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DEM AL EIEE S 57 MRYHE
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 E AWEANTHESRGH 4R RS FMEFERE . KLRFESEHHEA T4 ETERE X, AN HEER
HAOMBF LT R AL Wo Hk, % 0/EFHIET DM (Pinus massoniana) A TARRARRS %, 20134E7 ] LL1999-20134F 8] %
% B8 AR AR R R, T T 1-155E AR M RS AR HE(SW) B 12 (B)« RHE(SR), LLEAFZRHMR R (R1: 0 mm <f22(<<10
mm; R2: 10 mm </£2¢<<25 mm; R3: 25 mm <f£2%<<100 mm; R4: 122> 100 mm) (¥ ff & 50 REFE. WIEes RR: D EM
N TARBAMEAE R Gitd 2 A T-5-58 t-hm 22 [, WA EER, AMGE R, W RN, HRBE. ABER R 16 & 2 bE
F5 03 RIS AV B A o AXATE 2 38 o 2 AR T [0 7T FRAER, (ARSI o ARATE AR AR A 0 35 12 35 5 3 FE R A8 Ak o AR S RS R RAR AT 1 43
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Characteristics of stump stock and decomposition in Pinus massoniana plantation
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Abstract

Aims  Stump plays crucial roles in maintaining soil fertility, sequestering carbon, nursing biodiversity, and con-
serving soil and water in plantation ecosystems. However, little is known about the decay of stump and the related
roots in Pinus massoniana plantations. This study aims to explore the characteristics of stump stock and decom-
position in the P. massoniana plantation.

Methods Based on log file records of P. massoniana plantation from Laifu Forestry Management Institute in
Yibin City of Sichuan Province, we established a chronosequence of decaying P. massoniana stumps from 1999 to
2013. We then investigated the stock and density of stump wood (SW), bark (B), stomp root (SR), and linked
roots with different diameters (R1: 0 mm < diameter <<10 mm; R2: 10 mm < diameter <25 mm; R3: 25 mm <
diameter <100 mm; R4: diameter > 100 mm).

Important findings  In the investigated P. massoniana plantations, the stump stocks ranged from 5 to 58 t-hm™,
stocks in stump wood was the largest, in stump root as the second, and in bark was the smallest, which decreased
with the decomposing time. Correspondingly, stump density decreased with decomposing time, while the changes
in density varied with stump wood, stump root and roots with different diameters. The decomposition constants of
stump wood, bark and stump root were estimated at 0.061, 0.027 and 0.036, respectively. The decomposition con-
stants of roots were estimated to be 0.079 for R1, 0.042 for R2, 0.047 for R3 and 0.119 for R4, respectively. In
conclusion, the P. massoniana plantation has a high stock, but decomposes slowly and the decomposition constant
varies greatly with stump components in the P. massoniana plantation, which provides certain theoretical basis for
the sustainable management of P. massoniana plantation in the region.

Key words Pinus massoniana plantation; stump; decomposition sequence; stock; decomposition characteristics
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FAA R A (CWD) & FRRAE S R G0 B 2 1) 45
Py AN Th e 4 % B & (Harmon et al., 1986), 7EHs
TIYERE . AV ZFEMERE - KIBIR TR R AR S 3 45
7 HLRAT o B AR (B T A 748, 2001). 1R
NN THAREERAT R, bt (stump) s N TARAES
R A H B PP R, AE N Tk 7y 4 +F
7K DR R AR W A7 5 T Th B A EE B AR A T R
(Persson, 2013). A T HFRAEFIAES RS DIRE, E
WA F A N TARRE R B 5 3% 7 o &
(Stromgren et al., 2013). KA H R H (Cleary et al.,
2013). LEHMESIYILRE (Ols et al., 2013). %h T H7
(Saksa, 2013)%5 3047 1 K& BRI T SR, bk
ORI IR (B8 B BEAS, 2005), SZHEFE BRG], A
e N TARARME 3 it o A2 O BIF 70 AR X 55 /0 (Persson - et
al., 2013), 1fii HF N AR e fits B 1 Al 1H 2 22 0
2%-10%. LN, ARHE AP B2 ARHF) . ARAELL
KA IR R R, i BT A 1 7 i 2R 5 22
BOK, IS BT AN FE R 2 ARE S 0k, w4
RIWAHCHIBE FidIE . FHSL b, EANTHRES RS
MaE S5E MY, AR AN T AR R Y
N ER AR N TR i B S o3 AR AR AL 1 B 2 )
FOMRE R, FR P8 N TR ARIE SRR S, R 314
R SARME 2 7 21 S5, W] DUBCRIE I
TR RGN 5 7 fRFEAE -

I #x (Pinus massoniana) B A it T- 5 . &
VL RE TR A A, R R TR R X s
B Fh, ELPF RS S BA JEENEH
(FEUKZEE, 2009; 7K 7o 4E, 2011). AN T Al FFE8 8 5
B LEM N THAES RS, REREA GLEXT S
RN THAES RGN IR G EHAT T B 5T (T
SCAEATH ORAE, 2002; BEVLHISE, 2002; HOKAESE,
2004; &1, 2010). SR1, £ 5 R M2
FEAE FORE T M A AR IE o [RIE, ASHIF 70 DAHLAL KT
Ui X AN [RL R AR HAOR B T R 1) S R AR A it
TG, AL T B RIMEIHE 7 f#7 51 (1-154F) S5,
WL T By AN N AR it & S o R AE, LA
N R N TARATRESR A 5 58 B R LR A5 o

1 #RAN7EE

11 #RXERR
BFFL XL T B R T v B R AR E Tk
[X (104.53°-104.57° E, 28.57°-28.60° N, ¥#j#k412-

IS SRMN TGRS ) RFIE 459

567 m), ALK _E AT )R %, @ I
I 2R WU . P ERR18.1 °C, B (7
H) 36.8 C, &MAI(LH) 7.8 C, FREAKEL 021
mm. HHEONILHTEE, LR EEZ50 cm. JRAERE
B R A SR AR, (HI O AR R AE 9 D A
N TR PR FEAR AL B4 (Rubus pirifolius).
1 ¥k (Quercus serrata) « v# & (Cinnamomum lon-
gepaniculatum) . % #ji (Mallotus japonicas) . & 11
(Myrsine africana). #3435 (Viburnum setigerum). #f
#tF+(Melastoma candidum)&s. A AR (Pteridium
aquilinum). 4/ (Parathelypteris glanduligera).
T (Miscanthus sinensis). £k #: (Dicranopteris lin-
earis) . 4% M- J 2 ¥ (Setaria plicata) « ¥ 47
(Lophatherum gracile)2% (i& %%, 2013; Justine et al.,
2015).
1.2 R HEFSISE

E R E ARREE P 719564, & —Fir Aks
B A7 HEE AR KR I LA E Rl
Bhr. RN THREE 5EEScEkd, RE T
AN[FRARE B 5 EEAN AT . 20134F7 H, HiddE = 2
kBN TAREE PR A7 56 3 1 R AR AR E A
%, LL1999-20134F [a] & R Fa N TR AR OR B T ok
IIAE N ERT R, e R Ak 8 929-304F . i [r)
SRR —E RARE AR A S A N AR
SEHL(ERY), HHATAHE R A . SRR SLHL I 7320 m
x 20 miEFREd, R A B AR BE AT I A, &
AP EAS, S MRAEHAEL R, @57
1-154F PRIARAME 73 i 7 21 S B e b . T-20084 %A%
(1) 15 R N AR B g [ 35 B2 AN F A 7 1 2% 5
Ay B R R AR A bE 22 e OR, Fr AFEAR
B3P, k= 20 6 4R A

FEAEAS R A I B AN 5 38 BELAR R /INARIE )
Bebk, KA, EZ R AR R E R UER i E
AR F8 70 1R 56 BE A o A4 73 9 A E (SW) (B8 A7 s
FEA=10cm, KE<1miE). W (B). Mk
(SRY(fXMiHL R E A2 =15 cm, K< 1 mA#%) (1
RUREE, 2005) A3 ~HHARAAN &7y, HAARZ0-10
mm (R1). 10-25 mm (R2). 25-100 mm (R3). >100
mm (R4)(Wang et al., 2014) 5 AN E% . F@EdTfa
()58 73 o AR o, IR SR MR AR K, P
ELAR  ARHERAERS, JefR2ebEk5 om, FRAHUE A
5 emiJ B, KO SR RIES, 43 mIRR BT S

doi: 10.17521/cjpe.2015.0313

©UI 00000 Chinese Journal of Plant Ecology



460 HEPA A4 Chinese Journal of Plant Ecology 2016, 40 (5): 458-468

RL WEIUREHE AN
Table 1 The basic information of sampling plots

FeHh W R (p%)ix) 3 WAL EARCFIEsbR R ) T 3EpHE b TIEAEPEEE
Sampling plot Aspect/Slope (°) Stump density Stump diameter (mean + SE) pH value  Soil bulk density Soil organic matter
(¥k-hm?) (g-cm™) content (g-kg™)
S1 NW/21 2050 16.4+0.48 4.16 1.42 29.92
S2 NW/18 2315 15.9+0.65 414 1.39 28.96
S3 NW/20 2100 17.2+0.53 4.17 1.46 27.64
S4 Nw/21 2070 16.6 £ 0.44 4.14 1.40 27.44
S5 NW/17 2 405 15.6 £ 0.56 4.15 1.44 28.35
S7 NW/20 2150 16.2+0.39 4.16 141 27.43
S8 NW/19 2190 16.4+0.41 4.16 1.43 27.49
S9 NW/20 2130 16.3 £0.47 4.18 1.45 27.64
S10 NW/18 2350 15.9+£0.62 4.16 1.42 28.23
S11 NW/19 2200 16.1+£0.32 4.15 1.44 28.06
S12 NW/20 2085 17.1+£0.54 4.15 1.43 28.62
S13 NW/21 2070 16.7£0.29 4.16 1.39 29.26
S14 NW/20 2125 16.8+0.51 4.15 1.42 30.46
S15 NW/17 2380 15.8+0.48 4.15 1.40 31.45

[, ARFERFERT, 20 AICEARNER B30, s, N
FRIDURE S, B [ o K aok PR R AR 43 [l
1.3 EASHNE

AT B S0 2 RO iy, SR FH 7K B 483k M A
B IR, THEAE R . 70 C R TR,
5 W AR P o B A5 7K 3R

BASE THTRUBRY AVE (14 £ty = AT 2% 350 20 o =R PP 1)
AR P R A 250/ b TR AR

=T B MAF (g-cm™)

P IKEE () = (8 71 =T =)/6F i 5 x 100%

F:T-Olson (1963) (1) 7 fif i AL, K it &
HRATE P 73 A 1 22 (K):

K = (In(Y,) = In(Y)/t
AR R B AE AR R _E R T, Yook 24 45 R AR
A PR3 B, Y AL PRI AR AT 25
14 HIEEBESSIT o

BAEGE 0 Hr R FHSPSS 20.0F1Excel 2003%k 14
e K HR K T7 % 50 HT (one-way ANOVA) %
/N 3 7 1 (LSD) K 56 AS (7] 43 i Bk ) AR A7 5 30 ik
B, BENZER, BEMWKTE AP =0.05,

2 &R

2.1 fRAEREE
I8 25 2 AR IR T 886 M, A A P B /E4-36 t-hm™
YO N AR, B VT BRAIG JE 2% 18 BRI 0 A
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(EIL), RERME SRR T REM A YIRS 7+
g, XX YERE LR SRR S R G A YT R
B EEE L. GLI5F M F, AR #EH
36.52 t-hm ZZE WK F8.16 t-hm™?, HAFLH 5%
(p<0.01). SW. B. SR [FFE AL A, SWhiK
= K23 (p < 0.05), SRf# & FAILH &2 (p < 0.01),
{EB i B FEEA 5.2 (p > 0.05) (K12).

BEE R HEAT, SW. B SREEEA AR b
BT 5 PR B BT AR AL o B B A A BT o5 Y B A SR
IR, HH1.604%3 i1 £1]10.845% . A f EL 71 1 E
14.337%31% /11151 38.498%, 1M AR #1E 1] b 451 F184.059%
J8/NE150.657% (F3).

WMEAE S it A b, B 7E1-22 t-hm ™ T8
Ak, o B AHE i = KB, (B
— AN AR, RIS R B P N PR
s PRI i H117.49 t-hm 2% W B A% 51 4.91
t-hm™, BRE T 20 HEW, AR RS 2
A HEAT AR A 52 (p < 0.01) (E14).

WE 2 A B B 3G N, R, R2fi% & — B8 FEAIK,
R1fi% &8 M0.62 t-hm )/ £]0.02 t-hm™, R2fi#HE M
1.75 t-hm 28/ $0.17 t-hm2. R1. R2AZZAR 1t &
AR 2 (p < 0.01), TIR3. RAZZR I EARL
A SR B A it AR A A — 3, AR S
Je AR A 22 1R BEAR, R3fERMA.26 t-hm 2
#6.17 t-hm™>, £/ £12.30 t-hm™, R4 R
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43 1] Decomposing time (a)

EL SRR NTAARME 7 SR il AR CP BB AER 22, n = B)o ANF/ING F-RERIRAN R 23l BR8] 22 57 2. 2% (p < 0.05)
Fig. 1 Changes in stump stocks of Pinus massoniana plantations across a decomposition series (mean + SE, n = 3). Different low-
ercase letters mean the level of significant differences among different decomposition years (p < 0.05).
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47 fERTIE] Decomposing time (a)

E2 RN THARBERIAKE . A0 B ARt B B o i AR R AR AL CP I E AR R 2, n = 3)o ANRVNEFBERIRAR 4> fif
IR B] 2 7 2.2 (p < 0.05), ANRIKS = BEFR R [|]— 43 R I 8] AN [R50 07 ) 72 7 2.2 (p < 0.05). B, M4 1%; SR, HRAE; SW, Kbk,

Fig. 2 Changes in stump wood, bark and stump root stocks with stump decomposition in the Pinus massoniana plantations (mean +
SE, n = 3). Different lowercase letters mean the level of significant differences among different decomposition years (p < 0.05), and
different uppercase letters indicate the level of significant differences among different stump parts (p < 0.05). B, bark; SR, stump root;

SW, stump wood.

M10.87 t-hm 254 nE17.78 t-hm™2, % A m AT
FRARE] 2.41 thm™, HR3BH MG BN G E
(p < 0.01), RAZEZLIFI it B AR 53 (p < 0.05) (I&I5).
F, %GR ERS > RS > R2 > R1, i
R3. RAMIfitE T K TRL. R2MIfiE=E, 1iHHR3.

RAZR AR XTHR R Gt = oTmk ok, e A1 1L
SR G R AR LR R2FEIH K,
22 fRiEEETE

BE 7> IS B B B4 N, SW. B SR SRR
(s, Hizdra T (K6). £ 155150 #, SWI
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100 ¢ i
8 0 g?‘EW\TE\T\B
90 | & & h%%%E'EESW
80 |- I . = E BSR
s :
25 70 | BN
w3 %[ .
i’-\go
el R
=0
= e 40 |
B oo
@E 30|
w2
20 |
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0

0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
5 ] Decomposing time (a)

3 H A N TARABEAN [FIFS AL A B LE A5 B 20 i R A AR AL CP BB £hR E R 22, n = 3). B, B¢ SR, HRAE; SW, Ak,
Fig. 3 Changes in the relative ratios among stump wood, stump bark and stump root with stump decomposition in the Pinus mas-
soniana plantations (mean * SE). B, bark; SR, stump root; SW, stump wood.

30 | T

20 |

15

it 8 Stock (t-hm™)

'—
{2‘
7——| o
—g
g

4 @At 18] Decomposing time (a)

El4 RIS A R AR B R A CP BB AR AEIR 2E, n = 3). ANF/ NG FRERIRAN R 7 AR PR ] 72 57 5% (p < 0.05).
Fig. 4 Changes in stump root stocks with stump decomposition in the Pinus massoniana plantations (mean + SE, n = 3). Different
lowercase letters mean the level of significant differences among different decomposition years (p < 0.05).

25 B 1 R AR 190,89 g-cm A41£30.36 g-cm ™, SR
(1R85 B Hh oK 43 B 110,60 g-cm >[4 3100.40 g-cm™.

ka1 i e (1816).
I8 73 g A ) R 10, ARATE A TR R B T

11 B 1) % FE IS PR a5, 4154 140 fif e
RIMRIT 10.47 g-emFRAE$0.32 g-cm ™. B E#4
T-Fa 5 BR8] EESWHISR ., BA) fift B 55 54F i % %
e THE, 1M SWHISR i 31 5584 LLUG % 4 1%
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filt, RNFEZRPAR R E R EAIEZIE TR
E(E7). RRERFEZAN R, NEREERES
SRR B B 5 FARR (] 4 R R 2 e B (p <
0.05). fEMEHEZMEVIH], R1. R2IR34E L 155 1 47
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43 f# it 8] Decomposing time (a)

E5 R N THA R RAR S fad B o i fig B AR A CP I AR R 2, n = 3)o ANFE/NG F-BERIRAN R 43 i o IR A] 22 57t
#(p < 0.05), RNRIKEFRERRF— 5 il (6] A [ FRALIE) 22 57 2.3 (p < 0.05). R1, 0 mm <24 <10 mm; R2, 10 mm <& <
25 mm; R3, 25 mm <24 <100 mm); R4, 1£2¢>100 mm.

Fig. 5 Changes in different class root decomposition stocks with stump decomposition in the Pinus massoniana plantations (mean +
SE, n = 3). Different lowercase letters mean the level of significant differences among different decomposition years (p < 0.05), and
different uppercase letters indicate the level of significant differences among different stump parts (p < 0.05). R1, 0 mm < diameter
<10 mm; R2, 10 mm < diameter <25 mm; R3, 25 mm < diameter <100 mm; R4, diameter >100 mm.
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o B
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g SR
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B
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43 fRET1A] Decomposing time (a)

El6 TR N TR RIAHE | B e IR AE 25 P B 70 i R A AR AL CP BB £hRHE IR 72, n = 3). B, WIK; SR, MM, SW, A
Fig. 6 Changes in stump wood, bark and stump root density with stump decomposition in the Pinus massoniana plantations (mean +
SE, n = 3). B, bark; SR, stump root; SW, stump wood.

P FAR, T RARZR 2 BERE IR/ o MRARLEFILS  0.31 g-om™, R3FEZL 1% $H0.59 g-cm F4& 1K £10.29
ERAHE R B RS, RUARZN)Z B H0.68 g-cm ™3[4 g-cm™, BL7ERARS-T4E 5 AL T-Ha 58, TMRAZLL
£30.21 g-cm™®, R24%4% 1) %% &£ £10.58 g-cm A 5| (125 BE H11.66 g-cm[4MK50.28 g-cm™, 3 Hik G
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25 r

& Density (g-cm)

o RI

A R3

o R4
——-=-Rl

E7 R NI EIRRAR o ffat F2 0 5% B AR AL CP A A HE IR 22, n = 3).
2, <25 mm; R3, 25 mm <f£2; <100 mm); R4, 122> 100 mm.,

9 10 11 12 13 14 15
43 f#B [A] Decomposingtime (a)

R1, 0 mm <224 <10 mm; R2 , 10 mm <{%

Fig. 7 Changes in different class root decomposition density with stump decomposition in the Pinus massoniana plantations (mean +
SE, n = 3). R1, 0 mm < diameter <<10 mm; R2, 10 mm < diameter <25 mm; R3, 25 mm < diameter <100 mm; R4, diameter >

100 mm.

Ak SEFRAR A S . 5 RARLAE G () B R R FEH
b, R1. R2. R3FIR4A4}TIIKL 7 9 )5 K 131%-
53%. 49%. 17%.

LB AR A 2 i ot 2 AN [0 67 1) % B (Y) S5 e
T¥) () F 5 50 R B0 2 (R 2) S W 1 B J A AR A AN [+
T2 AR A, BT DU AL A R REAN 23 it
TR R IR SR LA
22 AREAE 3 Aok HR A DA 110 B8 () -5 B 1) ) P40 ke 50 o 450 2

Table 2 The density (Y) of different components and the logarithmic func-
tion equation of time (t) in stump decomposition process

AR B AL X R BT R r
Parts of the stump Logarithmic function
equation

Y =-0.0051In(t) + 04778 0.001 3
Y =-0.1989In(t) + 0.8153 0.567 9
Y =-0.1444In(t) + 0.6522  0.237 9
Y =-0.1470In(t) + 0.6937 0.2714
Y =-0.0352In(t) + 0.5470 0.016 1

W B Barks

KA Stump wood

A% Stump root

0 mm <24 Diameter <10 mm
10 mm <f2%% Diameter <25 mm
25 mm <f2% Diameter <100 mm) Y =-0.1043In(t) + 0.5951 0.2415

%2 Diameter > 100 mm) Y =-0.4042In(t) + 1.2127 0.7241

2.3 {RHESRR4FIE
ot fE b, SW. B, SR/ iE 2 4y
AR Ti) PR 18 1 St 38 K ek HLIZ T E T — 2 (K18)
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SWIH) /it 5 344 KT BAISR . 20413, SWII 4>
fif S AR AR IR > R8T 2N, B4R
Bl i KAH, TBFISR 73 22484k 5 B 15 3
s, 4 A B 6 A 28 TR IR B B K E
TESRAIH, RL. R2FIR3E — N s i) 2218
(A B, AEE 24 R A s R T AR R, 4y
BITESS RS THE . SEO4E . SRAMEIG R BB il 72
A R R R B KA 0.22. 0.19., 0.14, s EATHY
I AR Ry ) 12 T % 30,08 0.04. 0.05, Fi&T
FE; RALEST RV W S A B B, T A2 40
fige o e R TH K, 7 43 R B 34 R A B e KA
0.95, Ui 73 fift il Ze R PRI, MBS 74F J5 0 il il %
kB2 P E0.26, HiZ#hEa T Fa e (K19).

3 ITRFILER

HR b, SRARET A, N AR AT fif 560
N7 TTEE, 2009; KB ERSE, 2009; HEAGE,
2012). AWFFEM, HFLISESE, DRI
158 t-hm2B&AE 15 thm™, HAHE. HRAEFAIA R
BHEIR R R AU AR LA . X,
TEVEL. WA FRISGAER T, Rk
KA FE 53 B 38 P b (B R 5%, 2003), fR%F
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Fig. 8 Changes in stump wood, bark and stump root decomposition rate with stump decomposition in the Pinus massoniana planta-

tions (mean £ SE, n = 3). B, bark; SR, stump root; SW, stump wood.

1.2

1.0

038

4rfi#E ZR Decomposition rate (a-')

| 1 1 1

1
6 7
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53 f#RY 8] Decomposing time (a)
E9 SR NTAAFARIAR LR P i 7 i R AL CP A £ARHE IR 72, n = 8). R1, 0 mm <422¢ <10 mm; R2, 10 mm <

%2, <25 mm; R3, 25 mm <f£2¢ <100 mm); R4, 1£2¢> 100 mm.

Fig. 9 Changes in different class root decomposition rate with stump decomposition in the Pinus massoniana plantations (mean +
SE, n = 3). R1, 0 mm < diameter <<10 mm; R2, 10 mm < diameter <25 mm; R3, 25 mm < diameter <100 mm; R4, diameter >

100 mm.

TRIEIET), Rt T N IHRAES RGN RIS S
RERAGIA  Hry, ARMEI) i B PR e T ARHE, A
[FIAE R R AL, RGOBOK, AR X 3R
W, B R AR T D R IR R . 2P 4RSS
Z MRV S B, T DA I (8 R B

& e,

45, 2015). AMESRBERE TRV TR AL, (EAR
SRR 3, AU AT RIS RIE A, M
HAFTRAEMRIME, R e PRtof & 5= 4 5
FECE - 3 b, P DU (il B3R K. 1R
AR A W 5 3 A A S I TR LR, I v A
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Chen%5(2001) Xt 3 ] 4% 41y X M LA 4% A A Jo 4 AR 43

www.plant-ecology.com
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