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Effects of snow cover change on soil microbial community structure in permafrost

region of Great Hing’an Mountains

MA Dalong” , LIU Mengyang, CHEN Hongshuo, JIANG Xuewei, ZANG Shuying
College of Geographical Sciences ,Harbin Normal University , Harbin 150025, China

Abstract; The high latitude permafrost regions are sensitive to global climate change. Revealing the change regularity of soil
microbial community structure under different snow cover conditions is of great significance to predict the response of cold
region forest ecosystem to global climate change. We took Betula platyphylla secondary forest in permafrost region of Great
Hing'an Mountains as the research object. The dynamic change characteristics of soil microbial community structure treated
with natural snow cover and snow shade were compared and analyzed by using phospholipid fatty acid method ( PLFA). The
results showed that the total PLFA content of soil was the highest at the initial stage of vegetation growth and the lowest at
the stage of snow stabilization. Of which the higher PLFA content were 18:2w6,9¢, al5.0, i16:0, 17;:1w8c, 18:1w9¢
and 16: lwSc, and the prevalent PLFA content varied in different periods. The snow shade significantly reduced the
bacterial PLFA content and increased the fungi PLFA content at the stage of snow stabilization ( P<0.05), but it had no
significant effect on soil microbial community structure and diversity in other periods. The redundancy analysis showed that
the total PLFA content of soil, fungi, fungi/bacteria, and gram-negative bacterial were significantly positively correlated
with soil water content, pH and NH,-N, whereas bacteria and gram-positive bacterial were significantly influenced by total

phosphorus, total nitrogen and NO,-N of soil.

HELTE . }E [ ARFE L4 H (41501065 ,41571199) ; 1 15 RFE 54300 H (2017M611381) ; B V144 Ue 3l AR 25 45 A8 75 45 B 3 A A
K% R H (UNPYSCT-2017177)

75 B H#5:2018-11-07; ) £& Hi AR B A :2019-11-20

# W IHAEH Corresponding author. E-mail ; madalong728@ 163.com

http ://www.ecologica.cn



790 A E = 40 %

Key Words:; permafrost; microbial community; PLFA; snow cover

PR X S A HAT F B S R o BE SRR | R e R G P Bl BRI PR BT R A 28 3%, H A 2 2
IR T IR R WA FOCE R R — ) AU R 2 2 B0 LTk SE b X R/ [ 5 L
I, Kapnick %5 W HUAE 22 tH 20T b XA 5 AT i R 82080 . i TR AR B HoA B 5 A A
B I B RS TE - SR AT R A (Y B 2 3 OR R 3 i i B B Ay AR AR
Jb-M S AR XOR =R BT X Z — fERHAF 11 H 2H4F 4 ARATRENRESEE, T R4
Hu DX 4 BRAZ A R BEURR P FVRFAR T | A7 S AR 5 0T 8 A 2855 e 0 DX S P 35 52 W) 075 T 0T 5 1 328 3 o A A1) i
KiE,

MAEY RS RGN EEA R IY , 25 IR AR RERE RS, X I A A7 A RO A2 Ao Sk, ]
LIV R ZE X A A5 R G B U AU A AR b7 o 25 B Ml X A T2 T i DRl 26 PR P RE S O 1 33k
Wy ) HE A AN B S A AR AR ISR, AT R TSR 7R 2= LSRR IR s 24 il 3 U
HECH LB 1 e R SR TR A A T AR O T R A B T D R MR
PG PR AL | T 03 S M JE X AR MRS R S LIV E R S R REE Y JEARSR A T T R3S
REFRIIWETY , T2 A & LU IS BRI UAR M X, X T8 26 B 22 AR U 4 IXOR [ AR5 8 o 2R 10 F R iE
Yy sh B AFFIERI BT ik B =

TR L M X2 3 | E— A PR X, 2 R 4 B AR R 9 2 X, Tl Rk 5 M HZ A,
VT HET L 161 d' BUEXT FRZEHR A E T3 T2, Rk BB S R RS B 5 1,
W BTN SRS 5 R AR BIRR | BOE  ESR K AN A BRI S AR HERO R Y 2 B A
VRS, TS L3 A W i SR A A A PR A R A T2 2 R, O T S A AR AR A 2 AR
DCRRMR A 25 R GE IR, T B — A0 B 5 WU i el 155 058 98 Bl A W e 9 ) 0 28 R T R SC B B B BIL
ABIFFERE IR LW Z2AF TR 1 X A HEUE MO FFE X R 32 -TBEAR AR TR ( PLFA ) 8977 %, 1R AN [A) &5 i B
TSR IR MR A A Sl AL A, LI A TR T 248 05 £ X SRR W A S R, O v
PG MR o 28 52 5 DX R A 25 B e G BRAS A (1 min 1o S AR A P AL $ ERE 220

1 #R57EE

L1 AR5 XA

IR DX AL T PN 558 Tl R % 22 e o 243 JBE 22 4 U = XA 55 R DUMR I JRy P A5 bk 37 (49°32741.32" N—
121°31'42.44" E) . %X & FE AT KPR Z2 XU Ui, 4Rl 2.6 °C AR -47.6 °C =ik 34.5 C,
BRI, TFRIIN, AR iR AN, & T8I AR [ B 350—450 mm , BT 7—8 Ay, 5 &
AEREK Y 109%—20% , ZHE P HE 11 Z0AE 2 A BB IIAT 3k 155 d', REEDARS AR @ AR MR 100 3 2%
M TR IK 79.15% AHYIIETE 1) R 2@ BER T A 2L LK B ( Larix gmelinii) , 77 R )2 38 6 35 U HE ( Betula
platyphylla) . 1145 ( Populus davidiana ) , B2 ¥E ( Betula dahurica) | 5%t #% ( Quercus mongolica ) . F5 ¥ ¥5 ( Pinus
sylvestris) 555 WE K J2 F A 2 B AL ( Vaccinium uliginosum ) . 111 %&F ( Rubus corchorifolius ) . 2% % ¥t f%
( Rhododendron dauricum) ¥ ( Rosa davurica) F5ERS5 444 ( Spiraea blumei) 55 ; FIA |2 32 BT 2110 6 B &
( Pyrola incarnata) Mk ( Sanguisorba officinalis) KW EFHi 52 ( Vicia pseudorobus ) s3] T A7 ksl Rtk
SEN R T, K D6V A B BIIR 3726 0 DR TET AR ) AR A bR, Wh 2 X KR 7 K A AR (S
S5 S A AV A 2 Dy T EA 28 R R R A

ARAIE B (975 5 PORHR R S I8 A Bl F |, 7 A AR MR RN 7 28 AL — B0y MR AR AR R 2 3 50 mx
50 m AHFE 100 m AYIREAE Y , 4351 FAR RS RISy BRE JREBE FH 35 RO &, ZERE T HT (10 A1) R X
RILTEE S DHATUE S, TAN 5 mxS m, =28 1.5 m A9 XU S50 (218 3R £ 0 S0k R 7 25 18Ol

http ; //www.ecologica.cn



34 SRS A5 BRSO RSB AR U X AR W 25 M (5 791

KA 0%) ,ETWEHE, 162 PR iR )2 T3 5 em 235130 % 1 & +HEIR B [ 30 % I 3% ( Watchdog
2400,USA) , B 1 hidsg | YR BEEE . 2015 AERETIHM 10 H 11 HZE=RAE3 H 27 H AL R 2 140
d, FIETESE M 10 AV RS RIKAE 9 A K 2R | 1% 3 2 /R RRE N 110 em,
1.2 3R et o e

R AR TS IE U (2015.11.1, MR TP BUA R ) RS FR 2 11 (2016.1.13 , RS TR EE A Bl i K
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Fig.1 Snow depth, soil temperature and water content under different snow cover conditions
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Fig.2 Soil physical and chemical properties under different snow cover conditions
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Fig.3 The type and content of soil microbial phospholipid fatty acid under different snow cover conditions
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Table 1 The content and ratio of soil microbial phospholipid fatty acid under different snow cover conditions
N SRS R iR Bk HEA 2 [GBAPE R/ I
;'Zz?j 'f?me Trfi fim Tﬁi?ulfslg}itk Ba(Te%:a/ Fun[j/ Eﬁ%[&lﬁﬂ 'ﬁ% Ffﬁéﬁiiia
(nmol/g) (nmol/g) (nmol/g) G*:G™ ©

BRI (11 7) AARE 28.2+4.62B  16.23+1.26B  8.99+0.91B 0.75+0.06B 0.55+0.03B
The stage of snow formation WL 27.99+5.03b  15.92+1.81b  8.89+0.38b 0.78+0.11b 0.56+0.07b
MEREM (1 A) AT 25.56+2.43C  12.32+1.75C  10.19+1.15A 0.37+0.06C 0.83+0.11A
The stage of snow stabilization W 24.41+2.57¢  10.26£2.0lc  11.77+0.73a 0.44+0.02¢ 1.14£0.08a
HIRMEIH (2 A) AT 28.27+2.05B  17.72+1.63B  8.61+0.65B 0.63+0.17B 0.49+0.05BC
The stage of snow melt W 28.32+3.84b  16.79£0.56b  8.94+1.42h 0.72+0.05b 0.53+0.06b
MR A K ZERI (4 H) HIRRT 33.81x4.71A  23.01:£2.68A  8.02+0.76B 1.48+0.18A 0.35+0.05C
The initial stage of vegetation growth W 33.95+2.14a  22.69+1.32a  8.54+0.57bc  1.52+0.25a 0.38+0.04bc
fawAE K ZFEPI6 H) AT 31.27+4.25A  21.48+2.14A  7.04+0.82C 1.75+0.28A 0.33+0.03C
The middle stage of vegetation growth WS 31.17£3.32a  20.64£1.91a  7.4920.71c¢ 1.96+0.33a 0.37+0.02bc
B ERZRLI(9 A) HARFE 31.04+3.86A 21.66+1.87A  6.62+1.05C 1.83+0.15A 0.31+0.06C
The end stage of vegetation growth WS 30.39+4.39a  20.69+0.74a  6.93+0.89¢ 2.15+0.38a 0.33+0.04¢

TP EE N TP AR 2 AR R B PR AR BT MU E2ZF BE (P<0.05) ; AA/NG FEACRME T A A M 22 7 B (P<
0.05)

R2 TRAREBEFHTLHEREMSHEE

Table 2 Soil microbial diversity under different snow cover conditions

AR ] A3 ZREEREEL PRFBEFE R 5 BEFR
Sample time Treatment Shannon Wiener index Simpson index Melntosh index
MBI (11 A) AARRE 2.328+0.035B 0.096=0.003A 10.944+0.698B
The stage of snow formation B 2.374+0.021b 0.092+0.007a 10.851x0.325h
MEREH (1) AR 2.136+0.047B 0.103+0.009A 9.41120.752B
The stage of snow stabilization WL 2.047+0.059¢ 0.098+0.004a 9.127+0.332¢
AR (2 1) RS 2.296+0.106B 0.084+0.005A 11.745+0.915B
The stage of snow melt B 2.208+0.081b 0.081+0.011a 10.297+0.768bc
HEPAERKFRIHI(4 A7) AR 2.792+0.065A 0.071=0.006A 17.259+1.615A
The initial stage of vegetation growth i 2.727+0.033a 0.075£0.003a 17.982+0.871a
HEERKFE P (6 A) AR 2.653+0.078A 0.073+0.015A 15.622+0.496A
The middle stage of vegetation growth i 2.668+0.064a 0.078+0.009a 14.854+1.247a
FPAERKFERBI(9A) AR 2.521+0.053A 0.077+0.008A 13.758+1.058A
The end stage of vegetation growth WL 2.547+0.099a 0.072£0.002a 13.925+0.893a

RARBE N I AR E2E R RRE R AR A B 8] 22 57 B35 (P<0.05) s AN JA/NE P AR T AL BT 1] 22 53 3% (P<

0.05)

3 Wit

HT T AR R B A5 ORI T 28R, BUOR PHAR S 7R AR T 8 i T A BB 3 31 0k - e Sk i, AR A 41 o)
B B AR TR 94 1) I SELAS: - S T K B 5 S R P IR AL 38 5 Ak B ) 395 25 RAT DR B AV )
T, e RS2 R RO R 11 A ZRAFE 2 H A3 5 em HURART ARG AL R, S BISRH HE
B AR LA 22 3R B S I 4 2 1 S (Y VR 45 O VR OACR AN AR ) LR %, Williams 557 78 5
L AIAE AR 3t XA BT ST 25 AR 3R I, SR D T B ot | IR 2 ST, R R SR, - R 2 R — 2P
B e A TN S KA — R BRI, 7R AT AR e A I T, B AR 0 S K
BER TS, X ERZESHT UK ARG N BN, VF 20T TS S K R i
YIRS G RACRA AR R 22 AR R B, S5 R AR AR5 AL By 13
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FERR S Rl AL R A K I I U Y A AR VR 25 A TC 2 25 S LR R AT B2 TR Rl b 5 | ke
) I e = 398 5 7K i T 6 3R M s A B

HAl, TR S E S HRMAE LSRG LMY m s TS, AR R EREE
T 7R Al 2 I S AR - SR AR K S | AN ) 4 78 5 Ao ) RN 25 VR B AR T R 1t el AR i A A i 235 A4 i ot
+HEE SR IEH AL BTN AE S A I ) Broder 2570 X IR IEL 2= A AR BIF 98 45 SR WoR , RS R
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