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W OE. )R [ R4 E TR W A M X w08 M X 2 — {8 H i 5 LA
(SOC) HFL B KA E HERsE AT AN BB . IR 78 M =0 3R 2 0 B L Ak ) s i) 1% SCE B e
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A HLER (LOC+10C) \ROC Fl ROC ¥ (RC) ¥5 MWD £ & Z ol B F EA X, (3)S0C KHAH Ak
Bk BT AR BT SR v SRR P P T =3 2 R Y 22 BRI A2 )2 TR A TS S B0 U VR W i AL L
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Abstract; Close-to-nature forest management of multi-layer mixing is one of the most common forest conversion patterns
in subtropical regions of China, but its effects on soil organic carbon (SOC) accumulation and stability are still
unclear. In this study, the close-to-nature plantations of masson pine ( Pinus massoniana) (CP) by multi-layer mixed
management in the southern subtropical region were selected as the research object, and the adjacent pure plantations of
masson pine (PP) without modification were taken as the control (CK). And then we investigated the stability, organic
carbon component, microbial biomass and enzyme activity of soil aggregates with different particle sizes and their
relationships. The resulis were as follows: (1) Mean weight diameter (MWD ), which was used to characterize the
stability of soil aggregates, increased significantly after near-natural modification. Compared to PP, SOC, labile organic
carbon (LOC) , intermediate organic carbon (I0C), recalcitrant organic carbon (ROC), soil C/N, microbial biomass
carbon and nitrogen (MBC and MBN) , microbial respiration (MR) , B-glucosidase (BG) , cellobiohydrolase (CB), N-
acetyl-glucosaminidase ( NAG) and phenol oxidase ( PO) were significantly increased, but the MBC/MBN and
microbial metabolic quotient (qCO,) were significantly decreased. (2) The SOC, total organic carbon( LOC+IOC) ,
ROC and ROC index (RCI) of in soils or most soil aggregates were significantly positively correlated with MWD. (3)
The change of SOC content and its components mainly resulted from the interaction among soil physical and chemical ,
microbial and plant properties. Furthermore, the significant changes of litter carbon to nitrogen ratio (C/N,,) and soil
total nitrogen (TN) caused by masson pine with multi-layer mixed forest management were the primary drivers of
differences in SOC content and its components. Our findings indicate that that the close-to-natural forest management
model of multi-layer mixing is an effective management measure to improve SOC and its stability components, and so as
to promote masson pine plantations to sequester more and more stabilized SOC in the subtropical region of China.

Key words: masson pine ( Pinus massoniana) plantations, soil aggregates, organic carbon components, soil enzyme

activities, close-to-nature forest management
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JEEEF N TR

ANEEGRR AR IR T BT B R
BRI T, HAE IR % KR CO, Mk B sl T v A 4
A BRA S AR G R B -8 D7 TR 4 A B R O B ) A
FH PR Ar H R 2% 1 0T 4 3k <A A2 Ak B
SRR M40, ( Bossio et al.,2020) ., FE A T4
TR S AR — 29 7 954.28 5 hm® , AR E K
BRI RE , (H H: A S e 40 5 g 52 48 ol e A A
ORI A i 25 J7 0 R 2 e, PRIk, T Ae] 4 B
PN AR - 8 i 1) i R0 RRLE 1, © R 2 i
WAMF 22 22 58 G 1Y 8 I AR 5 A DR 1) ) i
“IT HARARREE T S — P i LR Y
MR R AR S DR A BRAR B AR I 5
BAUER] T2 2 RE TR DR 15 AR obR B AR PR 05 1 R AR
R TERIHT 82 T 38 B [E) B ek H Aw, DT 8 15 2R
MREEE R %5 18 B Fe K AL ( Moradi et al.,2012; 72
ANGE,2019) o BFrFAlibkIE] AR5 B R 2 i A 2

I EE T, IR AR BE S E R — I 24,
A$E it (Bl oc B ATH L, 2002) o B4 R 2
IRASHIE A SR 28 e, A i 21 BRI AR 23 454
KA TR e s TN TRV B A T
TP B RN BT i AR R SCH A W DL R £
FEME, TTANRIWE S R, &0 A SR Ak ok 19 4
SR AT IS BIPL AR S S5 48 3 A Fh Z2 44 | B0 As
TP AL B, BTN TARAE 7= 0055 B B (AT
4 2015 ; B 42 W45 2017 ; Ming et al.,2018) .,
e, N TEFalidR 2 1 i [ AR Aol i 8 s/ I
IR SRS | 38 0 28 AR O3 SO B8 U V% 0 1 i
AT AR R MW 55 b s X 5 3
BERY (U A SR AR S5 ) | - e AR W e 7 2
ATy RE LA B Ho At - 38 Ak P 5 7 A 015K 52 A 1Y 52
M) 5 255 M) 381 - B e 1) AR R ARG E 1k

LA ( Pinus massoniana ) 1F B 5 1) FH A AR
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B A RS LG AR S e b 2 — | PR i 5
PEF AR R A P R A R T T A TR R AR
HIX )z R, OF a8 ATk T E R E T E
Ykt 25525 (Fu et al., 20115 4% T #4145 ,2018) . {H
PR D=y VN RS O N TS 5 SR o (0 0 1
i MZR T R B AR T R A
ARG E G B — | TP BOH A IS | 13
AR DRSS R R 58 M L 3% 0 I 2 ™ L A [ ik v )
ZBREE (You et al.,2018; 32 H1% 2021) , FIFHFIA
W B8 b, 4. 21 4E ( Castanopsis hystrix ) . 75 £ i
( Michelia hedyosperma ) k& K ( Erythrophleum fordii)
SR T AN EATIR S B , N7 R GE AR ) B A
ARG SS Dy BE TSR Y BT/ 7 S 1 TR A8 MR AR i
A KRR A AR TR R 5 B ARSI, X — ik 2
J ke R RS b DX e i A B MR R A 2 —,
W HRTARSE Az 252 R 1 R )i 22 — (X i
FRAE,2018) o SR, AN N T4l bod i 51 A RE i
IR 5 2R A 5, HL R Y W B A i R R
A Wy RN A A X e A T AN TR R B A R | G 8
UL T A S8 DT 2R A ) i 281 3 R RS B A R 3 7 AR
WIRRE S N, 2 A5 AT ) T 48 fep b B Al 1 [T 45 RS E
P, 5 e RARTS E PEAF AR I Rl OC R 5, X i
R ATy e =2 TR AR ST RIS . PR, A BF 9 e
ALY 1 T S8 s Al A ) A4S 2 Ao ] ik g R O
(0 S 08 2 J2 0T SRR R i g X 42, I LAAR AR 19 15 8
PASEAR (R BUE ) 7 % IR (CK) |, B ARG S 8 52
JRIR AL G 3 R AR 5 PR AR AR AR 5 I - AT
[Fi) 20 1 98 AT 2R A 2 3 R - 98 i 1 2 ) A O
s 8B m 4 5 SRS P | BB DY 5 A A A
RIETEMEZ B SC R, I 4 S A S A A
TR S B ] Ry K AR I A5 T T AR A AR A
R

U AR

1.1 B3 X F0iX 58 Mk o

ARG XA T P ACTH R R AR A S R G
G 8 A LI AT 5% 3 A %) o L AR e A Al S5
HC N AR 35 7S 91 2 4 (106°51'—106° 537
£,22°02'—22°04" N), % X I 4b 3 #haty | A
W 2R KUV, B iR 2 W, & R D,
TR LU 5 5 KRS T8 R 2058 32, A8
121 C AR & 1 400 mm, FCHURI P9 A T4

AR DL S AN FIAZ K ( Cunninghamia lanceolata)
F, N TR AR 32 205 AR KR IHER ( Quercus
griffithii) . H A% J&E N ( Magnolia obotava ) F1EK 71 A
( Mesua ferrea) %5 ( 5 HFH 5 ,2022)

ARG IEEER) D BAN VT B SR HK ( close-to-nature
plantations of masson pine, CP) FJRCE LR UNT . &
PEL L SRAF  228  s FAE ORI B A — B
FEAN Sl bk (1993 Fh Al , ) A8 % O 2 500 £k -
hm?) , 43 BIHE 2000 4FE 2004 4F F1 2007 4 % i
fria) fle, e 2 4% B2 (% B2l 450 Bk - hm?, T
2008 -2 O B A5 1 B FE AA BR 34 &) A 21
ARG 1 AR ARl (SEAE B ), RN Y Z0 4 A A
FERGEE ISR 375 £k - hm? , X &0t iR R 2R
2 I F SR AR BB Sy 1 200 BE - hm? (R
Fiv o £04fF  FAEMI=6 5 5), Al A e 4RI A
PEAT ks 1Y) 55 2 A 4l AR ( pure plantations of masson
pine, PP) (#R 0% BE 5 3 A 28 AR 6LV — 2L,
1 2008k « hm™) #=2 % B (CK) .

MRIEBEDL I B N, T 2020 4F 7 A 7RI
B IXFEHLIERE T 4 A5 X 41, Hoh g~ X418
W F CP A PP 2 iR 2EH, XN Ky CP 1 PP
HUEE—A 20 m x 20 m BYREJT, BN IS R
T 84400 m® (RETT, ISR AL Gt B A 9 £
X RS SERAE T AT IR A, Horb AR R DT
BEPLAT 152 6 Y2 e IR HE (1 m x 1 m) T I
AT 5 ) 19 & (litter fallmass, LF,kg « hm™ -
yr' ) BEASFE S I A AR A2 ) 3 (fine root mass, FR)
K BERAS v A BT (65 C) &
P, 2200 4 I 00 Al 2801 2 B (R K R A
2021) . FEHLAYEEAE BIEILER 1,

1.2 T REREME

T 2020 4F 8 H 43 Bl XS BEAS SEYRAE Ty AT 445
R . B IRIR A 1 B R N TR AR B A
BEBL AT 0 RF A, AS BIF SR R R GE ke A B0 Ok
B L HERAE S BB AT (20 m x 20 m) 53
JE16 5 m x5 m /N Y A 0 A% 2 1) 28
SR RFE R (9 ) o AER A 2 B2 1 1 V5
2R BUE TR AT BUR £ (0~ 10 em 1 J2) BIRAE,
HHAS (K xFixE) M 15 em x 10 em X 10 em, N
B 1 TR - 45 A8 18 2 Bl R | R SR B B Y SR
ABET PVC ¥R & 5 BT O AR T ARR DR AT
FEFTA - 7 [l S5 % 5 4 [l —RE T Y 9 ARt
HAPURG L), HIER A BUR o m Ay, —



598 % W 42 &
K1 HHMHMERER (FEEARER)
Table 1 Main characteristics in plantations (x * s.)
W o = % HEYE  MRAEYE HED AR BE
AN F] .
f“ & ff = Slope iﬂ‘;g? TH DBH LF FR WA L Canopy
orest ype (°) ) (m) (em)  (kg-hm? - yr') (g« kg") (C/Ny) density
LNtk PP 20.33= g 20.04+ 25.99+ 8 252.53+ 8.07+ 47.38+ 0.76%
0.88a Mesoslope 0.83 1.37 328.46b 0.40b 0.32a 0.02b
T RANE H MK CP 21.50+ g — — 10 664.63+ 11.10% 39.71+ 0.85+
0.87a Mesoslope 448.22a 0.62a 0.55b 0.01a
LN Pinus massoniana — — 22.83+ 37.55+ — — — —
0.63 1.00
[# M Broad-leaved tree — — 11.58+ 12.75+ — — — —
0.20 0.55

. SP. ¥y ; TH. ##5; DBH. fg4%; LF. 759 & ; FR. QIR C/N,,. HEDBEALL,
Note: SP. Slope position; TH. Tree height; DBH. Diameter at breast height; LF. Litterfall mass; FR. Fine root biomass; C/N ;. Litter

carbon to nitrogen ratio.

fr 30T 2 mm EHEERIR L, 5 —id 2 mm F
0.25 mm EG , f 2R %N >2 mm ,0.25~2 mm
F1<0.25 mm (1) 3 FOR[EDRAR - e SRR, F 4k 21
Jei B HERE AR AFAE - 20 °C A UKAS L LA T
SE WS E A LB ZH 73 | AR I A R A - 9 P
T BT S 4R R

1.3 TEHEmAELERS T

+ 345 H (bulk density, BD) 45 %5 & H 3 ] ik
%2 5 135 7K & (soil water content, SWC, % ) 8 #5
SRR EE 5T 105 CHET 2 4E I ; 1 pH
2R pH A HIE (42 s K =11:2.5,w:v); TIE
MR (total nitrogen, TN) HBEHLECE ZETEA TN AE §
+ 34 5 A (ammonia nitrogen, NH,*—N) FlfAH 2% &
( nitrate nitrogen, NO, —=N) &2 7E KC1(2 mol - L")
R KRS WS T 1% 223 3h 73 B { (SEAL
Auto Analyzer 3) 3 H1i2E (4 H.,2000) ,

A IEWRAL 2 2H 73 R IR A 1k AT 5E (Guo et
al.,2021) : FRPUAA 19 1 HEHE fh (0.50 ¢) T 100
mL B0 B, QAN A 20 mL 1.25(2.5N) H, S0, %
Wi, AE 105 °C F7Kf# 0.5 h, B.L>(5 000 r - min™, 10
min ) JBCH: BT, AR 0 5 Y b8 Wom & i R
15 EARFSE A ALK (labile organic carbon, LOC) ;@
HIA 2 mL 6.5(13N) H,SO, %, =17 (25 CHER)
FEAFKME (12 h) JE A 24 mLL B EK il 7
WeRERE Z 0.5 (IN) , 7E 105 °C F/Kf# 3 h 5 B O
(5000 r - min", 10 min) B 15, 6 B8 5 0 % ) L
TR 7 Bk PR S B2 8 A LK (intermediate
organic carbon, 10C) , {5 BN R E B 5 BEA TR

JE B Z N GERR B R (TG PE 8K = LOC+ 10C) ;
QR Ax H IR IME T (50 °C ) EEEJFFRE , MlE H
15 A MUK 7% & (recalcitrant organic carbon, ROC)
1.4 TIREE M AW EMENITRENE

K JH 96 FLIRALAR LD & 6 F 1 S5l % M £
1 4 FOKRERE, 05 h 25 L3 C TR B-H 4
BT B ( B-glucosidase, BG) Fl £ 4 — Hil /K fift
(cellobiohydrolase, CB) . &5 N a3 %) N-£ B4
% B AT B ( N-acetyl-glucosaminidase, NAG) Fl 45 &
12 % 3 K B ( leucine-amino-peptidase, LAP) ;2 ff
AL, 73 5 > By AL ( phenol oxidase, PO) #ll
1 E ALY ( peroxidase, PER) , HiH | 7K fiff B 1% 14
A0 5 2 R T Y BE < T i ( MUB ) S JiS ) 19 24016
B T B #54% ( Thermo Multiskan Spectrum ) £ I
K 365~450 nm FHEATIE, FEAFEM 8 NEE
(Steinauer et al.,2015; You et al.,2020) ., %A fk
PA1-3,4- " B IR E B (L-DOPA) 1E A KW 1)
Fb ek dE A7 a2, 2o, L-DOPA Jin 0.3% H,0,
TN o A A W e I P T A R A T 9 R Y
THIARXAE B 460 nm T #EATI A2, B:HE o 8
A~ H 42 (Saiya-Cork et al.,2002) . 7K fif i A1 5 AL il
B3 P B 458 — A nmol + b - g7 soil,

+ 5 R ¥ A= W) & R ((microbial biomass
carbon, MBC) #l ## 4 ¥ & % ( microbial biomass
witrogen, MBN ) 3 11 4 0 i 7 B 5 v 3t 47 0 7
(Vance et al., 1987) , 1 7] & 4 7 #L K ( dissolved
organic carbon, DOC) Fl A % 4 A5 L A ( dissolved
nitrogen, DON ) A A< £ 3 G {5 B8 7% 4b B (%) 7 ek £
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BB ER 4 (K,S0,,0.5 mol - L) 3242 H 1A HL
BRATE & B (You et al.,2014) , 36 A ) IF 15
( microbial respiration, MR) K F & N 1% F2 1L 17
Mg, i #2 EEZ M (Jin et al.,2010) 8
I e J7 ¥ AT AR W AC R (microbial
metabolic quotient, qCO,) & MR Fl MBC 9 FL1H .
1.5 ##EabiE

S5 T i EH A4S ( mean weight diameter, MWD)
HRYE Castro 42 H 19 28 1155 31 15 ( Castro et al.,
2002) , EZH T e AR MR E PR A, H
BAKXWT .

MWD:i:zllxiWi (1)

o n KR B BRARAB X W8 i R4 R A
HAARWEHHE (mm) 5 WoRS R AR IR & 5
A EHE(%) .

A A SPSS 19. 0 Y M 57 AE A ¢ K K
(independent sample ¢ test) X} PP F1 CP 2 [a] 1 13
PR T | - S P A LB ZH 23 AL A= 4
SEHEAT W PRI, B E MK ICE S P<0.05 55K
FH Pearson A ¢ P 43 1 + 5 A4 HL 8K ( soil organic
carbon, SOC) K H:4H5r 5 MWD 2 [a] (9 AH &4, B
FHHEAKPECE N P<0.05,

BT RPN I A = N o b, — 345 3] 22 AR
YAEHEA Y R a8 AR SOC K HAH 73 £ T84t
it A, AL A B AL P R. BD, MWD, TN,
NH,"-N . NO, -N, pH, DOC, DON; ¥ 4= ¥ 1 F .
MBC,MBN, MBC/MBN , BG, CB, NAG, LAP PO,
PER MR .qCO, ; #¥PEfT . FR.LF C/N

K Vegan” B8 42 119 “ Varpart” 2 /37 X 5 1
SOC K H2H 73 1 0 855 A 5 R AT O 22 73 i o3 e,
M FRETE R 3.01 BB A75E iy . AR ZEALER
355 PR 1 Al A8 S HE 22 () 6 R RO 2R ] 5 R I
PEAT W, B A B AR SR 45 2R R R 1 4 SOC
R e ke P i B2 S (E I 72 &1
AEE S B AR R SR T 0" (Sattler et al.,
2010) . fJiz FIUAR 53 B (RDA) 1 52 08 R % A
4% ( Monte Carlo,499 iterations) X} 4 F B 7 W5 i) A0
E N R 22 D IREL A - #E AT Lk, O R
AR E MR (P<0.05) B FREE R 1150 e & 1 26
AR BN RDA BERL I3, I 18 o A 28 f) i e
TERMR SOC b H2H 73 1Y fe 3 I I 5 (P <.
05) M H A B . RDA F2 ¥ B 7E £ o4 it 73 B ik

ff Canoco for Windows 4.5 [ is 1752 W, AT A B4
TE5r AT Z 1 38 28 5 % B0 % 4 ( You et al.,2014)
iz &K Sigma Plot 14.0 52 ST A BIVEIRL

2 EREA

21 EEREMOEMAIHRTEAREREZE S
A R R

I 4E R W HXETF PP, CP W ARIARIAE £
AR E & H A R A T ANFERE A1k,
HL,CP 1>2 mm M RIEAFEE G LEEST PP
(P<0.05) , 1 0.25~2 mm F1<0.25 mm H KL
PR AR b JC B 22 55 (P>0.05) , ABF5EH, CP
TIEA RN MWD B2 & T PP, RIS REMA
T alibk 2 52 2R A 5 H 5 I R AR Ao e 1k B
(R 2),

®2 PPHCPLEARGHNER(FILL)
B MWD (VA + prifiiR)
Table 2 Proportion of soil aggregates
in PP and CP (x % s.)

HARY A R AR
HEENM (H ) K E
FEH 2T Distribution of soil aggregate Hi2
Stand type fractions (%) MWD
(mm)
>2mm  0.25~2 mm <0.25 mm
I B AR GlAR 31.52+ 49.82+ 18.65+ 1.69+
PP 0.38h 0.67a 0.51a 0.01b
D REANE [/ 35.69+ 47.43+ 16.88+ 1.80+
cP 0.85a 0.90a 0.70a 0.02a

A LF PP, CP A SOC.,C/N MBC il MBN 7£
J b A ARG A A R AR T I 2 R (P<
0.05),CP (% TN F1 NH,"-N 7£ 5t + F1 K [ 5 &
(>2 mm) P EHE (P<0.05) ;1 CP & MBC/
MBN . DOC F1 DON 7 Jit + Fll K £ 545 9 + 5 A 5%
rp ) B EFEAK (P<0.05) ,NO, -N #l pH {5 7E )&
NG e R AR 2 T 2 AR A (P>
0.05) (#£3),
22 ERRTMEBEMAIRELMTIEARKE
fik 28 53 B9 %4 i)

CP 1 LOC . 10C \ROC 7 i 78 J5 + K A ki 2
HIRAK S 5 PP fA7E W 2 st b % 22 5%, Hor,
LOC 7EJR + . >2 mm ., 0.25~2 mm f1<0.25 mm i
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Table 3 Soil physical and chemical properties in PP and CP bulk soils
and soil aggregates with different particle sizes
RIRIYIE FEHIZEARL  SOC TN MBC MBN DOC DON  NH,"-N NO, -N
MBC/
Aggregate Stand (g- (g- C/N (mg - (mg - MBN (mg - (mg - (mg - (mg - pH
size type keg™) keg™") keg™") kg™") keg™") kg™") ke!) ke)

i PP 36.25+ 3.89+ 9.33+  450.46+x 41.21+x 10.91+ 997.02+ 59.74+ 45.60+ 38.17+ 4.13+
Bulk soil 2.31b 0.12b 0.69b 33.20b 1.36b 0.64a 17.43a 2.51a 3.39b 2.46a 0.04a
cp 52.83+  4.42+ 11.94+ 595.32+ 70.68+ 8.43+ 883.90+x 50.28+ 74.48+ 35.81x 4.15+
3.11a 0.02a 0.71a 5.79a 1.36a 0.09b 12.66b 2.50b 10.80a 3.95a 0.03a
>2 mm PP 30.68+ 3.98+ 7.76x  418.98+ 41.02+ 10.26+ 942.04+ 62.13+x 64.99+ 35.82+ 4.08+
1.12b 0.17b 0.48b 44.49b 3.66b 0.25a 41.33a 2.21a 6.15b 2.15a 0.02a
Ccp 51.86+  4.49+ 11.58+ 537.80+ 73.16x  7.44+ 890.81x 51.09+ 100.02+ 37.66+x  4.12+
2.53a 0.05a 0.69a 13.78a 4.99a 0.44b 20.10b 1.12b 9.26a 3.36a 0.01a
0.25~2 mm PP 39.12+ 4.49+ 8.70+ 483.75+x 47.76x 10.11x 1000.72+ 63.89+ 83.61+ 46.58% 4.11+
2.63b 0.21a 0.27b 57.35b 2.15b 0.36a 24.51a 1.56a 3.70b 10.27a 0.02a
Ccp 57.00+  4.75+ 12.01+ 606.26x 89.06x  6.84x 951.11x 47.56+x 104.94+ 3451+ 4.09x
2.50a 0.14a 0.41a 21.86a 3.29a 0.38b 26.64a 3.19b 3.47a 2.19a 0.01a
<0.25 mm PP 39.53+ 4.71+ 8.36+ 487.75+ 45.34x 10.78+ 1096.88+ 63.69+ 76.73+ 36.04x 4.10+
4.00b 0.13a 0.71b 21.04b 1.55b 0.38a 39.60a 5.11a 12.58a 1.39a 0.02a
Ccp 68.62+ 5.08+ 13.55+ 634.15+ 77.86+ 8.17+ 897.24+ 50.31+ 86.95+ 32.10% 4.07+
4.20a 0.18a 0.95a 31.89a 1.87a 0.50b 20.21b 1.53b 7.15a 2.69a 0.01a

E: SOC. A HLK; TN. 2% ; C/N. BRA L ; MBC. ALY Rk, MBN. (YA 4% ; MBC/MBN. BUEY) A Ykt
BRA L ; DOC. Wi M:fk; DON. %A ; NH, -N. 284 NO, -N. &4,

Note: SOC. Soil organic carbon; TN. Total nitrogen; C/N. Carbon nitrogen ratio; MBC. Microbial biomass carbon; MBN. Microbial
biomass nitrogen; MBC/MBN. C/N ratio of microbial biomass; DOC. Dissolved organic carbon; DON. Dissolved nitrogen; NH,"-N.

Ammonium nitrogen; NO, -N. Nitrate nitrogen.
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Changes of carbon components in PP and CP bulk soils and soil aggregates with different particle sizes
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