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Mixed Effects on Lignin Degradation in the Litter Leaves of Pinus
massoniana and Native Broad-leaved Tree Species
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Abstract: To understand the release rule of lignin in the decomposition process of forest leaf litter, the lignin
degradation rate of leaf litter of Pinus massoniana (P), Sassafras tzumu (S), Cinnamomum camphora (C) and
Toona sinensis (T) was studied. The results showed that lignin in most of mixed litter was enriched during
decomposition. The lignin content in combination of PT and PC was high in the first year, and then decreased.
However, the lignin content in combination of PS, PST, PSC, PCT and PSCT were enriched at 0-6, 0-9 and 15-
18 months, and decreased at other periods. At all decomposition stages, the degradation rate of lignin in some
mixed litters showed synergistic effect rather than additive effect, the synergistic effect was stronger in summer
and winter than in other seasons. Besides, the lignin degradation rate of PSCT6121, PSC622, PS64 and PC64
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showed a synergistic effect in most decomposition stages (=6/8). Therefore, the mixed leaves of P. massoniana
and native broad-leaved trees promoted the degradation of lignin, the degradation of lignin in the leaf litter of P.
massoniana plantation could be promoted by proper mixing with native broad-leaved species.

Key words: Pinus massoniana; Native tree species; Litter; Lignin
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Table 1 Basic information regarding the three plots
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FEdt Plot pH 4B TC (glkg)  2E TN (ohkg)  HIEZE Soil bulk density (g/em®) ¥4k Altitude (m) 355 Slope (9 4514 Aspect
1 4602 14.27+2.01 0.73+0.15 1.424+0.03 811.22+13.35 10.6735.31 S
2 41401 13.67+2.11 0.70+0.11 1.41+0.11 824.94+11.45 13.1146.31 SE
3 41+0.1 14114312 0.70+0.21 1.42+0.14 812.44+12.35 16.2344.06 SE
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Table 2 Design of tests
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KPR Treatment W4 Tree combination

T4 L Mixed proportion

P/SICIT P/SICIT
PC P+C

PS P+S

PT P+T

PSC P+S+C
PCT P+C+T
PST P+S+T
PSCT P+S+C+T

10/0

8/2. 7/3. 6/4

8/2. 7/3. 6/4

8/2. 7/3. 6/4

8/1/1. 7/2/1. 7/1/2. 6/2/2. 6/3/1. 6/1/3
8/1/1. 7/2/1. 7/1/2. 6/2/2. 6/3/1. 6/1/3
8/1/1. 7/2/1. 7/1/2. 6/2/2. 6/3/1. 6/1/3
7/1/1/1. 6/2/1/1. 6/1/1/2. 6/1/2/1

P LE; S #K; C: B T Bk

P: Pinus massoniana; S: Sassafras tzumu; C: Cinnamomum camphora; T: Toona sinensis.
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Table 3 Initial contents (g/kg) in litter leaves

eyl LPEIN HEA figi it
Chemical substance Pinus massoniana Sassafras tzumu Cinnamomum camphor Toona sinensis
% C 452.7146.27A 413.74£2.77B 420.77 +6.32B 378.95+2.42C
Z N 6.07+0.41C 6.37+0.40BC 8.22+0.47B 11.46+0.40A
% P 0.92+0.02C 0.88+0.02BC 1.11+0.07B 1.41+0.06A
AJFi# Lignin 351.07 £8.64A 173.01+9.96B 149.63+4.16BC 134.40+6.02C
£1 4% Cellulose 136.46 £12.72A 96.83+4.54B 144.724581A 99.19+3.51B
15 Total phenol 54.17 £2.10A 35.42+0.11B 14.82 +0.30D 29.05+0.44C
44 BT Condensed tannin 24.75+0.77A 14.37 +0.43B 13.38+0.07B 3.67+0.01C
C/N 75.3445.43A 65.47 +3.93AB 51.52+2.81B 33.16+1.33C
C/P 492.79 £16.40A 472.55+11.19AB 380.54+21.27B 269.45+8.99C
N/P 6.59+0.38A 7.26+0.35A 7.47+0.76A 8.17+0.54A
AJFZ IN Lignin/N 58.24 +2.86A 27.50+2.92B 18.38+1.52BC 11.76 +0.67C
AR [P Lignin/P 381.87 +10.95A 197.57 +11.74B 135.4549.37C 95.84+7.30C
4T s Jm A R BER 7R 72 5 i 35 (P < 0.05).
Data followed different letters in the same line indicate significant differences at 0.05 level.
4 RE TN 06 T R RFAE
Table 4 Initial litter quality characteristics of mixed litter
iR/ ke B ! i3 VNI YR jsyi
Litter combination C N P Lignin Cellulose Total phenol
PT82 437.96+7.26 7.1540.35 1.02+0.03 307.749.2 129.01+15.28 49.15+2.26
PT73 430.58+6.49 7.6840.23 1.07+0.03 286.07 +7.85 125.28 +13.93 46.63+1.91
PT64 423.2045.76 8.22+0.12 1.1240.03 264.40+6.69 121.55+12.59 44,12 +1.56
PS82 444.92 +6.67 6.13+0.53 0.91+0.03 315.46+9.61 128.54+13.58 50.42+2.39
PS73 441.02+5.60 6.16 +0.52 0.91+0.03 297.65+8.73 124.57 +11.41 48.55+2.10
PS64 437.12+4.59 6.19+0.51 0.90+0.03 279.85+8.29 120.61+9.30 46.67 +1.81
PC82 446.3245.31 6.50+0.58 0.96+0.03 310.78+9.70 138.11+13.46 46.30+2.45
PC73 443.13+3.53 6.7140.58 0.98+0.03 290.64+8.51 138.94 +11.27 42.37+2.20
PC64 439.93+1.75 6.93+0.59 1.00+0.04 270.50+7.41 139.7749.18 38.43+1.94
PST811 441.44+6.97 6.64+0.44 0.96+0.03 311.60+9.39 128.77 +14.43 49.78+2.32
PST721 437.5445.90 6.67+0.42 0.96+0.03 293.79+8.41 124.81+12.24 47.9142.03
PST712 434.06+6.20 7.18+0.32 1.01+0.03 289.93+8.11 125.05+13.08 47.27+1.97
PST631 433.64+4.88 6.70+0.41 0.96+0.03 275.98+7.85 120.85+10.10 46.03+1.74
PST622 430.16 +5.17 7.21+0.31 1.01+0.03 272.12+7.43 121.08+10.92 45.40 +1.68
PST613 426.68+5.46 7.7140.21 1.06+0.03 268.26 +7.04 121.32+11.75 44,76 +1.62
PSC811 445.62+5.98 6.3140.55 0.94+0.02 313.1249.45 133.33+13.47 48.36+2.42
PSC721 441.72+4.90 6.3440.53 0.93+0.02 295.3148.20 129.36 +11.25 46.49+2.13
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43 (Continued)
bty iRy /3 S i VNS RIS sy
Litter combination C N P Lignin Cellulose Total phenol
PSC712 442424421 6.53+0.55 0.95+0.02 292.9848.12 134.15+11.20 44.4342.16
PSC631 437.8343.87 6.37+0.51 0.93+0.02 277.5147.32 125.40+9.06 44.61+1.84
PSC622 438.53+3.15 6.56 +0.52 0.95+0.02 275.1746.80 130.19+8.96 42.55+1.87
PSC613 439.2342.44 6.7440.55 0.9740.03 272.8346.83 134.9849.00 40.49+1.91
PCT811 442.1446.28 6.824+0.46 0.9940.02 309.26 49.35 133.56 +14.34 47.73+2.36
PCT721 438.954+4.51 7.0440.47 1.0140.02 289.1248.06 134.39+12.08 43.79+2.10
PCT712 434.76 45.50 7.3640.35 1.0440.02 287.590+7.84 129.83+12.98 45.2142.00
PCT631 435.7542.74 7.2540.47 1.03+0.02 268.9746.83 135.21+9.89 39.86+1.85
PCT622 431.57+3.74 7.5840.35 1.0640.01 267.4546.49 130.66 +10.71 41.28+1.75
PCT613 427.394+4.75 7.9040.23 1.0940.02 265.9346.44 126.11+11.62 42.70+1.65
PSCT7111 438.2445.20 6.85+0.43 0.98+0.02 291.45+48.00 129.60+12.11 45.85+2.07
PSCT6211 434.354+4.16 6.88+0.41 0.9840.02 273.6546.99 125.63+9.90 43.97+1.78
PSCT6121 435.05+3.45 7.07+0.44 1.0040.02 271.3146.62 130.42+9.83 41.91+1.81
PSCT6112 430.87 +4.45 7.3940.32 1.03+0.02 269.7946.69 125.87+10.76 43.34+1.72
RS Gty CIN c/p N/P AFE# IN KRR IP
Litter combination Condensed tannin Lignin/N Lignin/P
pPT82 20.54 +0.87 61.4343.07 430.50413.47 7.0240.18 43.1140.93 302.2944.35
PT73 18.43+0.76 56.08 +1.72 403.78+10.73 7.20+0.03 37.23+0.16 268.1020.52
PT64 16.32+0.66 51.47+0.83 379.4649.30 7.3740.12 32.15+0.36 236.9622.50
ps82 64.94+0.28 73.16 46.39 488.76 +19.24 6.7240.48 51.7543.04 346.2548.27
PS73 66.04 +0.28 72.1245.87 486.74+17.51 6.78+0.47 48.58+2.8 328.2144.81
pPs64 67.1340.32 71.1045.45 484.72 +16.02 6.8540.45 45454274 310.03+.45
pPC82 22.48+0.85 69.29 46.65 466.09 +18.62 6.78+0.64 48.13+3.43 324.62+17.54
PC73 21.3440.74 66.56 +6.21 453.70+18.51 6.88+0.70 43.57+3.19 297.75+18.24
PC64 20.2140.63 64.0145.81 441.87+19.41 6.97+0.75 39.30+3.00 271.95+18.56
PST811 21.6140.81 66.80+4.43 458.00+15.98 6.87+0.32 47.07 .77 323.0446.07
pPST721 20.57+0.64 65.88 +3.96 455.98+14.58 6.9440.30 44.17+1.59 305.932.97
PST712 19.50+0.70 60.6142.61 428.49+12.37 7.0840.15 40.4440.72 286.01+1.58
PST631 19.53+0.47 64.98 +3.60 453.96 +13.45 7.00+0.29 41.31+1.65 288.6940.05
PST622 18.46+0.53 59.7942.25 426.48 +11.57 7.1440.14 37.840.85 269.61+.13
PST613 17.3940.59 55.34+1.31 401.78 +10.24 7.2640.02 34.7840.33 252.46+.93
pPSC811 22.5840.80 71.16 46.50 477.05+17.76 6.751+0.56 49.88+3.15 335.0942.96
PSC721 21.5440.63 70.14+5.93 474,99 +15.45 6.81+0.54 46.794£2.72 317.4249.50
PSC712 21.4440.69 68.29 46.06 464.00+16.09 6.84+0.61 45.13+2.89 307.29:44.04
PSC631 20.5040.47 69.14 45.45 472.93+13.24 6.88+0.51 43.75+2.46 299.6146.19
PSC622 20.4040.52 67.3245.52 461.91+13.56 6.9140.59 4217247 289.83+10.68
PSC613 20.3040.57 65.6145.65 451.58+16.05 6.941+0.67 40.68+2.68 280.63+14.79
PCT811 21.5140.86 65.134+4.65 447.63+14.2 6.9040.40 45.47 +2.05 313.00:40.41
PCT721 20.3740.75 62.67 +4.37 435.83+12.40 6.984+0.46 41.2141.97 287.08+11.50
PCT712 19.4040.76 59.2042.89 419.25+9.66 7.0940.24 39.1240.98 277.2345.64
PCT631 19.2320.63 60.36 +4.10 424,57 +12.27 7.0740.52 37.2141.92 262.17412.27
PCT622 18.2640.64 57.104+2.73 408.50+7.36 7.1740.31 35.35+1.03 253.1446.82
PCT613 17.2940.65 54.15+1.64 393.5046.57 7.2740.10 33.6740.31 244.762.17
PSCT7111 20.4740.69 67.7545.76 457.214+15.3 6.9040.42 46.53+2.96 310.2029.41
PSCT6211 19.4340.53 63.344+3.71 443.544+10.29 7.0240.35 39.85+1.43 279.3244.45
PSCT6121 19.3320.58 61.81+3.88 433.76 +£10.11 7.0440.44 38.49+1.58 270.4948.53
PSCT6112 18.3640.59 58.41+42 .46 417.2148.11 7.1540.21 36.54+0.70 261.1443.14

P: DR S BA; C & T &k

P: Pinus massoniana; S: Sassafras tzumu; C: Cinnamomum camphora; T: Toona sinensis.
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W& = T18A<(0.88), 3 T 64.53% (20/31) RS
AbFE. Ak, PT64 (0.87). PST613 (0.86). PST622
(0.85). PC64 (0.83). PT73 (0.82). PCT613 (0.81)
A1 PSCT6121 (0.81) k fH B A T 1 A 75 - (F =
1.79, P=0.54), HEZE&T 29.03% (9/31) 1R A 4k
. fErAREGEEN T, DR EE 60%/1
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Table 5 Annual decay rates (k) and mass loss rate at the end stage (after 24 months) of litter leaves

I 5 ‘ WEE () TRk s i} mattE () s
Treatment Goodness of fit Mass loss /% Treatment Goodness of fit Mass loss rate /%

P 0.49 0.974 64.66 +2.80 PST613 0.86 0.974 83.06+2.83
S 0.88 0.947 82.5040.83 pPsc811 0.63 0.974 74.2745.31
C 1.01 0.951 86.66 +3.25 pPsC721 0.61 0.985 71.4543.47
T 1.27 0.990 92.6840.17 PSC712 0.66 0.989 73.664+2.92
PT82 0.72 0.980 72.7440.62 PSC631 0.75 0.988 78.7344.28
PT73 0.82 0.990 77.5240.65 PSC622 0.74 0.991 82.69+1.01
PT64 0.87 0.978 80.9240.12 PSC613 0.74 0.989 80.78 +1.85
PS82 0.61 0.977 72214171 PCT811 0.60 0.980 70.1240.88
PS73 0.60 0.983 71.28+1.87 PCT721 0.74 0.972 78.75+1.80
PS64 0.63 0.989 72.8840.64 PCT712 0.74 0.977 77.2340.22
pPC82 0.68 0.990 74.59+1.41 PCT631 0.72 0.963 75.9743.32
PC73 0.68 0.983 75.6542.79 PCT622 0.72 0.967 77.1942.02
PC64 0.83 0.984 81.8042.37 PCT613 0.81 0.971 82.25+1.38
PST811 0.65 0.978 72.28+1.71 PSCT7111 0.78 0.972 79.78+2.21
PST721 0.67 0.987 74.3940.86 PSCT6211 0.77 0.966 77.96+1.34
PST712 0.70 0.990 76.67+1.53 PSCT6121 0.81 0.995 80.7442.02
PST631 0.77 0.983 79.03+1.80 PSCT6112 0.89 0.982 83.7942.51
PST622 0.85 0.982 83.65+3.70

P: LR S MK, C: FiE T Fik.

P: Pinus massoniana; S: Sassafras tzumu; C: Cinnamomum camphora; T: Toona sinensis.
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Fig. 1 Dynamic changes in lignin content in litter leaves. P: Pinus massoniana; S: Sassafras tzumu; C: Cinnamomum camphora; T: Toona sinensis.
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Fig. 2 Mixture effects of litter mixtures on lignin degradation rate. P: Pinus massoniana; S: Sassafras tzumu; C: Cinnamomum camphora; T: Toona sinensis;

A-H represent 3, 6, 9, 12, 15, 18, 21 and 24 months, respectively; *: P<0.05; **: P<0.01.
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Fig. 3 PLS regression analysis of the initial chemical characteristics of litter leaves and lignin mixing effect. L: Lignin; Cell: Cellulose; TP: Total phenol; CT:

Condensed tannin; L/N: Lignin/N; L/P: Lignin/P.
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