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1.1 ARRXER

WF T HAL T 2 A 55 V0185 I8 52 ol ARl Bl 22 i 5
B 15 7R AIF 9 3L M (40°22'N L 109°51'E, 4Kk
1002 m) . Ja& T il R Bili 1 2 XUk, A K
240~360 mm, 4FF- 347 & 1 2 160 mm, % 3% 25 <
1 40.2 °C, M s Fie IR TRL-34.5 °C, 210 °CH AR
3197.4 °C, CFHII 130~140 d., W58 X KA Y) &
B T E W (Carex duriuscula) PR (Elymus da-
huricus) . % |3k (Echinops sphaerocephalus) . b K
(Agriophyllum squarrosum) . % & 3¢ (Salsola colli-
na) .75 5. (Sophora alopecuroides) i (Artemis-
ia ordosica) %5 VK% (Bassia dasyphylla) %% . [#7
B B 3= E R W (Populus spp.) /N a8 )L
(Caragana microphylla) . V% ¥l (Salix psammophila)
FIVSH (Elaeagnus angustifolia) 55 .

1.2 HRF=*

121 H&REE

Y H e B AMRAS T JCvE AW BSCs BIE K,
T, A4 B B b 155 I [ DI 4 7 BSCs 19 & I
[i1) B VR B B o AR 1 V0 bR i B ) B A R R
0L, T 202148 7 H  FEIE K 30 4F A% ) [ 70 bR b
K 4E BSCs FEA . 42 BRI 3 B ), i 42 9 45 B2
(A30) FEEETR AR 25 iz (AMB30, BE4S J Kt <40% ) I
#E45 2 (M30) , LA IC BSCs 75 35 AR V> + S vl B ke
Hi(CK) . 4N HA KR BSCs 45 Hr Bt
Hi, BEASRE L 20 mx20 m, 76 BN RE L, SR R BEAL
IUREVE: a5 5 AN IORE S A TR AR IR R B b 1Y
SARHME GG 2 RS HHITIR A R R
500 g AR R MERES . BEAE R ZHUREIRE AN
0.5 cm, FEEE IR AR 25 K FaE s i OREVREEZ9°M 1 em,
Xof BEREHD HURE VR BE S} 1 em. HURERT , BHYESE % T 12
1 3 B4 B AT A BHASTh ARG A
4 °CH R VKA ML B =, A7 T-80 °CHKIR
VKA T A W v D D) HR— 1y 1
HEREAAE S IR  X T, F T S A

122 TEEERNUE

- e G T30 AE Ty vE S 2 e B AR
P LR A R W MR B 0 R 3, 5-
TRHER KA IR L1 5 R T IS I SR HHTE 19 0 L
o3k s U IS I SR 2,3, S-Sk = R U R
M (TTC) b a3 5 2ok S8 Ak SIS 0 I >R H1 430606
123 TEREYNE

2§ Tiangen Biotech 2% ] ik 7 £ “genomic
DNA isolation kit” ¢ B 45 #4171 3 G A= W B 7%
DNA £ 8, fiff F 1% Byt B i 5 i HL UK Fll Nanodrop
2000 5  DNA 20 & Fk i, J143 0 LA 16S rRNA J
nifH FEPRUR ITS J PRI Ay 4 B | 151 260 5 R L R 43
FARZ B AR ZE A, R 1llumina Miseq -5
X AR 5 PR A T v 1 T A AT, BB S W a3
338F/806R (338F: 5'-ACTCCTACGGGAGGCAG-
CAG-3'; 806R: 5-GCACTACHVGGGTWTCTAAT-
3') . nifHF/nifHR (nifHF : 5'-AAAGGYGGWATCGG-
YAARTCCACCAC-3'; nifHR: 5-TTGTTSGCS-
GCRTACATSGCCATCAT-3)HIITS1F/ITS2R(ITSIF:
5'-CTTGGTCATTTAGAGGAAGTAA-3'; ITS2R: 5'
-GCTGCGTTCTTCATCGATGC-3') . PCR 4" 1§
WS ok b S kT . B R EEAEY
B2 25 RHEE AT FRAA B 3G =y A T

i F} FLASH (V1.2.7, http: //ccb. jhu. edu/soft-
ware/FLASH/ ) ¥4I 15 JT 45 19 Jt 4y e 5 9F 4, P
QIIME $R A R A7 I s 5040 1) Joie 2 428 o R i 15 1A 25
bR RIS A RUTH  £5 dHRAEASRAR 1 e/ N 915
“h 44430, [ R FEAS SRS 10 B /NP 5Bk 41897,
FLAFEAR AT W e/ NTFIECH 8593

1.3 EiEabiE

WA 3% 1) aF UPARSE 3K F 75 97% AHABL K
b R AT R 28I 77 A 454 9 25 B T (Operational
Taxonomic Units, OTU) . 1EHL OTU M4t 2 14 7 571
HEAT ) R, A AT | I 2R PR RN BT 43 1) >R A SIL-
VA .FGR Fll UNITE 4 FE AT, 4R A5 53 252445 BT
SrAETT A B B E R OTU K S i 45 FEAS
FIREIS AL . SR R3.3.2 k48 il - M 4 4 | %] &
PR L TR AR L B R AL, SR H Origin2017 25 il ) #h A
XoF B 1 5 2K SPSS19.0 % + M il 1% 1 E 47 48t
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2.1 BSCs EEME T 1EEE N THEHE

TE 30 4E [E VD MRAE L, P BSCs i Al 22 7,
TG 2SR B (R 1) RN BERE MR L, 3
25 1z (A30) FIEESS 2 (M30) H 2 5+ BERRE 34 10 £F

A= 25 K (AM30) 22 5 AN B ; [l i), Bifi %5 BSCs 1Y 1
BERWIE R, 25 Z6 P B DREETG 77 X BERE
) 12.01£0.72 mg-d™'-g" $& & & #F 25 2 19 17.01+
0.56 mg-d'-g”. S5 A SN 1) B Sl )
sk S Ak U I ) AE AN [R) O B B TR i 3 25 57
HEEFE SR A A30>M30>AM30>CK.,

F1 AREEBHE BSCs BiE T HHE

Table 1 Characteristics of soil enzyme activities at different succession stage

- 1YL il izt Jig it It S i i AL E
f(mg-d"+g™") /(mg-d'-g™") /(mg-d"+g™") Hpg-d'g™h) /(mg-d'+g™)

XTHR(CK) 0.96+0.04° 7.99+0.85° 12.01+0.72° 5.30+0.43° 26.55+0.54¢

HLE 7 (A30) 1.59+0.19° 26.38+0.07° 14.05+1.00° 15.95+1.54" 35.91+0.54
HEER 45 K (AM30) 0.97+0.07 13.65+2.23° 14.00+0.72° 5.44+0.25° 29.49+0.64°
W45 2 (M30) 1.62+0.28° 26.53+0.11° 17.01£0.56" 8.28+1.95" 32.42+0.03

[FIFIA ) PR 7R 28 5 .35 (P<0.05)

2.2 BSCsTEWM S MBS
a-ZHEVEFREOE TR R Y Fh 2 HE v 2
fetr. Hrh, Coverage #5845 Al S st I 49 1) 7 o
FEEE , Shannon 545 WY FP Z2 1 , Chao 5 200 [
WL A A =5 B . AR | U A ECE Coverage 5

04 0.991~0.999, EW8 S WA Y S ML (£ 2) o
21 B A1 [ (B 1Y Shannon $5 503 /545 |2 (A30) |
PEEE IR A 45 e (AM30) (BE 25 i (M30) fR vk ik 38, B
T T T U8 ] 28018 Y Chao 8 BU7E BE 45 Kz v B i
FFE A0 B Chao $8BUTCH 25 5 .

F2 o-ZEMIEH
Table 2 Alpha diversity indexs
i) [ HH
T
Coverage Shannon Chao Coverage Shannon Chao Coverage Shannon Chao
Xt R (CK) 0.991 5.33 1939 0.999 1.85 41 0.998 2.84 421
HEE I (A30) 0.992 4.90 1809 0.999 1.35 33 0.998 3.49 391
HEER AR 45 K (AM30) 0.991 5.31 2105 0.999 1.71 37 0.998 2.89 419

HELE F2 (M30) 0.993 6.06 2103 0.999 2.42 67 0.998 2.70 395

2.3 BSCsEEME T EMARBETIWIHE

FET TSRS FBE R T 1% 0 9171, A7 51
A R oAt (BT 1) o 4B A 2 456 W A A 1)
(Cyanobacteria, 1.4%~46.9%) ."ZJE 1] (Proteobac-
teria, 21.1%~36.2%) . i 2 & |] (Actinobacteria,
10.5%~25.7%) . 2 #T 1 '] (Acidobacteria, 6.4%~
11.8%) U FF 1] (Bacteroidetes, 4.7%~8.3% ) 425
1] (Chloroflexi, 3.9%~8.0%) . B BR[| ] (Myxococ-
cota,2.8%~3.7%) .2 L[] (Gemmatimonadetes,
1.1%~3.0%) F1 Y 1 7 '] (Verrucomicrobia, 0.4%~

1.4%) . Cyanobacteria J2&: X§ & #£ M (CK) | 3 45
(A30) 71 4 &5 IR A= 45 2 (AM30) 19 f #4171 ; Proteo-
bacteria 42 #% 25 2 (M30) 9L # ], Proteobacteria .
Actinobacteria , Acidobacteria , Chloroflexi Fll Gemma-
timonadetes fi¥) 3= J& fifi BSCs jii £ [y Boz i in . 31X
Ut B BSCs AN [R]85 [ B, 20 B R 7% 25 4 7228 4k 22 S
BR.

e B R T A FFEATE OTU K- 247 /9 HI
FRA B OTU B (1K12) o Xf REFEHE 28 B BEEETR
M= 45 B AL, B b AT /Y OTU %t o 8025 %o A
M RGN R R EEIR A 45 BRI EE LS BRFAT B OTU 4L
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Fig.1 Relative abundance of soil bacteria at phylum level
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Fig.2 Venn diagram of soil bacteria at the OTU level
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Fig.3 Heatmap of soil enzyme activities and relative

abundance of bacteria at genus level
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T IEREA R A 22 SO (B 4) X E R T 1%
A3 H L% 3 H e o2& Bk % H (Nostocales,
28.7%~98.1%) . 21 2 % H (Rhodospirillales, 0.7%~
61.4%) FUA 7R /R T H (Burkholderiales, 0~6.2%)
Nostocales 2 X JEAE b | 35 45 Hz Rl s R AR 45 2 1Y
Pt # H , Rhodospirillales & #¢ 4% 7 (9L # H . Burk-
holderiales 7F ¥ £ i A= 45 K FEE 45 Ky v =F B2 407
5, 53 B R 2.2% 1 6.2% . 3 45 B v i1 [ 2R B
FRXT B — |, B %5 BSCs 18 £ S 90 A48 , [ 28 B 2 A
GBI

K 5 s, Th B3 & (Seytonema) X} BE A iy
(69.5%) I 8 45 Fz (80.2%) ' (1 A8 34 J& ; Unclassi-
fied o Nostocales (43.1%) 1 Unclassified p_Cyano-
bacteria(35.7%) J B eE 1R AL 45 B i3 E s Bk 2
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Fig.4 Relative abundance of soil nitrogen-fixing
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Fig.6  Venn diagram of soil nitrogen-fixing
bacteria at the OTU level
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Fig.7 Heatmap of soil enzyme activities and relative

abundance of nitrogen-fixing bacteria at genus level
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Fig.8 Relative abundance of soil fungi at phylum level
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Effects of desert biological soil crusts succession on microbial
community structure and soil enzyme activities

Zhang Shengnan, Gao Haiyan, Yan Deren, Huang Haiguang
(Hunshandake Sandy Land Ecosystem Research Station, Inner Mongolia Academy of Forestry, Hohhot 010010, China)

Abstract: In order to understand the characteristics of microbial community structure and soil enzyme activities
during the succession of biocrusts, biocrusts of differnt succession stages (CK, A30, AM30, and M30) in Hobgq
desert, China, was chosen as study objects, bacterial community structure, nitrogen-fixing bacterial community
structure and fungal community structure in bioctrusts were sequenced via the high-throughput sequencing plat-
form, biocrusts enzymatic activities were measured, and how biocrusts affect soil microbial community structure
and enzyme activities were discussed. The results showed that the dominant bacteria changed from Cyanobacteria
(CK: 36.1%, A30: 46.9%, AM30: 30.7%) to Proteobacteria (M30: 36.2%) as the succession level increased
of biocrusts. The dominant nitrogen-fixing bacterial changed from Scytonema (A30: 80.2%) to Skermanella
(M30: 60.6%) , the relatively abundance of Basidiomycota (A30: 1.0%, AM30: 5.0%, M30: 13.5%) gradual-
ly increased as the positive succession of biocrusts. The unique OTUs of bacterial, nitrogen-fixing bacterial and
fungi in M30 significant increased 1.8—8.3 times, 1.9-33.0 times and 1.8-33.0 times compared with CK, A30
and AM30, respectively. The order of increasing microbial diversity in positive succession of biocrusts was nitro-
gen-fixing bacterial>bacterial>fungi. The exaltation of soil mibrobial diversity significantly enhanced soil cellu-
lase, sucrase and urease activities involved in carbon and nitrogen cycling (P<0.05). In conclusion, the soil mi-
crobial community structure and enzyme activities gradually improved as the succession level increase of desert
biological soil crusts.
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