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Seasonal effects of snow cover on soil soluble carbon and nitrogen content and
microbial activity

WANG Enliang, WEI Chang
(School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Global warming is becoming increasingly serious, and the complicated climate change situation has led to obvious changes
in global snow cover patterns. Therefore, we explored the effects of future climate warming on the physical and chemical properties
of black soil in Northeast China. This study adopted the method of artificial snow depth control from November 2020 to May 2022
and divided the plots in the test area into three treatment groups: snow increase (TS), snow removal (TR), and control (C). Soil envir-
onmental factors, available carbon and nitrogen contents, microbial biomass, urease activity, and sucrase activity were determined.
The seasonal dynamic change process of each index was analyzed. Long-term field experiments showed that snow removal signific-
antly reduced soil temperature and humidity. In addition, lower soil temperature and humidity accelerated the release of soil nutrients,
and significantly increased the contents of soil nitrate nitrogen and ammonium nitrogen in early winter, while the opposite was true
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with snow increase treatment. However, from the beginning of the deep snow period, the snow removal treatment caused a loss of soil
inorganic nitrogen to a certain extent while increased contents of soluble organic carbon and nitrogen. The snow removal treatment
maintained soil microbial activity at a high level for most of the winter. However, at the end of winter, owing to the rapid release of
soluble organic matter under snow treatment, soil microorganisms under snow treatment absorbed a large amount of nutrients and ex-
ist in a more suitable soil environment, which significantly increases the soil microbial activity under the snow treatment. However,
owing to the loss of heat insulation from snow cover, a large number of microorganisms decomposed and died at this time, which sig-
nificantly reduced soil microbial activity. Before and after the test period, snow treatment significantly increased the soil microbial
activity by 23.07 mg-kg™, and snow removal treatment significantly increased the soil microbial activity by 11.92 mg-kg™, with a dif-
ference of 93.5%. The decrease in snow cover significantly decreased the activities of soil urease and sucrase during most of the
winter, and the activities of soil urease and sucrase were significantly increased by snow treatment. These results show that the activit-
ies of these two enzymes increased significantly by more than 10.5%. In summary, this study demonstrated that changes in snow cov-
er in the future will lead to changes in the dynamic change characteristics of soil available carbon and nitrogen and microbial activity,
and the influence of snow cover change on soil enzyme activity will also indirectly affect the soil nutrient cycling process and physic-
al and chemical properties of soil. The results of this study provide a theoretical foundation and scientific basis for further research on

the material cycle of terrestrial ecosystems in the black soil region of northeast China in the context of climate warming.

Keywords: Climate warming; Variation of snow cover; Available carbon and nitrogen; Microbial activity
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Fig. 1

Changes of soil temperature (a) and humidity (b) under different treatments

C: IEH BE X IR, TS: FUE MIZRALEE; TR: BRZE AL, C: normal snow cover control; TS: snow deepening treatment; TR: snow removal treatment.
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Fig. 2 Changes of soil available carbon and nitrogen under
different treatments at different periods
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DSC: deep snow period; SCM: snowmelt period; EGS: early stage of crop
growth. Different lowercase letters in the same period indicate significant

differences at P<0.05 level among different treatments.
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Fig. 3 Changes of soil microbial biomass carbon and nitrogen
contents under different treatments at different periods
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deep snow period; SCM: snowmelt period; EGS: early stage of crop growth.
Different lowercase letters in the same period indicate significant differ-

ences at P<0.05 level among different treatments.
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treatments at different periods
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growth. Different lowercase letters in the same period indicate significant

differences at P<0.05 level among different treatments.

S AT IR RS TR B AR S, e
T, BT A B RN T R HLER A AL A
i, Hop B0 ECE HLAR SN 2.43 gkg !, B
PLA & 558 A0 2.69 mg-kg . T E Y R R AT fig

1) B 0/ 38 i T+ S VR R SRR, IR T+
SRR E S5, o - 5 K A SR AR R T /N AT R
A, T B B 1 A U 3 O DK 1 R B A
LR KL T, B R R R . N TR
YR, KA IR e e AR Y, 2) R A
IRUREL B0, 0 TR V0 LA KOS R R 1 % i
56T, dEm R A AL i A Al
4, TS A B E BN T 4 3 A HLER DL TEHLR
i, PR AP SRR T & i, X 5 Liang %Y
T g R —2, EZEHEATEEA LT 3 45 1) Al
AT bR AL, 0 Ak B A A IR BT Tk I E AT A
AT DL ol A 0 B R 6 v A 39 e, e - 49 U1

FLYITE TR T e, fE XAt FE i, @ 2 —E i IR
SR IRAHA AT AT, BT ABR 55 AR BN 9 1R AR A )l e
TE MG IR WS — 5 1 7R 4 R A B AR KRB,
3) TS B £, TR r LA T REAE
Fl = S BE 5 Rl KB A B s, SO SR A, T
P FR R MRS Es R T LU I, B
P18 D 2 o ) PN 2 T 9 14 R R PR R, 18 -
S AL LA K TE ML R & 2 i3 RO R, (EL K
WMmERE, IR PRI R L TR
TR DR A T 23 18 52 5 25 A VR A A, T
R H B MRS, SR R R SR At
FEIE L, T IR 5 Ak L AR T TR
A PLER RS B, EEAT 3 M S, TR
APLBAE R L P BN TG R 4 0r 2 —, Z URRl
Ml 52 A, T SEE 00 565 ) O il Xl A 0 D R A 0 A AR 22
M R A, AT B A3 B 22 AN RS 0 I A A L
P07 HR, ST A HLAR R R A R
Yror A LS, MRS WITR, Tk & TSR
PREAEH], S EORE BIERUE YRR AL T, VI T 4
SRR AP AR IR, B, BEA BT WS, g
Ak BT (1 Bl S5 AU A P A, I T - el
SR ING e T
33 ATTUMNTIRMEMERRIFT

e S G5l A W B A A RT BE R ) e S AT LB i
Feor 0 AL ANAE S B2 A T P i A
S A R AR AL W LB AT 19 15 R AR FEASHT
FEH, A AR S A A AR R RS
31, e Ak PR FE RN T SRR YR AR R, BR
A P R AR T R A i R, T X
— 25 R T D AT BE R A R R R A B U K
S 2 SRR M A E, R R RUEY)
SLRFET, DT L S A= W i A . TR 5 30 1A
L Rl S5 AN () b B 1) - 2R A A 5 R 3
HB, EEFA AT 1) 7R S WA T ay <
0] - 9 T A AL AR A AT A LA R, T
PR 1980 25ty T B VRl AR A BR T AL B
AL ) R AR ST, AT ) 338 R 1 R ]
PEFR I, X — B3 F7 0 o e g v Sl A MR A1 T
BJTT, W H R4 R LA 2 A B i B R R R
2) il AR op, S AR BER R Rl KB AR L
Hh, A S P A R TGRS, IR AR
S R AR A AR IR TS R RIAL R Y
Tl A o g SR H A AR T IR B 8 35 0, 1 I BT

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1982

AR RO 24k (R 3E3C) 2023

H31E

Xof - S ACAE W 1) BTRK RO, T A BR S A AT X
B, DO AR BN U PR ) ek A R T TR A
AL XAt Ul A AR AR AT L AR W eV A5 A Y
MR 2 2%, 10 R A A A 2R

4 g

U AR Al AT LA 3508 R4S M T 2 ) 4 e
A R, S BCIER K LR R A, BT TR
R T T AR - M O 4R 5 O 1 R ) SR R AN
Y SR BE, BN A ZOR M) (Rl 5 30)) R oA PLAKR
FICHLR S i, MiAE &2 540, I 7 2 R
APUBR . AR R RV Y3 P AR, IR
B JEI g NI P Y e uk e 7 G2 R 7/ T Y A
W =5 Ak P - 8 F A 0 S S, S 5 ) - 4
AR IRETE A I AT DL o AN, AR 42 E o i
() L, B =5 b B 5 AR 1 L S A, S Ak P
FHI T R 28 BRI, AR MS b
PE— B RIE T AL 0 25 e 0 26 0 A,
ASY] oA A A A BRG0P x4 57
G (8 5 T B A B A A

S E#k References

[1] MARCHAND P J. An Introduction to Winter Ecology[M]. 3rd.
Hanover, NH: University Press of New England, 1996
[2] EDWARDS A C, SCALENGHE R, FREPPAZ M. Changes in

the seasonal snow cover of alpine regions and its effect on soil

E

processes: a review[J]. Quaternary International, 2007, 162/163:
172-181

[3] PACHAURI R K, MEYER L A. Climate Change 2014:
Synthesis Report. Contribution of Working Groups I, I and
I to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change[R]. IPCC, 2014

[4] Tks, T, XUBFAR. 30 1SR VT BT IR X A 4 7
AR5 AR SR AT BT [CY/ =T IR X AL A 5 T ek K
E AR 2B SR EHC . P5°T, 2005: 15
DING Y J, WANG J, LIU S Y. Analysis of land cover change
and evolution pattern in the source region of the Yangtze River
and the Yellow River in the past 15 years[C]//Compilation of
abstracts of papers of High-Level Symposium on Ecological
Protection and Sustainable Development of Sanjiangyuan
Region. Xining, 2005: 15

[5]1 ZERG3E. 35 80 IS AR 25 X 4 TR AR 2 A 0 17 [T]. b B2 4R
1996, 51(3): 260—265
LI P J. Response of Tibetan snow cover to global warming|[J].
Acta Geographica Sinica, 1996, 51(3): 260—265

[6] BREE, XEWME, Foo. BIEE T IEW IR LXK
AR, TRIXHIE, 2015, 32(3): 435-441
WEI T F, LIU Z H, WANG Y. Effect on snowmelt water
outflow of snow-covered seasonal frozen soil[J]. Arid Zone
Research, 2015, 32(3): 435—441

[71 KAPNICK S B, DELWORTH T L. Controls of global snow

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

under a changed climate[J]. Journal of Climate, 2013, 26(15):
5537-5562

MEFE, THEE, 2884k, 55 F iR XS AR SR
RE[Y]. HIEEVEY), 2018, 7(4): 389-398

ZHENG S J, YU X F, LUAN J H, et al. Ecological effects of
snow in seasonal frozen soil region[J]. Soils and Crops, 2018,
7(4): 389398

Wi, TS, TERH, % DHIREERRS A LA R
W W B I] AR AIRBE S, 2014, 23(4):
593-597

HU X, YIN P, WANG Z Y, et al. Preliminary study on the
effect of snow depth and snow duration on soil N dynamics[J].
Ecology and Environmental Sciences, 2014, 23(4): 593-597
BRANDT A C, ZHANG Q Q, CACERES M L L, et al. Soil
temperature and soil moisture dynamics in winter and spring
under heavy snowfall conditions in North-Eastern Japan[J].
Hydrological Processes, 2020, 34(15): 3235-3251
WK, sk, UREE, AR IV KA
AT RASRIGWBL]. T, 2021, 44(4): 889-896
GULIMIRE HANATI, ZHANG Y, SU L T, et al. Response of
water and heat of seasonal frozen soil to snow melting and air
temperature[J]. Arid Land Geography, 2021, 44(4): 889—896
ADELISARDOU F, JAFARI H R, MALEKMOHAMMADI B,
et al. Impacts of land use and land cover change on the
interactions among multiple soil-dependent ecosystem services
(case study: Jiroft Plain, Iran)[J]. Environmental Geochemistry
and Health, 2021, 43(10): 3977-3996

MA R M, JIANG Y, LIU B, et al. Effects of pore structure
characterized by synchrotron-based micro-computed
tomography on aggregate stability of black soil under freeze-
thaw cycles[J]. Soil and Tillage Research, 2021, 207: 104855
UEDA M U, MULLER O, NAKAMURA M, et al. Soil
warming decreases inorganic and dissolved organic nitrogen
pools by preventing the soil from freezing in a cool temperate
forest[J]. Soil Biology and Biochemistry, 2013, 61: 105—-108
W, R, BTE, . GRRICRIIVEIE &L/ AR
MR A K fige I M AR AR (). 0 AR A R, 2011, 22(5):
1162—-1168

TAN B, WU F Z, YANG W Q, et al. Soil hydrolase
characteristics in late soil-thawing period in subalpine/alpine
forests of West Sichuan[J]. Chinese Journal of Applied Ecology,
2011, 22(5): 11621168

MATZNER E, BORKEN W. Do freeze-thaw events enhance C
and N losses from soils of different ecosystems? A review[J].
European Journal of Soil Science, 2008, 59(2): 274—284
SULKAVA P, HUHTA V. Effects of hard frost and freeze-thaw
cycles on decomposer communities and N mineralisation in
boreal forest soil[J]. Applied Soil Ecology, 2003, 22(3):
225-239

HENTSCHEL K, BORKEN W, MATZNER E. Repeated freeze-
thaw events affect leaching losses of nitrogen and dissolved
organic matter in a forest soil[J]. Journal of Plant Nutrition and
Soil Science, 2008, 171(5): 699-706

FREPPAZ M, VIGLIETTI D, BALESTRINI R, et al. Climatic
and pedoclimatic factors driving C and N dynamics in soil and
surface water in the alpine tundra (NW-Italian Alps)[J]. Nature
Conservation, 2019, 34: 67-90

SARDANS J, PENUELAS J, ESTIARTE M. Changes in soil

http://www.ecoagri.ac.cn


https://doi.org/10.1016/j.quaint.2006.10.027
https://doi.org/10.11821/xb199603008
https://doi.org/10.11821/xb199603008
https://doi.org/10.1175/JCLI-D-12-00528.1
https://doi.org/10.1002/hyp.13794
https://doi.org/10.12118/j.issn.1000&ndash;6060.2021.04.01
https://doi.org/10.12118/j.issn.1000&ndash;6060.2021.04.01
https://doi.org/10.1007/s10653-021-00875-5
https://doi.org/10.1007/s10653-021-00875-5
https://doi.org/10.1016/j.still.2020.104855
https://doi.org/10.1016/j.soilbio.2013.02.016
https://doi.org/10.1111/j.1365-2389.2007.00992.x
https://doi.org/10.1016/S0929-1393(02)00155-5
https://doi.org/10.1002/jpln.200700154
https://doi.org/10.1002/jpln.200700154
https://doi.org/10.3897/natureconservation.34.30737
https://doi.org/10.3897/natureconservation.34.30737
http://www.ecoagri.ac.cn

12 4

TEI R A B AR A ] ST e 2 ek A Wi A A 2= PR

1983

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

enzymes related to C and N cycle and in soil C and N content
under prolonged warming and drought in a Mediterranean
shrubland[J]. Applied Soil Ecology, 2008, 39(2): 223235
GROFFMAN P M, DRISCOLL C T, FAHEY T J, et al. Effects
of mild winter freezing on soil nitrogen and carbon dynamics in
a northern hardwood forest[J]. Biogeochemistry, 2001, 56(2):
191-213

CHEN Y M, LIU Y, ZHANG J, et al. Microclimate exerts
greater control over litter decomposition and enzyme activity
than litter quality in an alpine forest-tundra ecotone[J]. Scientific
Reports, 2018, 8: 14998

B, KA, RSO RACBR LR ERHER AR MRS
SERERL)]. P ERRERERE T, 2021, 36(10): 12031215

AO M, ZHANG X D, GUAN Y X. Research and practice of
conservation tillage in black soil region of northeast China[J].
Bulletin of Chinese Academy of Sciences, 2021, 36(10):
1203—-1215

EM, B, REL KRG X T 30afR S5 K R AR LR AE
SIT[CY/AE 26/ T KR AR SR Sy 2 518 SR
BUM, 2009: 616-621

WANG M, GE L, WU W. Variation of the snow and frozen soil
over Daxing’anling area and their relations to climatic change[C]//
Proceedings of the 26th Annual Conference of the Chinese
Meteorological Society on Climate Change. Hangzhou, 2009:
616-621

JONES D L, WILLETT V B. Experimental evaluation of
methods to quantify dissolved organic nitrogen (DON) and
dissolved organic carbon (DOC) in soil[J]. Soil Biology and
Biochemistry, 2006, 38(5): 991-999

W, TR, mKE, % ORGSR AR R XS
B EMRE LK G B AR (7], A3 E i, 2012,
32(23): 7289-7301

CHANG J, WANG G X, GAO Y H, et al. Impacts of snow
cover change on soil water-heat processes of swamp and
meadow in permafrost region, Qinghai-Tibetan Plateau[J]. Acta
Ecologica Sinica, 2012, 32(23): 7289-7301

CUSACK D F, SILVER W L, TORN M S, et al. Changes in
microbial community characteristics and soil organic matter
with nitrogen additions in two tropical forests[J]. Ecology, 2011,
92(3): 621-632

3, Z/h=s, ERE. TR0 X BT AR pR A e
BT ARRFAELT]. JKNPR L, 2014, 36(6): 1353-1362
BO Y, LI X L, WANG C H. Seasonal characteristics of the
interannual variations centre of the Tibetan Plateau snow
cover[J]. Journal of Glaciology and Geocryology, 2014, 36(6):
1353-1362

MUHAMMAD I, YANG L, AHMAD S, et al. Nitrogen
fertilizer modulates plant growth, chlorophyll pigments and
enzymatic activities under different irrigation regimes[J].
Agronomy, 2022, 12(4): 845

XU, FEHE, VIR, SF S R AR R R
R SRR [)]. IR, 2009, 46(1): 46-51

LIU S, YU G R, QIAN Z S, et al. The thawing-freezing
processes and soil moisture distribution of the steppe in central
Mongolian Plateau[J]. Acta Pedologica Sinica, 2009, 46(1):
4651

(311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

NIELSEN C B, GROFFMAN P M, HAMBURG S P, et al.
Freezing effects on carbon and nitrogen cycling in northern
hardwood forest soils[J]. Soil Science Society of America
Journal, 2001, 65(6): 1723-1730

EDWARDS K A, MCCULLOCH J, KERSHAW G P, et al. Soil
microbialand nutrient dynamics in a wet Arctic sedge meadow
in late winter andearly sprin[J]. Soil Biology & Biochemistry,
2006, 38: 28432851

LIANG Y J, DENG X, SONG T, et al. Influences of seasonal
freezing and thawing on soil water-stable aggregates in orchard
in high cold region, northeast China[J]. Chinese Geographical
Science, 2021, 31(2): 234-247

KEE, T, RUUR, % AERFAE R 2R R AL
B A B B R A HLBR S B R R [T]. K PR
i, 2018, 32(1): 204-209

ZHU G J, YI H, WU M G, et al. Effects of spring thawing
process on soil microbial biomass carbon and nitrogen and
soluble organic carbon and nitrogen in two temperate forests[J].
Journal of Soil and Water Conservation, 2018, 32(1): 204-209
ZOU W J, SHA L Q, SCHAEFER D, et al. Direct effects of
litter decomposition on soil dissolved organic carbon and
nitrogen in a tropical rainforest[J]. Soil Biology and
Biochemistry, 2015, 81: 255-258

ALTOMARE D F, DE FAZIO M, GIULIANI R T, et al.
Sphincteroplasty for fecal incontinence in the era of sacral nerve
modulation[J]. World Journal of Gastroenterology, 2010,
16(42): 52675271

TIERNEY G L, FAHEY T J, GROFFMAN P M, et al. Soil
freezing alters fine root dynamics in a northern hardwood
forest[J]. Biogeochemistry, 2001, 56(2): 175—-190

GOLDBERG S D, MUHR J, BORKEN W, et al. Fluxes of
climate-relevant trace gases between a Norway spruce forest soil
and atmosphere during repeated freeze-thaw cycles in
mesocosms[J]. Journal of Plant Nutrition and Soil Science,
2008, 171(5): 729-739

LARSEN K S, JONASSON S, MICHELSEN A. Repeated
freeze-thaw cycles and their effects on biological processes in
two Arctic ecosystem types[J]. Applied Soil Ecology, 2002,
21(3): 187-195

XIAO W, CHEN X, JING X, et al. A meta-analysis of soil
extracellular enzyme activities in response to global change[J].
Soil Biology and Biochemistry, 2018, 123: 21-32

WEE, RWE, MIRE, S5 THRERI S L2k
282 L MO W A e T R ] R (A ) e S I ],
NEFHAE SR, 2012, 23(7): 1809-1816

YANG Y L, WU F Z, HE Z H, et al. Effects of snow pack
removal on soil microbial biomass carbon and nitrogen and the
number of soil culturable microorganisms during wintertime in
alpine Abies faxoniana forest of western Sichuan, Southwest
China[J]. Chinese Journal of Applied Ecology, 2012, 23(7):
1809—-1816

DERAKSHANI M, LUKOW T, LIESACK W. Novel bacterial
lineages at the (sub) division level as detected by signature
nucleotide-targeted recovery of 16S rRNA genes from bulk soil
and rice roots of flooded rice microcosms[J]. Applied and
Environmental Microbiology, 2001, 67(2): 623—631

http://www.ecoagri.ac.cn


https://doi.org/10.1016/j.apsoil.2007.12.011
https://doi.org/10.1023/A:1013024603959
https://doi.org/10.1038/s41598-018-33186-4
https://doi.org/10.1038/s41598-018-33186-4
https://doi.org/10.1016/j.soilbio.2005.08.012
https://doi.org/10.1016/j.soilbio.2005.08.012
https://doi.org/10.5846/stxb201202290273
https://doi.org/10.5846/stxb201202290273
https://doi.org/10.5846/stxb201202290273
https://doi.org/10.1890/10-0459.1
https://doi.org/10.3390/agronomy12040845
https://doi.org/10.2136/sssaj2001.1723
https://doi.org/10.2136/sssaj2001.1723
https://doi.org/10.1007/s11769-021-1187-7
https://doi.org/10.1007/s11769-021-1187-7
https://doi.org/10.1016/j.soilbio.2014.11.019
https://doi.org/10.1016/j.soilbio.2014.11.019
https://doi.org/10.3748/wjg.v16.i42.5267
https://doi.org/10.1023/A:1013072519889
https://doi.org/10.1002/jpln.200700317
https://doi.org/10.1016/S0929-1393(02)00093-8
https://doi.org/10.1016/j.soilbio.2018.05.001
https://doi.org/10.1128/AEM.67.2.623-631.2001
https://doi.org/10.1128/AEM.67.2.623-631.2001
http://www.ecoagri.ac.cn

	1 材料与方法
	1.1 研究地概况
	1.2 试验设计
	1.3 土壤采集及环境因子测定
	1.4 土壤化学分析
	1.5 数据统计与分析

	2 结果与分析
	2.1 土壤环境因子
	2.2 土壤有效碳氮
	2.3 土壤微生物量碳氮
	2.4 土壤酶活性

	3 讨论
	3.1 积雪变化对土壤水土环境的影响
	3.2 积雪变化对土壤有效碳氮的影响
	3.3 积雪变化对土壤微生物量碳氮的影响

	4 结论
	参考文献

