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AN ) H P [RS8 B W5 (91.67%) |, A3 AR W (18 ~24 AN H ) 18 75 i (4 Bl 7] 2800 A8 T 6 55 ( 66.67% ) , 7E
FrA IR A AL B PTo4 758> 43 fif 1 18] 12 th B [R) 2400, ok 2 PT73 \PCT622 il PCT613 7E K HB 4343 fifk iof
WI(3/4) HELDMFEIRON . (3) fmdne/N 335 (PLS) MU A#T 2 B RIS it wn b Bt B b N & i P & i
ARFZE i i AT & C/N .C/P RFRER/N LU KATRER/P L5 mIZ A5 X 38 7% % DOC Bk i)
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Abstract; In order to adjust the structure of inefficient Pinus massoniana (P) forest and explore the dynamic changes
for dissolved organic carbon (DOC) during the mixed decomposition process of P. massoniana and native broad-leaved
tree species. Our research focuses on the leaf litter of P. massoniana, Cinnamomum camphora (C) and Toona sinensis
(T), and combine them into the 15 treatments (3 single tree treatments + 12 mixed treatments) according to different
tree species combinations and mass proportions, and then conducted field decomposition experiments to further explore
the optimal tree species combination and the proportion of mixed planting for DOC release. The results were as follows ;
(1) DOC content of Pinus massoniana and most of mixed treatments ( except for PT64) significantly increased during
the early stages of decomposition (0—6 months) , leading to carbon enrichment. The DOC content of leaf litter decreased
with the extension of decomposition time, and also exhibited carbon enrichment in small degree during the middle to late
stages of decomposition (12—18 months) or the late stages of decomposition ( 18—24 months). Mixed leaf litter showed
that the higher the proportion of broad-leaved, the lower the DOC content in the later stage. (2) The antagonistic effect
of DOC release rate in the early stage of decomposition (0—6 months) was strong (58.33% ) , and only 8.33% (1/12) of
mixed treatments showed the synergistic effect. Iis synergistic effect gradually strengthened (91.67%) after 6— 18
months, but the synergistic effect of leaf litter (66.67%) during the late stage of decomposition weakened (18-24
months). Among all mixed treatments, PT64 exhibited synergistic effects throughout the entire decomposition stage,
followed by PT73, PCT622 and PCT613(3/4). (3) Partial least-squares (PLS) regression showed that N content, P
content, lignin content, condensed tannin content, C/N, C/P, lignin/N, and lignin/P were important quality factors
affecting the release of DOC from litter in this study area. Overall, the DOC release from mixed Pinus massoniana and
broad-leaved leaf litter is affected by tree species, mixed proportion and decomposition time. Compared to other mixed
treatments, the proportion of broad-leaved greater is than or equal to 30.00% and the mixed leaf litter treatments
including Toona sinensis (PT64, PT73, PCT622 and PCT613) show strong synergistic effects for DOC release.

Key words : Pinus massoniana, native broad-leaved tree species, mixed leaf litter, dissolved organic carbon, synergistic

effects, antagonistic effects
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U8 7% U5 0T % PE A ML R ((dissolved organic
carbon, DOC) J& ZE PR 53 18 BF () 5 2L 41 43 0+ 1
15 PR e /Y B R R ( Bradford et al., 2016) , X} 4

RAMESRG R @Lj&ﬂ:ﬂﬂﬁﬂ%ifﬁ L
W L (EH A, 2017; T EH K, 2019),

G 43t BB DOC AFHE A T4 57
MRAE S 2R Goka e T R HE B B 7 PP A A 2 R G A
WEAE R L MR R A SO )R 2 T 2
Uﬁ%ﬂfﬁ@'@%%,ﬁﬁﬁﬁ%?ﬁ"ﬁm%iﬁ%ﬁ@%ﬁ
ZH N FE 53 FH 2 (Masuda et al., 2022) . MXF T4t
A Ao o] R A O 9 S DOC 5 K (RO
@Z% 2010; Joly et al., 2016; Wu et al., 2021),

—J7 I, Iﬁl?ﬁlﬂfﬁfﬂgﬂquﬂﬁTfﬁ{tA%(ﬁl]
W AR F M RS Y AR A= 45 ) & T

EFIA R (BRIFEE5S |, 2010 Joly et al., 2016; Wu
et al., 2021) , Gnn i it A% 8 9 it ] R T v vk B A T
{ﬁﬁﬁk(N) B (P) %3745, X ST K P E T It
PA 95 IR T R A DOC 5 A] ¥ 5 40 1 E 14
(Mastny et al., 2018) . %5 — Jy 10, I 7% M- 14 45 44
(R BA MR AT ) LU R HK e i
0 DOC & & 1 8 2 R (Joly et al., 2016;
Rosenfield et al., 2020) , b M i J8 52 B 5% Bz il
Fe T AU TR TE M 4L R A — E R
VR T o] P e 5 I L 5 e e e A5 i o A
(RT3 M ) o A A P R D T2 ) 8k (Don &
Kalbitz, 2005; T ¥ 7 % ,2021) , A UL o 4 F
FTAS B ()« R 7 52 0 T DOC #Y R A e
i, R, el 4 s A Y& i3 i 3R RT DOC 77 i
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X T ARMAEERGE IR A EE R L,
UTAFR B AR B R U8 Y IR 5 20 i R AE
RO EACKEETT e TR Z 05T, B0 . 5 % I 5
(2019) & B = 42 ( Picea asperata) 5 21 ( Betula
albosinensis ) I8 7% TR A J5 P& T+ T 1% Bt 19 73 fife 1 %
(Or 280y B4R T T 8.67% Fl 8.11%) 5 1 35 Ha
(2015) #F 5% % B, 41 % )5 0 e B #% ( Eucalyptus
urophylla x E. grandis ) 5 H| # ( Robinia
pseudoacacia ) Ji 7% MR & 43 itk 0 Bk 1) RS TR B 3
o TR R B R P i R AE (2022) KL H R
P55 7 W RV TR 5 0T 42 v 2T A W K A g A B-
25 WY A AT DR R T R R A A O T
5 %o $i2 i 22 Iy 4L A Il AR S 4L 1 0 Tt 3% 4 A R
HEVEFS . Ak, & MR G o i AEE TR B R0 (2%
HHREE,2016) o AN AR 7 0E IR B9 DOC TR &
Z3%F DOC Ak W e fife 1 7= A AR 200 ( Garcta-
Palacios et al., 2016) . A& RN DLW I R i Fit
WA Z 18 A7 7E 0 35 1k 22 55 HOR Ty B[] 280 )0
( synergistic effects ), & 2Z W & #5 $T &% W
( antagonistic effects) ( 2% B 5% ,2016) , i1, —
Sy U T T IR TR PR G I 2 BT AR IR
A AR W R AR Y A R B SRR
PRt 55 B 00T P A b W A TR IR S
R HL Ath 47 o 8 9% 1 1 DOC A= 40 B fie 1k 2% B0 14
FEHURLY (Zheng et al., 2014) . FRAKIE 7% 38
DIRA ML A 7E T o3k IR G V& ) 23l it &=
B R SR Sh A i T =X, AR b e B T SR g
A%, e B i DOC 1Y 57 43 5% # I BT & DOC,
TEE SR B A L= A B AN ( Salamanca et
al., 1998) . W] UL ELASY R g8 75 1 (9 DOC 73 figt 4
TEC AN A2 DR S e AR AR AR 25 R 58 vh R AN 5= 3 1Y
TEER . P, BF 5T R & 08 95 i3 i 2ok 72 v Y DoC
FETURR XS T 2 AR AR AR 25 3R G AR P A B
FVPAN A S RGEBRAG PR HA B E L
LW ( Pinus massoniana, P) P HTET 5
LI FAER R RTERR B2y KA
A% AR AE DT T Sz &, © U 3R R R 7 X
JZ o3 AT IE AR Bl BE A AR AR BR A 0, 2548
B E A N T AR I AE R e R n g
(AREABIR | At A B A5 ) LA R pko N A ) 22
ER e C I P OWNTTR AR Y=t AN BEL (¥ N<E (29 22 B8NS
LR ( S 800R 25, 20195 3 BH A2 45, 2023)
1R AC & — Pl 22 i B RS N LAk SOC K H e

PEH ML ARG E B (H 55,2022) . IR
SEPRAAS [ A% b U s Pt ) 5 R T 22 S
USSR R 7 - ) B J5T 5T RS2 DOC 18 B il ik

SN ARAR IR A SR AR . B9 B, 5T M
M i 0 52 512 % 3ty SR A %) 0 i P, JEG 0 e i 38 3R
S (20 AE,2016) o AHXTER IR T A R 0 9
R TR R HL BT 5 0 24K, A C/N R i
F/N DL i A X AR, T DOC (N Al P
i R, A AT R AL ) AR T LA R B
H W EEE 10 A4 K RN 44T ( Pérez-Harguindeguy et al. |
2000) , Herfr, 7 A 7 A2 0 R A X T R AR TR AT
AR UL R S R R A R ( Toona
sinensis, T) VERFE [E ¢ A7 1932 B8 A T AR il
T TR A, B R 3 1% i B BR Al F0
L2 O B (8 4k 35, 2021 ) A R
( Cinnamomum camphora, C)YER¥ 5t (1 H# # Fp
FFE ARl 70 AR IS PR B A | el AR Al 7 R A At
B AR SRy AR AR P A R o R 408 B TR AR 1Y 1
Aoy (55 ,2015) , A2, X THEMY
S LR R b 7 (R RN AR ) i BRAS [ B Ao
HE AR GRS G, H DOC BEHUAFEA i 22 5
HFTBZ AT, PRI, AW 5 e ey i X )
200 A6 B S AR T AN 2 A 2 R A R I P
(TR R ) AR BT X 42, SR T A0 9% w4 ol
I3RS 3B AR FE AN A i I A R A AR U Vs
W B — R A — 5T PRI RE L) SN R e iR 4,
SRS BAARTE R 2 A S L R R R T R
B AR T DOC FYREHURFE , B 7E A 3 [ 7Y R
DR T AR 3 A1 1Y 5 FE A N T4l A A= A Ao 1) 3 45 LA
KRS M S A AR

1 #HHEF®

1.1 FF T XHRR

WL DA T U 1| 48 R VL HE T — U 1] Al oK 2
W Hh S 5 S Hb (103°34'—103°36" E,31°01'—
31°02" N) XAk 28 7 Oy i Y A 7 41y 2= X
R g, ARSI OK 20 1 243.8 mm, AR R
2529 15.2 °C, WFHR K 805~850 m, %X bR 3%
WP R B BN A2 K ( Cunninghamia lanceolata) 7
1 A M 2 B ( Camptotheca acuminata) , 2016 4F 8
FIW, AL BT H S50 B 1 PN 18 15 00 3 T 4R B
] S AY | ARG AR R SR AR I Y T
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Table 1  Basic information regarding plots (n=3)
. — e o )
§ " > > A & Y g "
By s . R R s i szl
Plot H Total carbon Total nitrogen Soil bulk density Aliitude Slope Aspect
" (5 kg") (5 kg") (g em”) (m) *) ’
1 4.6+0.20 12.27+2.01 0.73+0.15 1.42+0.03 811.22+13.35 10.67+5.31 S
2 4.1+0.10 13.67+2.11 0.70+0.11 1.41+0.11 824.94+11.45 13.11+6.31 SE
3 4.1+0.10 14.11+3.12 0.70+0.21 1.42+0.14 812.44+12.35 16.23+4.06 SE

H:S. ®; SE. &,
Note: S. South; SE. Southeast.

Py W A 0 TR 5 AR DA BRI BB 52 3 4 30 m x
30 m FAFH TR A7 ARV 0 40 iR S B b
BRI 1,
1.2 £Wigit

2016 4F 4—6 H T 1)1 4 B = s Bk &2 4
A bk37 (104°48" E 28°11" N) W E LB HA(P) |
FRE(C) M (T) P4 75 i, 5B o fef 1 |
B LI B 2T R it |, TR N S T
JE KT J5 5 B9 R [ (15.00+0.05) g] FFHCA
23 em X 20 em( NFB RS, K x 52) s fds I
JZALAE R 3.00 mm, T J2JE K M FL#E K 0.04 mm,
DL YR AS M 2 B Fh Y H BN R AT 60% 7 (5
B9, 2001 ;4% 5 8 At 42 1, 2001 ) 1R AR 3, 1%
BSAREvE G (K 2) 3 240 2= (3 4
B Gb P 412 NMREAA ) x 4 N REERH x 3
ANFEHL + 60 ( TR BT AMK 5 o 72 o R 7 A i A%
WAREHIR) 1, T 2016 4F 8 A a1 ¥ i G 1 7%
o3 fif 4% /N0 MU G B B TAE AR 1219 3 > 30 m x 30
m FFEHD P, K LB AL IS 5 B A5 R b i) £
FIE, FAAR I AV o B AS T BE R 2~ 5 em), DAk
S A BRI, 7E T AR T o i A SR U
BEDLRSE 8 P o0 i 4% 3 485 0 92 56 25 F i1
R it 8 B RIS e R v ) A A R D R AL U
TEUT B KR, BE AR S A R S U, TR RE
Hiu PN BEALBEBE— A~ 73 R 4SS iButton 2 4115 T
it 3¢ % (iButton DS1921G, Maxim Integrated,
USA) , BE[EIB# 2 hoig sf— IR L AR EE
1.3 HEm*EE

T 2016 4F 8 H 4R BF 443 SE 0 I, 5 1] B
6 ™ H R | WM TE M R4S, &1 RE 4 IR, 4
BF 2017 4E 2 H (43 6 A~H ) 2017 4E 8 A (41
fift 12 > H) 2018 4 2 F (70 18 4~ H) #1 2018
E 8 H (41 24 D) RFE, BIR 3 ASHEHL N

R 2 LIWAEREIR
Table 2 Detailed description of different treatments

WA 45 Jrig gaa

Mixed treatment Abbreviation Mass proportion

X} & Contrast P/C/T 10 : —

— 4

P. massoniana + one PC 8:2,7:3,6:4
broad-leaved PT 8:2,7:3,6:4

tree species

— 47

P. massoniana + two PCT 8:1:1,7:2:1,7:1:2,
broad-leaved 6:3:1,6:2:2,6:1:3

tree species

H. P W Co Ff; T. FfF; PC. RN +FHE;
PT. BEWM+&H; PCT. BEM+FE+EFRH, TFH,

Note: P. Pinus massoniana; C. Cinnamomum camphora; T.
Toona sinensis; PC. Pinus massoniana + Cinnamomum camphora;
PT. Pinus massoniana + Toona sinensis; PCT. Pinus massoniana +

Cinnamomum camphora + Toona sinensis. The same below.

BEHLRAE 15 Fhab B (50— KOR & AL 2R ) U8 7% it o
42 3 4% Al NS5 58 e P BS 117 400 o4 % it v
1) - SFEORE ) |99 I 3 DA K AP ok A AR &R 2 B
e 0 O o R
1.4 HFma i

Bt & T EOT AN T 65 C T4 48 h
Jei R AT B — R R UR T W AT RR TR, DA E B
ANFER B T B JF T I 2 UOCR AR R 4 1 U
bR FRB REAILRE TR S AR i AT R
i 0.25 mm #9015 F B 042 5% P AR A A
DOC & FH R « 73 5l FR B 7 iRy BEAE Al 1 g A
50 mL £ F/KEELEH, DL 180 r - min” 4%
X HE A UEAT 4 b B9, JA 2 T ESGALLEL 6 000
r - min” PEEOS AR PETT 10 min B0 AL BE S
S50 1V WO 1 0.45 pm JE I (AR R 1N
-0.09 MPa) , i if & 4 LA 73 7 4L (Vario TOC
cube; Elementar Analysis system GmbH, Langenselbold,
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Germany ) W 7, FLABAT R 2 5200 72 T ¥ . 2k i
KM TOC 43 Bl e ; &AW Bl 455 50T
AR B R FHELR E A (LY/T 1269—1999) (4H
BHHT L (LY/T 1270—1999) AR B L (532 L
L R - IR (Schofield et al., 1998) 5 ; A
JO 2R AT 2 2 % R PV [ ( Van Soest) U ¥ 21 4
% ( Vanderbilt et al., 2008) .
1.5 HELE S ST HH

Ji M DOC BRI AXIT

R=(1-M,C./M,C,)*x100%

e RO UCRAE T DOC B (%) 5
M 7R G YR il i) 7 4 0 Y BT i () s M, 3R
AR TE M R BT RIAG BT R (g) 5 C, 0 G UCRFE
Pl 7 DOC &8t (g » kg') s Co &R IR I3
fi AT DOC I8R5+ (g« kg™) o

BURE TR AT .

AXn,+ Bxn,+ Cxn,,

b AR AR R A P 7 07 52 PR o3 A i
e DOC B s n RS WA A P78 M TEIR &
AT TR R LL B B J2 ok A RN B I Vs AR S B
Sy BE Y DOC B s ny JE 16 0 A B I v it
TEIR G PRy Ho i, MRt

K H B & J7 22 53 B (one-way ANOVA) Fil
Turkey 3% FUEL 3 S — M TP ( Eh ALY AR DL S Ay
W) ASTRLIE A A B O v i 22 8] D R[] — A BRAE AN
[F) 73 I3 22 18] DOC BERCR 22 57 7 22 [ o ik
K36 K Levene” s 5, X T ANl 2 1z B0 W BF 5T
BAEHEAT Log #e Ak, TEAWISE | BUB(H 245 #Lie
IRA VAT 433 T 1 DOC BEHCR T W5 (8 2
& SR R IR G R Y TR DOC B, R
FAAST ¢ K35 (o 7K 0.05) K FI B DOC Bl
AL 5 300 SR (8 2 [ 1) 22 S B0 TR 5 380N 43
TP AR UL A 55 3 SR A = (B AN A TE 2 T 2%
S ) S AR RN (U 5 1 B A 2 (R A 7 3
P25 o Horh AR RO AL S B IR RN (W
- KT 0 H P<0.05) FIHEHLRLR (08
E-WEME/NT 0 H P<0.05),

K H e/ — 3 i (partial least-squares, PLS)
1Y 53 B A F 5 04 % 400 B 10 o % e Ak o T R
EE X it DOC AL (UL (- 101 22 0 ) A R
HENME, BB AR 7% DOC B A AH
Xof H A R AR 1 2 48 A8 (variable importance
in projection, VIP) K&/ 4 VIP {H > 1 N FKIR

M A1~ %F DOC Rl % (WL -1 28 (8 ) B B 3%
DUk, SR SPSS 26.0 #4811 F1 4 B it 5% £ i
K H Excel 2013 Fil Origin 2021 3k 4F 41 B 2%

2 HEREH A

2.1 BEMVBYREE

3 AN R T R R RRAE A0 3 I, 2
AR S EMEENR C S KRR RS R Y%
Eowm AmSE AERTEE . C/N.C/P KRR
F/N LUK R /P ¥ 28T 5 B A 7% i,
N EHMP FEEFHEFE DR ERS, &
P& IR Z , SRR AL, 3 SRR E % i
BIN/P LR EZS, BARMNE, SEMS 2 FiE
MR IE R A S, SRS 5 BRI TR A Ak B
PR C & RRES R FHEESE LW
T AR T & KRB ER/N DR TTER/P
PR e 5 bl 5 A R VR 0 o B K TR A R v
N SEY5 P FEMEEE(ERS) .
2.2 AEMH DOC E &8
2.2.1 F—HKAFH K et 89 DOC 45 3 —H
RIS DOC S WK 1 Fis, FEREM R
Wi DOC & it s, Hk o8 H i, DR AL D 3% fix
K. o3t 6 A5, FHIHE MM DOC & it i 2
FEAIS, B AR Y DOC & 50 B 35481k, 1 5 R AR JR V%
A DOC ST EEEAM, PAEERE, 25
(6~121MH) 3 A H—RF 7% 1) DOC & 51
R, IFBEE S i T A IE K (12~24 S H)
DOC Fa¥y G iritm IS EM S, BN,
FESS—AF o gt W 8], 3 4> B — 4 A R V% i ARY DOC
e B A A i I TR) A SE KA TR AR (BR T SR
B 5 T TE SR A4 0T IE] , 3 A B — R R % 1 1)
DOC % 2 Bl 4 53 fife B 18] (4 24 945 T T e
222 —4t— B RAAFETH DOC 22 HLEMR
PSR A — A — L &8 2.7 ¢ 3
M6 : 4 WHREA (PCH PT) , H DOC & Hn& 2
ik, ARIEAZNE DOC SHARELR, PT
1 PC HATHFEM A DOC & & (40 0 4~ A i)
P g Bk H DOC R G, PT A A 3
A LA W5 4543 A 10 (B) 2 2 3k PT82 B 3 e i,
B> fie 12 4~ A BF PT73 9 DOC & & W % & T
PT64 4h, HiAHT A PT73 FI PT64 2 [] 22 A i 25
(El2. A), PCHLA 3 A L 76 W 47 43 fif 20 1] 22
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Table 3

x3

3N B—HMEEHMBRERE (n=3)

Initial quality characteristics of leaf litter from three single tree species (n=3)

IR Y Ak A 24 L

Initial substance content and stoichiometric ratio

A

Pinus massoniana

s

Cinnamomum camphora

T

Toona sinensis

4% Total carbon (g - kg')

4% Total nitrogen (g - kg)
41 Total phosphorus (g - kg™)

K E Lignin (g - kg')
24K Cellulose (g - kg')
JLBY Total phenol (g« kg™)

44 517" Condensed tannin (g + kg™)
/A C/N
T/ C/P
A/B N/P
KF#E/N Lignin/N
K /P Lignin/P

452.71(6.27) A
6.07(0.41)C
0.92(0.02)B

351.07(8.64) A

136.46(12.72) A
54.17(2.10) A
24.75(0.77) A
75.34(5.43) A

492.79(16.40) A
6.59(0.38) A
58.24(2.86) A

381.87(10.95) A

420.77(6.32) B
8.22(0.47)B
1.11(0.07)B
149.63(4.16) B
144.72(5.81) A
14.82(0.30) C
13.38(0.07) B
51.52(2.81)B

380.54(21.27) B
7.47(0.76) A
18.38(1.52)B

135.45(9.37) B

378.95(2.42) C
11.46(0.40) A
1.41(0.06) A
134.4(6.02)B
99.19(3.51)B
29.05(0.44) B
3.67(0.01)C
33.16(1.33)C
269.45(8.99) C
8.17(0.54) A
11.76(0.67) B
95.84(7.30) B

T P BRI E (BRHEDR ) 5 AR 5 B3R IR A R R b 2 8] 8900 40 5 5 Bt sl iR A~ T i L B 35 25 5+ (P<0.05)

T,

Note: The data in the table is the average (standard error) ; different capital letters indicate significant differences in the initial substance

content or initial stoichiometric ratio between different tree species ( P<0.05). The same below.

N . s = _
x4 BENMBEHHOBRERE (n=3)
Table 4 Initial quality characteristics of leaf litter from mixed species (n=3)
It N A 22
E A " FER e . LT 4 G T
i H a7 ERLS Total Total A\ﬁ? £heE B Condensed e/ & AKIFZE/N AKFEE/P
Mixed Total carbon . Lignin Cellulose Total phenol . o o
\reatment (g ke') nitrogen phosphorus (g k') (g-ke) (g~ ke') tannin C/N Lignin/N Lignin/P
e BT (5-kg')  (g-kg') ETE g1 BT (g kg'")
PTS2 437.96 7.15 1.02 307.74 129.01 49.15 20.54 61.43 43.11 302.29
(7.26)ABC  (0.35)AB  (0.03)BCD  (9.2)A (1528)A  (2.26)A  (0.87)ABC  (3.07)ABC  (0.93)ABC  (4.35)ABC
PT73 430.58 7.68 1.07 286.07 125.28 46.63 18.43 56.08 37.23 268.10
(6.49)ABC  (0.23)A  (0.03)ABC  (7.85)AB  (13.93)A  (1.91)ABC (0.76)CDE (1.72)ABC  (0.16)CDEF  (0.52) CDEF
PT64 423.2 8.22 1.12 264.40 121.55 44.12 16.32 51.47 32.15 236.96
(5.76)C (0.12)B (0.03)A (6.69 B (12.59)A  (1.56)ABCD  (0.66)E (0.83)C (0.36)F (2.50)G
PC82 446.32 6.5 0.96 310.78 138.11 46.30 22.48 69.29 48.13 324.62
(531)A (0.58) AB (0.03)D (9.70) A (13.46) A (2.45)AB (0.85)A (6.65) A (3.43)A (17.54)A
PCT3 443.13 6.71 0.98 290.64 138.94 42.37 21.34 66.56 43.57 297.75
. (3.53)AB  (0.58)AB  (0.03)CD  (8.51)AB  (11.27)A (2.20)ABCD (0.74)AB  (6.21)AB  (3.19)ABC  (18.24) ABCD
PC6a 439.93 6.93 1.00 270.50 139.77 38.43 20.21 64.01 39.30 271.95
(1.75)ABC  (0.59)AB  (0.04)BCD  (7.41)B (9.18) A (1.94)D  (0.63)ABC  (5.81)AB  (3.00)BCDE (18.56) CDEFG
PCT811 442.14 6.82 0.99 309.26 133.56 47.73 21.51 65.13 45.47 313.00
(6.28)AB (0.46) AB (0.02)CD (9.35)A (14.34)A (2.36)AB (0.86)AB  (4.65)ABC (2.05)AB (10.41)AB
PCT721 438.95 7.04 1.01 289.12 134.39 43.79 20.37 62.67 41.21 287.08
(4.51)ABC (0.47) AB (0.02) BCD (8.06) AB (12.08)A (2.10)ABCD (0.75)ABC  (4.37)ABC  (1.97)ABCD (11.50) ABCDE
PCTT12 434.76 7.36 1.04 287.59 129.83 45.21 19.40 59.2 39.12 277.23
(5.50) ABC (0.35)AB  (0.02) ABCD (7.84)AB (12.98)A (2.00)ABCD (0.76)BCD  (2.89) ABC (0.98)CDEF (5.64) BCDEF
PCT631 435.75 7.25 1.03 268.97 135.21 39.86 19.23 60.36 37.21 262.17
(2.74)ABC  (0.47)AB  (0.02)ABCD  (6.83)B (9.89)A  (1.85)CD  (0.63)BCD (4.10)ABC  (1.92)CDEF (12.27)DEFG
PCT622 431.57 7.58 1.06 267.45 130.66 41.28 18.26 57.10 35.35 253.14
(3.74)ABC  (0.35)AB (0.01)ABC  (6.49)B  (10.71)A  (1.75)BCD (0.64)CDE (2.73)ABC  (1.03)DEF  (6.82)EFG
PCT613 427.39 7.90 1.09 265.93 126.11 42.70 17.29 54.15 33.67 244.76
) (4.75)BC (0.23)AB (0.02) AB (6.44)B (11.62)A  (1.65)ABCD (0.65)DE (1.64)BC (0.31)EF (2.17)FG

T b B 45 5 5 B T80 3R R AN [ T o e A B L

Note; The numbers behind letters of abbreviations for different tree species indicate the mass proportions of leaf litter of different tree

species.
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decomposition stage (P < 0.05); different lowercase letters
indicate significant differences between different decomposition

stages of litter leaves in the same tree species (P < 0.05). The

same below.
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Fig. 1 Dynamic changes of DOC contents of

leaf litter from single tree species
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The numbers behind letters of abbreviations for different tree species indicate the mass proportions of leaf litter of different tree species. The

same below.
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Fig. 2 Dynamic changes of DOC contents of leaf litter from Pinus massoniana and one broad-leaved tree species
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Fig. 3 Dynamic changes of DOC contents of leaf litter from Pinus massoniana and two broad-leaved tree species
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A. Decomposition for 6 months; B. Decomposition for 12 months; C. Decomposition for 18 months; D. Decomposition for 24 months. The

numbers above the x-axis represent the proportion of leaf litter in the 12 mixed treatments with synergistic effects during that stage ; the numbers

below the x-axis represent the proportion of leaf litter in the 12 mixed treatments that exhibited antagonistic effects during that stage. * indicates

significant differences between the observed value and the expected value (P<0.05); *#* indicates extremely significant differences between the

observed value and the expected value (P<0.01).
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Fig. 4 Relative mixing effects of 12 mixed leaf litter treatments on DOC release rate during four decomposition stages
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Fig. 5 PLS regression analysis for the initial substance
contents of leaf litter and the DOC release mixing effect
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