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Abstract : The diversity and community distribution of culturable bacteria, actinomycetes, fungi in semiarid desert steppe in northwestern part
of China were studied by using dilution plate count, clone isolation and 16S rDNA sequence analysis methods. The results showed that the
numbers of culturable bacteria, actinomycetes and fungi of desert steppe were 1.23x10° cfu+g™, 0.19%x10° cfu-g™ and 0.18x10° cfu-g7,

respectively, compared with those of the cultivated land, whose numbers were 3.03x10° cfu g™, 0.53%x10° cfu -g™ and 0.05x10° cfu-g™'
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respectively. The numbers of culturable bacteria and actinomycetes in the desert steppe soil were lower than those of the cultivated land,

while the fungal number in desert steppe soil was higher than that of the cultivated land. A total of 14 bacterial strains were isolated from the
desert steppe soil. The strains belonged to the following three phyla:y—Proteobacteria (Psychrobacter), Actinobacteria (Kytococcus ), and
Firmicutes (Bacillus, Lysinibacillus, Solibacillus, Aerococcus). Among which Bacillus and Psychrobacter were the predominant genus.
Nineteen bacterial strains were isolated from the cultivated land and were further affiliated to four phyla : a—Proteobacteri ( Rhizobium,
Sinorhizobium ), «y—Proteobacteria (Pseudomonas ), Firmicutes (Bacillus) and Actinobacteria (Microbacterium, Arthrobacter, Micrococcus,
Kocuria). Actinobacteria was the predominant phylum (occupied 57.9% ). A total of 8 actinomycetes strains were isolated from the
desert steppe soil and were identified to belong to three phylogenetic groups:Atreptomyces, Micromonspora, Intrasporangium. And
Atreptomyces, Micromonspora were the dominant communities in cultivated land. The fungi strains from the desert steppe were identified and
designated as Alternaria and Cladosporium. But Penicillium, Alternaria, Aspergillus, Mucor and Coniothecium were isolated from cultivated
land. The results indicated that the microbial diversities of the desert steppe and cultivated land were abundant and different. The microbial
numbers and community distributions changed at different depths in the same area. The culturable microbial communities of the cultivated
land were more abundant than those of the desert steppe soils.

Keywords: desert steppe; culturable microbes; diversity; 16S rDNA
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2.1 AR TEEMELIER

ANTA] X 3 -3 B AR pH IR EEUNER 1 R, 3
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7.94 KA iR 9.24%, B E L HOK SR e, N
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KZER . FW R R IZK AL, N 5.63% , #iitb
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Table 1 The surface characteristics of different soils

Wik
BRI Depth/cm Moisture content/ Tempera— pH
% ture/C
SR 0~10 5.63+0.03¢ 20.1 8.04+0.02a
Desert steppe 10~20 9.77+0.01bc 19.9 7.94+0.02ab
20~30 12.33£0.01ab 19.7  7.9420.12ab
FH(Average)  9.24+0.03 19.9 7.94+0.09
boiaith 0~10 14.73+£0.01a 19.8 7.83+0.03be
Cultivated 10~20 12.90+0.01ab 19.9 7.25+0.01d
land 20~30 14.57+0.01a 19.7 7.77+0.06¢
TF-H5(Average)  14.07+0.01 19.8 7.62+0.32

VE : [RIFUAS [R) B 3RR 22 5 ;.25 (P<0.05 )
Note: Different letters in the same column meant significant difference

at 0.05 level.

22 AR TBEMFIERMEYHERETES

Tic 58 i SRk b - AN W) 2 AT 35 SR A A B
HANFR 2 F/R o ST G R n] B3R AN ik A B R R
A1 1.23x10°,0.19x10°,0.18x10° cfu- g™, ik
=2RME MR 4y B2 3.03%10°,0.53%10°,0.05x10°
cfu-g™s VA b SRR 5 R A b 2 R ) o
SR 77.0%F 84.0% , SAEXF R LR ,
A3 11.7%F 15.0% B ECR b, 4031 11.3%
1 1.0% . FEARF IR A TE SR B> B A F5— M
SRR — R RE o A B , B e T R S A] 5 5 e
YT B T 15 326
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R 2 FRTEEMMENEBFBERZESH(x10°cfu-g")
Table 2 Quantitative distribution of microbial communities of different soils(x10° cfu-g™)
Fie iR it Desert steppe Bt Cultivated land
R Depth/em - X " X N N
A1 Bacteria  JiTZEA Actinomycetes BB Fungus AHTH Bacteria  J{ZETA Actinomycetes HLp# Fungus
0~10 1.08+0.10 0.17+0.03 0.15+0.10 4.40+0.84 0.80+0.05 0.07+0.06
10~20 0.53+0.03 0.12+0.06 0.18+0.06 2.48+0.03 0.50+0.28 0.05+0.05
20~30 2.08+0.28 0.30+0.20 0.22+0.13 2.22+0.10 0.30+0.10 0.03+0.03
P4 (Average ) 1.23+0.08 0.19+0.09 0.18+0.03 3.03+0.19 0.53+0.05 0.05+0.02

AN TR DX 3 - B A Ak W B B B W T A
25 TR E AR 0~10 em 2R YECR 5 =2
T AR Y A 29.0% ,10~20 em - )J24ATE . R
B LR B AR, B 17.7% 1 7E 20~30 em
1) T 2RO IR R TR, 5 53.3%. A 133, 41
TR B EERTE 0~10 em 2R Z K=
2 IR ) B TN 48.3%, TITAE 10~20 cm &
20~30 em 1 IR, HRIZ R Z AT SR
TR B 22 05N

T TR R AR RO i 2 A3 g R an R
3R BEHLE T EUZ b HL ARy 2.09 5 38 v T
B ZEAH 0.56, 25 KRR AR T 2.

F3 HEREBMEMERBNRMLEEE

Table 3 The stratification ratio of microbial community

{4 Microbes

TR Desert steppe il Cultivated land

4% Bacteria 0.53+0.10 2.00+0.45
TR Actinomycetes 0.82+0.61 2.93+1.21
FLIE Fungus 0.73+0.45 1.33+1.15
VB Total numbers 0.56x0.14 2.09+0.50

2.3 RNE BRI FEE SN

AT R 3 B T 33 Bk,
FSE TR R 14 Bk, BEHD 19 Bk, XTT A B AN A T
U (F 4) o R IUSTEHE 5 4 e a0 b 2k 2R AT
J& R AT R IR R A TR
J& BRI S EREE 6 N LR Rk AT
JE RV HT B T o Ak bt - 8 ] 8% 57 A B 2 B R R B
J& AT R BRI E B R E AT R R
A AR R E BRI E 8 M8 HrP ik
FT TR 5 57.9%, TR BN 2E 10 HE -
RETEFLVFRETEE . KRR ST AE N
F )2 M DA R S e IR R . X
EEFARIE T R G AT KRR T UL 1 A 2,
24 FELEEFHEAESHFE

e R S AT b - 39 B R B 17 Bk,
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P L2 Ry, AR DRI 25 b B A8 AR R B T
AR AR AU SR SR , AN )b DX AN [RI 2R RUA B+
SRR YR SR 22 S R o R A T B
T BT T L A [RIAF AR S Y G A W B A e B
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Table 4 Diversities of culturable bacteria of different soils

TR Desert steppe

b Cultivated land

S Genbank

IRARMRL AR

G507~ AR AL I S [ESL7 ¥ AR Il 55 Genbank
. e accession . Closest type S :
Strain number Closest type strain Similarity Phylum Strain number . Similarity Phylum accession number
number strain
. L Bacillus .
BYHDI1-1 Aerococcus urinae ~ 94% Firmicutes KU177220 BYNT1-1 . 96% Firmicutes KU177249
megaterium
BYHD1-4 f?;ff:;‘lﬁ 94%  Actinobacteria  KU177233 BYNT1-2  Bacillus infantis  96%  Firmicutes KU177234
Bacillus . - Bacillus .
BYHD1-6 . 96% Firmicutes KU177221 BYNT1-3 . 96% Firmicutes KU177245
megaterium megaterium
BYHDI—7  Dsimibacillus gqo pienes KU177222 BYNTISS Rocuria 100%  Actinobacteria  KU177239
sphaericus rhizophila
Rhizobium
BYHD2-1 Aerococcus urinae ~ 94% Firmicutes KU177223 BYNT1-8  leguminosarum  98%  Proteobacteria KU177251
bv
BYHD2-2  Bacillus pumilus ~ 97%  Firmicutes  KU177224 Bynt2-1 M “I:S’f’a‘;‘e‘lj;”m 99%  Actinobacteria  KU177246
Solibacillus . Pseudomonas .
BYHD2-3 . . 99% Firmicutes KU177225 BYNT2-2 97%  Proteobacteria KU177235
stlvestris Sfulva
BYHD2-5  Psychrobacter sp. ~ 94%  Proteobacteria ~ KU177226 BYNT2-3 AZZ "f; ‘e’f:’ 98%  Actinobacteria  KU177247
Arthrobacter
BYHD2-11 Aerococcus urinae ~ 94% Firmicutes KU177227 BYNT2-4  phenanthrenivo- 97%  Actinobacteria KU177240
rans
BYHD2-12 Bacillus 97%  Firmicutes  KU177228 BYNT2-5  Bacillus infantis  96%  Firmicutes KU177250
megaterium
BYHD3-1 Aerococcus urinae ~ 94%  Firmicutes  KU177229 BYNT2-6 M ‘Z‘:ﬁ’a";‘ﬂ”m 99%  Actinobacteria  KU177241
BYHD3-2  P¥ehrobacter g4 prgeobacteria  KU177230  BYNT2-8  AThrobacter ggq A inebacteria  KU177242
arcticus aurescens
BYHD3-5 Psychrob acter 94%  Proteobacteria ~ KU177232 BYNT3-1  Arthrobacter sp  99%  Actinobacteria KU177236
cryohalolentis
BYHD3—7  Dsimibacillus —goq, piicues  KU177231 BYNT3-p  Micrococeus —g9q, A ctinobacteria  KU177237
sphaericus luteus
BYNT3-3  Sinorhizobium —geq picobacteria  KU177238
Sfredu
BYNT3—4 Arthrobacter gy s tinobacteria  KU177244
chlorophenolicus
BYNT3-5  Microbacterium  99%  Actinobacteria KU177243
BYNT3—7 ~ Micrococeus gg0 A tinobacteria  KU177248
luteus
BYNT3-8 Rhizobium etli 98%  Proteobacteria KU177252

¥ :BYHDI1-1,BYHD1-4,BYHD1-6,BYHD1-7,BYNT1-1,BYNT1-2,BYNT1-3,BYNT1-5,BYNT1-8 ¥ F 0~10 cm +3%; BYHD2-1,BYHD2-
2,BYHD2-3,BYHD2-5,BYHD2-11,BYHD2-12,BYNT2-1,BYNT2-2,BYNT2-3,BYNT2-4,BYNT2-5,BYNT2-6, BYNT2-8 §ifi it T* 10~20 cm 133 ;
BYHD3-1,BYHD3-2,BYHD3-5,BYHD3-7, BYNT3-1,BYNT3-2, BYNT3-3,BYNT3-4,BYNT3-5, BYNT3-7, BYNT3-8 ffifi £ F* 20~30 cm 14,

R IR Z M X S Y 5 24 kb 3 T B SR AN B
WA 1.23x10° cfu-g™ 1 3.03x10° cfu-g™, JHLE N
0.19x10° cfu-g™ F1 0.53x10° cfu-g™, FHFH 0.18x10°
cfu-g™ F1 0.05x10° cfu-g™, FElbaL st 58k g n] 1
FRANTA TR AR TS — A, BIAHTE >
LRPAI>FLIA o i T A L 0 BT NS 2k o 5 ] AR T
iy -39 T LR KR A I TR

—248—

AN T DS S A i B A B W Y e 0 A
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100 [ Bacillus megaterium DSM 319(NC-014103.1)
BYHD2-12

Bacillus sp. INLA3E(NC-021171.1)
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Bacillus infantis NRRL B-14911(NC-022524.1)

Bacillus pumilus SAFR-032(NC-009848.1)
BYHD2-2

BYHD1-7
BYHD3-7

Lysinibacillus sphaericus C3-41(NC-010382.1)
BYHD2-3

73
31
27

55

Bacillus(Firmicutes )

Solibacillus silvestris StLB046(NC-018065.1) -

100
—— Aerococcus urinae ACS—120-V-Col10a(NC-015278.1

100

BYHDI-1
BYHD2-1
BYHD3-1
BYHD2-11

— BYHDI-4
100 — Kytococcus sedentarius DSM 20547(NC-013169

1001 gyfp3-2
Psychrobacter PRwi—1(NC-009524.1)
il
100

Psychrobacter arcticus 273-4(NC-007204.1)
Bl REERHEAREERGEATN

100

BYHD3-5

100

0.02 Psychrobacter cryohalolentis K5(NC-007969.1)

Aerococcus (Firmicutes )

1) :I Kytococcus (Actinobacteria )

Psychrobacter(y—proteobacteria )

Figure 1 Phylogenetic tree of bacterial community of desert steppe

BYNT3-3
98l Sinorhizobium fredii NGR234(NC-012587.1)
BYNT2-2
100 iPseudomonas monteilii SB3101(NC-023076.1
95L Pseudomonas fulva 12-X(NC-015556.1)
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99 BYNT3-2
N Micrococeus luteus NCTC 2665(NC-012803.1)

46
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86| IBYNT3-8
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BYNT3-4

BYNT3-1
Arthrobacter FB24(NC—-008541.1)
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Figure 2 Phylogenetic tree of bacterial community of cultivated land
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Table 5 The diversities of culturable actinomycetes of different soils

TR B JE Desert steppe

FFHh 434 Cultivated land

FtkSR" S Strain number FARPIFRE Closest type strain

TPk 5 Strain number FARBIERR Closest type strain

ABYHDI1-1 JNBA T @ Micromonspora
ABYHDI1-2 6] #1%% )& Intrasporangium
ABYHDI-3 BESR 22 TR Streptoverticillium
ABYHD2-1 JNEAS T B Micromonspora
ABYHD2-2 BEEE TR B Atreptomyces
ABYHD3-1 JNBAFATE @ Micromonspora
ABYHD3-2 FER R Atreptomyces
ABYHD3-3 B4 2215 R Streptoverticillium

ABYNTI-1 /NPT @ Micromonspora
ABYNTI1-2 FE4E 22 1 )@ Streptoverticillium
ABYNT1-3 A 22 TR JE Streptoverticillium
ABYNT2-1 SR 8 Atreptomyces
ABYNT2-2 RS R B Atreptomyces
ABYNT2-3 e85 4B Atreptomyces
ABYNT2-4 HERE IR Atreptomyces
ABYNT3-1 N B Micromonspora
ABYNT3-2 JNFRAITE S Micromonspora

7E:ABYHDI-1,ABYHD1-2,ABYHDI -3, ABYNTI -1, ABYNTI -2, ABYNT! -3 fiii %t F* 0~10 em 13 ; ABYHD2-1,ABYHD2-2,ABYNT2 -1,
ABYNT2-2,ABYNT2-3, ABYNT2-4 fjiii % F 10~20 cm -3 ; ABYHD3-1, ABYHD3-2, ABYHD3 -3, ABYNT3 -1, ABYNT3-2 §ifi £ F* 20~30 cm

I,

R 6 FRTBEEMIERERSHE

Table 6 The diversities of fungus of different soils

TR HL 5 Desert steppe

#HHb Cultivated land

FitkgR"5- Strain number FAHERE Closest type strain

FiMkgR5 Strain number AL BE Closest type strain

FBYHDI-1 KRR Cladosporium
FBYHD2-1 AT & Alternaria
FBYHD2-2 THEAIEE S Alternaria
FBYHD3-1 LHEHIER B Alternaria
FBYHD3-2 ZHEHVE IR Alternaria
FBYHD3-3 AV IR Alternaria
FBYHD3-4 SCHETEE)E Alternaria

FBYNT1-1 A EE & Coniothecium
FBYNT1-2 ACHEIRER)E Alternaria
FBYNT1-3 H55 )8 Penicillium
FBYNT1-4 HHJB Penicillium
FBYNT1-5 HEEE Penicillium
FBYNT2-1 HhazJE Aspergillus
FBYNT2-2 & Penicillium
FBYNT3-1 A TS Aliernaria
FBYNT3-2 %8 Aspergillus
FBYNT3-3 E5JE Mucor

{1 :FBYHD1-1,FBYNT1-1,FBYNT1-2,FBYNTI -3, FBYNTI -4, FBYNT1 -5 fiii £ F* 0~10 ¢m 43 ;FBYHD2-1,FBYHD2-2,FBYNT2-1,
FBYTNT2-2 i F 10~20 cm 43 ; FBYHD3-1,FBYHD3-2,FBYHD3-3,FBYHD3-4,FBYNT3-1,FBYNT3-2, FBYNT3-1 i £ F 20~30 cm 13,

B %, B APPSR G , P AR AR
BN A KR EGEAR AL T BON SR E TR P,
LI E YR B S ISR AR S E G R,
ISR R R R B R R A 2
ARAEB ARGl . PR T IEREY)
BBl R LR A A R X AR AL BLG LA EEB
AR ik, BIRJZE S & AR Y B SR
P E RO MR B FUAE, B8 3R R AR
FeR e HRBLR/NT 2 8 SR i, U] A e
IBAEBG, LR T 2 alirE 2 BT 3R 13RI LA
R PR O A R A 2 A HE R 02,09, Sie i
B R EAERAN 0.56, %5 2K W2 LR AR
T2, UL WIS e A A A R e 5 , R = AR E T
T EIR AL
—250—

AT B B K 16S tDNA FEA 0 H7 FL s 1 e it
T S b - R AT BE SR AN DS AR . R I
SRR EE SR T E ORI T IRERE T | oy IE R AN L
T, Forb B RETH T TA0TR 4 D&, o5 71.43% , 3%
B8 N ZE AT R o BF AT B 3R 4 B T Sk R Tk
T JREER ] o~ TE WAy TE R AN, 5 e i
JE AR Z AR RN, i R T R A
57.89% , AL AT A ZF AT 8 X 5 A5
ZEHURL . Kim SEMRFFE A, 55 [ A4 JE M7 H RS
{1 R Rz BRI A Vgl - 38U E W 2 o8 TE
WA, FEWI] (Planctomycetes) FUEL R 1F L -
Jiang ZE% PN FREAILIRRIO U Hh - 540 T T I
FUH o BIEHPN y-"LIEEN . R (Gem—
matimonas ) 425 [ 1 ( Chloroflex T4 B ; iy 55 WIF 5
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MR, A PGAE T R 5 S i L S TR SR U ) 2R RO A AT UL

2016 £ 5 B

KT R O 3 T R i A 3 R R SR A T
BLETIREERT . R oS H N B-LIE W
W y-"SIC A AUFFE ] (Bacteroides ) , iy v—55E
TR AR B AR T A 22T P MB SRS v XA ]2
A Af S R4y B Alifh T 400 ZRRANTE AR T S A
1137 B 53 A&, LStk E TR T, ik
FASTERFIET 1o Lin 6505 BT8Rt R B ARy
T RS BN R BT TR AR T TR 44, JC
S oL RN . AEAE R R A B AR T
JE A v AR NS AT R R i %, iZERkb
3P AT R PR o T B R TR D A A
T2 EREH I EAR R 2804 B, AR ]
YN B AT AERSIRIZ o T TEAR 38 R TR ] 1Y)
Y R Z L AT T TR BT 1 A e TR
)2 TiAh  WTREERE 50 B 14 BRANG A 13 B
f) 16S rDNA J¥51) 5 B2 A 40 & B AL /N T 97%, 5
S 92.84% 47 8 RRANEA AL /N T 94% ., — %
A 16S rDNA FHUE 15 90%~91% ] 5E SN AR, #
UL 95%~96% ] LLE AL IA])& , AHURE IS 97%~99%
() PR SR AN [, 58 BH e Vo B i A R A 22
M AT RERIE RN B 2S00, e Rk b 41
Sy E R HA 6 MRANEE ) 16S rDNA J74155 £ 14
AR IPE N T 96%~97%

T T S AR b 43 B8 ) TR TR B B R
J& N R BES 24 TR | R R, TSk
BRI R 5 A O R AR DU R, L R
BT )E N 50.00% , #F L+ 3K 44.44% A B B 2%
Ao TR RR BRI — | RO SCHER AR,
85.71%, M EFI L ZHE, A 6 M@, FEN TR
J& 5 BB Y 30.00% . i R T A FAIXOK
B+ SRR R R A 9 R, UIRHEEREE
A2 R NSRRI R i S AR
J& e R AR AR IR R A A
HEA TR, alhE5E &R L E)E
MEE AR CHAERE BEE, P B+
TR P BRI R H R

4 gip

UL 5SR-S A ) R T
B, {H 38 = RIS IR AT 15— UL - 2 > i
ZRTA>EUIRT; M b 3 38 R R 20 T A2
AT HEM, T H AL TR R TR E S
PR TER b P A R I o Tre T8 i 7 18 R T &
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PR L TR, M R — R AL ik 5
J&, A DECEBE R . AR LR E o
AR A B A1 25 5, T ELAS [ B L S )2
AL RAN ], U A e e it S TR 22, T R B —
A TG o AN SO T 58 S i - S A M
XoF PE PR AT 28 2R B PR AP AR SR S A T B A
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