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Abstract: [ Objective | This study aims to explore the dynamic characteristics of refractory substances
(lignin, cellulose, total phenols, tannins) during the decomposition of Chinese fir litter at different
developmental stages, and provide a theoretical basis for a comprehensive understanding of nutrient cycling
barriers in Chinese fir forests. [ Method ] Taking the middle—aged (18—year—old) , mature (30—year—old) and
over—mature (42—year—old) Chinese fir plantations at three developmental stages in Xinkou Teaching Forest
Farm of Fujian Agriculture and Forestry University in Sanming, Fujian Province as the research object, indoor
decomposition experiments were conducted using litter branches and litter branches with leaves , respectively.
Different types of litter were sampled on days 0, 15,30, 72, 118, 172 and 264, respectively. [Result] (1) The
initial content of lignin and cellulose in different types of litter showed a higher content in litter branches
compared with litter branches + leaves, and increased significantly with the development of the stand.The initial
content of tannins showed a lower content in litter branches , with the lowest content observed in the young stand.
(2) In the process of decomposition for 0-264 days, the overall pattern of lignin release—enrichment—release
was observed for both types of litter at different developmental stages, while cellulose showed an overall
enrichment-release pattern. Total phenols and tannins showed a slight enrichment in the initial 0-30 days,
followed by a release pattern.(3) At the end of the 264 day experiment, the release of refractory substances from
fallen branches showed the following order: total phenols>cellulose>lignin>tannins, with release rates of
62.56%,32.75%,20.96% , and 15.33%, respectively.The release of refractory substances from fallen branches
and leaves followed the order: total phenols>cellulose>tannins>lignin, with release rates of 76.25%, 37.32%,
22.05%, and -3.52% respectively. (4) Correlation analysis showed that the release rate of lignin was
significantly negatively correlated with the release rate of tannin and total phenols (P<0.05) , and the release
rate of total phenols was significantly positively correlated with the release rates of cellulose and tannins.
[ Conclusion | There are interaction relationships among the release of different refractory substances, and there
is an antagonistic effect between lignin release and tannin, total phenol release; as well as a synergistic effect
between total phenol release and cellulose, tannin release.lt is suggested that broad—leaved trees with low leaf
lignin content should be planted in pure Chinese fir forest to improve the substrate quality of litter, thus
accelerating the rate of litter decomposition and nutrient cycling and improving the soil fertility level of Chinese
fir plantations.
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VTR IR LR TE 80% oAt o TEAMAEE 0.15.30.72.118 172,264 KX AN [RIZRAE YA THURE , AR K
BEHIL 1 BUAS [ 28 150 8 75 M A B ) 3 A it 2, Fait 126 D00 (2 I3 X3 AN R 8 [ BEx 7 AN BURE
AFRIX3 AN A ) .
1.3 $BHRiE

W BFUARG B P DI RE L B TR 9 80 “CHET =, M, i 40 H IS , 3 R Rl 5] & i) ok
FRICAN ) T A i, ¢ RO SR R AT A B, AT AR B3R VAR 43 B R 9 & i (R &l g
HOR AR A BR A wI AR AL ) o 38 I A B R TR (LR 4E 3R B R T i R T Y
PR R E, AKX

E=W, %xC/IW,% C,* 100% (1)
KD H W NPIHGTETE D B 5, g3 WA ¢ BURERSHJRYE P 0 T, g5 CoONRI TR VR DI G R & i, o/kg; C R
it ) ¢ SBORE B Y I 0 R it g/kgo

ME R RO R, A5

R=1-E (2)
K (2) i E e P % B 5, %
14 #iE4IE
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AREY 1 T U8 VB AR 00 Ak 264 d I, R e bR S SRR Vi R Sk B R LG U RS+ A L 3 A T
30.47% .32.50%



1492 - RN AN I 3 o 46 &

R1 ERBEEWES RO RNGERE

Tab.1 Initial concentration of refractory substances in fir litter

ME3-fige ) 5 REHB PR AS P VEAL I

Refractory substances Developmental stage Twig litter Twig and leaf mix litter

ARJFF/(mg-g") Lignin rhiB Ak 122.14+1.88% 94.84+8.12"

AR 137.80+1.97* 119.44+9.15™

FUE LY 148.13+5.27" 129.15+4.80"

24K/ (mg-¢™") Cellulose Fhi AR 117.06+2.09"* 107.06+0.91"

AR 143.89+2.36" 126.95+4.77"

FUE VI 143.14+5.62" 131.00+6.99*

S5/ (mg-g ™) Total phenols LREEYTN 7.36+0.49* 6.300.57*

JRAAA 6.82+0.15" 7.36+0.14"

FUE VI 7.54+0.69" 6.17+0.84"

H7/(mg+g™) Tannin SRCZIN 21.04+3.52" 21.32+4.73"

IR 17.56+1.85" 18.78+1.99*

i bk 23.41+3.74" 24.87+2.08™

) 51 2Z ) AN ) R 5 7 B R AN () e 3 I B ) 22 5 4. 35 (P<0.05) , [l AT Z RIAS [/) /NG 7 bk 3 7s AN [ i 9 4y 26 A 22 (1)
250 (P<0.05)
Uppercase letter in the same column showed significant differences among different developmental stages (P<0.05) , owercase

letter in the same row showed significant differences among different litter types (P<0.05).

YR B T — BB R [R B B B PV M) S BT 21 4 3R 23k 15 d BRI B
A B AL RV B ES0 15~264 d IS, 48 B B Bed) 5 AR S B RS T 08 v A+ I 23+ fiff 30~
72 d i, AR 5 ah B R I B B RS FE 72~264 A, 45 R B Y B IRTE A+ R B SR B RV
BRI 264 d I, i bR BORR I 74 R0 30 LU IRV s+ A LG 23 01080 T 13.67% .22.36%

x2 REMEJBEWER SEEAERELZEREINEAREZYMES B R% B ZEAm(FE)

Tab.2 Effects of developmental stage,litter type,decomposition time and their interaction effects
on the residual rate of refractory substances in litter of Chinese fir(F-value)

EisE ENDE N R S psyii) B
Indicator Lignin Cellulose Total phenols Tannin
D 9.935" 16.903" 0.904 5.688"
LT 10.113" 21.312" 4.700° 57.622"
T 4.197" 12.915" 54.843" 15.144"
DxLT 1.667 0.938 5.270" 5.024"
DXT 0.554 0.213 0.364 0.306
LTXT 4.064" 0.367 4.990" 0.145
DXLTXT 0.251 0.332 0.380 0.468

* P<0.05;%#P<0.01;D: K B WE LT JIE YR T 43 A isf ]
* P<0.05;%* P<0.01;D:developmental stage ; LT:litter type ; T: decomposition time.

eI B U A+ I BT Y A 9 R AR A T A — R AR T I ) T A BT A A R+
AL TRAZERE AR TR AT 15 d I, R bR e A I B0 P 9 B+ L A8 R B B o
R P A Y4 e S B S 0 B B ARRE 5 7 30~264 d IV, 2% & 7 B B Gl 1 R R+ 5 4 K B I BUR T Y
P YE R R AR IR SRR o TE 53 118~264 d B, 57 I 5 B 1) 5k B 32 340 8 T U J B+ s 76 43
264 d I, 2% K B B BOE B9 BT PR A+ 5 B R LR VE BP0 b T 35.95%.22.75% .
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kS Middle-aged forest JREHK Mature forest B4R Overmature forest
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01530 72 118 172 264 01530 72 118 172 264 01530 72 118 172 264
Srf fa)/d
Decomposition time
RIS 5820 [l — P i M) S BT N ) AN [ R 7 B B 2 [RD T R Ak R 46 28 e .35 (P<0.05) , A JA)/ING R
[l — A 77 B BeAb BT 7% (8] i AN R P8 v P 2R BT 2 5k B R 2 57 3% (P<0.05) o

Different uppercase letters indicate significant differences in elemental residue rates among different developmental stages at
same litter types at each time (P<0.05) , different lowercase letter indicate significant differences in elemental residue rates among

same developmental stages at different litter types at each time (P<0.05).
BT NIRRT B BORZ AR 75 W0 e 53 i ) ik BR 42 Ak
Fig.1 Changes in the residual rate of refractory substances in litter of Chinese fir at different developmental stages

23 ERAEDESBORBEHERZ B SHGEIREZ B HEXES T

NF 3 HTHI, A2 A VE ) R BT R B B B £ B3 U G OC AR (P<0.05) , 5 B TR R
SRR U R AR (P<0.01) 5 £F 4 R BEHCR 5 S By B CR S  B 25 E AR G OC 25 Bl B TR
ool HAT U e BE S A 8 2 TE AR OGOC R L (BRI 15 B T RO S B 38 IEAHSCOC R, B R I 5 R
JER AT AE R WAL S0 0 3 TR G &R s D R BUR WA R S AT 4R S Wl IR e 2 S A 1 25 1
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Tab.3 Correlation analysis between the release rates of different refractory substances

and between them and their initial concentrations

RE#E  FHER syl R ENTES YR pENs ey
e BBCR R P ES FERCR IRk B WIMMREE WAV
fibs - - o o " e
Indicat Lignin  Cellulose Total phenols Tannins Lignin Cellulose Total phenols Tannins
fiieator release release release release initial initial initial initial
rate rate rate rate concentration concentration concentration concentration
AR BEICE .
Lignin release rate
TR REIOR
0.145 1
Cellulose release rate
SRR . v
-0.229 0.480 1
Total phenols release rate
WP REICR - -
-0.333 0.134 0.480 1
Tannins release rate
ARITER W Uik . s
0.483 0.522 0.089 -0.409 1
Lignin initial concentration
SRV E - -
0.397 0.529 0.089 -0.356 0.843 1
Cellulose initial concentration
SN RIAG VR B . .
-0.039 0.117 0.275 0.043 0.319 0.303 1
Total phenols initial concentration
HFIR T
0.037 -0.064 0.001 0.394 -0.035 -0.124 -0.075 1

Tannins initial concentration

HFE 0.05 7K (AU ) b 2 3 AH G 3 %578 0.01 7P COUI) 1= 3 AR G

* significant correlate at the 0.05 level (bilateral ); ** significant correlate at the 0.01 level(bilateral ).
A \/\ \/\
3 Wit5%iR

TES itk 264 d I, AN [RI S TR U8 v A9y P X0 3 ik 00 o TR R AN T 0] 5 S R RO ey R 3/ MR g A
LPHER ORBER AT VA + MR B KRB/ IMRO By A4 T AR ER, Al UL, B e 4 il
HE it 40 T3 R R TR B B 0 5, R TIOR3 60%~80% , 11 A 5 2RI LT [ BRI S A 9 e 7=
A R A AR =), AL IR IS B 25 22 M) I, A U ) T L e KRR A T PR R , A )
TS SEY A R BRI R R b R i A A R e th R O RE
ZHER R RO T BT I8, S I8 0L T B e R 45 440, BELA- 20 i 255 405 3l , DA T AR A k1
TR RS T RN A T KR T S WO i, AR A BT R R A T R AR R YR e
g™ FEAMETE b, AR K B B B U8 5 U ME S S M B PR BIUER 2T 4 R DR T B R
HLRTT £t 264 d I 3 BObR U 7 B0+ AR T 20 55 B R 25 A1 T v e bR b o bk A 7 s+
L2 R B AR R T bR, LR AT RE S I RUE A Ol 2SR B R AZ AR AT
AR A Py 1) Ly 5 0 e AR A v A DRI e bR S v R M R A 2 B R
T B TR Y B AR BUR 52 4E R B 00k o T3 15 d I S PRI v s+ I B B B A I 2 vy
TR bR S SRR, LD T RE S bR R+ AR R R S R IR ) AR R i R S
BT e A A R AT 2R A R B

AT R, A R ME T Ak 400 5 AR TIORE XOANTR, 2% 4 7 I B U v A AR T 3R M 22 R — T SR — R il
B, 7 0~15 d H B [RI R 2 ARSI B2, WT RE R TR 2R W 7 oo ik FC A o 58 A 0 i s 5 2 DR RE i 14
S, DTG BOR R A B A S IR AR, B R 20 i 30~172 d i, T B 4K, 172~264 d I, SOT IR 2218
R, o R AE O AT 2 i M AR IXAZ A | B R (Pinus massoniana) 55 6 R Ff2EAT 8 7 23 fif 1
5, B Bk ) PR IR R B T 5 RS BCRAIE . Song S E L P MR X R BAZA | B A
JRERAE i A bt 2t B AR LR, 3R] RS TR W B AR A 2 JE AR T 3 2R U A 56
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A, & R B BRI 3 WA 4 2 00 2 5 SE— RO X, 20 0~15 d B B T R s 4R
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