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Effect of snow patches on leaf litter mass loss of two shrubs in an alpine forest
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Abstract

Aims Litter decomposition of understory species is one of the essential components in material cycling and
other important processes in alpine/subalpine forest ecosystems. Natural snow patches with different snow depths
in winter could play an important role in litter decomposition due to significantly different freeze-thaw characters,
but little information has been available. Therefore, our objective was to understand the effects of snow patches on
litter decomposition of dwarf bamboo (Fargesia nitida) and salix (Salix paraplesia), two representative understory
shrubs in alpine forest.

Methods A field experiment using litterbags was conducted in an alpine forest in western Sichuan, China. Sam-
ples of air-dried leaf litter were placed in nylon litterbags, and the litterbags were placed on the forest floor along a
snow depth gradient from forest gap to canopy cover. Five snow patches with different snow depths were selected:
thickest snow cover patch (SP1), thicker snow cover patch (SP2), middle thick snow cover patch (SP3), thinner
snow cover patch (SP4) and no snow cover patch (SP5). Mass loss was measured at five critical periods as de-
composition proceeded (onset of soil freezing period, soil freezing period, soil thawing period, early growth pe-
riod and later growth period) of the first year of decomposition.

Important findings Mass loss of dwarf bamboo and salix litters in the freeze-thaw season accounted for (48.78 +
2.35)% and (46.60 + 5.02)% of the first year of litter decomposition, respectively. Both litters displayed higher
mass loss rate under the patches with snow cover compared with no snow patch in the freeze-thaw season, but
showed higher mass loss rate under SP5 in the growth season. Over the first year of decomposition, although mass
loss rate of bamboo litter increased with the increase of winter-snow depth, salix litter showed the highest value
under SP4 and lowest value under SP5. In addition, correlation analysis indicated that mass loss rate in the
freeze-thaw season was positively related to daily mean temperature and negative cumulative temperature,
whereas mass loss rate in the growth season was not related to any investigated temperature factors. However,
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1-year mass loss rate was significantly related to daily mean temperature and negative/positive cumulative tem-
perature. These results indicated that change of snow pattern would have significant effects on understory litter
decomposition in the alpine forest in the scenario of warmer winters, but the effects could be various in different

kinds of litter.

Key words alpine forest, shrub leaf litter decomposition, snow patches, warm winter
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Table 1 Initial quality in leaf litters of Fargesia nitida and Salix paraplesia (mean £ SD, n = 5)

Y Species C(gkg™ N(gkg® P(gkg™h CIN (of/:] N/P VNS S NS NJEAES
Lignin Cellulose FYi s Lignin/N
(%) (%) Lignin/
Cellulose
HEPG AT 31771+ 9.02 + 0.94 + 3523+ 33980+ 966+ 1479 + 12.97 + 114 + 16.40 +
Fargesia nitida 16.60° 0.12° 0.07° 1.38° 9.11° 0.64° 0.62° 0.48° 0.00° 047
B SE 37189+ 1433 128+ 2593+ 290.72+ 1123+  21.79% 10.60 + 2.06 £ 15.20 +
Salix paraplesia 31.55° 0.26° 0.06° 174 1031° 036 1.02° 1.04° 1.11° 0.44°
ANF RN FRER R 22 5 ik 2 (R SZ R AT 46, p < 0.05).
Different lowercase letters indicate significant difference (independent samples t-text, p < 0.05).
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Fig. 1 Thickness of snow cover under different snow patches
in alpine forest of western Sichuan (mean + SD, n = 5). SP1,
thickest snow cover patch; SP2, thicker snow cover patch; SP3,
middle thick snow cover patch; SP4, thinner snow cover patch.
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Table 2 Soil average temperature (AT), positive accumulated temperature (PAT), negative accumulated temperature (NAT) and
frequency of soil freeze-thaw cycle (FSFC) in each decomposition stage under different snow patches

EERY BERE BEEEMEE ARSI AERKET FalET AKET AF
bl ZEH Soil thawing Early growth JE Freeze-  Growth  Whole
Onset of soil Soil period period Later growth  thaw season  year
freezing freezing period season
period period
RS R SRR AT 0.38 -2.00 -0.14 12.33 6.10 -0.75 8.77 3.60
Thickestsnow x50 pAT 35.35 - 1.08 1501.94 489.21 3643 199115 2027.58
cover patch
HiRiE NAT -19.14 -139.23 -7.79 — — -166.16 — -166.16
VRRAEIA K E FSFC 48.00 — 2.00 15.00 — 50.00 1500  65.00
BRSPS PR AT -0.49 -2.40 1.00 10.80 6.74 -0.86 8.48 3.39
Thicker snow g1t paT 19.19 6.70 49.97 1311.93 543.60 75.86 185552 1931.38
cover patch
HRE NAT -45.31 -173.65 -2.82 — — —221.79 — 22179
VRAIGEN IR FSFC 49.00 54.00 23.00 13.00 — 126.00 13.00  139.00
RS PR AT -0.66 -2.86 0.37 7.86 6.08 -1.28 6.84 243
Middle thick EAE PAT 10.87 — 29.64 960.82 487.88 4050 144870 1489.20
snow cover patch
HRE NAT —45.47 -199.81 -12.03 — — —257.31 — 25731
YRR R FSFC 41.00 5.00 18.00 13.00 — 64.00 1300  77.00
WG BT  SERIRE AT -0.61 -3.53 0.32 6.90 5.43 -1.56 6.06 1.92
Thinner snow— ir-x100 pAT 22.73 0.61 38.22 844.17 434.61 6156 127878 1340.35
cover patch
HRE NAT -55.36 -246.35 -22.73 — — —324.44 _ _324.44
VRRAEIA K EL FSFC 38.00 22.00 34.00 1.00 — 94.00 1.00  95.00
TR B FHIRE AT -1.02 -3.47 0.50 7.67 5.19 -1.61 6.68 1.50
No snow EBUE PAT 10.60 - 4156 938.53 421.46 5216 1359.99 141215
cover patch
HRE NAT —64.84 -241.50 -17.49 — -6.76 -323.82 -6.76 —330.58
R KEL FSFC 39.00 15.00 38.00 — 27.00 92.00 27.00 119.00
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Fig. 2 Dynamics of average temperature at daytime (7:00-19:00) and nighttime (19:00-7:00) between surface soil and atmosphere
under different snow patches in alpine forest of western Sichuan from 26 October 2010 to 8 November 2011. SP1, thickest snow
cover patch; SP2, thicker snow cover patch; SP3, middle thick snow cover patch; SP4, thinner snow cover patch; SP5, no snow cover
patch.
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Fig. 3 Mass loss rates of Fargesia nitida and Salix paraplesia leaf litter under different snow patches in alpine forest of western
Sichuan from 26 October 2010 to 8 November 2011 (mean + SD, n = 3). Different lowercase letters indicate significant difference (p
< 0.05) among different snow patches within the same decomposition stage. SP1, thickest snow cover patch; SP2, thicker snow cover
patch; SP3, middle thick snow cover patch; SP4, thinner snow cover patch; SP5, no snow cover patch.
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Fig. 4 Contribution rates (%) of Fargesia nitida and Salix paraplesia leaf litter at each decomposition stage to one-year mass lose
under different snow patches in alpine forest of western Sichuan. SP1, thickest snow cover patch; SP2, thicker snow cover patch;
SP3, middle thick snow cover patch; SP4, thinner snow cover patch; SP5, no snow cover patch. Numbers in brackets indicate the
days between corresponding and former sampling date.

F3 VG LLRAR AN 7] 25 4 T D A VG 5 7T I i e R s M i 4 30K (14 2k TG < (20104F:10 H 26 I %2 20114F11 8 )
(PRI %, n = 3)

Table 3 Mass loss rate per 30 days of Fargesia nitida and Salix paraplesia leaf litter under different snow patches in alpine forest
of western Sichuan from 26 October 2010 to 8 November 2011 (mean + SE, n = 3)

YyFh Tl BE B 23 Dec. 2010 3 Mar. 2011 19 Apr. 2011 19 Aug. 2011 8 Nov. 2011
Species Snow patches (58) (70) (47 (122) (81)
TR SP1 3.80+0.16° 3.77+0.37 1.67 £0.18° 4.83+0.25 3.91+0.18
Fargesia nitida SP2 424 +0.118° 2.74 £0.47° 1.88 +0.52¢ 4.60 +0.46* 3.97+041°
SP3 3.63£0.17" 2.00 £0.18° 1.86 + 0.34° 4,62 +0.30° 4,06 +0.37°
SP4 4,69 +0.28° 1.78 £ 0.16° 1.59 £ 0.36° 4.83+0.13° 3.62 £0.26"
SP5 420+0.12° 1.74 £ 0.23¢ 1.47 £ 0.20° 5.38 £ 0.44° 3.15+0.33°
B SP1 2.86 £ 0.28" 6.77 £ 0.37° 1.74 £ 0.40° 5.11£0.51° 447 £0.22°
Salix paraplesia SP2 2.280.26° 5.93 £ 0.24° 1.75 £ 0.41° 5.50 £ 0.33" 5.71 £ 0.15®
SP3 2.71£0.14° 478 + 0.61° 0.90 + 0.08° 472+0.12° 4.89 +0.25°
SP4 2.15+0.22° 4.40 £0.20° 1.37 £ 0.40° 5.45 + 0.26° 4.37+0.38°
SP5 2.28 £ 0.16" 3.67 £ 0.36° 0.84+0.13° 5.53 £ 0.25° 447 +0.42°

5 A BT R BETT UCRK AL R B R . AN R) NG 7 B s AH R BERRAN ] 3 i By B ) 22 53¢ il 3% (p < 0.05) . SP1, JERSTIHBELR,; SP2, #FM T
WEBEYe; SP3, % 4 BEE; SP4, AL WBEL; SP5, L MBI,

Numbers in brackets indicate the days between corresponding and former sampling date. Different lowercase letters indicate significant difference (p
< 0.05) among different decomposition stage for the same snow patch. SP1, thickest snow cover patch; SP2, thicker snow cover patch; SP3, middle
thick snow cover patch; SP4, thinner snow cover patch; SP5, no snow cover patch.

3 2010; M #45F, 2011) F 2o — MM BT 44 T &
PN L R, A 3 S P 1 5 e B

DA ZRAR B MR S O EERFIE R AR ER Bt KB ARV 0 IR I 5, S BT S 8 5

15 AR A EAE O 5 LR AR A= A i (Edwaards et 3l BEBR 7 AS [R] IST SIGH I 94 40 4 A IR VE FH o AR TRIE ST
|2m7ﬁﬁﬁvnm%)wmﬁ%ﬁ@%A%L RV, VR P SR B N VR T R R
Feo A7 BRIGAHSCHITU(RSA 295, 2009; Baptist et al., — FLHISPLK T-SPAf#a#y, 1K AT EIM %, SP5
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F4 RERGLECOPRRRE . AR SRR IR EE A R A O 2 B

Table 4 Correlation analyses among mass lose rate (%), soil average temperature, positive accumulated temperature, negative ac-

cumulated temperature, and frequency of soil freeze-thaw cycle

ANIF 3 ik B B Ok A Y TERAR SRR VIREINI ANV &4
Mass lose rates at different Soil average Positive accumulated Negative accumulated Frequency of soil
decomposition stages temperature temperature temperature freeze-thaw cycle
L5413 Onset of soil freezing period 0.031 0.060 0.010 -0.009

T HEVREEIW Soil freezing period 0.533" 0.157 0.534" -0.008

T 3ERMEIY Soil thawing period 0.061 -0.100 0.378" -0.319

A KZ=F5 41 Early growth period -0.117 -0.117 - -0.431
AEKZEATJE I Later growth period 0.486™ 0.487" 0.313 -0.313

R RZET Freeze-thaw season 0.751" -0.051 0.733" -0.148
AKZFT Growth season 0.151 0.133 0.027 0.029
4:4E Whole year 0.589" 0.582" 0.547" -0.023

* p<0.05; ** p<0.01,n=230.

() A TR R e o (R B AT G 20 AT 2 BH R Rl = 4 1)
P (1) 2K 2 B o Bt PR R AR U S N Yk I AT
KRR, KPR F AR5 i A ()R
R IF LW B A CRR, HAREREY) R ER 5
Yol BEANIE/ R 3 2 B AR OC o XA R B &=y
Bl B0t BT B L B A8 M LR ] DL 2 R
Wi E AR T ) 1) 2 2 40 fidg ek B, i EL AT RSE I 5%
TRV 1) o A FEA T oy iR i R

SAFESAE S JRVE R RN o i TRV A2 U 5
) o T 2R (1) 34 O R 32 (Couteaux et al., 1995;
TRIREEE, 2009). ATHFILE RN, FEdRa5H1
BE A LR BRI, AR PE ST R R P P R A
DEHRR I AN F R AR, R, AN A5 55 4
(178 5 A B PN B A e Vs R AR AN TR R B 1R
AR I TF U sE PR T (R A iR . TUAEIBY B, AR
V1 SPA I % R T fi vy, HE S M SPA I % 1t
R R ARAR, X785 R WA I o0 i (a6 By
B, U ¥ 10 J5 R (quality) ok E 5 IR VR IR 93 i
iX bjPrescott (2010) 1 Aerts2% (2012) (16 57 45 16+
Lo BEAN, th 5 &5 S 7 R 25 F WP AN W R v
SHERAREER B A UEN TIX—R(ERL). £
g5, — o JEFEM S P A RIRIE, U7 Ym)
IHRPR AL T A RS E B ORI BT . — 7 T, W
AR BAR R [0 25 9k 73 o D e B A ORI 2 4k )5 R
MR EERRRE, LF I LIRS W T IR OK 2
(H &5, 2011); 5y—J71, BEPn) 3K 5 f -+ %
W EANTR], T R T ) O3 ik O B 1)
T2 40 Pl e A R s & R b IROR 22
(Clein & Schimel, 1995; Uchida et al., 2005). f£i%Z

W JRFERRRE T, 59 R, 35850 fift 37 i U bk
F & (Colbeck, 1983), i F& A= W) P 1% 2l i 1 o
5#(Clein & Schimel, 1995; #HF5 %%, 2012; Saccone et
al., 2012). i P8 7 i (1) 2k T A AR L B
T 7 5 VR IR T PR B . R, R e
2 T AR g P Bt P R A BRI B A S 2 T A OGO R
(K4). T PR A ZF MR RS, e
FE EARK TURESFERE, DM a7t R E R s
ORI 5 0 IEAHOCR R, R R 45 3 B0 B
A FH S22 50 1 i B B V& IR 20 il . AR, SPL
FEORE T R . L R s MGG, R AT A 5 | A PR LA iR
1 W AE FH R 398 T8 A8 5 45 IR 25 (Groffman et
al., 2001)f§7SP2 T~ Py i v it 1) 2K T 8 bz vy o 1T SPS
EAR FLA ol 20 R @A PR (Lemma et al., 2007),
RAEBA TG SRR, &0 T AT ED Rk
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IR K B AR AR PR A AT W35 22 5 o ] BB R R il
AGFA 5| 7S PRI R A FORE B E M0 S 52K o 17T B s
AR YI, BARTLEFWAEH, HRERSE
U R AR TR VR IR PR K S 3 A DG OC R, R
RPN AVLIE S B, T 4078 o5 I
) AR L IR R — B B o i i e
PE T IR F R AESPS i N T HE WA S48 o
BEdke, mIHEAE AT A E L, AT AH Y T B 7R i
PRSI TE G TR E, Rk ES AR 1A
-l T N EB AR NI E Y R R N 278 )
PRIZR I, A PRI Y 5 A 7 e AR R A (1) b 3 AR
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i) S 3 F [0 8% (Freppaz et al., 2008), #fr iz
B, —HATWAE S REP(SPE) K E R . (R
KT, VR O AR P R A E A
W 2 TEAH DG OG 2R, 3 B S (%) T v b 2 52 1) 4 fi
BREE AN BRI Z= 0 PR RN I 2k, =5
BT B, TS BRI 3 A VR IO B PR B
URRLIR T4, =547 e DR 8 1 v 7 32 3R
P, P LASPARISPS[#) 2k 2 3 T AIK (Freppaz et
al., 2008; Bokhorst et al., 2010).

SIS FB LT, FEVHHETAT 5 REER I 75 -
JEMISP3. SPARISPS [ v 1 AF A ZE 1 HR R I
TR KR H R FIRERE, AR 2 HAH 145 R
(Gavazov, 2010; Prescott, 2010; Wu et al., 2010)#H—
o BTN, HHRRETH S, TR
W, VRIS A T B2 TR (Saccone
etal., 2012). fHZE 5N, FEE MISPLAISP2 1%
AR 5 SR I s KR R B R AR R, A&
B SRR SR AR AT, ILVRRE AR 1
A R PR P R AR . AR AR TR R
YiEve A E, VR i RO, E T/
e L K I A= T B 3w Sk, — T TR
Bl R RO R RN IR 1 OGS ) R e 1 G i e
AT, 57, FHR R E LS 3T 0
I 5 0 il RS S SR A Y PR AR v SE AR, TS T
i (Taylor & Parkinson, 1988). W47, Rz
(FLATSTR) Wy A Y it 1 17 89 i 45 2R 20 ) o 4R A
f1(48.78 + 2.35)%#/1(46.60 + 5.02)%, SP1 | M5 &
R DTHRFE SR o XAV UG W) 4 2= T o0 9 40
filg AT F L, 1 BB A TR S TR ) o R
HEI RS A A R 5 5, 2009; Tan et
al., 2010; %%, 2011)HA 3K,

HAAT RN 2, LRAEAFE2AEKFT, W
T R R B s TR I E B, S5
b A= 5 P 5 17) #H 5% (Baptist et al., 2010). i g AT
FE ARG, 30 V0 o V) M ] v - 2K T S ) 2 S I,
BrmtfkIISPL. SP2RISP4L /L K Z=T T4 ISP1. SP3
HISPE AR ¥ (K AR A B2 (p > 0.05)4h, I
AR A DR IS S0 A e ) 9 W 1) 2K R RSB AP A
ZE5¢(p < 0.05), R EATII o3 i35 52 2 3 o e
R 52 m o HH T3 78 o I, RE5 AT L
RNV DI BG5BT o 3 AR i
FAEME MRy (Groffman et al., 2001), 2 K —
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B BOUCE ) R R 5 e Rl R P R A A
F ] B i vk 72 5 8057 23 JU R K (Lemma
et al., 2007), FEARIE#Y) e R BRG T —Br Boidvs
Wy fif, W TR S B He SPLRISP2E il Av 11 52
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31 (Freppaz et al., 2008; Bokhorst et al., 2010). [A]
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213#4231270498) . B K “+ = & " A X I i X
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(2012T50782).
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S 30k
Aerts R, Callaghan TV, Dorrepaal E, van Logtestijn RSP, Cor-

nelissen JHC (2012). Seasonal climate manipulations have
only minor effects on litter decomposition rates and N



TS THEHOT L AR AR PR AR e IR AR IR . 315

dynamics but strong effects on litter P dynamics of
sub-arctic bog species. Oecologia, 170, 809-819.

Baptist F, Yoccoz NG, Choler P (2010). Direct and indirect
control by snow cover over decomposition in alpine tun-
dra along a snowmelt gradient. Plant and Soil, 328, 397-
410.

Berg B, McClaugherty C (2008). Plant Litter: Decomposition,
Humus Formation, Carbon Sequestration. 2nd edn.
Springer, New York.

Bokhorst S, Bjerke JW, Melillo J, Callaghan TV, Phoenix GK
(2010). Impacts of extreme winter warming events on lit-
ter decomposition in a sub-Arctic heathland. Soil Biology
& Biochemistry, 42, 611-617.

Campebll JL, Mitchell MJ, Groffman PM, Christenson LM,
Hardy JP (2005). Winter in northeastern North America: a
critical period for ecological processes. Frontiers in Ecol-
ogy and the Environment, 3, 314-322.

Christenson LM, Mitchell MJ, Groffman PM, Loveit GM
(2010). Winter climate change implications for decompo-
sition in northeastern forests: comparisons of sugar maple
litter with herbivore fecal inputs. Global Change Biology,
16, 2589-2601.

Clein JS, Schimel JP (1995). Microbial activity of tundra and
taiga soils at sub-zero temperatures. Soil Biology & Bio-
chemistry, 27, 1231-1234.

Colbeck SC (1983). Theory of metamorphism of dry snow.
Journal of Geophysical Research, 88, 5475-5482.

Couteaux MM, Bottner P, Berg B (1995). Litter decomposition,
climate and litter quality. Trends in Ecology & Evolution,
10, 63-66.

Deng RJ, Yang WQ, Feng RF, Hu JL, Qin JL, Xiong XJ
(2009). Mass loss and element release of litter in the
subalpine forest over one freeze-thaw season. Acta
Ecologica Sinica, 29, 5730-5735. (in Chinese with Eng-
lish abstract) [XS4=%4, # 78y, Ehiy5, SHER, %25
Jili, REEE A (2009). =15 P R 3T 1] MV ey 1L AR AR vk
WO TR MOCE R AR5, 29, 5730-5735.]

Edwards AC, Scalenghe R, Freppaz M (2007). Changes in the
seasonal snow cover of alpine regions and its effect on soil
processes: a review. Quaternary International, 162-163,
172-181.

Freppaz M, Celi L, Marchelli M, Zanini E (2008). Snow re-
moval and its influence on temperature and N dynamics in
alpine soils (Vallée d’Aoste, northwest Italy). Journal of
Plant Nutrients and Soil Science, 171, 672—-680.

Gavazov KS (2010). Dynamics of alpine plant litter decompo-
sition in a changing climate. Plant and Soil, 337, 19-32.

Groffman PM, Driscoll CT, Fahey TJ, Hardy JP, Fitzhugh RD,
Tierney GL (2001). Effects of mild winter freezing on soil
nitrogen and carbon dynamics in northern hardwood for-
est. Biogeochemistry, 56, 191-213.

Hobbie SE, Chapin FS (1996). Winter regulation of tundra
litter carbon and nitrogen dynamics. Biogeochemistry, 35,

327-338.

Hu X, Wu N, Wu Y, Zuo WQ, Guo HX, Wang JN (2012).
Effects of snow cover on the decomposition and nutrient
dynamics of Sibiraea angustata leaf litter in western Si-
chuan plateau, Southwest China. Chinese Journal of Ap-
plied Ecology, 23, 1226-1232. (in Chinese with English
abstract) [HE:, =78, RE, ANIK, MEHE, £4&4
(2012). 1174 e J 21 P 5 T 0o A T AR 7 )
Ir RN TRy B AR . N AR A Rk, 23, 1226-
12321]

Keane RE (2008). Biophysical controls on surface fuel litterfall
and decomposition in the northern Rocky Mountains,
USA. Canadian Journal of Forest Research, 38,
1431-1445.

Lemma B, Nilsson I, Kleja DB, Olsson M, Knicker H (2007).
Decomposition and substrate quality of leaf litters and fine
roots from three exotic plantations and a native forest in
the southwestern highlands of Ethiopia. Soil Biology &
Biochemistry, 39, 2317-2328.

Liu L, Wu FZ, Yang WQ, Wang A, Tan B, Yu S (2010). Soil
bacterial diversity in the subalpine/alpine forests of west-
ern Sichuan at the early stage of freeze-thaw season. Acta
Ecologica Sinica, 30, 5687-5694. (in Chinese with Eng-
lish abstract) [XIF), RAE/8, ¥ 8, TR, #, KK
(2010). Z=15 P %R &5 91390 )1 DG 0 g L /sy Ll AR R - 48 4
W2, A2, 30, 5687-5694.]

Prescott CE (2010). Litter decomposition: what controls it and
how can we alter it to sequester more carbon in forest
soils? Biogeochemistry, 101, 133-149.

Rief A, Knapp BA, Seeber J (2012). Palatability of selected
alpine plant litters for the decomposer Lumbricus rubellus
(Lumbricidae). PLoS ONE, 7, e45345.

Saccone P, Morin S, Baptist F, Bonneville JM, Colace MP,
Domine F, Faure M, Geremia R, Lochet J, Poly F, Lavorel
S, Clement JC (2012). The effects of snowpack properties
and plant strategies on litter decomposition during winter
in subalpine meadows. Plant and Soil, 363, 1-2.

Tan B, Wu FZ, Yang WQ, Liu L, Yu S (2010). Characteristics
of soil animal community in the subalpine/alpine forests
of western Sichuan during onset of freezing. Acta
Ecologica Sinica, 30, 93-99.

Tan B, Wu FZ, Yang WQ, Yu S, Yang YL, Wang A (2011).
Soil hydrolase characteristics in late soil-thawing period in
subalpine/alpine forests of west Sichuan. Chinese Journal
of Applied Ecology, 22, 1162-1168. (in Chinese with Eng-
lish abstract) [, SAEi8, M%), &M, ¥EE, £
B (2011). RFRA N VG 5y L/ vEy L AR L K A
TEEREAE. N AR SER, 22, 1162-1168.]

Taylor BR, Parkinson D (1988). Does repeated freezing and
thawing accelerate decay of leaf litter? Soil Biology &
Biochemistry, 20, 657-665.

Taylor BR, Parkinson D, Parsons WFJ (1989). Nitrogen and

doi: 10.3724/SP.J.1258.2013.00030



316 HEM: A&244R Chinese Journal of Plant Ecology 2013, 37 (4): 306-316

lignin content as predictors of litter decay rates: a micro-
cosm test. Ecology, 70, 97-104.

Uchida M, Mo WD, Nakatsubo T, Tsuchiya Y, Horikoshi T,
Koizumi H (2005). Microbial activity and litter decompo-
sition under snow cover in a cool-temperate broad-leaved
deciduous forest. Agricultural Forest Meteorology, 134,
102-109.

Wu FZ, Yang WQ, Zhang J, Deng RJ (2010). Litter decompo-
sition in two subalpine forests during the freeze-thaw sea-
son. Acta Oecologica, 36, 135-140.

Xia L, Wu FZ, Yang WQ (2011). Contribution of soil fauna to
mass loss of Abies faxoniana leaf litter during the
freeze-thaw season. Chinese Journal of Plant Ecology, 35,
1127-1135. (in Chinese with English abstract) [E %, &
A, B0 8 (2010). = R R 0] - S S M ns i
VLV AZ 9% i i UK I TT k. A7 4R, 35,
1127-1135.]

Xu ZF, Yin HJ, Zhao CZ, Cao G, Wan ML, Liu Q (2009). A
review of responses of litter decomposition in terrestrial
ecosystems to global warming. Chinese Journal of Plant
Ecology, 33, 1208-1219. (in Chinese with English ab-
stract) [fR#etE, JHEZE, BEE, WHI, T4, XK
(2009). [l Hin A= 745 R G I U5 400 23R Xk 4 R AU AR 0 1 I
M. RPIAERS AR, 33, 1208-1219.]

Yang WQ, Wang KY, Kellomédki S, Gong HD (2005). Litter
dynamics of three subalpine forests in Western Sichuan.
Pedosphere, 15, 653-659.

www.plant-ecology.com

Yang WQ, Wang KY, Kelloméki S, Zhang J (2006). Annual
and monthly variations in litter macronutrients of three
subalpine forests in western China. Pedosphere, 16,
788-798.

Yang WQ, Feng RF, Zhang J, Wang KY (2007). Carbon stock
and biochemical properties in the organic layer and min-
eral soil under three subalpine forests in Western China.
Acta Ecologica Sinica, 27, 4157-4165. (in Chinese with
English abstract) [#7 7 %, & 05, kfd, £z
(2007). [ VG 34N 1 Ll A bk T IEEHLZ R E
WAk EREAER . A2, 27, 4157-4165.]

Yang YL, Wu FZ, He ZH, Xu ZF, Liu Y, Yang WQ, Tan B
(2012). Effect of snow pack removal on soil microbial
biomass carbon and nitrogen and the number of soil cul-
turable microorganisms during wintertime in alpine Abies
faxoniana forest of western Sichuan, Southwest China.
Chinese Journal of Applied Ecology, 23, 1809-1816. (in
Chinese with English abstract) [# 55%, 548&, f{E&E,
tRAREE, XV, M08, B (2012). kR ERX T
[ETUIRE S 7 ot e T T s/ K e /bR W S R 2 G
YIBCREE. NF AE AR, 23, 1809-1816.]

Zhu JX, He XH, Wu FZ, Yang WQ, Tan B (2012). Decompo-
sition of Abies faxoniana litter varies with freeze-thaw
stages and altitudes in subalpine/alpine forests of south-
west China. Scandinavian Journal of Forest Research, 27,
586-596.

sifEiZ: SOERE UG £




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


