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Abstract; Grassland degradation is a retrogressive succession of grassland vegetation, which leads to the loss of biodiversity
and the degradation of ecosystem functions. Fencing is an effective management practice to restore grassland ecosystem

function. Microorganisms, as the critical component of soil, play important roles in maintaining the stability and function of
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grassland ecosystems. However, it is unclear how fencing affects prokaryotic communities in different grassland soils. In this
study, two treatments of fencing and grazing were set up to investigate the effects of fencing on soil prokaryotic diversity and
community structure for three grassland types ( meadow, steppe, and desert grassland) in degraded grasslands of the
Tibetan Plateau, using Illumina HiSeq high-throughput sequencing technology. The results demonstrated that fencing did not
significantly influence the prokaryotic richness, Shannon diversity and evenness in meadow soils, but significantly increased
in steppe soils (P<0.05), and slightly decreased in desert grasslands (P =0.086, 0.072, and 0.099). In fencing
grasslands, prokaryotic richness, Shannon diversity and evenness negatively correlated with mean annual temperature,
aridity index, and pH (P<0.01), but positively correlated with mean annual precipitation, dissolved organic carbon,
aboveground plant hiomass, and plant diversity (P<0.01). In contrast, soil prokaryotic richness, Shannon diversity and
evenness negatively correlated with mean annual temperature and aridity index ( P<0.05), but prokaryotic microbial
richness and Shannon diversity did not correlate with all soil physicochemical and vegetation properties in grazing grasslands.
Redundancy analysis ( RDA) showed that significant differences were detected in the soil prokaryotic community structure
across the three grassland types, and gradually shifted along the transition of meadow, steppe, and desert grassland ( P<
0.001). Variance partitioning analysis ( VPA) further revealed that the prokaryotic community structure variations were
mainly driven by mean annual temperature, mean annual precipitation, aridity index, and pH. Fencing significantly altered
the soil prokaryotic community structure at some sample sites in different grassland types. The dominant phyla were
Actinobacteria, Proteobacteria, and Acidobacteria in the three grassland types. Actinobacteria showed the highest relative
abundance in desert grassland soils, while Proteobacteria and Acidobacteria showed the highest in meadow soils. In
addition, there were no significant differences in the relative abundance of soil prokaryotic taxa between different types of
fencing and grazing grasslands. This study showed that the prokaryotic community in different grassland soils responded
differently to fencing. This provides data support for the development of local condition-specific management strategies for

grasslands and offers theoretical support for the restoration of degraded grasslands.
Key Words: fencing; soil prokaryotic community ; grassland type; Tibetan Plateau
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FRL Bl 2 DN K R 4 BB Tl s it (0 dee A i RS R A A 2R 7= g, A R A W 2 R B
FHEFE AT AN BT AR A 25 R et R A AR W B AR K, a8 T DIE BN 5 A
A L M R E T B B SRS T A RO R R R R RS T 1.47
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[IANTEAE LA, AP AERRA A X A #R B DNA | L 504 400 48 A — 2 I an PR 2 i Ay, AR R AR F A= A
LA AR AN M A R 2 IR AR ST M e S B S A ] et A 285 R 00 SR DR TR 2 O e P 2 i
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PRI, #5450 4 e MR ) & U0 W A A7, 4R 48 9 DNA A 5 R A Nanodrop ®  ND- 2000 UV-Vis
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A FEAd 88 A il = S 0 (PCR) 9734 16S rRNA JE A ) VA—V5 X, §7 #4514 515F (5'-GTGCCAGC
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Fig.1 Soil prokaryotic richness, Shannon diversity, and evenness soils in different grassland types under fenced and grazed treatments

WX 4y, B Z 07T 2250 (PERMANOVA) 4
(1R 2) AN]R8 + 38 JEOR Ak ) B 25 25
SR E (P<0.001) , i FlAS X 5 f) + 3 Fp S1.S2 1 S4
AR MY ES AR ENER (P<
0.05) , %F B s - 3 1K) S5—7 s Y JEL R B L W e T 45
My A B 22 5 (P<0.05) , % i 5 B b+ 338 b ir
AHEYEA BEMZESR (P<0.05),
YIRE I 450 T 22 F)IR B FoK 3% pH M EAEY) A

4R

R 1 EMSEEIIER I BRI E YRR

Table 1 Effects of grassland types and fencing on soil prokaryotic

Y RAEAYREMEEIKS, VPA Z5RER (£ 3),

JIT A BRI DR 36 = b et 2 TR P A A W A v S R 7 e ) BB R T 42.09% TR T

Xt ERZ AL DR v v S A R R B K, SR T ISR E RS 7.63% A2 Ak . He R iR B R Al SRR I A W e v

communities
- B0 o
g PERMANOVA
Parameters
R’ P
T Grassland types 0.380 <0.001
AN, JEA% M A TR Fencing 0.007 0.197
K LR
PSR 0.012 0.277
Grassland typesxFencing
AR BRI K

F2 TREBEMEFSPEEN HIEEZBEMEENZT

Table 2 Effects of fencing on soil prokaryotic communities in different grassland types at each site

R FERL sl B LI PERMANOVA
Grassland types Sites Treatment R? P
#i 1) Meadow Sl FEIA=2 % s 44 0.173 0.027
S2 FEI A2 % e 44 0.160 0.014
S3 FRIR X TS 4L 0.113 0.385
S4 FEIA=2 % s 44 0.171 0.009
i Steppe S5 FRIA X 4 0.357 0.009
S6 EEE=RopsEs 0.145 0.014
S7 FEI R X T 0.191 0.012
S8 FRIRA X TS 4L 0.104 0.583
T Desert grassland S9 FEI R X T 0.152 0.018
S10 EEE=R0psEi 0.146 0.043
S11 EEE=RopsEis 0.186 0.003
S12 PRI R X AL 0.184 0.017
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Fig.2 Spearman correlations between soil prokaryotic diversity and environmental factors under fenced and grazed treatments
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SERAR AR B B B A S R, PR R R RN 3.43% , T -4 pH R SR SN A S W R TE A A AR TR Y SR LY
T R R RER N 1.17%
2.3 TIEITA A A T 2

T IIFAZMAEY) OTUs BTERRSE R (Bl 4) WoR  TEF— A R ge b AR R s s b 4 39 R U 9
RS L AE 1)K R kAR W 25 A8 4k, HE 44 00 7 19 18 BF 8 28 il 28 T 1] ( Actinobacteria ) | 28 & T4 ']
( Proteobacteria) .FRFT B '] ( Acidobacteria) . 443217 ( Unclassified ) . % 7 B ] ( Thaumarchaeota ) . fEUFT 5 1]
( Bacteroidetes ) FIPERH |1 ( Verrucomicrobia) o Fim, BUZE B ] ( Actinobacteria) .28 B |1 ( Proteobacteria ) Fll
FRFT TR 1T (Acidobacteria ) & AN 7] 288 B B FI I HCRE M - S8 I AZ S W0 I D03 171, o DA B A W e s 4H )
60% ZiAT . TR HP A ZE B 17T ( Actinobacteria ) AH X = B W 5 T A 018 i 7 B fa) | AR G 9 O s o
HE- A AE % = BE 3 IR 24.9% \22.9% F1 26.4% . TZZIE A1) ( Proteobacteria ) FIFRHT 7 ] ( Acidobacteria ) AH X
FETE T M AR AR, W AR T Al 2
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Table 3 Individual contribution of envrionmental factors to the soil prokaryotic community structure

A5t Variables MR B Individually explained/% || Z5HF Variables B R BEER Individually explained/%
MAT 3.43%% Nitrate 0.21**

MAP 2.10"** APB 0.27**

Al 2.10*** RB 0.12

pH 1.17 PR 0.18"

TOC 0.29** PD 0.23**

DOC 0.50*** PE 0.21**

DN 0.47 *** Fencing 0.03

Ammonium 0.45*** JMFRTEZR Total explained 42.09

w5 P<0.001, *% P<0.01, * P<0.05; MAT: 4E#4}i Mean annual temperature; MAP; 434K it Mean annual precipitation; Al. T 5
Aridity index; TOC: 5 HLEK Total organic carton; DOC: ¥4 HLEK Dissolved organic carton; DN %% Dissolved nitrogen; Ammonium: %
A% ; Nitrate: A% ; APB. b LAY A9 Aboveground plant biomass; RB: R Z ¥ Root biomass; PR %+ & & Plant richness; PD; fi
Y ZFENE Plant diversity; PE; HII¥I51E Plant evenness; Fencing: 1%

3 e

ASBIFFE S BRI A S 25 S ) b S SRR W) 22 e | T S 25 B v 1 R i A A R W 2 R (LR
WA 17 SIS 0 P S Rl 2 ) 2 R SR TG IS b 2 S SRR B A ) 2R I R R R i X — &%
SR AR 24 PRI AU D 3 A AR A AN TR] 288 T e S8 S Sl A WU e Vs S A AP A 22 5, S BUR A
WA Z R R AR RS SRR LE ) AT S PR A5 1 9 4 B =5 9 K TOC . DOC. FIAE 4]
e X I MR TR SR BT 23R 48 LIAMERCHCH SR8 7 A A B ST R I R
3T PO RE AR G AR A 25 0 e DR A, 8 I 5% 43 (4 ) RO PR E A e 12 [ I s 5% 00 B, 48
T R DR AR T RS R BB R A R A SR A W 2RO T 5
H FRIA AT DL T e M st b AR A i, DTS IR 19 4085 400 o ik FTRR 28 70 A ) - S LA ARG, B5e 23 T
R SR W RO S ARG T RIS B M S U W SR S i A AR R R R
PR ) 22 B RIAR 28 A Wi 2 [ ) S 25 TE AT SC AL T, A R i o v A i 0 2 PR ) 1 ) 22 Al e it T
FR AL A ) AR R AL, RSB R, PR AR T U Sl A ) 2 e XU TR AN [ A O
SRS IR R A RO s SRR A ) A S R A A S IR T T S AR S
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