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Abstract

Aims Litter decomposition is an important ecological process in nutrient cycling and productivity of ecosystems.
Our objective is to quantify the differences of litter decomposition and nutrient release (N and P) under the forest
and in an alpine lake among the dominant tree species in the Jiuzhaigou National Nature Reserve.

Methods Fresh leaf litters of Abies ernestii, Pinus tabulaeformis, Betula albo-sinensis, and Salix cupularis were
collected and placed in bags under the forest and in an alpine lake for a year.

Important findings The mass remaining ratio (MR) of the leaf litters was well predicted with Olson’s decay
model (r > 0.93, p < 0.01). The time for 99% decomposition was the shortest for S. cupularis (6.80 a), followed by
B. albo-sinensis (10.34 a), A. ernestii (18.88 a), and P. tabulaeformis (27.21 a). These values were 1.48-, 1.55-,
1.80-, and 1.65-folds of the corresponding values in the lake, respectively. Both MR and nitrogen remaining ratio
(NR) had significantly negative correlations with the leaf initial N concentration, but significantly positive correla-
tions with the initial C:N. The nutrient release was significantly different among the four species and between the
two sites (i.e., forest and alpine lake). The N release of S. cupularis was consistent between forest and the lake
(i.e. directly released in the beginning of decomposition), while other species had an obvious N enrichment proc-
ess before it released. The release of P among was similar among the four species and between the two sites, with
a release—enrichment—release pattern. Overall, the leaf litter decomposition appeared as an intricate process that
was affected by the litter chemistry and and the environment. The fast litter decomposition in the lake may have a
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profound influence on the water quanlity in the Jiuzhaigou National Nature Reserve.
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5% (1)1 F (Parton et al., 2007; Zhou et al., 2008;
Purahong et al., 2014). V&Y k6 & = WA
NTEHLFE S A L3545 K5 (Parton et al., 2007), 2%
T RSEAR Ty, FRERALE Y A K T R FR 4 (AR K
%%, 2009; Shi et al., 2015) . JAVEYI M 40 At — AN 4%
(RS, 0 95 66 T2 (1) ORI R K R (8] (1) A= 4 2 e B B
(Petersen & Cummins, 1974). @ H 1H LT, FED
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A=) B0 (N 5 B R4 T ) 55 22 7 T BRI R 1) 45 5 R i
(Couteaux et al., 1995; Aerts, 1997; Wardle et al.,
2003; Ayres et al., 2006; Zhou et al., 2008; =5 F#E5E,
2013; XK H4E, 2015). AWK, FEDH R
B, WHIENE &, A E S EMCNES AME N
TR 7 IR R (Aponte et al., 2012; XEKAEAE,
2015), T HAER KARREE byl 1 H 35 70 1 [ e Fi
4k (Parton et al., 2007; Osono et al., 2014). It4h,
Hi i 45 B % UV BG & I v Dy Re AR (o i
JEL R 5 L TR X LR VR 0 G o il FE A A 5
%L 52 1 (Santiago, 2007; Cornwell et al.,, 2008;
Makkonen et al., 2012).

ERAEESRG S, W FEEAE R I E R4
TRV TN FAR TR R E 7R )5 (Leroy & Marks,
2006), H.H R M 20 52 i 55 7K AR TR W) S AT
TG HE Bl W 4 1) A RE &5 K RN # & (Graca, 2001,
Hieber & Gessner, 2002). M J&7& Y1 K A 1) 53
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I k73 2R (Ibrahima et al., 2008); & 5441
98 37 73 & BN 5 e L fiAf I R 3R IRORE BB 2C
(Pascoal et al., 2001; XIJi4E, 2008); 7K AL th
FEARRHREFE b 52ma 35 &I 73 i (Leroy & Marks,
2006; Martinez et al., 2014). b4k, KAER RS
] FR)AELAE A i B FL =710 AR AR LR A 13E N /K A4 [
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I 40 21 42 (Larix  potaninii) A1 3 5 ¥4 2 (Abies
ernestii), MRS THHB n AA (Pinus tabulaeformis) Fl
1L ¥ (Pinus armandii), & M & B4 4n 20 A (Betula
albo-sinensis) 3L 4 #k(Quercus wutaishanica), LA
% R R RE A vy Ll A (O R AR R D, Salix
cupularis) f14% £k %4 (Spiraea salicifolia)%s (X1 /> 545,
2007). FEHIMESLIE WAL,
1.2 R

20149 H15H, 70 TR R AR, IhFa bR,
ZLMEMRAN e LLAVE A WSCER B it B RVE ), TRON
HEARGS CHETZIEE, AR5 T R T UHERFREL
5.00 g, 3 A %15 cm. K20 cm. FL42 A1 mmiIJE f
WS, AR AL 7248 . R E AR IRAT-FRER A
1325« HaSO4-H O3 B2 A ER B 7t Ll €3 29 Sl I v
- R V& R0 UG A ik . A URD 4 Tl B i (8 T
2000).

20144F9 H25H, PRl A &9 o i SR N

Fz1 FHER
Table 1 Site information

FHUFERE L, S FEHL I B3N IX 4, [HIFR5 m,
— XA E 1248 . JHCE R IR IR L A
1o iR ME I ek R BRI B ARIRAES T
Wi o AN, FEREHOIE TE ) o0 AR M B I % ¢
Bl e #E(103.90° E, 33.20° N; #5452 260 myfE K44k
P& o ke X o VI I 1630 B SRR I ) B b
WL EAE R YARTICE /L, &R R — ) MIE
1248, HAg— ) 48 FH A 4 2 2 [ e T80 R 2-3
M Fo AL, SRR RUBCE — AL iR
(DS1921G-F5, Maxim Integrated Products, Dallas
Semiconductor, Sunnyvale, USA)T %/ fi48
B hi g — UK B, FF v 58 H - 3 FE (B
1). A HFHIR K B /L& 4L 1074 (103.93° E,
33.26° N; #54k2 064 m)< G ukiic 55

73 T20144E12 H251H . 201543 25H . 6/
259251, #RE3 HAERE— X AREHLIE %
VMRS RS, AITO4S . Bl 5 AT 40k v ik

Pt Site {7 & Location

Z45 % Longitude and latitude R Elevation (m)

WA KHK Abies ernestii forest
MIBHEM Salix cupularis shrub
JHIFARK Pinus tabulaeformis forest

4T MEMK Betula albo-sinensis forest

i Wolong Lake

B IER#EHF Shuzheng lakes
AF#E Gongzhu Lake
# H W1 Nuorilang

103.90° E, 33.20° N 2266
103.90° E, 33.20° N 2272
103.90° E, 33.20° N 2314
103.91° E, 33.16° N 2398

—e— 7 Air
—o— 7KiK Water

{8 Temperature (°C)

=10 | 1 ] ] 1 1 ] I 1 1 ] 1 1 ]
™ Q N ) b N =} b & H o e
Y I I N T LA S A Y A S
N X ¥ N X e & & & el A e &
oo 9 LA A A A OB SO S 5

F #8 Date

Bl =S oKk H 436 R )75 (2014-09-01 %2 2015-09-25)

Fig. 1 Changes in daily mean air and water temperatures from 2014-09-01 to 2015-09-25.
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THIERTEMEYD, HEBRKANEANTIR R, 165 C
M RE R, ENERRBEEYERS, Wi,
A E B e S &,
1.3 SREENESHE

AR FH Olson (1963) 42 Hi 1) 6t 5 $i s el i 72
AT P ETE D R A, By = ae™. Ry
NFEEDIRI R (%), a &S5, KNTREDT
I fil 2 AL, ) R TE] () -

V& 53 R ST AR (MR) (%) = MJMp x
100%, FH Mo A ETEVIAIGE = (9), MR TS
Tl PRI () -

TATED R ZRIARZ(NR) (%) = (Nex My / (No x
Mo) x 100%, H:H'No5 N7 7l NHT46 5 I [t v
PINE & (mg-g™), Mo5 M7 B A48 5 I )t
HYRE(Q). FEYIPILE TR % (PR) SNR T
Ji A
14 SZitoth

AR =R 2T Z 0 WiRer T, o fiet
B AR B S A i P 7& IMR . NRAITPR I 520,
IS EZWRIR L BEAEH . S5, RAHSRE
R ZEMTEHRETEYIMR, NRATPRIEAS 47
6] [ 2 %, Jf%FDuncani:iE T £ B LE. FH
PearsontH <3 i oAt 17 M R TE 0 o) fR LA S
MR. NRHIPRS R MIAIMEFR 53 E B Z A1 AH G %
%o PLEGEHH I FISAS 9.248 4 At i3k 47 AL B,

F2 ORI G RCTA R R )

Table 2 Initial nutrient contents of the leaf litter (mean + SE)

% H R E /K Fa = 0.01 (SAS Institute, 2008).

2 4
21 AEVMVRFETESE

- B JRVE DI AG TR 3 3 B e 55 P U] 22 e A 55
F(p <001 F£2). JMAAFIL M FFVEDCE &5y
7°4530.5941529.91 mg-g~*, A& ZFAEZE(p >
0.05), 1EH'EA1# M52 (p < 0.01) 7 T & LLA0(505.12
mg-g ) A BLA £ (489.32 mg-g ). EILMING &
(16.69 mg-g YW 2 (p < 0.01) & T oAb Fh, 414
(15.39 mg-g ) M1 #7442 (15.45 mg-g )2 [ ZE A
BE@p > 0.05), MMFAH NG E©9.42 mg-g )i
ik, FRAEZAE LIPS & ZEFAEE@p > 0.05),
HAE S 51°51.447011.39 mg-g™, (HIREE(p < 0.01)
B T240K(0.88 mg-g ™) A3 #4(0.65 mg-g™). 1Ak,
THFA VR VI C:NAE AN C:PAE B s, 40 il ik 156,37 Al
812.60, Ifij ¥ A2 IATEVINPIE & AR, *910.71,
2.2 FAEYSRRFHIE
221 AEYDHERERKEMR)

ANER I MRZE RIEE (p < 0.01), H
PR A1) 22 S0 5 3 (p < 0.01) (3%3). MRBEZ>
R EST V) 38 o I S 2 /N (335 p < 0.01) 0 & A At
PR TEAR T R 7K AR oy i 222 IR HH AT 3AN A
BRI, 3-6H REHAKNE, 6-127 f =Rk
RHTHEI0  FITE Y AR LA FE , MRTE i b 55 B 1) K

WFf Species Tk Ak T C:N C:P N:P
C content (mg-g™) N content (mg-g™) P content (mg-g™)
41 Betula albo-sinensis 529.91 +10.04° 15.39+0.32° 0.88 +0.03° 3446+ 137" 604.14 +34,61° 17.52+0.31°
il Salix cupularis 505.12 +8.13" 16.69 + 0.40° 1.39 +0.04* 30.26 +1.25° 363.17 +14.54° 12.01 +0.02°
HIRAHZ Pinus tabulaeformis 489.32 +10.32" 15.45 +0.43° 1.44 £0.05 31.70 £1.43" 339.60 £17.25° 10.71+0.22°
A% Abies ernestii 530.59 + 11.60° 9.42 +0.33° 0.65 + 0.03° 56.37 £2.76° 812.60 +58.05° 14.41+0.66°
ANF/ING S RE IR AR IR 5 & A AN R ol ) 22 S A 2 2 (p < 0.01)
Different lowercase letters denote highly significant differences in leaf initial nutrient contents between different species.
F3 W TIRVEY S RIT B SR RI AR FAE IR L S AR TR PR 5T S0 (6] 22 57 (1 2 TR 35 5 22 43 #T
Table 3 Multivariate analysis of variance on the differences in mass and nutrient remaining ratios among species, decomposition time and site
27 5 kJE Source of variation H 5B A BERFIRE BERFI R
Degree of _Mass remaining ratio _Nitrogen remaining ratio Phosphorus remaining ratio
freedom E p = P = P
Y)Fh Species 3 739401 <001 46.25 <0.01 10.28 <0.01
53t 5] Decomposition time 3 6 486.93 <0.01 37.18 <0.01 8.17 <0.01
A Environmental types 1 7169.46  <0.01 0.91 0.34 51.04 <0.01
YflixJ3fEI TE] Species x decomposition time 9 26445  <0.01 8.84 <0.01 9.96 <0.01
YIFhxIRBEA Species x environmental types 3 2427  <0.01 8.46 <0.01 5.99 0.00
St A x #4526 8 Decomposition time x environmental types 3 12153  <0.01 50.83 <0.01 37.60 <0.01
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ANFERE g TR (82.34%) > VA H4(75.93%) >4 HE
(58.54%) > LiA01(44.26%); 7E /K& MR 2 (p
< 0.01) & T Fifi Hy, 2 B (8] K /N HE 77 o0 2 i AR
(69.61%) > A H4(59.14%) >LTHE(43.94 %) >w 1L
H1(29.15%) (&12).
222 EEMSEEN

SR FH A7 B RO B 0 A R B R vt R T 4
7 it LR 7K A [ 19 23 e AT H0L 6 ) 45 SR 38 33
R (r>0.93, p <0.01; £4), = lIFILLHEREE 5>
fife ZEKI i T AA FI B R A2, HLK A b 2 W
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40 -

Jifi 1 98] 33 % Mass remaining ratio (%)

HF

Forest

20 1 L L

7% Mass remaining ratio (%)

4

Jii fE 8

0 3 6 9 12

/3 fRES [H] Decomposition time (month)

—o— 4 Mt Betula albo-sinensis

—o— & 1Ll Salix cupularis

JHIED D FRKAE I B T ARR o KR TR 2 Al RV 4 73
FARKAE 5 3 Egn(0.97) >Z1HE(0.68) > A
(0.43) >3li#4(0.28), AT HK{E Ny = 1li0(0.67) >
Z1HE(0.44) >35 B4 H2(0.24) >TFA(0.17) . Sl
YD AE ik L 5 4= 43 7 (99%) AT 75 HO B TR) s il
11(6.80 a) <ZL#£(10.34 a) < H7414(18.88 a) <ji#s
(27.21 @), H. 535 7K A R34 56 4% o f B ] 11
1.48f%. 1.55f%. 1.80f%F11.65f%.
2.3 BAEYFE S ERUHIE

AN BB i A 3R 94 PINR AT PRAE AN [ 43 fift i 3

100

80

60

40

20 1 1 1 1
0 3 6 9 12

3
43 i B 18] Decomposition time (month)

—— W RN Abies ernestii  —&— JMIFL Pinus tabulaeformis

E2 B AR T (A) B (B) R L E R R AR (CFIME £ WdERE) . ARG FEERIRE — 5 Af A (8] A [ 44
[EL) P 308 5 0 I T R 26 22 S A 3 (p < 0.01),  HL A%t 1) 1 28 2 LU AR5 SR — 3

Fig. 2 Mass remaining ratio of leaf litter decomposition in the forest (A) and lake (B) (mean = SE). The lowercase letters denote
highly significant differences in mass remaining ratios among the species for the same decomposition time (p < 0.01), with each de-

composition time holds the same multiple comparison results.

R4 R TEED MRS
Table 4 Empirical model for leaf litter decomposition

P WA WA I R Bk oy fpRERT IR) 99% - fiAE i} 18] AR R Hr BEN
Species Environmental Fitted equations Decomposition  Time of half Time of 99% Correlation Significance
types coefficient k decomposition (a)  decomposition (a)  coefficient r

AR fiith Land y=97.03e%*" 0441 1.50 10.34 0.93 p<0.01
Betula albo-sinensis ) g \yater y=9501e9 (678 0.95 6.69 0.96 p<0.01
L [Hs Land y=95.16e"%"  0.667 0.96 6.80 0.94 p<0.01
Salix cupularis Kk Water y=91.76e%%" 0966 0.63 4.66 0.95 p<0.01
I [ Land y=99.33¢%1"  0.169 4.07 27.21 0.94 p <0.01
Pinus tabulaeformis o \water y=9412¢07% 0275 2.30 16.47 0.96 p<0.01
BRI Ffidty Land y=98.42¢70%% 0238 2.84 18.88 0.97 p<0.01
Abies ernestii K4k Water y=0343¢942 0432 145 10.47 0.99 p<001
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ZFRE (p < 0.01), PREEFIAUKAK 2R IR HEME. ke SRS (L HIPRAE i Hh 7 i
W2 (p <0.01), MNREFAEE(>0.05 #3). RPN HIEBHAM, MAMLEEL24H 1]

T FR R T A AE A RIS AU PR REVIARIE R BME . BEAh, WhARPE S BB A
WA ZE 5 (813) . ERIAEY) D, RS, 3 K, HPREERHATK K 7355 9130.74%74195.18%,
RAK MM EYING BRI HAFENI R & P E R EAAX D, KPR NT5.48%A

H s I FE, JCHXGFilAs, NRATIA$154.16%, 24 53.76%.

JEHEANBEBOS R, M LN RS R 24 AEYMREMEANFIBRSNBEATEE

{8 BRI IR AR i, RN Z (BRI R &R

(L W B il s B (VST VAN S WERSHR, A EEY M RLE S, MRE I
MENREBUE Ry B—E E—RE, MAE AL CINEERA R ZE M IEM XK R (r =057, p < 0.01),
S Ji T REIE AR IL B H B R R M-S NS BB A IR Z A RKR(r=-063, p

AN RIS A 08 V& 40 PR TSRS X7 o s AN 7K R A 43 < 0.01); NREMREGMHUFFE, 725 5WI4CNE
i LL AL, BURE I —E SR —RE I, (HAE KR i FING EARIENEE IEA S A R R & (r = 0.58,
R PR JCAS [) B i A, HL AR 4 it 14F S5 v REATY A r = -0.60, p < 0.01), MPRSHEMEHIIETE &
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Fig. 3 Dynamics of nutrient remaining ratios of the leaf litter decomposition in the forest (A and C) and lake (B and D) (mean +

SE).
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5 MTREY SRS R BRI R S REMYIGHIE & B [ [fIPearson H G K R
Table 5 Pearson correlations between mass, nitrogen and phosphorus remaining ratio after one-year decomposition and leaf initial nutrient contents

C N P C:N C:P N:P
R 42 Mass remaining ratio 0.12™ -0.63" 041" 057" 0.46" 0.47™
REFIAZE Nitrogen remaining ratio 0.24"™ -0.60" -0.45" 058" 0.50" 0.11"™
i KR 423 Phosphorus remaining ratio -0.06™ -0.14"™ -0.02" 0.14™ 0.04™ -0.14"™

NSRNERNEE .
ns shows no significant difference. *, p < 0.05; **, p < 0.01.

AR B E A S & (p > 0.05).
3 e
31 AEIWTI FORTE 7 BRAHE

ARSI AT LEEVE K B AR R X N AFR
DARBIACR R B, RO FEIRVEE AR GE SRR ) IR
PEET AR (ALY i - ] e AR (L) AN P ] B A
(= L) B i 7 R IE ) o R RRAE, 43 H DL 45 R
5 W T ) 5 Vi 2 0 e 2 Bk v L > 20> B IR A A2
SRS, HEYF A ETEIMRZE 54 2 % (p < 0.01,
KI2). S5IREW], W VE ) o R AR AE BRI
V22, LR ORI 2 KT A
Pl I 5 2R R FA 25 (2006) 5 K A 1L A4 gk
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AR RER, R Y5 R LE 5 MR H
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NE B ER KRR B2 5 Va0 1) o i 2, iX
5% K %55 (2003) Al T Ay 455 (2004) B AfF 51 45 SR —
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ARG B, BRVILGETR & BN HAR R
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BRI, VR HH B 1 53 % o S 2R (1 R e L
HAL S EASE(C. NP B K. thah, T4
#2425 (2004) Al Santiago  (2007)HF 5t & L1 % 4 Eb i
TH] AR 55 VRV 400 0 e S 2R 2 [0 A7 A S 355 1) I AH O 5K
R, BRI AR M B R E VR B A
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WA FR, WS R EY) o R A A B
7 56 55 £ (Cornwell et al., 2008). Bk, St
Jr G U BB A TR 5 UIE R W Dh B AIE (0 b
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— BB Ak, FETEPIRIENFIP S 2K
(IR (AN AR ) E A i R b R s R 2 (R A
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