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Table 1

Basic information of three selected plots (mean * SD)

) R )3 L
Altitude/m Slope/ (°)  Aspect

T +3%pH B e T AR
Sampling plots  Soil pH  Soil total carbon/(g-kg™) Soil total nitrogen/(g-kg™) Soil bulk density/(g-cm™)
1 4.60 +0.20 14.27 £ 2.01 0.73+0.15
2 4.10+0.10 13.67 £ 2.11 0.70+0.11
3 4.01+£0.10 14.11 £ 3.12 0.70 £ 0.21
F-¥) Average 4.27 +0.29 14.02 + 0.31 0.71 £0.02

1.42 +0.03 811.22 £ 13.35 10.67 +5.31 S
1.41+£0.11 824.94 £+ 11.45 13.11+£6.31 SE
1.42+0.14 812.44+ 12.35 16.23+4.06 SE
1.42+0.01 818.08 £9.70 13.34 +2.79 /

1.2 KXWt

AR KT 2016 4F 6 H MU H =T B
(28°11' N, 104°48' E ) K& /15 R&E D R
Frit (P) F1 3R AR AP MR (S).
(C) F&EH (T) WEE, BEBE R o
IEFor B Bt o, AR BB, X
i 1 8 Vg iR AT 2 R IR KT B, ORI

15.00 + 0.05 g A& T NS /N A 20 emix
23 cm B Je e M oAt (IEmFLAE 3 mm, T
fLA% 0.04 mm ), ARG TR 3SR A 3= B R ) Eb ]
AN RAR T 60%" P by i, A O 5 A AL B
35 FlAbFE, futh 4 Fhafiya g E A 31 FR A A
P, RAKRCEFE A E 1R 1B 2 A1 4 3
AT, Hd, 151 A S Y E 3R
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*2 LIGAIE
Table 2 Design of this study for various treatments

TRA AT WEFpLH 45 RA A (RED
Mixed treatment Tree species combination Abbreviation Mixed proportion (Mass ratio)
T Control ) AN A% P/SICIT 10:0
LR + A PC 8:2. 7:3. 6:4
_ oA _ TR + HEA PS 8:2. 7:3. 6:4
Pinus massoniana + one native tree species
LR + Btk PT 8:2. 7:3. 6:4
LR + MK + A PSC 8:1:1. 7:2:1. 7:1:2. 6:2:2. 6:3:1. 6:1:3
, o w2E _ DR + B+ F R PCT 8:1:1. 7:2:1. 7:1:2. 6:2:2. 6:3:1. 6:1:3
Pinus massoniana + two native tree species
SRR + R + B PST 8:1:1, 7:2:1, 7:1:2, 6:2:2. 6:3:1. 6:1:3
JARCY
gl LR + A +F R + FiE PSCT 7:1:1:1. 6:2:1:1. 6:1:1:20 6:1:2:1

Pinus massoniana + three native tree species
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PO RAE A S AR P AR T B . PCT 41L&
tr, PCT811 [T it it 5 #TE 4 I RAFIHI ) I 2
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14 o A R SR A X 382 5 o
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M 2 AT 4 Ao A SRR Y
R AR I AR RIS, HF I AR sk
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G FE QAR N FESON, T ).
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* 3 AREAAETEEMSERE.ESME 95% S FERTE
Table 3 Decomposition constant, time of 50% and 95% decomposition of litter under different treatments

yosiil 477 72 I AR Bk P53 gk 1) 95% 73 ffE [A]
Treatments Regression equation Decomposition constant k Time of half decomposition/a Time of 95% decomposition/a
P y=85.61e4 0.42 1.28 6.76
S y=110.78e70 0.93 0.86 3.35
Cc y=116.38e™" 1.00 0.85 3.16
T y =86.37e7"1% 1.15 0.48 2.49
PT82 y =83.76e %" 0.57 0.90 4.92
PT73 y=T77.76e°% 0.58 0.76 4.71
PT64 y=7212e70% 0.56 0.65 4.75
PS82 y =91.35e 0% 0.55 1.09 5.27
PS73 y = 85.22e 704 0.45 1.18 6.26
PS64 y = 98.05e %" 0.60 1.13 4.99
PC82 y = 92.59e %% 0.66 0.93 4.40
PC73 y = 83.84e 0% 0.58 0.89 4.85
PC64 y=9561e"% 0.80 0.81 3.7
PST811 y =88.32e70%" 0.60 0.95 4.78
PST721 y=79.91e%% 0.52 0.90 5.29
PST712 y =81.08e70%" 0.60 0.81 4.66
PST631 y=87.91e"™" 0.71 0.79 4.02
PST622 y=92.62e% 0.84 0.73 3.47
PST613 y=82.12e708 0.83 0.60 3.39
PSC811 y=90.91e%" 0.67 0.89 4.33
PSC721 y =75.95e %" 0.51 0.82 5.34
PSC712 y = 85.26e 7% 0.65 0.82 4.34
PSC631 y =104.08e 708" 0.81 0.91 3.75
PSC622 y =78.80e7 0.56 0.81 4.91
PSC613 y =85.81e70%" 0.65 0.84 4.40
PCT811 y =82.88e %" 0.57 0.89 4.94
PCT721 y =79.30e %" 0.65 0.72 4.29
PCT712 y = 82.94e706% 0.68 0.75 4.14
PCT631 y =80.79e %4 0.64 0.75 4.37
PCT622 y=77.31e7°%" 0.61 0.71 4.48
PCT613 y =79.56e7* 0.72 0.64 3.83
PSCT7111 y=81.37e7% 0.69 0.71 4.06
PSCT6211 y =83.07e%7™ 0.70 0.73 4.02
PSCT6121 y = 81.46e70% 0.65 0.76 4.33
PSCT6112 y =92.37e708 0.88 0.70 3.31

E: P: DREK: C: & S: BRs To &, TRRIN KIS Fom A R b & i ) o & L

Notes: P, Pinus massoniana Lamb., C, Cinnamomum camphora Presl., S, Sassafras tzumu Hemsl., T, Toona sinensis Roem. The numbers
behind letters represent the mass ratio of leaf litters of different tree species
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I Y or P
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6ol = sl / -
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4rfiit ] Decomposing time/months
E: P DM C: & S BUK; T: Bk, FRESTHAECF IR A R F RS A T L

Notes: P: Pinus massoniana Lamb., C, Cinnamomum camphora Presl., S, Sassafras tzumu Hemsl., T, Toona sinensis Roem. The numbers

behind letters represent the mass ratio of leaf litters of different tree species
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Fig. 2 Mixture effects on leaf litter mass loss for 31 different litter mixtures (Means * SD)
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Fig. 3 Results of the PLS regression analysis on the initial litter chemical characteristics of litter and
decomposition coefficient k value
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Table 4 Results of PLS regression analysis between the concentrations of litter quality and mixed effects of
leaf litter mass loss rate (observed-expected) in different decomposition periods

VeI a5 s e H orfE124 H S fR184H sy fE244~ A
Initial properties of litter Incubated 6 months Incubated 12 months Incubated 18 months Incubated 24 months
c -0.74 -0.75 -0.74 -0.98
N 1.13 0.75 1.70 1.66
P 1.13 1.12 0.88 0.37
AFF Lignin -0.80 -1.23 -1.11 -0.48
4% Cellulose -1.07 -1.55 -0.43 -1.62
J5%y Total phenols -0.49 -0.81 -1.00 -1.01
4i4 H5* Condensed tannins -0.61 -0.18 -0.69 -0.97
C/N -1.35 -0.85 -0.86 -0.39
C/P -1.47 -0.83 -0.46 -0.76
N/P 0.53 0.91 1.45 1.02
AR Z IN Lignin/N -0.97 -0.97 -1.02 -1.49
K /P Lignin/P -1.13 -1.35 -0.90 -0.48
e RPBUEAPREAL IR RE: >0FRIRIEAR, <OFRRFUR, HXHME >13RR T BTE 5 R S R0 5 A G

Notes: The values in the table are standardized regression coefficients: Values >0 indicate positive correlations, values <0 indicate negative
correlations, and absolute values >1 indicates significant correlations of the litter quality with the mixture effects according to standardized

regression coefficients
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Initial litter quality characteristics of the species used in the experimental work (mean * SD)

PRVE A AG R
Initial properties of litter

B

Pinus massoniana

Clig-kg™ 452.7116.27 A
N/(g-kg™ 6.07£0.41 C
Pl(g-kg™ 0.9240.02 C

KR F Lignin/(g-kg™
£14:% Cellulose/(g-kg™)

351.07+8.64 A
136.46+£12.72 A

KB Total phenol/(g-kg™ 54.17+¢2.10 A
4i & %5 Condensed tannin/(g-kg™) 24.75+0.77 A
CIN 75.34+5.43 A

C/IP 492.79+16.40 A
N/P 6.59+0.38 A
AJFZIN Lignin/N 58.24+2.86 A

A A wHE
Sassafras tzumu Cinnamomum camphor Toona sinensis
413.74+2.77 B 420.77+6.32 B 378.95+2.42 C

6.37+£0.40 BC 8.2210.47 B 11.46£0.40 A
0.88+0.02 BC 1.11£0.07 B 1.41+0.06 A
173.01£9.96 B 149.63+4.16 BC 134.4+6.02 C
96.83+4.54 B 144.72+5.81 A 99.19+3.51 B
35.42+0.11B 14.82+0.30 D 29.05+0.44 C
14.37£0.43 B 13.38+0.07 B 3.67+0.01 C
65.47+3.93 AB 51.52+2.81 B 33.16+£1.33C
472.55+11.19 AB 380.54+21.27 B 269.45+8.99 C
7.26+0.35 A 7.47+0.76 A 8.17+0.54 A
27.50+2.92 B 18.38+1.52 BC 11.76+0.67 C

e F—AT A FRKRE BN AN R FR 2 [0 A6 TR R 22 7 B (P<0.05)
Note: Different capital letters in the same line indicated that the litter quality characteristics of different tree species were significantly different

(P<0.05)
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Mass Loss of Mixed Leaf Litter with Pinus massoniana and
Native Broad-leaved Species

ZHANG Yan'?, LI Xun', SONG Si-meng', ZHANG Jian?

(1. Research Center for Ecological Restoration and Characteristic Industry Cultivation in Hengduan Mountains Region, Sichuan
Minzu College, Kangding 626000, Sichuan, China; 2. Key Laboratory of Forestry Ecological Engineering in Sichuan,
Collaborative Innovation Center of Ecological Security in the Upper Reaches of Yangtze River,

Sichuan Agricultural University, Chengdu 611130, Sichuan, China)

Abstract: [Objective] To understand the mixed litters decomposition characteristics of Pinus massoniana
and native broad-leaved trees, and the relationship between the mass loss rate of mixed litter with the spe-
cies and proportion of broad-leaved litter. [Method] Based on the leaf litter of Pinus massoniana Lamb.(P),
Cinnamomum camphora Presl|.(C), Sassafras tzumu Hemsl.(S) and Toona sinensis Roem.(T), we conduc-
ted a two-year field needle-width mixed decomposition experiment of litter bags to study the mass loss of
the pure litter of the above four tree species and their mixed litter, i.e., combining needles of one conifer
with leaves of one, two or three broad-leaved species (i.e., PC, PS, PT, PSC, PST, PCT and PSCT, re-
spectively), as well as including various ratios of these mixed litters in each treatment. There was a total of
35 treatments, including 31 mixed and 4 pure litter treatments. [Result] After two years of decomposition,
the combinations of PT, PC, PCT, PST and PSCT had higher mass loss rates of than PS and PSC. The
mass loss rate of leaf litters generally showed a synergistic effect and it increased from the 6th to 18th
month, and then declined thereafter. It was the highest (67.74%) at the 18th month of decomposition.
Compared with other mixed litters, the mass loss rate of PT64, PCT721 and PSCT7111 showed a strong
synergistic effect in 4 incubation periods. The results of regression analysis showed that the decomposi-
tion coefficient k and mixing effect were negatively correlated with the initial contents of total phenolic,
lignin, cellulose, the ratios of C/N, C/P, lignin/N, and lignin/P. In contrast, they were positively correlated
with the initial contents of N and P. [Conclusion] Our results show that mixed litters with 30%-40% broad-
leaved species, especially with the litter of T. sinensis, may benefit the litter mass loss of P. massoniana
and promote the nutrient return to forest soils.

Keywords: inefficient Pinus massoniana forest; mass loss; indigenous tree species; mixed litter
decomposition; synergistic effects
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