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Phospholipidfatty acid ( PLFA) analysis of soil microbial community structure

with different intensities of grazing and fencing in alpine shrubland
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Abstract: The soil microbial community, which indicates soil quality changes, has been regarded as an early warning and
sensitive indicator of soil ecosystem change. The phospholipid fattyacid( PLFA ) method was used to study the changing rule
and response of the soil microbial community structure to different intensities of grazing and fencing of alpine rhododendron
shrubland. The results showed that soil total PLFA, bacterial biomass, actinomycetes biomass, and fungi biomass were
significantly reduced with an increase in grazing intensity ( P<0.05). At heavy grazing intensity, soil total PLFA , bacterial
biomass ,actinomycetes biomass, G'/G ratio, and the stress index after the fenced treatment were significantly higher than

those after the grazing treatment, whereas the bacteria/fungi ratio after the fenced treatment was significantly lower than that
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after the grazing treatment. At medium grazing intensity, soil total PLFA | bacterial biomass, and bacteria/fungi ratio were
significantly higher than those after the grazing treatment, whereas fungal biomass and the stress index were significantly
lower than those after the grazing treatment. At light grazing intensity, biomass and biomass ratio after the fenced treatment
and those after the grazing treatment were not significantly different. PLFA principal component analysis( PCA ) showed that
53.68% of PC1 was composed of straight—chain saturated and unsaturated fatty acids 14:0, 15.0, 10Mel6.:0, andl8.
1w9c, whereas 51.34% of PC2 was composed of branched—chain saturated and cyclopropane fatty acids 116:0, 16;1w7c,
i17:0, cyl7:0, 170, 18:1w9t, 18:0, and cy19:0. Grazing grassland and fenced grassland of different grazing intensities
had similar soil microorganisms.The fenced treatment affected the microbial community structure to a greater extent than did
the grazing treatment. Correlation analysis showed that soil total PLFA | bacteria biomass, fungi biomass, and actinomycetes
biomass were significantly and positively correlated with soil organic carbon and total nitrogen at p <0.001, whereas
bacteria/fungi had a significant and negative correlation with soil organic carbon and total nitrogen ( P<0.001). The above
indicated that overgrazing reduces soil microbial activity of alpine shrublands and significantly reduces the soil microbial
biomass, the soil microbial community was stable in fenced and moderately grazed areas, and fencing is advantageous to

recovery of the soil microbial community in overgrazed grasslands.

Key Words: grazing; fenced; soil microbial community structure; phospholipid fatty acid
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1 #MREFE

1.1 BF5EIX [ SRR

I M 7 7 98 5 SR AR T B R L A SR T B IX (37°117 N, 102°47' E) ,SFE-X9iE4R 3200 m, £ -0.1C ,
BB H (1 A)FHRIEA-18.3C  HMA (7 H) PSR R 12.7°C; =0°C Fl = 10°C B FR 5351 1581°C
1 1026°C ; 4FRE /K i 416 mm , Z2 A HITE RN (Ho 66% £ H e 7—9 H ) ;4F28 K& i 1592 mm,, JC4E%TJCFE I, &
AR5 H ARG AGR T, 10 H BAIAGE B KZEK 120—140 d, 3y Ll A fa) £ | 508 emsiit | 1+ 2
B, 40—80 em, AHHE S A A2 B RFE A A 25 S S IR R A S i), 8 B 43 5 A Bk, W VA E 1) AR 43
AR S W fa) | 4 #8 MG VE DA AL B WE NG5 1000 1 76 A BY VE DA B M, B e e A, HE R AR K EE AR A
( Equisetum arvense) FR 2L ( Polygonum viviparum) &% ( Kobresia spp.) . & & ( Carex spp.) %5 ML HFPHY H)Z
Wi,
1.2 FEHE SHE R EE

2014 4F 6 F , Se O i) RV — SR 1 ZE T BV S i 1 A R 5 R 1, LAAR SIS A5 T B T A o i
I A9 2 R | AR A M 308 OO o 1t 3R Ak A3 b | 2555 7% S vl A FR S AR A ) 36 ] ) T R
BRI BE I B R R R R o R AR (HG) R B R (MG) R
(LG) o 53 il FEAS [R) i i i E AR b PR VR VR 3R T ) 45 2 3 1> 100 mx30 m A IS 3 9 AN [l | S 42 4F
BRI, VR PR SR AR XL, DL AR S R A ] s A b kg X6 R SO R B R R4

FIERESL T 2016 4F 8 H HhAIRAE , S5 T [l ET A (Al i H v - e rp A e i S L A — e b
ERTFE" AR H 0—10 cm -3, F7 08 S B L2 $E 40 A0, EBRF ALY, HEE N 3.5 em B L4
BURE B Je 4 40 1 REIR AT, PR R AN I AR, SR DU 20" SR B 1 kg ARV JHT 1] S 06 % IR A7
T=70 CHAREVKAR , H T & 585449 PLFA 5341 ; — 07 R S8 &= X, H T A LR A4,
1.3 JxE
1.3.1 PLFA &

8 A I IR A AR BURIAS I =000 4 45 HRE 20 B Rk .GC-MS 3t

FFIAH .37 MR BRI SR (FAME) (Supelco, USA) F1 26 F IR ER IR bR (BAME) ( Supelco, USA)
1.3.2  H A PR A5 R F AR BR AT - A A o LG %
1.3.3  Bdanr

BHIR K Frostegard D7 A 4412 PLFA BT LAAE b 2k W A 0 5 R0 R 9% 235 40 28 Ak 4 A 0 b i 20

TR0 CARIE E A BRI 4 R TR R E U W E PLRA AEIARICIIN R R (£ 1) . WA AR
PLFA F AN R ), 55 46, B — B0 R G A B EG (55K 43 A 94 0 i 5 12 ( PLFA) %4, 40 (eyel7: 0+cye
19:0)/(16:107c+18: 1w7c) Frm SR AN/ BB % B R/ 4 24 ICBAME B (G /G7) . SPSS
19.0 SHRIBIEIEAT )7 225007 25 5 BB P AR (0=0.05) IR HT FIAHSERE ST 5 % Excel 1R,

F*1 AEMEYTHENBEIEREERIRIC
Table 1 PLFA of different microbial communities
T AE M2 Microbial group WiNg NE W& FRIC Phospholipids fatty acids signatures SCHK Reference

14:0,i15:0,a15:0,15:0,16:0,i16:0,i17:0,16: 1w7c,cyl7:0,
17:0,18:0,¢y19:0,20:0

YHTH Bacteria [21]

22 [CPHE R Gram-positive bacteria i15:0,a15:0,i16:0,i17:0 [22]
H22 [CFIPE TR Gram-negative bacteria 16:1w7¢,cyl7:0,cy19:0 [21]
U E Actinomycetes 10Me16:0,10Me18 ;0 [23]
B Fungi 18:1w9¢,18: 1w9t,18:206,9 [24]
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2.1 AN[RISHR B HCAORN [B] 358 o) 1 FE A B VR AR b, - AT BILAR A S R TR

725 M a5 AR WY (3R 2) , 15 FEM R W D\ b, - S8 BL A N 4 80 5 dak B o 0RO B8 1) 348 i T R A1, HL 22
SR (P<0.05) , LG HEME M A MUK & & L MG & 44.0% /247, &R & & MG 5 25.0% /47 ; MG
NEE M+ EA LR HG & 38.0% 64 , A SR HG 5 22% 247 . AN UHCHR JE T B0 385 19 + 358
HLBRFN A RS E W s T AL 38, [ 34 R B 257K

F2 AEAHBCREETTERGNR. SAEE(vke)
Table 2 organic-C and Total-N on soils in different grazingintensity ( g/kg)

FUH Ttems 14 Light grazing(LG) 4L Moderate grazing( MG ) A Heavy grazing( HG)

4% Grazing [El%f Fenced 4 Grazing il %t Fenced HH Grazing [l %t Fenced
A PR Organic-C 82.56+0.40a 83.48+0.75a 57.17+0.54b 58.14+0.42h 41.31+0.69¢ 41.55+0.0.67¢
4 Total-N 5.37£0.27a 5.70+0.10a 4.31+0.27b 4.46+0.18b 3.45+0.13¢ 3.69+0.09¢

AT ARRVING SRR R 22 53 .35 (P<0.05) .

2.2 UN[R] 5 B O R T v R A S N e b - SRR i R D R 5 1
WA 1, & REH IR 18 FPAS IR (14.0,i15:0,a15:0,15:0,16:0,i16:0,i17:0,16: lw7c,cyl7:0,
17:0,10Mel6:0,10Me18:0,18:206,18:1w9¢,18:1w9t,18:0,cy19:0,20:0) , i #FLL 160 Al 10Mel6:0 B+
R ,i15:0,16:10w7¢,10Mel6:0,16:0 F1 18 109c [ & F1 &7 i i R B 5 1 64%—68% ., 3 3 W] %, #4 A%
BITER I B 6 Fh SZHEM R AR I R ( BFA) , 4 X & & 5 B i 1Y 42.25%—47.10% , Horp £ 22 115.0 A
10Me16:0; HKIE 6 Fh EEEE AN TR (SFA) 460 7 5 o5 S5 1Y 23.18%—27.81% , b 22 160 il 18
0;3 M EBEAAMAPRITER (MFA) 4630 & B 7 SR A9 21.18%—22.23% , Hirp £ 16 1w7c 1 18 1w9¢;
LA ITIR (PFA) 1 B, 2600 & B BB Y 1.44%—2.12% s BRINSENG D5 R 2 i, 4o x5 B 1i94.61%
~6.22%

x3 AEHEH T EBRSIERHEREB R HLELGI(%)
Table 3 PLFAs and theirproportionsof different sample sites( % )
B Light grazing(LG) 1 Moderate grazing( MG) T Heavy grazing( HG)

WEERE I PLEAs \ ‘ :
JIHL Grazing Fl$t Fenced T Grazing %} Fenced L Grazing 4t Fenced

HHER R AR

27.68 27.81 25.75 23.18 27.03 23.98
Saturated fatty acids( SFA)
Z A AR 2

2.04 2.12 1.82 1.4 1.44 1.
Poiyunsaturated fatty acids( PFA) 0 8 ? 60
. .

LB A AR . 21.44 21.18 22.02 22.21 22.04 22.23
Monounsaturated fatty acids( MFA)
KR AR R

43.78 43.79 45.12 47.10 42.25 45.57
Branched fatty acids( BFA)

e NS i

ARSI 4.63 4.61 4.84 5.68 5.50 6.22

Cyclo fatty acids( CFA)

A1 AT B IR 14.0.15:0.16:0,17:0.18:0.18:206,9 .18 1w9¢c .18 109t . 10Mel6:0 1 10Me18:0
) otk Bt TSR R B ST B A1, LR 3] b 27K OF- (P<0.05) , AR EE T ,i15.0.i16:0.i17.0 & &7 HG
MMG B EEES HBEET LG HEMRHL; 16 loTc (FENTHE) & H1E MG 1B, H2E S 8% (P<
0.05) ,7£ LG Fl HG [B] C R EZ 5 (REUE ) cy17:0 A1 cy19:0 A& e 4 OB B (B A7 7E i 35 25 5 (P<
0.05) , H. ey17:0 Fifi 25 i O B A 385 58 171 177 5 a15:0 1 200 (& 5 7E 4 TUHOGR FE IR] 6 2 22 5 iUHOd B
T L IBW5ARI15:0.a15:0,,i16:0.i17:0 . cy17 :0Flcy 19 : O & B AE 4 WO T Bl 26 IO J58 1 8 K i e
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i, H2E 57 53 (P<0.05) ;16: 107c F it fE MG M E M AR, H W8T LG #EME L (P<0.05) ,{HY
HG 25 A 3200 W& e N BURR BRI 0 2 25 5 . HG #REE T, Bl B 11 18,0 1 20,0 & {I%
TR (B 22 5 AN 1 3 T E BRI R 0 & e T UL 3], HARIA 3 i 27K 7 (P<0.05) s MG SREET , [H
FALFHE Y 14:0.15:0.16: 1wTc, .i15:0.i16:0.i17 . 10Mel6:0 . cy17:0 Fl cy19.0 Ay & S#BE THUBAL B, 160
17:0,10Me18:0.18: 1w9¢ . 18: 19t ,18:20w6,9 F1 18.0 A & i ARAN T4 AL 3] ; LG 58 T, Bl B Ab #5118
lo9c {5 fimg THOMANIE, H225¢ B (P<0.05) , BRI Y & k-5 ACRC 0 1 #0257

2.3 [R5 B ORI T e T A A E N B b - SRR A A T A 1

A M 0 R ) 2L BT LA S ok - B A W B O AR Ak, T A R R Ay B R A AE T  EIRRUE
B4 A 0y e T 3 Ao A DA 3 v ) Wl i O O TR ) SR v b e 3k
2.3.1 [R5 AR L 0 B v FE A BV A AR ) PLIA B 52

2 /LI, 5 20 R 0, L3 BUE Y PLEA 5 e Fifi 25 H0HCH S5 0 156 38 1 FA1G , ELIK 3 2 /K
(P<0.05) ., FIEAHET LG HEE M+ HEMEY) PLFA B4y 9t MG 1 HG /& 4.1%F1 13.8% ,MG It HG
7 9.2% ;UL LR | LG HIERUEY PLFA B2 51 MG i HG & 12.4% 1 37.3% ,MG Lt HG 5 22.2%,,
HG 1 MG 52T, Bl 3 A 35 (07 AL b+ G 4 S i 43 ol LU O AL 3 5y 8.19% i 20.9% , HLIA 31 I 2% 7K
F(P<0.05) ;LG 5EE T, BB A HS A3 AR b+ BERUE ) PLEA SV B = TR B (R R R 31 4 2K
ot P Bt AR B 1 R, A W A ) B AN | AN TR B TR A 38U R RO W B A
AR R TR B (R AE HG SR E T B B B R Y S AR i B = R R
2.3.2 N[ROSR b 4 TR A ) ) R i)

&l 2, A PR AR ) A OO B R BGSRTT AR, HLIA B KT (P<0.05) . FlEAEFETR LG A
b AR AR W43 S MG I HG & 1.2% 1 6.1% ,MG . HG 55 4.9% , 76 LG MG F1 HG #8 T , 4H
Wit 5 R B T R 59.7% 61.4 F1 64.0% ; UKALFE T LG IR AR M43 5 e MG F1 HG
5 15.3%H129.9% ,MG [t HG & 12.7% , 78 LG MG Fl HG 58 T | 4118 4= Wit 5 A 0 s 4 59 @ 20 500
59.5% .58.0% 1 62.9%, HG H1 MG 5% B T, [l & 40 B f5 1) + 3 40 56 A 9 5t 53 1) B i e A B8 5 23.19% Al
14.6% , H 225 .35 (P<0.05) ; LG %R, [l B b PR () - 39640 5 A W s o T CHOb B (A 22 R B 3% ol
DAFE 1, [l 3t Ah BRI A0 A AR AN TR FBCHACR B - S A6 0 A0 A 1 26 0 i A8 Ak S5 A 1 5 2B 0 i 8 A R B0
], SX AR T - A W R LA TR R AR R 4514
2.3.3 N[ROSR S A A A B M A S LA AR ) R 1 T

DU 2, A HE TR A i B A TRCBOR B SR I R AIG, H 25 55 18 35 (P<0.05) . FIEALHE T LG HEM I
AN A Wi Ay B H MG A HG 5 14.0% 801 17.5% MG H HG & 12.1% ; HURACHE R LG H 34 A4 W
S MG 1 HG 1 10.5%H157.4% ,MG ¢ HG 5 42.4% . HG 58 F | Fl B35 69 39 B AR Wi Lok
AEPRTE 32.2% , H 25 5 3 (P<0.05) ;MG SREE T, BB AN S (Y9 T e BB AR Wy it b 35 LU SO 311G 4.3% , B
RE B E K- (P<0.05) ;LG SR, Bl Ab B 5 (1) 398 B0 5 A 4 ik s T OO B (R R TR 3] (8 25K, ]
VA, B BEAE LG AT MG 58 B2 F {38 FC TR AR W ik I, Wi AE HG 38 B2 S 4 38 B0 A Ak b 35
T, SRR AN TR AL 3 A I PR A 3 A R AR e T B OO B 3 RO AR, LA A RO
JEETT [l st A PGS A 1 B A AR A s i AR AR ]

2.3.4 [R5 B O R T i T AL A B b - 2 A A ) e 5 T

P 2, MR TR A W ik B A OO B R R TR AR, H 22 5 38 (P<0.05) . M3, LG 482k
HAEWE I MG FHG 55 5.7%F1 34.7% MG . HG 18 27.4% ; UBUE BN | LG T30 £ 2k W& 0 9l ke
MG il HG 55 7.0 Fi145.2% ,MG b HG 5 35.7% ., HG S®EET , [l Ab 35 0 1 98 04 o A= W i Lo A 3 e
8.1% , H 253 W38 (P<0.05) ;LG Fl MG 5 J¥ T, il 35t Ab #U5 (1) 1 38 e 2 v A W v T Ao B 8 35 3
WK, SRR, IR B AL W T B OO R ) 498 DR AR AT 5 Rl b Ak L A 60 VR DA R M - S R TR
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Fig.2 PLFA of each group of soil microorganisms in different sample sites

T A F R R ZEF A B E (P>0.5)

AR,
2.3.5 N[5 R PR B 0t i T A BV DA b 1 5 G+/ GRS

I 3 AT, BRI Ab B, A 8 > PG BH P B R % R B PR R A PLFA & & U (H (GT/G7) TR A TR
JEIRI 22 AN B35 UG FE R, G /G B RO A 35 SR I FAIC, EL7E LG I MG SRR 25 59 R 8 3 (0 i 3%
T HG ¥, 7 HG M~ B AEH G /G MU PR 32.2% , H 22 5% 1.3 (P<0.05) ;MG #l LG
FEF, BEA SR G/ G Wi TR AL B (H A TR B 3 K, 4564 0 S JICHAC R FB1 8 174 VA 55 s - 3 o
ot [OPHPE B & B T L IR 1 A &, 1T HG BB A S 3 N G*/ G S 38 8 Tl o 2, 222
2 p Pl A P ) - v 2 O BH P B B B A T e R . R AR BS ) H5E G/ G A A IR E )
BT, ANAFAE B M 22 5 | 33 156 I Bl st A B AT I 2 43 - S0 M TS 45
2.3.6  AN[F) 5 B FBCHORT FE 3 % 750 FE AT BV DAl AN A/ A AR D i AR 2 )

—FBA N A T/ T LA T T - R 2 AR e R e M A SRR AR X R B AR R R 3 A
BOFET A EA /BB HAE T U6 BE A OO B A 3G 5 T T R S5 8 TR A B R AN B L L AR A5 A
TR B 1) 2 52 B 25 (P<0.05) , 7 HG SR E T~ fe i, 76 MG S8 N 5 fik, HG 5RE T, 3 b 35 i 40 5/ &
B HOAE FE B B 6.9% , k3] 2K (P<0.05) ;MG 533 R | BBl B AbFH S 09 40 12/ 5 B L L il Hoak 3
5 19.8% , H2E 5 35 (P<0.05) ;LG SR E T, B A0 B 59 40 B/ B0 B HC A = T c e A 2 (H R 1A 3] J 2K
o UL BH AN [ 5 8 FSCAORI T 0 - 48 A 2 R e A 1 B PSR ()RR X T AR B A — BRI,
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Fig.3 Ratios of each group of soil microorganisms in different sample sites
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Table 4 Correlation between soil microorganisms and organic-C and Total-N

SHFFEAR Analysis index A HLEK organic-C 2% Total-N || 434845 Analysis index H LI organic-C 2% Total-N
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