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Effects of forest gap size on leaf litter weight loss and nutrient release of four

species in Pinus massoniana plantations
LIU Hua , ZHANG Danju , ZHANG Jian", YANG Wanqin, LI Xun, ZHANG Yan, ZHANG Mingjin

Key Laboratory of Ecological Forestry Engineering in Sichuan, Institute of Ecology & Forestry, Sichuan Agricultural University, Chengdu 611130, China

Abstract; Litter decomposition is an essential component of the nutrient balance and material cycling in Pinus massoniana
plantations. Forest gap size could play an important role in litter decomposition due to its effects on the microenvironment.
To evaluate the effects of forest gap size on leaf litter mass loss and nutrient release of four native species ( Toona ciliata,
Phoebe zhennan, Cinnamomum camphora, Pinus massoniana) , a field experiment consisting of seven gap sizes (i.e., GI;
100 m*, G2: 225 m’, G3: 400 m’, G4: 625 m’, G5; 900 m’, G6: 1225m’, and G7: 1600 m*) was established in 2013.
The results showed that; 1) Forest gap size significantly affected leaf litter mass loss of C. camphora, but not the mass loss
of the other three species. The litter nutrient release rate at the gap center for T. ciliata (N, P), P. zhennan (N, P), C.
camphora (N, P, K) and P. massoniana (P, K) were significantly influenced by forest gap size. Furthermore, leaf litter

mass loss rate, and N and P release rates were significantly higher in small and medium sized gaps ( G1—G4) than in large

EEWA : FEARPEESIH (31370628) ; HERHE S ITHRIBUA (2011BACO9IBOS) ; P9I A BHE L HRIWTH (122€0017) ; WA RHIT
N FH SRR E (20127Y0047 ) 5 U148 208 7T RHE A8 BA T35 H (11TD006)

75 B H#3:2015-07-16; ¥ £& HH kit B 81 :2016- 00- 00

# JIAMEH Corresponding author. E-mail ; sicauzhangjian@ 163.com

http ://www.ecologica.cn



2 S % 378

gaps (G5—G7) (P<0.05). However, litter K release rates were significantly lower in small and medium sized gaps (G1—
G4) than in the larger gaps (P<0.05). 2) The leaf litter collection location in the forest gaps influenced the litter K release
rate of T. ciliata, P. zhennan, and P. massoniana. The K release rate of T. ciliata and P. zhennan litter at the gap centers
were significantly higher than those at the gap edges (P<0.05). In contrast, P release rates of C. camphora litter and K
release rates of P. massoniana litter at the gap center were significantly lower than rates at the gap edges (P<0.05). 3)
Litter mass loss and nutrient release rates of T. ciliata were the highest among the four species. According to the fitting
equation, the 50% and 95% decomposition times for T. ciliata were 5.29 and 23.14 months, respectively. Overall, forest
gap size and litter sampling location in the gaps significantly affected litter mass loss and nutrient release. However, the
extent of these effects and dynamic changes depended on the initial litter quality. These results can be beneficial for the

scientific management of P. Massoniana plantations in low mountainous and hilly areas of subtropical zones.

Key Words: forest gap size; Pinus massoniana plantations; mass loss rate; nutrient leaching; leaf litter traits
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5 MRET TR B R AL TR R R FBED L Ry ik, A S 56 ok B B0 T v Bk BT R A ( Pinus
massoniana ) N_T AR KO Ry BF 58 % 42, WF 55 MR K/ X 24 1 & + W Fh 20 ¥ ( Toona ciliata ) . WA ( Phoebe
zhennan) FFHE ( Cinnamonum camphora ) F1Ey T PUFH 8 35 i 84128 S 372 0 Bl sz, DA — 25
SN TR SR h G IRRHE , izt S BB AN N TMRA 408 M PR IRl R4 |

1 SEWHE

11 AR5 XA

T XA DU )11 48 B 1 v L 55 1 (28°357321"N—28°36464"N , 104°33'120"E—104°33'373"E ) , S M52
U J& o I A JR I 2 KU AR 18.1 °C AR /K & 1021.8 mm , S AR AT, W & el , ST, i
FEREHLTE F TR EE XN = rp B B R B9 N T 5 AR, W4k 5 B 400—550 m, 3y 1l s e . ekt
TEHA Rk BRI W W SE AR R BRI Y 42 ARAR ) S RS N T BF S, SR AT
AR BRI T B TR AR LA S R M A 3 AR B2 R 0.7—0.8, 7 RATTEIHE 2.5 mx2.5 m, B E 40 1100 £&/hm?,
MR T5 E 200 30% , E B HE ARG BB ( Mallotus japonicus ) FEM 44T ( Rubus pirifolius ) F1EAT ( Myrsine
africana ) % , FEE AR R b ( Phytolacca acinosa) 1= F ( Dicranopteris pedata) .1 ( Miscanthus sinensis) \J< .
(Arthraxon hispidus) ik ( Pteridium aquilinum ) F14EH 1 R 5L ( Setaria plicata) %5 .
1.2 MBSk

2011 4 10 H 7RSS0 X IR PEARHL G BUAHIT ARG BEARMLAY 42 4542 B AN N TR, il b R A 1L 7 AT
FURSE (135 1E 7 JE AR BT (G1: 100 m* G2:225 m® ,G3:400 m*, G4:625 m’ G5:900 m* G6: 1225 m’ G7.
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1.3 eSO T

SRR 5 SR AR TR BT B (GB 7657-87) , FREUE 0.25 mm i W (1 HE T HIMIRE 0.01 ¢ FHETA3 B
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BN /IMEK IR HES Ry 2105 > B f > PR > S5 B A N P A K & 58l K B0/ IMK UHES X8 S 214 > Witk > B B > T B AL
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Table 1 Four leaf Litters’ nutrients and recalcitrant components material content of initial parts

WF Species © N b/ K/ C/N C/P RER/
(g/'kg) (g/'kg) (g/kg) (g/kg) (g'kg)
2146 Toona ciliata 674.00£29.57a  58.76x0.24a  1.67£0.03a  12.76+0.27a 11.47d 403.6d 70.1d
Wil Phoebe zhennan 555.10£13.64c  41.20£0.97b  1.1920.01b 6.10+0.13b 13.47¢ 466.5¢ 346.71a
FWE Cinnamonum camphora  598.30£21.26b  34.8+3.22¢ 0.85+0.01¢ 3.7320.14c¢ 17.19b 703.9b 214.1¢
LM Pinusmassoniana 455.00£16.83d  13.36+1.03d  0.34x0.01d 1.28+0.08d 34.06a 1338.2a 301.07b

BUE A I ARIE DS 3 AR T 127 U898 Wy W b ] 22 53 .3 (P<0.05)

2.2 RIR/NRE [B1JE 3 K B R0 25 7

SIRE 25 WA R R R KN 3 R i RV G EE R IR S CE A B AR A A OC (3R 2) .
N NANTE - A TR N MW & e b b A s e S T B3 A Y N B 97 G NI EAR e i | R =2y /S b A
KRR, AN KRG [ 7% 2k F R R AR T TPl ) TR R ER G4 e K Wi AR R Gl ek, R &
G5 R, BN TR G4 ek, MBS 2046 G2 ok, Wikl G3 ek, i G5 fe K, R G4 fe Kk
(FE 1), 28 EARR AT (GO) , G1—G5 Jilt e 1y 7% -2k H R I 45

F2 HEAER A EMHTHNOHEEMRER FIBRMENZN

Table 2 Effects of gap size, location and species on weight loss and nutrient release rate for four litters

R/ % RARHE/ % BEREICR /% BRREICR /%
M R Factors Weight loss Nitrogen release rate Phosphorus release rate Potassium release rate
P P P P

G <0.05 <0.05 <0.05 <0.05

P 0.605 0.350 0.094 0.293

S <0.05 <0.05 <0.05 <0.05

Gx*P 0.137 <0.05 <0.05 <0.05

G*S 0.068 <0.05 <0.05 <0.05

P*S 0.133 0.546 <0.05 <0.05
G*P=*S <0.05 <0.05 <0.05 <0.05

G, MBI K/ gap size; P, NI # position; S, MFh species; * IS H T[22 HAEH]

2.3 ARRIR/NRE 18 35 52 0 B R 1 25 5

VU SEPNANTE S A TP Y 8 A = e S KT G R VA L EE R D A I N7 NG TE S AU
% UL CE LR RIS 75 1 NOFD P OB AR RR 7% i N P A K OB AN YR I P OFT K BECR
i 2SR SR LR YR I N R P OBSCR RS AN NP R K B, R /MR
] A 9% I 5 0 BT L8 AR PPl ) LT IR TE I, G4 19 N P B e R Wi PR 75 1, G1 i N P BRI R i
K BRPHTEN, G3 1 N BEBURR K, G2 1 P BEHUR R K, G7 M K BERCR R K SRR, G2 17 P B
RIK,GT B K BOCR K, WRE NS ZIAERTET, G110 N P BICR K FHETE M, G4 1Y N P Bk
K, GT 1 K BRI DR, G4 19 N P BEICRR K, G6 1 K Bt m K (K 2) . 25 1Tk, AH
XFFME(GO),G1—G4 B BT N P BBOR I WA, il G6—G7 1Y K BRI ik,
2.4 PRET PN (7 B B 7 R E R SR BRI 2 5

V% 0 Ao X O R S TR AT R ICR TN AN S (H SRR LA U S s AR, MRS T RS0 2 R
T . 45 U T w2 23 DOBRAT v BIMR T 10 2 T S 25 7284k, Z0AR FAYTARG 0 7 i KRS DUBR B v B bR

http ; //www.ecologica.cn



24 X A Eh AN N TTMRARE /N Xl DU 8 9 P T 6 458 2 157 20 B ) 5 0 5

CO 4k A bl B3 &R O 3R

80 e 80r Ge a ab

70 - {I{{}{ 70-%1{ Ii b

60 60

H o
=

50 + a 50 +
ab a
ab

HeH 2 Weight loss/%
g

40| | i = || be a0 | ml | TE ab
VET | EL | ST | HEn | BE e éaE" Vg .
0| ol | Al | o | Al | B
30| =nlll = =il =il =i 30t A lA|Al|
=l = / = /EI =\ A|A]| 7
20 Al , A E 20 AllAALY
GO Gl G2 G3 G4 G5 G6 G7 G2 G3 G4 G5 G6 G7
#RHE Gap

B1 AERNEEEEHRERNESR
Fig.1 The difference of litter weight loss rate with different gap sizes
G1—G7 fRERH AN 100,225,400 ,625 90012251600 m? (KT, GO, KT Xf I understory; GC, AR 0> gap center; GE, A 1%k gap
edge; ANEV/ING FHREFR R A RIBRET 2 [8] A9 1 3 2% 5+ (P<0.05)

G WD AR R V& I P OB o AN 7 i KOBEHCR MUK o0 BIMK G i 2% 0 0N (35 3)

R3 MEAAFRGCEMMBZEHRAER FABRMENMIER T HK

Table 3 The independent sample T-test analysis on weight loss and nutrient release rate of four litters in different position

. N BEHUR /9 P BEICR/ % K BECR /%
- i SRR % *%}Jﬂli % R/ % ﬁbﬁl% b
. . K Nitrogen Phosphorus Potassium

Species Position Weight loss

release rate release rate release rate

ZIH Toona Ciliate GC 66.97+5.14a 85.50+2.42a 65.95+4.40a 93.72+3.15a

GE 67.81+6.06a 86.85+3.40a 67.67+6.74a 82.06+3.30b

Wik Phoebe Zhennan GC 32.76+6.68a 72.05+3.38a 35.25+5.58a 28.73+5.63a

GE 34.12+4.72a 72.60+2.60a 37.24+8.04a 24.48+3.77b

FhE Cinnamonum camphora GC 36.72+6.42a 68.74+4.72a 1.69+3.67b 13.18+3.10a

GE 39.06+6.37a 65.21+7.32a 5.23+3.05a 14.14+2.66a

LN Pinus Massoniana GC 34.28+4.74a 65.95+4.19a 25.39+6.57a 22.74+5.60h

GE 31.44+8.09a 65.04+6.35a 24.86+2.09a 29.66+6.84a

GC MR Hl> gap center; GE: MR 1%k gap edge; A Fl/INE FREFRR AR B 2Z [8] (14 & 35 25 5 (P<0.05)

2.5 AR[FEEHE I BRI K IR B AR ) 25

PE R 9 A G AR IRTE R E R N P K F20 B RCR R R (B 2 8 3) . Olson 15 B J8AR
ARG Ty A5 R W « LERG 7% i T B 400 O e e, FL03 1 50% 1 95% BRI 5.29 4~ H A 23.14 4~ H 5 Hik
RFERRE, o 50% F1 95% BT E] R 13.16 /4> H F 58.31 AN 5 4 fif 512 1) 2 5 B AR, FL 40 509% il
95% I IE] Ry 15.47 4~ H F170.02 N H (£ 4)

3 #ZR5iTie

ARSI b X5 AN [ RN SO A v 3 AR 5, SRS S R A N AR A AR R0, 3 AR B R/
Ll EA B LR AR R . AAPTFEARR ], /N (G1—G4) BEA F T 08 i i B B A NP
TR IR, R BIARE ( G5—G7) HA I T v - K 5 20 (0B s AR /NS it A 0] v o 4 5 S 37
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Fig.2 The difference of litter nutrient release rate of different gap sizes
G1—G7 fREFE W ALK 100,225 ,400,625 9001225 1600 m? FYMRE ; GO A F XF B understory ; GC : AR % Hiu0s gap center; GE : BT 1%k gap edge;

ZNCIEN
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G R
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B PR /N SR o 5 S 3 S 1 U8 9 Tk itk B 3 03 R, 2 Wl /N B i 3 5 ) b ) s 6 S5 I 119 22 S
G,
R4 AMEAEHSBKRBE(%) HEESRE
Table 4 The regression equation of four kinds of leaf litter quality residual rate

[ 5175 it HXFER IR F R

Species Tys/H Toos/ H

U Species Equation Correlation efficiency ~Decomposition rate 03 095

L4 Toona ciliata '=98.94¢012% 0.938 0.129 5.29 23.14
Y

1U4 Phoebe zhennan /=97.95¢ 70043 0.831 0.045 14.94 66.11
Y

FHE Cinnamonum camphora /=97.85¢ 0051« 0.887 0.051 13.16 58.31

p Y

H S Pinus massoniana =97.26e 004~ 0.846 0.043 15.47 70.02

Y

3.0 ARET RIS T I B R S TR o R 5 R

MRE TS , B AR EIRAR S 26 1, BOPR T I B0 T R R 2B 28 A, AN [ R/ VbR B 22 ) BAr
PRI 22 5 DA S0 R 7 1 oA AR TR BUAR T , /N RUMR T 9 P B o v (BfE 36 1) AR T R 4
B L RNSR S AT A , -3 gh W Ao A 0 A5 08 PR R 5 O ELZEAR T JE U039 , rh /N AR i Py b 3
AHYE L AH T LY RBE Y Ba S AR T EAR S BB, ot Fe PR A 51 (
Pl 2) AR ARG A 25 [ S PR AR BT, T /NBUAR R ( G1—G4) BERBIMRET (G5—GT7) A FI T
P ik o BT DR AR XSG BRI B, A S 0 1 3 ¥ I By 20 ko R o RS2 3R AR R/
XPAVUAR YR 5 P 4t ) AR /N 3 T R AU R ook SR B R, AN B 2 SR AR S A O
AR RN ZLA U 6 2 i B A 5 3K T B PR D £ R 9 ok i SR 4, ot BB, W B N RO 22 St 2
(VI TARI

UV v B % 53 2l K R A R LIRS 2R, 7K PR 37 40 i o kv M AR PRORE Tk, A PSR 4
T Z MR E W R, e N P AERG i) o 2 LUA MLASAFAE , 252 0 38 0 i A 52 T, 45 08 P 1 oy
fif AR B AT BTLL, Hh/INEUAR T ( G1—G4) BEAT I T I 95 43 i, 18— e R AR HE T VR NP
FEAPHRERL ., T K FER T b 2 DL 2507 AE , F 22 e I sm ™ MXE AR R /NBURR BT, R
BT DRI AR A SR A5 ) 8 75 - BB S , O ELIE K =, R A P i, MU SE AT ) 1 8 v 1 K
FEor HIRERL
3.2 JRCE AN I VE B R IR RN R

KR 8/ WINC PNANTE S 2NN bk s=RiblE R pbice P IR S o) G RN TR S 7 B2 9 Gn el
a5 I AR KR RO BRI T W R R X T RE S AR A AN A G, A BTSSR B, AT i 4
MR PR AR AL B B A AR IR AE K A S AR B B A28 5 U R0 T AR L G iU R O 254 T A 5
A Z T FERVE B, R B T ARG T 5 S MR & B O >, A SR R BT, PR 1 2R A0
iR I AP TAT A4 1) 3R AT TET AR A A, 2 S B B i R A2 RS B TR BRI, rh /N bR
B IEZ 28 RTINS il 7N o RS = @ B2 S5 95 TN Bty 7 N Rl € N AN AN T U E S
S80I 588 B 2 S R AR KRR FE L S0 1 R 9 3 e B % 43 R, ] — MR v oA A 45 T S B W e Y
TR FE G HE K TR FE AR (L S AR BT AP R I 22 53 ) S e KR RS i (MR i O AR L, PR 10 2%
R TPASRE F) 308 RV P9 O B BRI R 55 | DTV ) 7 AR G TR 1) 43 i T 2 S Bpk i
TG TBCE R LIHE TR 7 i KRR 35 R T ARG I G AR AR L D], SR TR o i 0 7 4 0 7 - P
RN T AR P P KORECR A B IR T 115 3 9 1R 55 7 i LR MOk P e i 2 SR — 3
X AT RESE R N AR BT L G Ry B A E IR SR ARk T R i PR 5 Ayt 382 BEIR DL, 52y 81 4 S PR e, DTS2 4 7
IR T G 2 1R R W] OO T R 9 ) SO AR B R G 1A B RN Bt R
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Supplementary Fig.S1 Map of the sampling plots in study region in Yibin city Sichuan province
G1—G7 RFEMFLH 100,225 400,625 9001225 1600 m>[HKE ; CK(GO) , R T XFHR understory;G-1, G-2, G-3 Fm & Mai mplm 3 4~ &
SRR
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Supplementary Table S1 General characteristics in the sampling plots in different size forest gaps of Pinus massoniana plantations

o s , T4 + 4 at: £y TR KK R
We mR ko sor mam R BRER | SRR
. ) . ) R TC/ TN/ PH Bulk density Maximum moisture
Gap Area/m Altitude /m  Slope /(°) Aspect 3 .
(g/kg) (g/kg) /(g/em?) capacity/ (g/kg)
Gl 100m? 423 24.5 SW 10.67+£3.99 0.60+0.21 4.1+0.1 1.40+0.14 435.5+40.3
G2 225 m? 438 26 SE 12.05+3.51 0.58+0.12 4.2+0.3 1.20+0.09 393.7+31.9
G3 400 m? 408 23.5 SE 10.90+0.76  0.56+0.06 4.2+0.2 1.28+0.08 394.1+65.1
G4 625 m? 424 24 SE 10.24+1.47 0.53+0.15 4.1+0.1 1.35+0.11 326.1+68.2
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Weo WBL ko W0y Mo o L AR K it

Gap Area/m?  Altitude /m  Slope /(°) Aspect res I PH Wl density Maximum moisture

(g/'kg) (&/kg) /(g/em®) capacity/ ( g/kg)
G5 900 m? 441 21.5 S 12.44+1.21 0.67+0.12 4.3+0.2 1.41+0.11 388.1+£75.1
G6 1225 m? 418 27 SE 16.58+1.54 0.60+0.05 4.4+0.3 1.31+0.17 416.2+32.9
G7 1600 m? 430 26 SE 9.10£1.37  0.53+0.12 4.0+0.1 1.29+0.26 326.6+21.1
CK / 427 23 SE 13.77£4.08 0.66+0.22 4.6+0.2 1.41+£0.04 363.0+£54.7

G1—G7 fRFEM AN 100,225,400 .625 9001225 1600 m? FYAKHE ; CK, AT XF & understory

—GC ——GE

30 | Gl 30 | G2

15 15

JRYE -
Temperature of litter leaf/°C
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0 0
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H A Date

HE2 EIHEETHREXENEBFEEHSE
Supplementary Fig.S2 The average daily temperature of the sampling plots in study region in Yibin city of Sichuan province
G1—G7 RFEMALHN 100,225,400, 625,900, 1225, 1600 m> B PR B, CK, HF XM understory; GC, MRE 10> gap center; GE, ## 14%
gap edge

MR2 ARESBHEESWEEZEYSHENBFHRE

Supplementary Table S2 The daily average temperature of different sampling date in different size Gap

B 30d 90d 180d 270d

Gap GC GE GC GE G GE G GE
CK 10.14 10.14 8.05 8.05 15.85 15.85 21.98 21.98
Gl 12.46 12.15 9.04 8.58 17.76 17.97 23.95 22.75
G2 11.41 12.12 7.90 7.83 16.45 16.90 22.15 22.16
G3 11.68 12.40 8.61 8.89 17.77 16.39 23.71 21.32
G4 12.43 12.92 9.40 9.63 18.90 16.30 24.41 21.79
G5 11.92 11.14 8.64 7.90 16.77 15.87 22.75 2112
G6 12.73 14.33 9.05 10.45 19.85 18.71 24.50 23.96
G7 13.04 14.07 9.34 10.47 16.85 16.19 24.07 2.12

G1—G7 AL F w2l 100,225,400 ,625,900 1225 1600 m? AY#RHE, CK, Ak F X I8 understory; GC, #K# F1.0> gap center; GE, Pk 11 %
gap edge
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