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Effects of seasonal snow cover on decomposition and car bon, nitrogen and phosphorusrelease
of Picea schrenkiana leaf litter in Mt. Tianshan, Northwest China
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College of Resources and Environment Science, Xinjiang University, Key Laboratory of Oasis Ecology, Ministry of Education, Uriimgi 830046, China

Abstract

Aims The effects of freeze-thaw cycles on seasonal snow thickness may play a significant role in the decompo-
sition process of forest litter in arid areas, whereas the understanding on this issue remains poor. Therefore, our
objective was to understand the effects of snow cover on the decomposition and the carbon, nitrogen and phos-
phorus release of Picea schrenkiana leaf litter, the representative speciesin arid areas in northwest China.
Methods A field experiment was conducted in Mt. Tianshan of Xinjiang from October 2015 to October 2016
using litterbag method. Air-dried leaf litter of P. schrenkiana was put into nylon litterbags and the litterbags were
placed on the forest floor along the gradient of snow cover depth from forest gap to full canopy. Mass loss rates
and carbon, nitrogen and phosphorus release of P. schrenkiana leaf litter were measured at three critical stages
(freeze-thaw period, deep-freeze period, thawing period) under snow cover and the growing seasons (early grow-
ing season and late growing season) during one year of decomposition.

Important findings The results showed that (1) after one year’s decomposition, the decomposition rates of the P.
schrenkiana leaf litter under different snow depths were 24.6%—29.2%, and there were significant difference (p <
0.05) between the decomposition rates under different snow depths. The decomposition constant (k) was highest
under thick snow cover and lowest under no snow cover. (2) The decomposition during the winter snow cover
period contributed 46.0%-48.5% of total decomposition of P. schrenkiana leaf litter in the whole year, and the
litter decomposition was the fastest during the freeze-thaw cycles. (3) With the decomposition of leaf litter, the
nitrogen content of P. schrenkiana leaf litter increased while the content of carbon and C:N decreased roughly.
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There was a significant difference (p < 0.05) in carbon content between different snow treatments in the deep
freezing period and late growing season. The phosphorus content in leaf litter isirregular with the decomposition
of leaf litter. Snow thickness significantly influenced the phosphorus content in leaf litter during freeze-thaw pe-
riod and thawing period (p < 0.05). (4) Net N immobilization during leaf litter decomposition was observed in the
whole snow cover season, C and P were mainly released. Among them, thin and medium snow patches showed
higher carbon enrichment rates in the thawing period. Thin, medium and thick snow treatments in the freeze-thaw
period, no and thick snow treatments in the thawing period and medium and thick snow patches in the late grow-
ing season showed higher nitrogen enrichment rates. In contrast, the effect of snow cover on the release of leaf
litter phosphorus was not significant (p > 0.05).
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Fig. 1 Thickness changes of snow cover in different sampling
time (mean £ D, n = 5). The lowercase letters indicate signifi-
cant difference among different snow cover thickness for the
same sampling date (p < 0.05).
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Fig. 2 Dynamics of soil temperature under different depths of snow cover in the sampling forest. DFP, deep-freeze period; EGS,
early growing season; FTR, freeze-thaw period; LGS, late growing season; TP, thawing period.
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Fig. 3 Massloss rates of Picea schrenkiana leaf litter under different depths of snow cover (mean + SD, n = 5). DFP, deep-freeze
period; EGS, early growing season; FTP, freeze-thaw period; LGS, late growing season; TP, thawing period. The capital letters indi-
cate the difference of same period in different snow thickness. The lowercase letters indicate the difference of same snow thicknessin
different periods (p < 0.05).
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Fig. 4 Proportional contribution (%) of the decomposition in
different periods to the total decomposition of Picea schren-
kiana leaf litter under different depths of snow cover. DFP, deep-
freeze period; EGS, early growing season; FTP, freeze-thaw
period; LGS, late growing season; TP, thawing period.
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Fig.5 Dynamicsof C, N, Pcontentsand C:N in Picea schrenkiana |eaf litter under different depths of snow cover. DFP, deep-freeze
period; EGS, early growing season; FTP, freeze-thaw period; LGS, late growing season; TP, thawing period. initial, initial period. *,
significant difference among different snow cover thicknessin the same period (p < 0.05).
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Fig. 6 Releaseratesof C, N, Pin leaf litter during decomposi-
tion under snow cover with different depths in different period
(mean £ SD, n = 4). DFP, deep-freeze period; EGS, early
growing season; FTP, freeze-thaw period; LGS, late growing
season; TP, thawing period. Different small letters meant sig-
nificant difference among different snow thickness in the same
period (p < 0.05).
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