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Abstract; Alpine grasslands, an important terrestrial ecosystem, play an essential role in global carbon and nitrogen cycles.
Recently, overgrazing in alpine grasslands, particularly on the Tibetan Plateau, a sensitive district subject to climate
change, is a serious issue leading to their degradation and degeneration, Fencing to exclude grazers has become an
important management practice to protect and re-establish the degraded grasslands on the TP. Previous studies on the alpine

grassland ecosystem have focused on a certain aspect. However, a systematic study has largely been lacking. The current
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research was focused on the severely degraded alpine grassland in Gulu Town, Naqu County, located in the north of TP. In
order to determine the effect of restoration, we studied the short-term ( three-year) effects of fencing on the vegetation
characteristics, soil physicochemical properties, soil enzyme activities, soil microbial biomass, and soil microbial
communities, and compared them with areas where grazing was allowed. Soil enzyme activity was detected using an UV
spectrophotometer. Microbial biomass was measured by phospholipid-derived fatty-acid analysis ( PLFA ) method.
Furthermore, we also studied profiling of complex soil bacterial communities based on 16S ribosomal RNA gene (rDNA)
sequences by means of Next Generation Sequencing ( NGS) technologies at the Ion Personal Genome Machine ( PGM )
platform. After fencing for three years, the alpine grassland ecosystem differed noticeably between the fencing and grazing
areas across the study sites. Our study showed that; (1) The total plant cover, average vegetation height, and aboveground
biomass of vegetation determined during the above ground vegetation surveys were significantly higher in fenced areas than
the areas where grazing was permitted ( P<0.01). However, the diversity of vegetation ( Shannon-Weiner index) in the
fenced area was significantly lower than that in grazing sites (P<0.01). (2) Soil pH perceptibly decreased while the
dissolved organic carbon in soil was increased after fencing. Soil structure, in terms of the ratio of sand to silt was also
affected with fencing ( P<0.05). (3) Soil enzyme activities were not influenced by fencing. (4) Soil microbial biomass
(Bacteria, Actinomycetes, and Fungi) significantly increased in the fencing area( P<0.05). (5) There was an increasing
tendency in the diversity of bacteria in soil, and the community composition of bacteria was changed at the phylum level,
but there was no significant difference after fencing. (6) Further, the Mantel's test suggested that the major environmental
factor, soil organic matter such as total organic carbon (TOC) , total nitrogen (TN), carbon to phosphorus ratio( C/P)
and nitrogen to phosphorus ratio( N/P) were affecting microbial community in the fenced sites. From these results, it can be
inferred that, in the grasslands ecosystem, soil sub-system was steadier than plant community sub-system. In soil sub-
system, soil microbial communities were less susceptible than soil profile characteristics in fenced grasslands. In
conclusions, fencing was a valid method in reconstructing aboveground biomass in the alpine grassland on TP, thereby
inducing a number of changes in the soil microbial community, including the composition and diversity of microorganisms.
In future, more destroyed grassland should be fenced in order to preserve the balance of the ecosystem and to resist the
effects of global climate change. More studies were needed to be conducted over longer periods of fencing to further our

understanding of the effects on fencing on restoration of alpine grasslands.

Key Words: short-term enclosure; alpine grasslands; ecological system; soil enzyme activities; soil microorganism
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FL DR SRR R, AT 6.84 TA, EEEFRES M LE D, MR E B R T E
R, A PR R TR R A AR S RGNS, R R A RR AR AR Y
SGNIN, 5 SR I EE 5T X AR A -3°C  RFERTG 8 A 343 7.8°C M AR K 0 411.6 mm,
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2.1 [lE -SRI A S B 2R LR

A B LA % & B ( Kobresiahumilis ) i ZEBEFl , 554851 55 (Stipapurpurea ) i AL #Fh | L 38OR S £ 4
B e HAA A28 A (3 4F) BRSBTS X B DL AR R VA e AR AR Ak T ey S B A ) A v B AR
T AR BT A AR, B N AAR R - R b AR B B T R AR 25 S (P<0.001) 1T
A 855 B B T RSN A e T 3 25 5% (P<0.01) |, {H BB AR 8 19 MR- )8 49 ( Shannon-Wiener ) 38 80 3
(P<0.0N) T HIFZAM (K 1) o X UBEHA B EHE 52 00 5 2 AT DU RAO0E 7 HE 9l ) 2B 4 T ke 480 ) B 422 52 i) 7 7%

+
zlil“o

®1 BEEZAIMEEFE
Table 1 Vegetation index between grazing and fencing
QbR R/ em Wi B/ % k- e EL W FAEYRE/ (g/m?)
Treatment Height Coverage Shannon-wiener( H) Aboveground biomass
T Grazing 2.9+0.12b 75+2.89b 1.46+0a 98.68+8.51b
[El3} 3 4F Fencing 3 years 15.07+0.72a 94.67+2.4a 1.42+0b 394.26+12.48a

[RIFUAN R /N Stk F 0 AN [ b 240 ] 22 57 1 3 ( P<0.05)

2.2 RIS S A SRR AR AL ARRAE

FEED X A A R, BRI+ 38 pH /KM HLAK ( Dissolved organic carbon, DOC)
JrIf (22 .33) , 34FEE IR, 13 pH  6.81 B ERFEIKE 6.56, I KIAHEAT HLAR 75 & (248.43 mg/kg) ik
F(P<0.05) & T H B EUHIX (193.88 mg/kg) ; 1 EKE S TRIFLAN, LIRS EIRE] 18.69% , 1M FH U
1) K Bl 14.98% , FHOKEMEAHLA S 1N 14.56 me/kg & T H XY

®2 BEEMMTEENTELTUIE

Table 2 Soil origanic element property between grazing and fencing

fb e SECRIRT 2R g WAL Wewl L ABELL wt/m+
Treatment TOC/ (g/kg) TN/ (g/kg) TP/ (g/kg) C/N c/p N/P Sand/Slit

FHL Grazing 33.36+3.05a 2.32+0.35a 0.64+0.02a 14.61£0.79a  52.38+3.97a 3.64+0.48a 3.35+0.47a
FRIA% 3 4F Fencing 32.1+1.63a 2.31+0.13a 0.59+0.01a 13.92+0.51a 54.6+2.86a 3.92+0.17a 1.99+0.14b

R FANTR] /NG S R AN [ b B ) 22 53 W 35 ( P<0.05)

®3 BEEAMLEKREYREREBLSNE

Table 3 Dissolved soil material physical and chemical character between grazing and fencing

AEFH Treatment

Tl Grazing

B2 3 4 Fencing 3 years

+HOK WC /%

pH

AR F NH}/ (mg/kg)
AR NO3/ (mg/kg)
TEAHEAR NOL/ (me/kg)
P K*/ (mg/kg)

TRERR SO/ (mg/kg)

A% NO3-N/(mg/kg)
BAR/THA A NH,-N/ NO3-N
KEHA YLK DOC/ (mg/kg)
KIEPEA HLA DON/ (mg/kg)
IKEMEA HLER VA 1L DOC/DON

14.98+0.86a
6.81+0.06a
1.73£0.19a
7.2+2.26a
0.4£0.22a
10.56x1.71a
8.69+0.43a
7.78+2.27a
0.31£0.15a
193.88+5.63b
12.1+£0.33a
16.03+0.55a

18.69+2a
6.56+0.05b
3.24+0.97a
8.19+1.1a
0.28+0.12a
10.44+1.53a
10.77+2.4a
8.47+1.22a
0.37+0.1a
248.43+18.66a
14.56+1.14a
17.12+0.83a

AT ARIRING Bk R AN [ b P ) 25 5 5 3 ( P<0.05)
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12.1 mg/kg; FIRAPN T30 B A HLAR S i & i W BRGS0 B LU T RIS A (R T8 1) 0 2 0k
o FRIRE A e B AR T R RRAR S 1 S R TSSO L, AR kARt ke A TR VD
IR AR, R I BB 5 5 e 0] 38 5y B AT HILIST A 2 B D ME R e ) AT DL — S Y
Il P 1 A T S5 S WIS 5 0 S AR A i O A — A B 22 TR e S BT 5 e B0
FRA,
2.3 [l X A S 1 A A AR

MEERES A HCRX Y 8 SR PRI E 45 2R (36 4) nT LR, S A9 15 P XA Pz 4k, (5
ARIBEN LK (P>0.05) o FEAE PN A REREBE 380 200 1 B S AL o SR A e |2 P i ) o5 B g s 1 LA
Obo 2 L-RA SR SR B i 19 P i ) 25 S RIS IR T Rl 40

x4 BERASNTIEREFETUE

Table 4 The character of soil enzyme between grazing and fencing

AbFR Treatment K Grazing 42 3 4F Fencing 3 years
HEREME Invertase/ (g ¢! h™') 2024+410.23a 3039.61+787.35a
B-FIM L B-glucosidase/ (pg g™' h™") 367.01£21.22a 369.66+21.98a

1% AL Phenol oxidase/(pg g™' h™!) 337.32+14.38a 341.8+32.19a

it ALY Peroxidase/ (g g7 ' h™!) 849.86+71.08a 982.56+116.45a

FE M Protease/(pg g™ h™') 127.46+4.89a 143.28+9.23a
L-RA B L-asparaginase/(pg g ' h™') 0.14x0.01a 0.1+0.01a

WK Urease/ (pg g™ h™!) 65.7+6.51a 63.22+1.83a
BRVERE IR NG ES Alkaline phosphatase/ (g g™ h™") 491.88+41.17a 436.36+12.91a

[RAT AR /ING 3 F R AN [ b B ) 22 57 85 3% ( P<0.05)

2.4 [El3 SO AR A i AR AR

BEARAR W ER AT ( PLEA) B, T L& T AT 5t Wi A g i ) L L (38 5) R, B N 45
Y7 (i14:0.i15:0,a15:0,C15:1,i16:0.16: 105.16: 109, 16: 1w7t 17:0.i17:0.al7:0,cyl7:0.18; lw5,
18:1w7t.i19:0.a19:0 .cy19:0) =¥k JHLLE (10Mel6:0 Mel7:0 . 10Mel18.0) A= ¥ & 22 [CPHME (1140,
i15:0.a15:0.i16:0.i17:0.,a17:0.i19:0,10Me16:0,10Mel7:0,10Me18:0) A= 4 FIHE 2= [CBAME R (eyl17:0.
cy19:0.15:1.16:109.,16:107.,16: 105,18 107 19 1) A Yt W3/ FHIF AN (P<0.05) . (HE T (18: 109,
18:2w6) W5 A U X A TE .3 22 5 (P>0.05)

R5 BEEMMEREDEMETUIRE

Table 5 The character of soil microbial biomass between grazing and fencing

HLFE Treatment L Grazing [BI#% 3 4E Fencing 3 years
21T Bacteria /( nmol/g) 22.89+0.42b 27.38+0.69a

B Fungi /(nmol/g) 4.85+0.33a 5.5420.34a
T Actinomycete /( nmol/g) 5.22+0.19h 5.84+0.12a
HE R PHMEE G+ / (nmol/g) 12.13+0.23b 14.84+0.27a

H 2 CRAYETE G- /(nmol/g) 12.9+0.22b 14.37+0.49a
B/ A1H F/B /(nmol/g) 0.21+0.01a 0.220.01a
FRPERE/ BIPER G+/G- /(nmol/g) 0.94+0b 1.03+0.02a
IRRNG IR/ BT ARG WITR cy/pre/ (nmol/g) 0.35+0.02a 0.3+0.02a

G g 22 G PH 1 Gram-positive bacteria; G~ ; E R Gram-negative bacteria; G /G 22 G IHPE R/ 22 G Gram-positive
bacteria /Gram—negative bacteria. ; F/B: EL B/ 415 Fungi /Bacteria;cy/pre : IR AG IR/ A cyclopropyl/ precursors ; [RlF7 A [ /INE 1 R AN A 4k
FiI[R] 22 57 i # ( P<0.05)

2.5 [HIEHSIX A A A TR T S5 ) AR AL AR
T B R 6450 563617 A4 T AT (phylum) K E7 (P 1), HHER BT it
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LR AT T PERE ]S B, I

30
AT AT RRFFRT SRR A s = i
9 24.01% 20.87% 18.43% 15.70% , [l ¥2 A + 1 rp s Mém I
TEBATT BT T FRFF B 1T TR T BT o Lo A5 43 £ z
22.99% 20.88% .15.56% ,15.20% , H:H (1) ERLN Eg 10}
TSI ] AT BRFT BT DA 1] AT g sl :
PRI SRR 7 L T T RO (P> 0 .

v . s . of Df Df D D8 EE D8 28
0.05) , i A A1k 441X B BE B 171 B oy LU0 i T LR 1Y ®3 OES EZ EC EZ £ E3 ES
. . ot s [26] v DE KE k5 2 HE B @z 2E
(P>0.05), i#id Chaol fE AT %> AL A Mg Rz ®g R B 3 w2 He
s 5 2 g F £ WE
4 3 4 W Y Chaol (136311. 41) & T Bl £ 4k £ < < 5 = 2T
(130616.82) , 5 H, FIARE Py e 40 1 1) 20 R0 5 ©
X E R A B 7K (P>0.05) 1 ERAMREEIRE SRS A
2.6 HMEBEEHSHERTZEPER Fig. 1  Relative abundance of the dominant bacterial phyla

ﬁ ﬁ- Mantel test ﬁ:}’*ﬁ + i%éﬁf] %ﬁ%éﬁ 1;/[3 5 j:igfﬂ between grazing and fencing. Relative abundances are based on
o N N o N he proportional frequencies of those DNA sequences that could
P aJ 1 AE L1 B W
ﬂ:r ﬁﬁZI jE’J*H?é r%’ IE{ZIS ifi %ﬁm% R be classified at the phylum level
Ao WL S AR, B B EAOCI R R (3R 6) .

Ro6 THEAFMBEENSHRERFZENXER

Table 6 The correlation between soil bacterial community and environmental factors

W7 ARG R AL B N AR R EL Pk
Environmental factors R P Environmental factors R P
pH -0.44 0.9 ALK TOC 0.61 0.01
MA TN 0.63 0.03 WAL C/N 0.12 0.25
S TP 0.22 0.2 L C/P 0.51 0.03
AW LL N/P 0.72 0.03 KB LK DOC -0.32 0.81
HMAR NO5 0.63 0.05

3 itig

3.1 [BIE-SHO AR B AR LR

FEA A VRO A AR A w28 T BEB ™ R A T I R 4 i A A5, 2 BEER BUAE A 7 ] ]
R MR VR () A A R A 1 R R R I A 8 T R D AR B | R 3R A
SREPSOT RS RMT R (3 AR ) RS e FE RO A R RS S R R AR R, D]
M A KA BB R ROR, W A 7 A R BEVE I . SR, 4K ~ 44 ( Shannon-Wiener ) 45 82 2 FEAR , 3
W1 T O T A D) AR D BRI . A OFTE SR, R T S0 U MR B LSS5 R RS g FE e 1
ARLRSC AR Vi i J3E 11 e JSE X RIS 7 5 R, 1 vy 28 D D iy S i) 5 i B2 RN ey 38 X T S iy g A X 452y 2
18 MTEX 3 28w FE R A S R e h b [ AR e o TR B i 2w s e I A — e AR | 2 BRI
THEVE B Th Z2 A TR 30 PRI 6 7 o2 A o 2 B JEUREL BB e 2 RS AN (035 207 ) 3 4 o, IX T fig e
7 Pl 5 HiT R A g FE R HBAL T BE RO IRZS , A B I B B, A K B 2 MR, AR T L3 A L 3
B, ARSI R L T AAT S 8] IR E R SRR A B R AR A
32 [ESHAIX IR SR AR

BCRCR R M AT £ 27 02— R Al R B AR 3 b 2 B a4 5 e A ) S A BREAR
B RO R R 32 Y PR B R 2 T R Ry, TR TR i S AR IR A BT
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( FZARHRER ) Aol b A O Bl 2B O M BR A 2E DG PR 1) 2B o 22— 48 7 (g B 1T vl v M ML 2 56 L
VTP BRI BRI R A, R A SUER v S e - 3B ML A A8 A, A Hb BRI PR SR AR T O ke U, A DL e 7 ik g
TSN I ARIB R B E K- (P>0.05) KGR LR & 25 TR, B2 k4 T B &1 (P<0.05) .
TR T AEAE S PREE AR MG 55 1 2F T R b X, A B A LT & s AR, O AT T R IR R G vh ik fg
HT EEAPURREAL, m B EE XA E TR T A8 TWE ., 5 pH A 8% &1k (P<O0.
05) , BRIy sE , [RlA + e A5+ (V> - 58 L L)) A A8 4k (P<0.05) , B U8 & it A A T
FE X T AR AME R B O P B SR 1, S BCHE n  (  H 3gm, EA R pEK a) R AR
SHEEILER, WM Yanfen W 55T K B0, OO+ HEAG LT B A R, Frank 256 B 55 26 B FEL RS 45 30 HORE
Mo EE A — 2 1 A WU A 3, Romulo 454 & BUBUHOW 4 0 & S I8 S 5 R ), K U138 B il 40 )
THE B AR TE SR AT R R A6 LU RIS b RO - 5840 BRI A 27 B 1) 5% 1 I T8 A B — I — B0
S50, R HAR AR A2 M 1 3T R PR B+ R G L W SR MR A e (b ) i EL AR U |
SR R AL B S TR RO s A R E T - A AR v R AR,
3.3 [l SR X SR A TR

SR A DU RE A AR A, BT R RIIAR R S S AR AR i R T
W LA ) SAEYE TR AR e bR . AR R SR R AR AR R R RS G 1 S T R
NG sh, LI Al R TS YRR AR E TR | ARECE 2 N AN R LG PE RERENE AT | 5 Ak
it 3o S AL S I PR 28 DD AROC , L- R A 2R il 28 1 il Ikt 5 G RS REAH G | T B R 1 1l 5 i 90 21
UM, TIERGTE A B R PG ARG HEAIEN . AR UESE IR 5 0 E R IR I, L- K & 2 W2 1l 11
TP R AR A 1 1 = R O, LR R AN T AR T 0E— 2005, LAl 5 it 199 3% 4 242 PR D o
FEAk G, RZME Y 2 SR AR Bk (0 Lo AR AN B i AT e i T A R A, R 2
HUBT R A AR BRI
3.4 [ld SR X A e A Wi RV S R AR AR R

R FER AR RGN, B Y XA YR Y R A R RN SR, R MR
A A S A i S OA VA R R B A A, AR PR R AL e A 25 R GE AR AR o R 2L 4 R [ P Ak
PRI XS . HIEEA LRl AR AR S R AR £ H T D AR 2 R R B R
RN A ST REXE AR IO 0 S R 2 — . WA BE T IR 23 Bt ( PLFA ) HoR 5 9 TR R E 24063 th A= i
AV WENE 2 I I 20 B A AR B AR A B, A AR A W2 e e T T R B A O eV S5 A e F
58, 4545 16S tDNA 238 5l P AR, X 240 181 A B Vi 25 A AT IR AIR ST, PLFA S50 25 R W], A=y i) Ak
Y e R IS AN, AN S B A A R P B T RS AN (P<0.05) , ELHE 5 A0 B Y LA DL 3R
ARBE W5 R -5 mir A B I R (%) EUARL , FER: PO G T RS A1 B8 8 284k (P>0.05) , BEHIFE ] (3 4F ) FRIAE A Bt
] PN, 757 e D 2 L DX 1R PR 8 T8I, 1 Pl DX A i A — 7 (R AL | 3 R 5 e - S Ak W 54 1) S 3
MU, RAE R B R — B A AR AR R I AELL 8 A . R 16S tDNA TJF 25 R s | 5
AN ZARENE (Chaol ) B AE T /Kb D S R 6 =F B 2458 BT i , {8 H R 38 51 2. % /K F- . Mantel test
SER R AN R S E RN R R IR E A VTR S . P EILTER & X K
TCRDA BN NS, Bl BHERR A iR A B AL, R YR A W R AL 2= G R A T3, i
FLAC B MRl AR AR A T 5 W AR RO RAGIRT) SR, X T e i A i & 2% ) BE ANAR B A
W T AN AT 2 — Y

1 BE BB - - E M R SRR e M, B B T LB SR AL B, ARG IE S, Fil ) f5 AR
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