
ZRARE(E 1), A FBR 2K A 5 R
SRR Bl i G W 35 22 S (3R 3) , HL45 B bk
H3 FEARIE A 3 P TR AR RN il 1A SR AR AL i I A
ZTHAEM (% 3) ., /NF 53 pm 4150 FH VLK &2 2 AE
5~10 em TJEZBNAE AR EBIA B E 0 (R

/)| 38 &
AL EXE KAuW
DH BT CB
1 ——Mineral 0C A 0~5 cm
120 —=Micro 0C
mm Macro 0C
90
= 60 -
[e]
12} 4
"w 30 4
\50 |
< 04
@
< ] B. 5~10 cm
g 120
o o
1S3
s 90 -
2 |
@©
& 60
I ]
o0
= 30 -
0
%ﬁ{ o
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]
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L mEE
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o [e] [e] o (o] (o] o [e]
[ e [ g [ et
el e) 2] el = e) o 1]
(5] [5) e | (0] [5) [5) o =
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Fig. 1 Soil aggregation organic carbon contents
3) iRy Sk —F(E 1), 7 0~5 cm F1 5~
10 em +JZ 1% 450 47 HURK 1t 52 1) 5 35 1) 28 H. 5 T
(%£3),
22 TEARGENBE S

KA BAA LR 53 FLAE 0.9% ~77.6% Z 1],
BIE R 37.3% ; 1 A1 R AR A LA & 43 L AE 0.6% ~
33.4% 2 ] , S{E N 13.9% 5 /NT 53 um oA HL
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Table 2 ANOVA test of soil aggregation organic carbon contents

T H Item

RIATR A B PHAT SR A BLI A
Macros-aggregation Micros-aggregation
oC oC

<53 pm 450 Bl
Mineral OC (<53 pm)

25 Latitude
5325 Forest type
+J2 Soil layer

x4 Latitudex Forest type

HiEx+ 2 LatitudexSoil layer

Moy 2 HIx 2 Forest typexSoil layer

ZE B xR x £ )2 LatitudexForest typexSoil layer

20.015(0.000) * =
1.463(0.236)

40.889(0.000) * s *
2.094(0.105)

7.698(0.000) * i *
1.039(0.391)
1.009( 0.425)

25.491(0.000) *
1.776(0.174)
18.482(0.000) s # *
0.689(0.561)
2.816(0.030) *
2.036(0.096)
1.343(0.246)

28.513(0.000) =
11.042(0.026) *
4.496(0.106)
13.238(0.000) # * *
3.769(0.007) # *
0.751(0.560)
0.346(0.911)

TE: BRI NAES BRI 35S AMUE R F S O 55 NIERR P, = FR P<0.05, #+ FIR P<0.01, #** R
7R P<0.001, T,

Note; Overstriking mean the analysis method was Kruskal-Walis H, number outside the bracket is the value of F or ¢, number inside the
bracket is the value of P. * indicates P<0.05, ** indicates P<0.01, *** indicates P<0.001. The same below.

x3 BIERIEARGCHENKREEREZLHRE

Table 3 ANOVA test of soil aggregation organic carbon contents in different soil layers

T H Item

+ 2 Soil layer (cm)

0~5 5~10 10~20

R P SR A A BB
Macro-aggregation OC

£ ¥ Latitude

MRAFZETY Forest type

45 B x M43 2 LatitudexForest type
25 % Latitude

5327 Forest type

25 B xR 424 LatitudexForest type
5% Latitude

I3 2HHY Forest type

25 B xR 42 LatitudexForest type

Tk P SR AR AL Bl
Micro-aggregation OC

<53 wm 4 50FH Pk
Mineral OC (<53 pm)

13.906(0.001) + *
0.667(0.520)
2.737(0.062)

20.223(0.000) * s *
1.980(0.154)
0.264(0.850)
2.867(0.238)
1.432(0.241)

6.976(0.001) * *

8.014(0.001) # *
0.868(0.429)
1.127(0.354)

13.524(0.001) * *
3.631(0.163)

3.082(0.042) *

9.168(0.010) *

9.497(0.050) *

8.471(0.000) * # *

4.468(0.018) *
0.895(0.417)
1.867(0.156)
1.060(0.357)
0.378(0.688)
0.627(0.603)
0.690(0.603)
4.323(0.364)
1.652(0.196)

WE L AE0.3% ~37.6% 2 18], ¥{H N 6.9%, A~
[7] 2% - 3 A SRR R AR AT SR AR WILASR 1 4 b 2
SRR AR B A RE A TR] R A R AR T
AR/ INT 53 wm S50 A ALBR A 53 L 22 57 1
FE(F4), LSD RKIZER B on K R Y KA
BIKAHLER A 0 (44.0 £ 2.8) % B EE T HEKR
BFE S (30.6 + 2.2) % FISH 1L FE 4 (35,9 «
2.6) %, F R 2 FE WA R AR A LR A S L
(17.6 £ 1.3)% B & m TR HIIFE L (13.8 +
1.2) % AL 5 (11.5 = 0.9) % , Sh i1 LA 5

BY/NT 53 wm A HLEKE 431 (5.0 £ 0.4) % 2
ZRTREREFES (8.9 + 2.3)% MK HILIEE A
(8.9 + 21.2) % AN[FIMR 4325 B + 58 K P SR AR I
A R VLR A 22 R B (% 4) ,LSD K
25 SR W7 B ik bR B R AR A HLAR A 4 L
(30.2 £ 3.0) % W EM TR (40.2 = 2.5) % Fl
MR AR (39.3 + 2.6) %, &1 bk A 398 13 A SR AT HIL
BRA T (10.9 + 1.2) % B E LT MMM (15.8 +
1.1) % , 16 3¢ AR AT SR AR A WL & 43 1 (14.0 =
1.2) % 5 HAM PR AR G 26 S R W3 o 26 B2 RUAR 43
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Fig. 2 Soil aggregation organic carbon percentage

FARIXT + R A R AR DL A o LA i 2 28 B Y
M, 26 B A 4 2 X 3R A R AR F/NT 53 wm 41
SEIKE TR RELT (K 4),
2.3 TEARKENEBRZIE FHFHR

5 WoR, TR BIRA VUK & 5 4E B AR
AR 3 e AR IR R S Y R
R RV R B i 2 UMD, SR A i | 1

S pH (AN b SRR B IR A O, LA
A DU 5 AR 27 AR KR MR B A
Fo RO R SOR S Vs  R R AT R
I FH ARG, 5 R pH (E R - SRR i
RIEMSG, L HERPIRA HUAK [ 5 H 5 4 2
AR R RSP SR IR AR
TS, S AR AR Wi | R pH R R - S KGR
A F RS, R R Pl oy LA AR
Rk AR BT B e B AR B R R
T ) 2R RN R AR W O OG

3 Wik 54k

A G T e 4 1 2 56 A i A6 T v 3 3
TR L IX, K53 SR A (AR 05 45, 2010) , T
VEFERY RS & Tl S A A b B AR B Ak 32
R PRI 90 246 SR e A 1 AR AE IR T i X AR AR
RZ IR RAKA DL S =, AR a R R
BT, AT 3R A R AT SR A 1 A AL Bk S AT AL
B 3 W32 SR e B 5 AR R 3 AR O
X5 A BR A HLAR 2 A B —E B A AL
Tk 12 Bifi 28 & T+ /=5 110 B AIG ( Stockmann et al,2013)
S BTN il EE BE 05 T e T A o 26 R L XY
RIRAD ] T ARAR TSR YR TE 3 s T AR
Yy xof A HLBK Y o3, AR T - e Pl
B + 3 A VLK A% & ( Smith et al, 2008 ; Stockmann
et al,2013) , 1ER A RATE A EZR A, H 1
A BB I 3G 0 23 A2 A AL 9 525 1A R 4 48 14T 3R
TR IE 1, 38 AT 3R R L Bk B Bl 2 3G
(Prescott et al,2000; 3 284 ,2002) , K1t K&
RE AL - 9 P SR AR B I B, 34 n - S5 ALk 75 A
RUEPHE,

TR SRR HUBK B 43 o 5 4R IR 3
G, X — B R P RE 5 4 M ok i A0 BRI A G
(Stewart et al,2007,2008) . Z itk N, -4
AN FEAAAEE 20 A DL A7 4 A ] 59 4 A E FR ; B
A DL A B 3G, AT SR AR ALK B G
KB AR SRS A R AT R AR A B Bk 0 3
( Dexter et al, 2008 ; Malamoud et al,2009) , /=4 &
PR A DU R4 (Guo & Gifford ,2002) ,
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x4 TEARGANKRESILESEEZHRRE

Table 4 ANOVA test of soil aggregation organic carbon percentage

PNZIEE LR ISR
Macro-aggregation
OC percentage

Tl P R AT WL T 4 L
Micro-aggregation
OC percentage

<53 pm HoA LB E 5 L
Mineral OC (<53 pm)
percentage

I H Item

2% Latitude

5327 Forest type

+J2 Soil layer

i x RPN Latitude X Forest type

5 x 1 )2 Latitude x Soil layer

M4y HA x £ )Z Forest type X Soil layer

2R x MRAPEE x 12 Latitude X Forest type X Soil layer

6.057(0.003) * *
3.540(0.032) *
0.185(0.831)
3.987(0.010) *
1.184(0.323)
0.473(0.756)
0.438(0.852)

6.742(0.002) * % *
4.130(0.019) =
1.765(0.176)
0.689(0.561)
2.626(0.040) *
0.342(0.849)
0.733(0.624)

4.823(0.010) =*
0.373(0.564)
14.461(0.000) = = =
13.238(0.000) s = =
2.887(0.027) =
0.462(0.764)
0.590(0.738)

x5 HARGLEANKRENBSILSHETEMHEXED T

Table 5  Correlation analysis of soil aggregate organic carbon content and percentage with environmental variables

AT SR AAAT BB Tl A R AR Lk i KRB T4 A R PR & 43 L
T H ltem Macro-aggregation Micro-aggregation Macro-aggregation Micro-aggregation
0C 0C 0C percentage 0C percentage

AR MAT -0.434 %= -0.332 %% -0.218 = —
AR K i MAP -0.330 s * —0.437 s * — —0.244 5 *
EF A4 43 L Conifer percentage — -0.203 = -0.266 = * -0.234 =
AT F 2 Lignin content —0.246 = * -0.260 = * -0.293 = * -0.252 #*
7% S BUE Litter cumulant — -0.242 %% -0.236 * -0.297 # %
YA Y1t Fineroot biomass 0.207 — 0.228 —0.245 s *
pH 0.451 = = 0.397 = = 0.272 # = —
YPAL Sand —0.298 # * -0.230 * -0.281 s —
Kiki Clay 0.209 * 0.205 * 0.204 * —

o BOFERRWIAN AR KRR, — R AR R+, «x S HIFRIRTE P<0.05 Fl P < 0.01 K I WEEAHL,

Note: Number in this table is the correlation coefficient of the two variables; — means no significant relationship between the two variables;

# %% mean the significant levels (P<0.05 , P < 0.01), respectively.

- G A B A LB 20 B AR TR B T A AN DY
WA MUK 2B R RIS, om0 et
b=

AHIEGE H, R bR ) DR P 3R A R g A R AR
BILBR B 43 BU A v i A P bR A, L 1A SR A A B
43 L S IR TE B N A e (TR IR E 4y
FE SRR B £ R A e R R R S R A YR
SRR E N . ANFEERMES R G
UL R, PIE Y B e 25 R sl 4
VSRR HLAR 25 53 5 20 2 3 9 45 (2014) 75 1
JEI S R G 5T R, AR AR 43 2 AR 4 HE A

FARA AR R R], 23R 3L AR ARV > N T
BBV S TR T HIRE VR 1T Gentile P35 37 5050 R K
WU T $5 BT Y R X 5 P SR AR BILAR I
AR, AH Ry el 2 5 AT SRR B Bk
(Gentile et al,2011) , 73BTk, i T BE I ARTA 7%
Wiy ik B/ A [ I 8] P 98 7% 9 23 A 7 A 1
A VBRI A QLB s HAHEE T R Ak B AR
il Ve W0aE W S A 2 ME RS Y, IR TR K
e W OROFN A BT A, T B B 22 ((Derenne &
Largeau, 2001 ; Quideau et al,2001) , I 5 & ) 4 #L
B o3 PRSI, 77 A A Db A SR AT KRS 5 7 1) 7N 73
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Ful A ML 3D (Cotrufo et al,2013) . X
S BT B AR D 1 L S5 AT SR AR TR RN AR Y
P SRR DL

AN AR A W 5 R TR HLak & F e
I3 HE ORI 35 TR AR OG5 3% 2 PR g AR R 23 W ) A TR AR
SR PR IE B T 2EKG A 57 ( Amézketa, 1999)
TSP R HLEK & B 5 1 pH {E FURRL S &
R ARG . A SRR B A B 1 b R T AR AN
WL B I B R AR S A G m AT AR ey
T SA DL RS G Be T, AR F B R AKIE 1
( Liitzow et al, 2006; Plante et al, 2006; Jones &
Singh,2014) , Carter et al (2003) 5T KRB, X
A SRR FURY RL B - A LA 3k B A R
&, PR HLIRA AR R & pH EH 1Y
WAL, - 498 v ly TF W 9 46 J8 B8 T LG 3 7S 7 44
A 5 A0 Y A HL SR RE AT (R B AR
B2 T8 B C o A e DA T AR 3 AT SR A 8 TR 1
(Jones & Singh,2014 ;Saidy et al,2012) ,,

ARWETELE R R IR TR A RE 2 2L
TP R AR DL B T B 3k — 5 T 23 e b+ 4
A BB A PR, 15 T sk A Py 0F 4 A LR 19 73
IR ALK DL AR Ak 08 2R i B R
T 7 A TE S ARAONE |, i — 25 ] 4 22 1 ( Smith
et al,2008 ; Stockmann et al,2013) ; 55 — J5 1l + 3%
VI SR DL 1 98 /0t 23 IR 3 254, 3 oK
TR (SRZEAE,2002)  ASHIF ST 2 R 3 B bR
O ZIE R SIR I A R o N SRS )
] A 22 78 PR M #10 J o I Pet P EJ Bf — E of i)
BEIEAROR B MR i (RS R 55 ,2014) XA
A A2 T B0 5 W SR AR A BILAR 1 s 2D, o Je A=A
AL TR R
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