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XA E A BT 30, WS T S I S SR MO R A
T VESZ R RO BIESE AR X AN BO IR S i SR SR AR
TIEVUERIRAL . R S R SRR A R 1, X
st N AR K A PR RE T A fte ik 4 3tk [ 47 2
AEEE N HERABPOUREAR LSRG
MM EEOCR, IR R A 3 TR FIE 7
2R, R R W AR A S R S
T A P AT BOR LU, T ATC TAZ RIR AL
RORT - SR SR B ek B R ML T TEAFAE 20 . AT WESE
i, AZRTRASHRAT AN S B S SR i i
HBARITERI, W2 REIRSSHRS A LR A ST~
i JC R, EESERA IR R 1
BHOTR B E R AT LH R EESRTR, &
PSR LR R S e 5m) 1 TR BIAZ AR T
AR TITH BT, A2 A S 8 SR TR A,
BN AR AR TR AZ AN TAREE R A A
FETHI FEA I — (HIA OFFE A P R
R, SIS JZTRASHRAEMR T 451 b S IR TR 2
MABRZES, KT ZMNT L IEATR A
A BB K 753 e A 2 M i AL
ARSCH AT A AL BRI AR LR N T
AN [5 o]  oh R 42  Se  S JR MO T TE RS 42,
PIRZAR GO XS IR, 05 A2 R S5 6 S J= s DA
8 A R AT SRR S B % e RS [+ L AT SR Ak 4
43, TR LS8 S J2 RO L3384 T RTAT R KT A
WA B At i AR AR MR A @ M p s ma AL, 3
IR JEM (LUNRIREEM ) EERG L
HERRENE . A WL R IR BRI T, R R ALY

SEMBCERS, DU AR N TR RFE 28 |
TR TE R R S R GRS %

1 #MH5 7%

1.1 #AREXER

SR XA T AL B BRIV L &
BIXHE ) (29°09'N, 118°25'E) , ialuiHhJm i v
il bR Ay, S E R R A, AR
L 16.4°C, FFMEKE 1 814 mm, JCFEM 252d,
AR H BB AR 1334 h, b RN B DL 4T B
RES

HEHEAZ AR M N 1996 4FEF TR, YIHREE
2500 Bk-hm™, 2006 “E3EAT 1 IEF R, HATR
PP 1358 ¥k-hm™2, 2011 SEHEBAERZ AR T B
MR P BB B ( Distylium  racemosum  Sieb.et
Zucc.) . %84 ( Phoebe sheareri (Hemsl.) Gamble ) |
¥ il ( Adinandra millettii (Hook. et Ar.) Benth. et
Hook. f.exHance ) . ZLidx (Illicium henryiDiels. ) ,
Horb) FEARRRD (ICEE . R ) FAE % 3 000
PR-hm?, FeARM RN (5A . 20 f ) Rotl %
2500 #k-hm?, SAFCRAETIFZ) 0.5 hm?, A IX
He g A A K BEIEAR —3, 20184F 5 H7E LR
4 I JZ MRS AR Sl bR b PN BEHLAS 2 3 4> 20 mx
15m B/METT, FEMIEACTE L LER 1,
1.2 HFmEESNE

2018 4F 5 H FE 4R3I B 7 A R AR R 7%
YIRS TERRET N, 1RCSTIBIE 5 A
1 mx1 m B/ MET AR LR A P58, Bl TSR 0R7% )

R1 EHERER

Table 1 Basic overview of the plots studied
= JiAz TEEDEYE  LRRE
b § A =
AL PR . it *f]j” Diameter at ~ Biomass of  Bulk density/ pH{A
Treatments Tree species Stand age/a Height/m e Ny -
FoAHI KAC. lanceolata 22 14.3 21.8
C. lanceolata+D. racemosum W BED. racemosum 7 3.6 15 133.0+6.2bc e =uile RIS
. HAC. lanceolata 22 14.6 20.9
A + ¥ . .
g?znfjitaJrPh sheareri s 148.9+12.6ab  1.28+0.02b 4.35+0.03ab
: : S5 ¥Ph.sheareri 7 5.5 4.8
= FAKC. lanceolata 22 15.1 21.6
Z A+ ° o
??anfljgmﬁq millettii - 150.3£10.7ab  1.27+0.01b 4.38+0.04a
: : i A.millettii 7 2.8 2.1
G KA4T KAC. lanceolata 22 15.8 22.1
?inceoﬁtﬂi—l - e 158.3+11.2a  1.16+0.01¢c 4.30+0.02b
: ’ LU AL henryi 7 44 32
#AC. lanceolata 1AC. lanceolata 22 13.8 20.1 115.6£15.1d  1.36+0.02a  4.22+0.02d

VE: [FFAR[RING R R AR ) 2 B 5.3 (P<0.05), R IFl.

Note: Different lowercase letters in the same column indicated significant difference at 0.05 level between treatments, the same below.
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FE 5 A 38 3 T A BN D B BR L SR 0~20 cm
BERE o B NIRRT RN LA
SRA R — MR ERE, S5 15 AN RVERE &
FU1S A HERE S, RS 7 BICKE A R i A 5
BEE R E, AL HRRNT, FFRRaiE
YIsRiIARSE o BT IR S o R 7, —5r A 4R
At EEEEet (ZRERZEL) ARSI
it S AR AT S R U A SR
AT IF0E 8 mm i, 4kZ2 KT 5 R AR ki1 T
ARk AR gl FRER 50 g KT 4, 74K
H¥RE 10 min, T3 XDB0601 A -+ 3 i R A& 43 Hr
A CAE 5B s - e s A IR A wl A= 7= ) AT T
4y, o —& 3N (5. 2, 025 mm)
TEAK B H AT 5 min {20 (PRIE 3 cm, MR
30 K ‘min') , 15 F>5 mm B4 K Fa e B AR
( WSAus )~ 2~5 mm KE 42 K 58 Pk A1 58 1k
( WSAy s mm) ~ 0.25~2 mm K7 72 7K Fa 1k A1 58 {4
( WSAgs5 mm) <0.25 mm Hi 45 /K Fa 1 [ 58 1A
(WSA_g2smm ) o PRI B IRTEDITE 65°C HEAH AL
T, KRR RIATE 4°C WA HET, HTiHEM
YT i SRR A AR S A ) B i o4, 4K
J 53 0 A2 A kAR A SR ARAT WL e R oy i, 48
FERHM IR E (58100 cm® 377

- RIS ARl Rl A 5 40 R E A R
A - #RGE | Foss BILECE AL . BRE-HER DT
Feik . R et R, 2t 2k
SRS TR TR O, ETHOTRRE
HEMEFICER, AT L.
1.3 HiELE

SR HI SPSS 23.0 FRAF X B #E AT R B AN G 140
M, F LSD v&#EATAS [A] b B[] 4= A MLAK S 5%y
T ffga, FIRERHE S5 E . AR EE
FE AR AN ] — AR AN [RDRE R P R AT B B 3755 %
AR 2 W TER S (P<0.05) o FIHIRIER
(v3.5.1) Hh“mvpart”fl #1712 Ic I IHH ( MRT)
SR, TR AR (RSB T A R R
Hor i, A AR R R A R DA
pH 45 ) X4 R AT SR (A e LA B it ok LA ST 3 ot
WA (MWD) FULRPEE ER (GMD ) 520
FEEMHET . LAk, FH“FactoMineR™LEFT 32 AL
535181 (PCA) , M JEARANAiART 4 - F A1 5
REAE BT RS2 o [ 3R P 1 LIS M (A

RN
P MWD . GMD FIFRIK 4% (D) 1E
R IR R TR RS, Ha A .

MWD:}D@MWJ (1)

i=1

n
Z Wi X]l’lx,-
i=1

GMD = exp

2

n

2 Wi
i=1

M(r<x;) x;
S G)
A (1~3) e x; AE—R E N B R AR
X EAE (mm) 5w, AR 3R A R AR L R
AIRIER L F (LUNEERR ) o M (r<x;) NEAR
INT x T RIR TR (g) , M, OHERIK ST &
(g) , Xpax MARKBRKER (mm)
+ A A A R AR i R BB A A S
.

D =-l1g(

SOCBS =SOCBXBDXdX0.1

TNgs =TNyxBDxdx0.1

TPBSZTPBXBDXdXO.l

MgBS ZMgBXBDXdXOI

SOCAS =SOCAXBDXdXW,'X0.1

TNuys =TNyXBDXxdxw;x0.1

TPASZTPAXBDXdXW,'XO.l

MgAS ZMgAXBDXdXWlXOl

X SOCys. TNps. TPps Fll Mgps 7353 42

ALK SR BB KB (thm?)
SOCy. TNg. TPy Ml Mgg 735l 20 4= R AT HLAR .
ﬁ\ 4%\6}"‘%[’1&%@% (g.kg_l) 5 SOCAS\ TNAS\
TP s F1 Mg 5350 o TSR AR AT HLBR At B . 5 A
i EEEE RBEGE R (thm?) 5 SOC,. TN,
TP, 1 Mg, 73 5 R A AR HLAR . S BB M
BeEa (gkg') 3 BDHEEARTE (gem”) ;
d TR (em) 5w, AARFEDRG A R A G A
R B ] (DUNEERR ) 5 0.1 5 S
EY i@

2 GREHH

2.1 TEKBERARGSHRIEEMNE

AR JZ RN al bR K Rt R ARG A A A
X—F (F2), WEHAF: WSA s o>
WSApr59 mm> ( WSA5 s - WSAs o) > FLHT,
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WSA_g25 mm 15 I (52.8%~59.4% ) (% 2) .
IR R R AR o S AR R ARE E M
) 25 30N, Hid, AR . AR
AR+HAEFZEZERARE ( P>0.05) ; HE5EZK
AR, AKREEK WSA s mm AL, i
WSAy sm 1 WSA s BIIG AT, HoH, WSAsm
HomEE ( P<0.05) .

AR ZR MO a5 (MWD) 5L

x2

i ERE (GMD) ) RE R TREARLMN, B
WIrIE4EE (D) BB E/NTIRARLMK (P<0.05)
NGRS flE i
(MWD) | JUEEAE (GMD ) AR IASIE
4% (D) ZHHARZE (P>0.05) , Hf, £
R+EME ZMR T 54 (MwD) FULfT
VI ER (GMD) ek, BIERIEIEYE% (D)

/Mo

EEMETEKTRERRESERTEE

Table 2 The contents and stability of water-stable aggregate in uneven-aged mixed and monoculture plantations

IR NE R R A

LGE Contents of water-stable aggregate/% FHIFEER WP ER  BIRES B4
Treatment MWD/mm GMD/m D
WSA>5 mm WSA2~S mm WSAO,25~2 mm WSA<O,25 mm
FARHIEEC. lanceolata+D. racemosum 7.8+1.1a 10.0+2.5a 24.3+1.6b 57.943.1ab  1.21£0.07a 0.41+0.03a 2.7240.03b
KAR+EMGC. lanceolata+Ph.sheareri 8.6+2.0a 7.7+1.5ab  30.9+0.8a 52.8+2.9b 1.24+0.17a 0.45+0.05a 2.67+0.06b
FAR+HC. lanceolata+A.millettii 8.4+0.2a 7.4+0.2b 29.3+0.9a 54.8+1.1ab  1.20+0.04a 0.42+0.01a 2.69+0.01b
AR+ EC. lanceolata+1. henryi 7.7+0.5a 7.1£0.1b 31.3+1.9a 53.9+1.8ab  1.17+0.03a 0.43+0.02a 2.70+0.02b
K2AKC. lanceolata 4.7+1.9b 6.6+0.4b 29.4+1.0a 59.4%1.5a 0.94+0.12b 0.36£0.02b 2.74+0.04a

22 £THREBEHENST

ARSI AR o e AV i o A R S — B,
PEA LR AT AL S SR it i o3 . MNIEL 1 W] LR
e BAREZEWADLE (SOC) FEA (TN) fif
WY R EETEARLMNK ( P<0.05) , ZAEEMK
THEA LR (SOC) MM T 39.4%~104.3%, LA
(TN) fBERA BT 3.2%~36.1%, A+
FRZARHL B R EMR A PR (SOC) B35
THERERX; 2AREMEEAK 1500k
(TP) i 35 = TAEARLIAR (80 28.1% ) 5 2
R+ERR M (M) R B &S TEAL
M P<0.05) , MHREEARLESE (Mg) ik
HERAMERREZESR ( P>0.05)
2.3 FIREHREBSEEENTH

ARG JZ MR A K e T SR A PN ik RO i
MAKETEARLIA (F2) . BAREZHIIEARR
PR BIKNA YL (SOC) . BA (TN) fifg
TR (WSA-sims WSAy s m ) >WSAg 259 mn™
WSA 25 mm (P<0.05) , FZAKL)ZKA IR —Ri2
HRIEN AP (SOC) . BAE (TN) fEa1h
—3, BRI EAHEE . RG>
RAEEI>Z AR RIS IZ A AN PR  2 fA vh ,
B (TP) . B (Mg) fimBEEFK/N, I
RHGHZIZMR WSALs o TEBE (TP) fiff i 135

BT HEEEMK ( P<0.05) , EAR+EREZK
WSA, 5 mm 1l WSAG 255 HEE (TP) filHER)
FRARLMEHEEEN, Bk WSA, s mm b, (U
R+EMEIZM LR (M) R B &S TEAL
B HEEZEMK (P<0.05)
24 TEBEUARFHRABEEERARERE
3

ZICEIER (MRT) 8 &8, >5 mm kifd
I RAEF LK ( SOCpss mm ) 5 HEAE AR 53 1k
RBEERERLIEE | DSk, HARRERRIA 72.90%,
HR JE 2~5 mm F7 A2 H AR BCA ( TNAs s mm )
i, RRERON 12.94%, pH BYRERER N 8.30%
(EI3A) o WSAs . pH Fl 2~5 mm Hife A B 1A
BHLIK (SOCssmm ) s MK 43 1 8- 35 o
W (MwD) | JUESERE (GMD) FAER
AR (D) 1T 3 NEZ A (BI3B)
BRI K 57.53%., 18.29% FI 5.68%, Mifk I
MRT AR B, K 3A FIE 3B SRR oy
Sk 94.14% F1 81.50%.,
2.5 EEWMLGEMRIT T EEEL RN

2R (PCA) , B 4A B 2 D F 5
BRI 78.3%, 4=t AT R AR JC K fif
HAHKCH R, AR RS gibk B 1354 PLak
FFRorttim 2 TR, HIRm AN i SR 2
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Note: Different lowercase letters indicated significant difference at 0.05 level between treatments.

B1 £imEHEHEESS
Fig.1 The stocks of SOC, TN, TP and Mg in bulk soil
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T ARG FRFORAFRAR R BRI 225 B2, ARG FRER A [ b R[] — R AR 1] 22 57 2
Notes: Different capital letters indicated significant difference between the different particle sizes at the same treatments, different capital letters indicated

significant difference between the same particle sizes at the different treatments at 0.05 level.

B2 KiMARKREHEEESS
Fig. 2 The stocks of SOC, TN, TP and Mg in water stable aggregates
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SR, BIEMA LA PR SSR R PR AR (MwD) | LR EAR (GMD)
K, Hr, HIEREAMBEEDIMELARHLES M WSALs o A BIRIVIEADS, pH. P BTR R
REMAEH, IR R R MRS B (MwD) | JLEH ER (GMD) LK
SEMEEH ; B 4B AT 2 N EMRA B RIRE WSALs u P OTERAR+ERGE LM
71.3%, ANFERARFRIEE 5 & 8o ne, i

SOC,, 21441 SOC, , <1441 0 WSA_ <1002 WSA__ >1.002
0 - 5 -
@) 1)
72.90% 57.53%
A B
pH=0.725 5 | pH<0.725 5
TN 35 1 <0.539 | TN 3y 1 =0.539 57.539 )
72:90 %) 18.29%
- 12049, pH=0.725 5 [pH<0.725 5 15 5 30Csm=LS0|SOC L £, 21509
- B (3 —
94.14 = I ) | 81.50- [ o]
n=4 n=2 n=3 8.30% n=3 n=45.68% n=2 n=4 n=2
R?:94.14% Error: 0.06 CV Error: 0.67 SE: 0.19 R?:81.50% Error: 0.19 CV Error: 2.59 SE: 0.91

T A I R ARE A B B AR AT E VTR HL
Notes: A: The SOC, TN, TP and Mg stocks in bulk soil and soil aggregates; B: The index of soil aggregate stability.

B3 £riHARGKHREHEHEERARFRELSMERFHIES TR RS

Fig. 3 Multivariate regression tree analysis of the SOC, TN, TP and Mg stocks in bulk soil and soil aggregates,
soil aggregate stability index and environmental factors.
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F SNl PC1 (56.7%) TS PCL (48.8%)

® TZARHHEE C. lanceolata+D. racemosum i ¥2K+44 C. lanceolata+Ph. sheareri 4 ¥R+ C. lanceolata+A. millettii
B ARG R C. lanceolata+1. henryi O KK C. lanceolata
TE: Ac B3R A R DU KSR 0 ST, B: MR E MR R, R it BORBE IR 14 £ 3HT; SOCaso5 mm~ SOCAs2-5 mim
SOCs025-2 m #1 SOC 5025 mm 23 HIF/R>5 mm., 2~5 mm., 0.25~2 mm FI<0.25 mm i B RMAH WLk GG, HATRPRLIH
Notes: A:Principal component analysis of soil organic carbon and nutrient stocks in bulk soil and aggregates; B:Principal component analysis of aggregate
stability index, particle size and environmental factors; SOC zs-5 mm> SOCas2-5 mm» SOCas0.25-2 m and SOCxg<g.25 mm represent>5 mm aggregates of organic
carbon stocks, 2~5 mm of organic carbon stocks, 0.25~2 mm of organic carbon stocks and <0.25 mm of organic carbon stocks, respectively, the rest of the

indicators and so on.

B4 SEEMMNAMKETREARKELERMIERS ST

Fig.4 Principal component analysis of soil and soil aggregates physical and chemical properties in uneven-aged mixed and
monoculture plantations
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HAEEEH, MRS R  R EE
YRR (RHEERR | MKRMEE ) fifk2iR
R (IR AU ) B, IR, A
W AT FRTR AR 0~20 em 42 K AR5 B m T
PHERIABY ) AT LI, 0~20 cm 1 )21 A1 RIK S
Him T RARE, XrTaes e X0, At
X LI, A et hE, K
K5 IXAZ AR JZ PR A KA AR i T AR &bk, X
ARES A2 RIS N T R B Y A o, A
R LM, FARE)ZMITE LY S TR A
gk, JRVE) AW A3 I mT LU SRR TR K LA K,
L RAR TN 222 IR =00, TR DX R A BR
PIREIRNT, Ak, PR BTE EAR (MWD) il
JUMFEIEAR (GMD) K R B R AR i o e 1
R, T ARIA IR 4EEL (D) AR, R
HKEM, BAREERTEOEH R R (MWD) |
JUTFEEZE (GMD) R TEARLIMNK, FIRK
SRR (D) WA . it ZocIH (MRT) 4r
B3R, PR SR AR e 1 i 5 o 2 1 s i R 2>
5 mm AR KFPER AR (WSAs ) 5 XS HHE
a0 (I gE 25 2L, B A A SR AR A ok
KA He ik e, X PRI RR e M R . A B
SEARGE, pH WK & SR BT, Tt
HEZmKARMIEER", ACh kM, pH BE%
M A SRR e e, RO A 2 MR i = T -4 pH
H, XTE—CRE BT KA SRR E &, [
Pm THREREN., 1A, BEEAEEY R
SR EEPAYE R ERA, AL TR E
TR Z RS EE VR, BB A R IR AR AR
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Effects of Uneven-aged Cunninghamia lanceolata and Evergreen
Broadleaved Mixed Plantations on Soil Aggregate Stability and
Soil Organic Carbon and Nutrients Stocks

XU Hai-dong'"?, YUAN Hai-jing"?, XIONG Jing', YU Mu-kui', CHENG Xiang-rong'

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China;
2. Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] To study the effect of uneven-aged mixed plantations (Cunninghamia lanceolata + evergreen
broadleaved tree species) on soil aggregates stability, organic carbon and nutrient storage, so as to provide references
for optimizing the plantation structure and improving the sustainable forest management. [Method] This study in-
vestigated the uneven-aged mixed and the monoculture C. lanceolata plantations in Kaihua County of Zhejiang
Province, and analyzed the stability of water-stable aggregates (WSA) and the changes of soil organic carbon (SOC),
total nitrogen (TN), total phosphorus (TP) and magnesium (Mg) stocks in 0~20 cm soil layer. [Result] (1) The pro-
portion of water-stable micro-aggregates (size<0.25 mm, WSA ) 55 mm) Was the highest in the uneven-aged mixed and
monoculture plantations. Compared with the monoculture plantation, the >5 mm aggregates proportions (WSA-5 ),
the soil mean weight diameter (MWD) and geometric mean diameter (GMD) significantly increased in the uneven-
aged mixed plantations, but the soil fractal dimension (D) reduced. (2) The changes of SOC and TN stocks in differ-
ent aggregate size of the uneven-aged mixed and the monoculture plantations were similar: WSA-s ..., WSA 5 ™
WSA§ 252 mm>WSA 25 mm- The stocks of TP and Mg less varied in different aggregate sizes. (3) The stability of ag-
gregate was mainly affected by WSA.5 ., and SOC.5 ..., contents, pH, SOC,_s .. bulk soil and soil aggregates organ-
ic carbon and nutrient stocks were mainly affected by SOC -5 ym> 2~5 mm nitrogen contents (TN, 5 mm) and pH. (4)
Tree species composition in the uneven-aged mixed plantations greatly affected on aggregate composition and stabil-
ity, SOC and nutrient stocks. The results of principal component analysis (PCA) showed that C. lanceolata+Phoebe
sheareri significantly affected TP and Mg stocks in bulk soil and soil aggregates, and also affected MWD and GMD;
C. lanceolata+llicium henryi significantly affected SOC and TN stocks in bulk soil and soil aggregates. [Conclu-
sion] In general, the establishment of uneven-aged C. lanceolata and broadleaved evergreen mixed plantations is be-
neficial to improve the soil physical and chemical properties of monoculture plantation, especially the introduced tree
species of Ph. sheareri and I. henryi greatly enhance soil aggregate stability, soil organic carbon stocks and nutrient
stocks of monoculture plantations.

Keywords: uneven-aged mixed Cunninghamia lanceolata plantation; monoculture Cunninghamia lanceolata

plantation; stability of water-stable aggregates; soil organic carbon; soil nutrient stocks

(DTAESE: B8



