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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.
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KA 0%) ,ETWEHE, 162 PR iR )2 H1E 5 em £ 5130 % 1 & B2 B [ 30 % I 3% ( Watchdog
2400,USA) , B 1 hidsg | YWIRBEEME . 2015 AERETIHM 10 H 11 H B RAE3 A 27 H AL R 2 140
d, BIEFESNE M 10 AV RSB KAE 9 A AR 23R | 1% 3 2 /KRN 110 em,
1.2 Ak e

R AR TS IE U (2015.1 1.1, MR TP A R ) RS R 1] (2016.1.13 , RS TR EE A Bl i K
4 33.15 em) FUEREEI(2016.2.25, KA 5] 0 C UL RIS R4 RLL) MEwiA K 48] (2016.4.5, 1S
JRIRE R 0 C LA EARBOIT 4R A 1K) Al Bl AR K = B (2016. 6,30, A8 AR KIE B ) | A B A K FR R M
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18:1w7¢ 18:109¢ Hl 19: lwbe FKFKAF;14:0,15:0,16:0 180 10F — B4 ; E#H 18:206,9¢ HKFEKAL;
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1.4 3o
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Wiener $5 %8 . Simpson 8 %0 F1 McIntosh $§%0#1E , iz | BIO-DAP BT E . HEMAEY) PLFA F 0505
7 ( Principal component analysis, PCA ) F1TU4% 43 #7 ( Redundancy analysis, RDA ) 7 £ JC4 1143 #7184 Canoco
5.0 T,

2 EREH
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Fig.1 Snow depth, soil temperature and water content under different snow cover conditions

(0.74 mg/kg) (HI2E A RE (P>0.05) . HHEBA NI (TOC) & 7E AT IY MUY B B R K S HIRAR,
METE AR T R, B (30.95.27.38 g/kg) ¥ T HARFRE (28.54.25.46 g/kg,P<0.05) . - HEdk
SA(NH,-N) FRIEASRALES B 5 T HRE (P<0.05) ; S A (NO,-N) S ETE RS R M e,
P A K W I B AR, 7R AR T R A DI =5 0 28 1 T A SRR (P<0.05) , Ho A0 (8] JC Wt 2 1 2% 5% (P>0.05)
2.3 A Ab R A R MR TR SR RRAE

FE L ARBE 5 b 39 P RS 21 AR AT 20 A PLFA 2B HUS 8K F 0.1 nmol/g 19 13 Fff PLFA
PEAT A, LA 22 LR PR (GT) 3 A 22 [RBHME R (G ) 4 b — P4 TR 2 Fb  FCR 1 AP AR TUTR (AM)
1Rl R 1 MR ARSI 1 B, B 3 AT, 185206, 9c U A g, i MRS NG 5 R 1Y 15.17%—
42.44%;al15:0.i16:0,17: lo8c .18 1w9c Fl 16 1wSc B L F & g 15 L & & 1 37.16%—57.57% , i B iX 6 Ff
PLFA J& T3 Yy BB (R FI N I 3 PLRA SR —E 25, Hd, AR S A + 15
al5 .0 S EETEAE AR R R Ay, RV e S0 e I 71T 88 5 A L b ) Sy A s 2 R 2 v B e ey, AR 5 e 10
5517 lo8c FmAE H AR T A IR b o AT Rl A I B 5, AR I8 U A AR, 7 88 =5 Ak 38 v ) Sy i e A 4 2
H b s, B AR R AR, S A FRANAE B R ) 3 PR AR 181 1w9e & £ HG M 18: 206, 9¢ & 5t (P<
0.05) , X AU SR AE VR S5 AR S AN 1 3

HETREAS [ o 9 I A ) PLFA (52 A ANF (£ 1) . EBEIRNIEINIMR (PLFA) & #7805 H24.41—
33.95 nmol/ g, FEAE B A K B W e, AR E Fu WAk, HAE K 0 25 3 TS 1 (P<0.05) . HIERUEYIL
TSR, A8 PLFA 500 42.03%—69.79% , A= K 01 8 35 v TRV 3], I 5 5 PR AR S
FE AR PLFA 4 (P<0.05)  FLIE7E RS Fe e Wi =, 7390024 10.19 nmol/g 1 11.77 nmol/g; FEAE# A4 K
TR AR, 23594 6.62 nmol/g 1 6.93 nmol/g, HE 5 5 35 1N RS F2 58  EL T PLFA & (P<0.05) , T
Ab PR Y A A 22 TG P TR R 2 [R I ME TR PLEA 3 OB (GG ) B T FAR RS (A5 Rk 3] i 3 K
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Fig.2 Soil physical and chemical properties under different snow cover conditions

PR AR T 0 T A R0 T ol 1 I R 5 R B A L T/ A 7 LU A (P<0.05)
2.4 A[FEACIRIRA W) AR R

T BT YIRS A AT 4 SRR WY 20 T X0 4% I 4 - ST A W RV A AR B R A W R (R
2), Shannon Wiener Z2FEPEFE BN Mclntosh 34727 B 48 B0 e i (B35 S BRAE AR 9 AR K ZR w0 300, 200l Ry 2.792
2.727H1 17.259 | 17.982 ; M Fe I H IR AE AR TS B2 3, 40 3 oy 2.136,2.047 1 9.411 9.127 (P<0.05) , Simpson
P35 BE R EON 5 22 b B e e {E S IRAE AR S A2 I, 23 531124 0.103 F1 0.098 ; TN F A 1 B AE Al 9 A K 2= 18
4398 0.071 F10.075,
2.5 HHEHEY PLFA FERU 0T

SRy it — 20 A 5 R GRS A 0 5 M, B EBUAS [R) B B SR S5 R [ AR AR A B - S Y
13 FFAE PLEA 347 E R0 00 (B 4) o G5 3RW AT 2 A FE RS (PCL AT PC2) S [a] fif B o A 1 S 28 R 1)
83.4% , FEAT] L4 1] [ M AIF 92 DX 3 - A WU RV S5 A 0 0 S RRAE o A () 30 1 S A W BV S i B FE A
WX HER B SR SRS R AR A T GO T AR B A A S5 R T
55 2 F AT ARENS B 43T, 1 H AR B R 5 A B ) A S A W BETE A5 A A N AL, PLFA ) 4h 28 Ar (K]
T, XA 1 3 Ao 3 B4R G PLFA 4 i16:0 1 18:2w6,9¢, 1fii al5:0.,18; 1w9¢ Fl 16: lwSc Xf
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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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F1 FAEREBZEHTIEREYESAHBEREIBRIERLE
Table 1 The content and ratio of soil microbial phospholipid fatty acid under different snow cover conditions

R BRIRNR IR AT HH B2 R/

;izfl?me '1‘r£jim Total PLFA/ Bacteria/ Fungi/ 2 R Ffﬁi}iﬂiia
/ o (nmol/g) (nmol/g) (nmol/g) G*:G™ ° i
IR (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) HIRRT 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 WS 24.41+2.57¢  10.26£2.0lc  11.77+0.73a 0.44+0.02¢ 1.14£0.08a
HE R (2 ) ARE 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 WS 28.32+3.84b  16.79£0.56b  8.94+1.42h 0.72+0.05b 0.53+0.06b
AR TR (4 1) ARE 33.8124.71A  23.01£2.68A  8.02+0.76B 1.48+0.18A 0.35+0.05C
The initial stage of vegetation growth WS 33.95+2.14a  22.69+1.32a  8.54+0.57bc  1.52+0.25a 0.38+0.04bc
AR ZETI(6 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
AR ERITOOA) AT 31.04+3.86A 21.66£1.87A  6.62+1.05C 1.83+0.15A 0.310.06C
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¢

FPEE N I AR 2 AR R G PR AR F MU 2ZF BE (P<0.05) ; AA/NG FEURME T A A M 22 7 B3 (P<
0.05)

R2 TRAREBEFHTLEREM S HE

Table 2 Soil microbial diversity under different snow cover conditions

AR ] A3 ZREEREEL PRFBEFE R Y5 R
Sample time Treatment Shannon Wiener index Simpson index Melntosh index
MBI (11 A) AARE 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) RS 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 ) AR 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
HPAERKFRII(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
FEBE R FE (6 A) AT 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

RARBAEN I b2 AR RRE R A AR R A B ) 22 57 B35 (P <0.05) s AN JA) /NG P AR T AL B4 1] 22 53 3% (P<

0.05)

3 Wit

HT T AR B A4 RO /IN T8 R UK PHAR S 7R AR T i T A B A B 0k e SR i, AR L 4 o]
e B PR B [ Pt BEL A e ST T A o 4 S A 4 R AT T =5 A P ) 32 2 B DRI B A0 Y
T, e RS2 R R R 11 A B4R 2 H A3 5 em HURART AARFRS A0, RSB SRH HE
B AR LA 22 3R B S I 4 2 1 S (Y VR 45 HOR VR IOACR AN R ) L TR %, Williams 55 78 5
L AAE AR 3t XA AT SR 25 R 3R I, SR D T g BT ot | IR 2 ST, R S R, - R 2 Rt — 22
B e A TN S A — R BRI, 7R AT AR e A K T, B AR B K
WER TS, X EEZ AT UK ARG FBIRNE, VF 20T TS S K R
PIRETR I N R R TR G R ACRA AR R 22 AW R B, S5 A IR AR b By 13
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Fig.4 Principal component analysis (PCA) of soil micr obial community PLFA
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Fig.5 Redundancy analysis of relationships among soil microbial community structure and soil environmental factors
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FERR S R AL R A K I I U E Y A AR VR S5 A T 2 25 S LR R AT B2 TR Rk 5 | ke
() I e = 398 5 7K i T 6 3SR M s A B

BT, T2 S 9 56 0 A S R G HIERME Y s i T 458 C AR RINA FEREHE
T 7R Al 2 I S AR - SRR AR K | AN ) %) 78 5 Ao 1) RN R 25 VR AR T R 1 el AR e A 0 7 i 235 44 i ot
+HEE SR IEH AL B INRE S A AP Broder 2570 X IR IEL = A AR BIF 9T 45 SR o, TS R
B RS SR Z 0 T A RV S50 | A A P | 2 6 v LU AR S R G i ) e fig 11 2A
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