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B% 10 m A5 B —> 10 mx 10 m BOREDT , BN REHL 54
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H AR, T 00 5E I A e R, A RE S AR AT
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Rl (0 5 RIR T 22 AR 25 (3R 1) . [F]A, E
AR S 8 il T JRE AR 52 5 b PR SIS T 2B ) T RE A 1Y
Simpson 48§ £ 0. AR T VAL B kb, 7 5 K 8K FHb T
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Table 1 The a-diversities of C and N cycles related soil microbial communities in different grasslands

4 TRAGER AIEER
KA £HEE Shannon-Wiener $§ 4% Simpson 5 4{ FEE Shannon-Wiener 544 Simpson 5 4
PN/SuS] 5770+292° 5.82+0.09" 0.024+0.003" 661+47° 5.41+0.07° 0.011%0.001°
AL, 6 105227 5.1240.05 0.057+0.004° 746+46° 4.90+0.05 0.039:£0.004°
BN T | 6 389+272° 6.2140.03° 0.014+0.001° 779+31° 5.74+0.03" 0.0070.001°
TN T 54 6 298+333" 6.24+0.11° 0.013+0.002° 783+73" 5.73+0.09° 0.007+0.001°

TE AR FREFROR & B IR 2 1] 22 57 .35 (P<0.05) .
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FLT NR WA R4 2R, 43 5 3R A5 Bk RG24 AH
KA AL 10 843 Fp AT 1 713 B, Hrp 61.5% Al
44.2% 1y e UG P AH ST P Py R Ay 4 o 2 b 21 7R
B AEA o RAR B M VDA R | AR N T b
AN TR H R 1 -5 B G 0 A 504 0 9 4 )
h214.578.237.263 F, i T A WA 1 2.0%~5.3%,
LT R A1 5 U8 0 AH S TR B Bl 43 59
135,46 .83 Ff AL i BT A A1 2.7%~5.3% (181 2) .

T2 # ] (Actinobacteria) f1 728 JE % | ] ( Proteo-
bacteria) A7 4 Flt 5 b IS FRH5c A 34 ) 5 0k SRUIT AR 5%
YL AE W R, 43 501 o ik U1 B AH O 8 A B
53.2%~73.3% F1 14.2%~28.0%. &1t 4b , bk G ¥
AH T AE Dy Bl 2825 B 1] (Chloroflexi) Fl R FT
B 1] (Acidobacteria) L 5 A % = B9 H 7] (4.4%~
7.3%) o AAGEIHCHIE Y ) R R v A3 7 TR
I"] (Thaumarchaeota) 1 3= 5 %5 =5 (5.0%) , 77 25 18 |
(Planctomycetes ) 7E ) £k 50 1l A1 (1) 3= B AH % 48 5
(2.8%)

2.3 BREARAIEXBEDIRESR

1 KEGG B4 5 75 B 1 KO 7K | PR &
55 At 7 b 288 TR (94 Rl 0 B R O ok 2 0 T RE AR 4
FOFEASIA] L AH B0 88, Bk 25 5 38 (P<0.01) , &4
iy R T 22 () P e R0 PR S B M D) RERE KO B R
SERAEAE .3 22 5 (P<0.05) . PCoA B i 19 %l 43 51

ff R T 94.8% 1 86.1% Bk AU AE PR AH &I A= M) D g
FEKOZEM AR, RS AR N TR AE AN T
b 0 B8R ) KO B IE S5 8 T o AL (3D
Anosim J7 445 R B8 38 Z Rl (P=0.047 )
A (P=0.014) 716 ¥ AH S 90 T RE I KO HEVE 4544
FlEREET(E2),

AR = BE A7 3 1+ ) e 0 PR A ¢ KEGG T
BEHAE 44 R R R rh B AP A i 22 55 (1 4)
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I JEEF TR IS . IR - L T RRIE FR A
il i S A A FH A R X 2 B, 0 S 5 388 T R T
3-FRILDIFRAIG IR WS FR A 28 | R R SCHE 24 R
SEA AR . MR, SRR AR HOm B
MK O B T R A TR G PR A S A R I
W FrBERRIGA AR A AL . R IR- R T IRIE IR
RPN A PR APV A AR X =R 8 BRI, 4 R 22 i
ST R AE FR A 56 KEGG 3 B AR He (14 FH % = )37
TE AN T8 bR E AN T8 M 22 () G I 3 Pk
%5,

5 RG-S AR R 2 B i i KEGG
VIR 4 b A A F 7R B 22 . Vb
5 b 1) S5 AR TR 30 IR (] A i 7 & 38 5 1 A
PO = R NS /N (118 W (<A 35 I = =
FEAE R AR AR L DR 4042 ST R 1 280 FH %) AF G
FE ) AR T R AR . A LTV, RO
N Tl T AN T 5 b 0 S5 A il R 6 38 T [
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Table 2 Multivariate nonparametric tests (ANOSIM )
based on Bray-Curtis distance of C and N cycles related

soil microbial communities structures among grasslands

TRAGER A
FHE R
r P r P
KR B -V 1 0.004 1 0.004
TR B - B AN T Hh 1 0.004 1 0.004
FAREEH-HEMN T 5 1 0.004 098  0.004
VR AR - AR T R 1 0.004 1 0.004
VO AL -E AN T B 1 0.004 1 0.004

AN THH-ENN TR 0292 0.047  0.644  0.014

TR AT P T T AN SRS TR 1) Y DTk B U 2, S X Bk Ay
BIh 5.3% F14.9%, FEVALF M b R AT T i
AT BEAS R Y BT b R AR B M A N T
FITHE NN T8l i AR T B T TR AR AR B . 2R
TEERAE S SRR R 18 1) R A B B 1] (-
trospirae) AFJZE ] A7 B AR B (Crenar-
chaeota) J& S A A A H A &S A0 VR FH ) 32 22 T BE ik
AWy, HAF- 24 BTRR 3 00 35.3% . 18.2% . 16.9%
13.5% F16.0%. I A b B TR o W 1R
A AR S 2 A A E T 5 = 5 P sk
25 H 18.2% . 53.0% F1 10.7%.,  7E 70 Ak 2 i1 A %L
PEIA SRR h AR T 1R 17 S AR AE o8 e 48Uk
BE A FH v 0 DRk 5 K SR il | R AR N T i A
VNN T2 |l T4 o TR TG A B, AR v Ak
i R TR 5 R AR R M | AR N T b R A
AT H %, #id 99.9% iy &Mk B TATE
HIT(ES),

2.4 INEBEREFIAREEMEERRIEI KOs #2205

%&£ T Bray-Curtis B 2 ) KEGG {F ¥ KOs %5 14
5 55 A 1Y Mantel test 73 7 45 238 W | e &G 2
FHICT A ) KOs S5 A1 9 55 82 b [ A ) 5 Fl e 24
Pk (3 & B HI Shannon-Wiener 35 %% ) M + 1 SR |
KA R AL AR A A A R A AL
S OE A OG , B EUIE FRAE G B4 ) KOs 5 + 18 4
MBS R, B T HEZR M pH 5 2GR
A=) KOs it 25 1EAH G, (5 53547 20 4H T AE #) KOs
To i E M (K 3) . F T 6 T4 4 Hr (db-
RDA) %M, CAP1 Fil CAP2 Wi%ith 5 W it B¢ 1 49.9%
1 57.8% (1) i A B4 11 U006 20 AH 5 3304 ) KOs 2544
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B S (K 6) .
3 it

3.1 EMRESHREBIEXBEDREEN

SR PR I S5 R R AR SR 1 R 1R A R b AR
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FLEDUE 73X — f (1 2) o BAR N TR AE AN T
) Simpson $5 £ E AL T VLR L, R T
A T AN AN 5 T 8 5 e UG P A S A
Yroh e Ry 3 & B, i T H A B X T fE R
AT AR — A Vb - R B A N TR
Bl A Bl A AR AL T AT 3450 8 A SR RS, DA
AR HE T X S A YRI5 1 3 s JRe

JRUAE N [v) B b, 288 8 5 e LA 2 AH G 1) S A
DIRe R 45 M)A 1E 0 35 22 57 (K1 3) (HA) A7 3l —2F 5k
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Table 3 Mantel test for the correlations of C and N cycles
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Vegetation restoration measures affect soil microbial carbon and
nitrogen functions in desertified alpine grassland

Liu Wenjing"’, Hu Yigang’, He Zhenzi'*, Zhang Zhenhua', Li Yikang'
(1. Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-Environment and Resources, Chinese
Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;
3.MOE Key Laboratory of Land Resources Evaluation and Monitoring in Southwest, Sichuan Normal University, Cheng-
du 610068, China; 4.Institute of Northwest Plateau Biology, Chinese Academy of Sciences , Xining 810008, China)

Abstract: To explore the effects of vegetation to restore the measures on carbon and nitrogen cyclings related
soil microorganisms in the desertified Tibetan alpine meadow, this study selected artificially revegetated grass-
lands using herbs and shrubs to restore the desertified alpine grassland. We compared the structures and potential
functions of carbon and nitrogen cyclings related soil microbial communities between the two revegetated grass-
lands using metagenomic sequencing technology. The results showed that vegetation revegetation significantly
improved the Shannon-Wiener diversity, richness and evenness of carbon and nitrogen cyclings related soil mi-
crobial functional communities, and thereby affected the potential ecological functions. While there was no sig-
nificant differences in most soil microbial carbon metabolic functions between revegetated grasslands and the nat-
ural desert, many nitrogen cycling related functions showed significant difference, indicating that the restoration
of soil microbial carbon metabolic functions in the desertified alpine grassland due to revegetation was better than
that of nitrogen cycling related functions. The carbon and nitrogen cyclings related soil microbial functional com-
munities were significantly positively associated with the improvements of vegetation and soil environmental con-
ditions. These results showed that despite artificial revegetation restructed the structures of carbon and nitrogen
cycles related soil microbial functional communities in desertified alpine grassland, the effects of different reveg-
etation measures on potential carbon and nitrogen functions of soil microbial communities were limited.

Key words: grassland degradation; artificial revegetation; carbon and nitrogen cycling; metagenomics; micro-

bial functional community



