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Abstract; Phosphorus ( P) released from foliar litter plays crucial roles in maintaining soil fertility and ecosystem
productivity in the P-limited forest ecosystem. The present consensus is that litter quality manipulates the rate of P release
during decomposition at the local scale, and climate runs the global-scale patterns in N release during decomposition.
Recently, increasing evidences have been demonstrated that the process of litter decomposition is greatly affected by winter
snow cover in cold biomes. As yet, the response of foliar litter P dynamics to snow cover gradient created by forest gap and

crown canopy in the high-altitude forest remains unknown. In order to understand the effect of snowpacks on winter foliar
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litter P dynamics and the following process in cold biomes, therefore, the litterbags with fir ( Abies faxoniana ), birch
( Betula albo-sinensis) , larch ( Larix mastersiana) and cypress ( Sabina saliuaria) foliar litters were placed on the forest
floor beneath different snowpacks created by forest gap and crown canopy in three alpine forest plots of eastern Qinghai-Tibet
Plateau on October 26, 2010. The litterbags were taken back at the periods of onset freezing, deeply freezing and thawing in
the non-growing season and in the growing season from December 2010 to December 2012, and the mass loss and P
concentration in foliar litters were measured. P concentrations in foliar litters under the snow cover gradient enriched at onset
period of freezing, thereafter released at deeply freezing period, and then enriched at the thawing period regardless of tree
species. 30.04% to 42.59% and 8.00% to 18.04% of P were released from foliar litters in the first- and second-year of
decomposition, respectively, and varied with tree species and snowpack depth. 10.15% to 30.01%, and 2.28% to 16.54%
of P in foliar litters were released in first and second winter, respectively. Snowpack created by forest gap accelerated the P
release of foliar litter, and higher rate of P release from foliar litters was observed under thicker snowpack. The effects of
snow cover on P release from needle litters were more significant than that from broadleaved litter. Snow cover reduction
slowed down the process of P release from foliar litters, which led to the difference of litter P release dynamics between in
the growing season and in the non-growing season. These results imply that snow cover reduction caused by climate change
and forest management might slow down the process of P release from foliar litters in high-altitude forest, and alter the P
level in forest soil. More attentions should be given to the effects of heterogeneous environment factors on ecosystem process

in the high-frigid forest ecosystem.

Key Words: eastern Qinghai-Tibet Plateau; foliar litter; high-altitude forest; phosphorus release; snowpack gradient
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Table 1 The initial litter chemistry of each species expressed as potential litter quality variables ( mean+SD, n=5)
o o \
ik R B KVIES X C/N c/P N/P /N
Y Fh Total Total Total . AR . ..
R . Lignin Carbon/N Carbon/ Nitrogen/ Lignin/
Species Carbon/ Nitrogen/  Phosphorus/ (L)/% Cellulose/ % it Phosoh Phosoh Nit
)/ % itrogen osphorus osphorus itrogen
(¢ke)  (gke)  (&ke) i ’ Y §
IRIT A2 520.35 11.20 1.39 25.06 10.64 46.46 374.35 8.06 22.37
Abies faxoniana (4.35)a (0.22)b (0.07)b (0.42) ¢ (0.41)b (0.50) ¢ (14.54)b (0.23)b (0.06) ¢
Ll 515.71 8.98 2.49 32.39 10.08 57.43 207.02 3.60 36.07
Larix mastersiana (2.37)ab (0.33)d (0.06)a (0.39)b (0.53)b (1.83)a (3.67)d (0.05)d (0.87)a
Jr ki 512.58 9.90 1.48 21.60 10.85 51.78 346.20 6.68 21.82
Sabina saltuaria (1.38)ab (0.41)c (0.02)b (0.41)d (0.65) ab (2.02)b (4.76) ¢ (0.17) ¢ (0.50) ¢
FaR 514.80 14.65 1.04 37.29 11.73 35.14 494.73 14.08 25.45
Betula albo-sinensis (2.38)b (0.23)a (0.05)¢c (0.53)a (0.68) a (0.39)d (19.81)a (0.41)a (0.04b)
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Fig.1 Thickness changes of snow cover in different sampling time ( mean+SD, n=5)

OF ; 45914 Onset of freezing period ; DF : IRZ] Deep freezing period ; TS: flfbI] Thawing stage; EGS: A= K Z=F5HI ] Early growing season;
LGS: A KZT AW Late growing season;G1: JEEH Thick snow cover; G2 BRI Thicker snow cover;G3: FEH Medium snow cover; G4

WL Thin snow cover; G5: TLEHH No snow cover
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Fig.2 Dynamics of soil and air temperature under different snow cover conditions in alpine forest of western Sichuan ( from 26 October 2010

to 29 October 2012)
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Fig.3 The dynamics pattern of P concentration at different stages during litter decomposition under different snow patches with different

snow depth in winter
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VLK N 45.48%—51.32% , J KM N 36.96%—41.58% , 2T KE Ky 47.33%—49.79% , 3 FhEFIH 4R JE7%Y P T
R REHURAE TR AL () R o BRI  2Z2 B & EH/ R 0 B E 52 (P < 0.05) , HEBEXTLIHERIEY) P TR
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W4 FhRTEY) P ORBCRI DI BT T icm . RAZ LRSI P ORI AR RS B 1Y 40% 22 AT 1T
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MR, AT A D1 s AR B, AR T e s, DU ZUAZ R0 5 B IR % 9 P RSO LA O &5 44 3
T e, MR PO T T BRI R VL AZ RN AE IR Vi ) Wl R T 3 LU B 5 9l 7 5 1 s, T C T 9 8 o 1 i
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Gt o Rk KW, Yy Rh R R 0 5 B PR AE 10 DS OCHEIT IR 759 P OCRBIOR  (H T3 2 5%
PI4E OF [ 4AFE DF 1 TS1 Y 7&Y) P JCRBECE , — & 3¢ BAEMXT OFL TS1 EGS1 LGS1 ,0F2 } TS2 7E N Y
6 A OCEEIT I P U R B AE W (R 2) o RN T S ] = R R A E AR, SRS &) P
BECR A T BERW (£ 3),

R2 WIS FER(C) T BRRWAZMHRERENZI

Table 2 Effects of species (S) and snow cover (C) on P release rate in the alpine forest

Treﬁi%nts OF1 DF1 TS1 EGS1 LGS1 OF2 DF2 TS2 EGS2 LGS2
Ps 48.21" 77.93"* 10.57 ** 6.78 " 40.83 " 92.77** 20.25"* 132.24"" 7.07* 8.25""

Pc 4.75* 1.29* 594" 1.33 1.80 9.10*" 0.98" 4.16 1.96 0.98

P sxc 9.34"" L.75 3.80" 3.13" 2.01" 7127 0.46 3.22* 1.04 0.68

OF : 45914 Onset of freezing period; DF: IR Deep freezing period; TS: flifti] Thawing stage; EGS: A=K Z=H5 41 Early growing season;
LGS: A KFARM Late growing season; ps: PR Z X BERCREN ; pe: TR R WBERBORATLI; poee : WG TR R BRI
SCHFEM; + P<0.05, + = P<O.0L;YFAER n=12, TYHE n=15

R3 WF(S) EW(C) ERENT) WEBRRWEZDHERENZID

Table 3 Effects of species (S) and snow cover on P release rate in the alpine forest

Kb FH Treatments Ps Pc Pr Psxc Psxr Pexr Psxexr
F 2.924 " 1.153 113.011*" 0.773 16.241 %" 2411 2.325""
P DTS H] R R X BERECR I SEE I 5 p ey 505 I TR AT 3R XS BB HCR IS B0 5 posor : WU T4 5 I ) = R R XS BRI
RS H W ; = P<0.05, = % P<0.01; ¥FPHZE n=12, [HHEE n=15, WEIHEZE n=60

REEWT 4 FE7EY P T BB LRI, BRIRTTISAZANE 1 4EFE A K 2 U745 Y P B 282 mf
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