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Abstract: [Objective] To investigate the diversity and community structure of soil bacteria in
the farmlands in Qinghai Province. [Methods] High-throughput sequencing was employed to
analyze the bacterial community structure and diversity in the soil samples of farmlands
growing wheat, oilseed rape, and highland barley in Dulan, Huzhu, Gonghe, and Datong
counties. Furthermore, the relationship between bacterial community structure and soil
physicochemical properties was analyzed. [Results] The pH, moisture, and organic matter of
soil, as well as the Chaol and Shannon indexes and linear discriminant analysis effect size
(LEfSe) of soil bacteria, showed significant differences in some of these indexes (P<0.01) but
no significant differences among the three crops (P>0.05). The results of principal component
analysis (PCA) showed that the bacterial community structure was different among different
regions but highly similar in the farmlands of the three crops. A total of 3 127 operational
taxonomic units (OTUs) and 3 694 OTUs were common in the four regions and in the farmlands
of the three crops, respectively. The OTUs of soil bacteria were identified as 423 species,
450 genera, 276 families, 192 orders, 93 classes of 36 phyla. The four regions or three crops
had similar dominant phyla, genera, and species, while these taxa differed in relative
abundance. Soil moisture, pH, and organic matter were significantly correlated with Chaol and
Shannon indexes. Soil pH and organic matter had significantly positive or negative correlations
with unclassified species, unclassified RB41, and unclassified Sphingomonas. Chaol and Shannon
indexes had significantly negative correlations with unclassified Sphingomonas but positive
correlations with unclassified RB41 and unclassified Vicinamibacteraceae. [Conclusion] Regional
differences had significant effects on soil physicochemical properties, bacterial community
structure and diversity, which were more obvious than those of crop differences.

Keywords: farmland soil; bacterial diversity; community structure; physicochemical properties
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28 °C, E-HHEIR N 16 °C, Bk M 350-650 mm;
RN EASE Y il 23 °C, SEHMRIR M 10 °C,
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(KR T https://www.tianqi.com), 75 PRl 7€
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x1 BEHBERER
Table 1 Basic information of various types
Soil Village East longitude North latitude Altitude Crop Plant area  Soil types
B ) (m) (m’)
# =8 DL
DLBnl  PH#fEm A 98°03'40.64"  36°21'18.46" 3124 Rape 4920 FAS £
Xitanheshang Brown pedocals?!)
DLTal  PH#ER _FAF 98°03'49.15”  36°21'18.27" 3124 Wheat 4472 FRES £
Xitanheshang Brown pedocals!)
DLHv1  PG#ER _F A 98°03'40.64"  36°21'18.46" 3124 Barley 3904 FRS £
Xitanheshang Brown pedocals!!
DLBn2  FJER 98°05'56.83"  36°16'41.07" 3221 Rape 3810 5 1
Shangzhuang Brown pedocals!?!
DLTa2  FJEA 98°05'54.27"  36°16'40.03" 3223 Wheat 2288 S 1
Shangzhuang Brown pedocals")
DLHv2 _LJEH 98°05'54.27"  36°16'40.03" 3223 Barley 4 497 FRS £
Shangzhuang Brown pedocals!!
DLBn3 LVE&HH 98°06'33.27"  36°14'12.07" 3262 Rape 41719 FrAS £
Shangxitai Brown pedocals?!)
DLTa3  EPEHH 98°06'34.39"  36°14'11.29" 3261 Wheat 7617 PG 1
Shangxitai Brown pedocals!)
DLHv3 LVEHH 98°06'35.96"  36°14'11.33" 3260 Barley 3363 FRES £
Shangxitai Brown pedocals!!]
DLBn4  HJER 98°05'35.96"  36°02'18.36" 3 100 Rape 2510 FrS £
Zhongzhuang Brown pedocals!?!
DLTa4 PR 98°05'18.28"  36°02'20.72" 3097 Wheat 3196 B 1
Zhongzhuang Brown pedocals!)
DLHv4  HEA 98°05'15.14"  36°02'18.36" 3100 Barley 2136 P45 1
Zhongzhuang Brown pedocals!!
HHE HZ
HZBnl  PEILIARA 101°55'06.31”  37°00'31.38” 2 891 Rape 532 I S 4 4
Xishangen Dark castanozems!*?!
HZTal  PHILIARAS 101°55'08.79" 37°0029.21" 2 890 Wheat 973 M R4
Xishangen Dark castanozems*?
HZHvl DGR 101°55'05.94" 37°00'30.98" 2 888 Barley 818 % S AT 1
Xishangen Dark castanozems!*?!
HZBn2 WO Xiakou 101°56'59.42" 37°01'45.13" 3010 Rape 1935 I B -

Dark castanozems!??!

(F548)
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==
Soil Village East longitude North latitude Altitude Crop Plant area  Soil types
(E) (N) (m) (m?)
HZTa2 Wk OAF Xiakou  101°57'33.06” 37°02'21.37" 3054 Wheat 812 i HS
Dark castanozems!??!
HZHv2 WOk Xiakou  101°57'33.06” 37°02'21.34" 3 055 Barley 693 M S
Dark castanozems!??!
HZBn3 Z¥yKf Donggou 101°55'24.11" 37°01'43.38 2997 Rape 3851 i S 45 -
Dark castanozems!??!
HZTa3  ZIFt Donggou 101°55'15.24" 37°01'49.82" 2988 Wheat 2175 5 S AT 1
Dark castanozems!??!
HZHv3 8K} Donggou 101°55'23.83” 37°01'43.15 2996 Barley 1615 M S
Dark castanozems!??!
HZBn4 3KFE 101°53'11.21"  37°01'06.21" 2 864 Rape 709 i S5 1
Zhangjiazhuang Dark castanozems!**!
HZTa4  3KKE 101°53'11.71"  37°01'06.45" 2 866 Wheat 1212 i HLS
Zhangjiazhuang Dark castanozems!*?
HZHv4 KK E 101°53'11.17"  37°01'06.21" 2 865 Barley 1294 % B4 1
Zhangjiazhuang Dark castanozems!*?!
HZBn5 KHEMK Dahualin 102°06'13.55” 36°58'10.86” 3 016 Rape 650 M B4 4
Dark castanozems!??!
HZTa5  KAHEMK Dahualin 102°06'06.15" 36°57'51.95" 3018 Wheat 1079 i HLES
Dark castanozems!??!
HZHv5 KAHMEMK Dahualin 102°06'08.23” 36°57'51.71" 3017 Barley 618 % B4 1
Dark castanozems!??!
HLFE GH
GHBnl ZiR&HR 100°41'20.87" 36°20'44.34" 3 057 Rape 695 FRES L
Yilangtang Brown pedocals!?
GHTal ZiREf 100°41'20.87" 36°20'44.34" 3 057 Wheat 600 PG
Yilangtang Brown pedocals>’!
GHHvl Z iRt 100°41'20.87" 36°20'44.34" 3057 Barley 143 P4 1
Yilangtang Brown pedocals!
GHBn2 J5At Gouhou 100°35'02.17" 36°23'21.32" 3205 Rape 1348 FRES L
Brown pedocals!?!
GHTa2 J5At Gouhou 100°35'02.22" 36°23'21.33" 3206 Wheat 466 PG
Brown pedocals>’!
GHHv2 J5#Ht Gouhou 100°35'02.21" 36°23'16.54" 3200 Barley 841 FEAT 4
Brown pedocals!
GHBn3 EHifT Tala 99°57'52.20"  36°11'23.13" 3 058 Rape 4010 FRES L
Brown pedocals!?’!
GHTa3 40k Tala 99°58'48.16"  36°11'58.66" 3 043 Wheat 14 342 FEAS 4
Brown pedocals>’!
GHHv3  35Hik] Tala 99°57'52.11"  36°11'23.21" 3 061 Barley 4085 RS+
Brown pedocals!
KiEE DT
DTBnl  #%ikk} Geda 101°39'22.24" 37°03'08.69" 2 695 Rape 797 BE4T - Castanozems®
DTTal ¥ ik# Geda 101°39'22.20" 37°03'08.68" 2 694 Wheat 673 BE4T - Castanozems®
DTHvl #%ik#+) Geda 101°39'27.12" 37°03'11.36" 2709 Barley 86 B4 - Castanozems(®?

<l actamicro@im.ac.cn, & 010-64807516



Tyeft S| YR, 2024, 64(4)

1147

1.2 THXEE
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WPr -3, 54 5 SRR KA
2y, —ICT IR T, A RS R
T80 °CHyvk#EH, M T lumina & if &
Wy s 5—mH TS8R, HT b
JOT A 5E o
1.3 TIEBUMRSH

4 pH. KRG, AT S BIR FHER
HUOETS SRR AR IR LS MmaRgR),
1.4 2 DNA $ZEl. PCR ¥ 1%

+ 3 DNA f#ifl HiPure Soil DNA Kit
(Azenta 2\ F) )i BOUERH T A A 20 BR A THR
it 23N 4 MER 2R R A BR S wl TS PCR
5|¥)(5'-CCTACGGRRBGCASCAGKVRVGAAT-3',
5'-GGACTACNVGGGTWTCTAATCC-3")1?*! #~
HEEAZA 9 168 rRNA JEH V3| V4 (1) 2 i
A[AF[X . PCR 4§ " #8{A % : TransStart Buffer 2.5 uL,
dNTPs 2 puL, 2xPrimers 45 1 pL, TransStart Taq
DNA Polymerase (2.5 U/uL) 0.5 pL, DNA Fiki
20 ng, ddH,O %hE % 25 pL., PCR J v 514
94 °CHIZZE 3 min; 94 °CA81E 5's, 57 °CiE k
90 s, 72 °CHEff 10s, AT 24 DMEH; 72 °CiE
i 5 min,

1.5 XEWHE. SBEElF

f#i il Qubit® dsDNA HS Assay Kit (75 4
MERS AR DR A BR S BRI DNA W . A5
A #% J5 4% 1llumina MiSeq/NovaSeq (Illumina)f%
P UL B BEA T PE250/FE300 XU .
DNA #2HU. PCR ¥ Je SCAEAR 2 | e 3 1 D)7
FH 2 FH IR F] 58
1.6 £¥ERFESH

W6 UL EE, St i, %
Bt R, B3R ZK OTU, 58 OTU

FH QIIME 3RS A RUT I T OTUs 2K
(FALEE 97%L) 1), {4 RDP classifier U1 5
BN 7% IR OTU 1R P HIBEF 74325
T, HEXTECHE R Silva 138 16S rRNA
database, FK1H1] . J& . F &K T Y328 50T,
I QIIME (1.9.1)i15 o, B 2SS, %k
P 530 43 A 3500 K /N (linear discriminant analysis
effect size, LEfSe)3 {43 HLH 45 41 22 A 7 B il
M A REZETYR
1.7 #HIERLIE

- EHAL R TR R A SPSS 26 4T B2 R
W AH G . LR &R 7 25 48 #T(P<0.05), Origin
2021 i1z,

2 HZRE5OM

21 ARMX., EREBELIE pH. K5,
BRI

HE 1A, 1C K, LW 58 pH ., KAFEHK
3 Hb DX (] ELA 5 25 25 5 (P<0.01), L0 1- 4 pH
WE TS . BB KX 3.26%-6.22%;
B K Ay H AR 2 R 18 51 R 50.00%
63.64%, KT W EVEER . NE . . FH
35 pH | JKAFICIE 35 22 FE(P>0.05) (K] 1B,
1D); /N WhiEE ., BRI pH EIERS 5 A
7.87-8.78. 7.56-8.71., 8.61-8.95, +3/K/r7AE4k
MWW H 684%2332% . 4.67%22.32% .
3.80%—20.60%.

AN VE A A L 2 A4
HLANE 2A, 2B N, HBWE HHEEVLURE E S
T HAl X (P<0.01), Z305l FeAR2: | SEAT, K
TP 129.06% .86.61% .40.79% (& 2A);
ANFZ SR TR A AL A A
8.10-37.56. 2.17-44.93. 10.62-44.22 g/kg, X
3 FEY Z a1 BT % 5 22 58 1835 (P>0.05)
(& 2B).
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1 AEXE. EYRALIE pH, KSSENTH A, B: AFRMKX. EYKRH 1+ pH. C. D:
ARHIX . YEY 4 +38K4r. DLTBH, HZTBH., GHTBH. DTTBH: #=H . HEHHE  HfME . K
WE 4 M HX &R H 11, DHGDTa., DHGDBn, DHGDHv: /N . 32, M 3 FYEWA H 11, a.

b, c: ARXE. P & (P<0.05)

Figure 1 Changes in soil pH and moisture content in different regions and crop fields. A, B: Soil pH in
different regions and crops. C, D: Soil moisture in different regions and crops. DLTBH, HZTBH, GHTBH,
DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong counties; DHGDTa, DHGDBn,
DHGDHyv: Soils of three crops, wheat, rape and barley; a, b, c: Significance between different regions and

crops (P<0.05).

22 AEMX. /EYIRETIEME o ZHEM
(Chaol 15#¢#0 Shannon 35 %) 53 #7

HIE 3A . 3C A, HO DB B A A
Chaol #5844 Shannon #5455 HAth 3 NHLIX H
A E 2 R (P<0.05), H H BhHb X 4 40 5

<l actamicro@im.ac.cn, 010-64807516

Chaol F8%UA1 Shannon +8 % T HoAth Hb X (#B
22 SRR KAE) 5.21%—7.87%F1 3.40%—4.28%,
ik B i 2 K (P<0.05). 3 FhEY) 2 18] 40 14
Chaol #5%%#1 Shannon 5% LB HMHEER
(P>0.05) (¥ 3B. 3D).
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2 FRERXEA). E¥MIB)RALEEIHRSEMEHL  DLTBH, HZTBH. GHTBH il DTTBH: #f

2 H . HEE . B KEE 4 M X A H 138, DHGDTa, DHGDBn, DHGDHv: /NE | 3¢,
HER3MEY AR L3, a, b, o AFEXIEL. EYE R EE(P<0.05)

Figure 2 Changes of soil organic matter content in different regions (A) and crops (B). A, B: Soil organic
matter content in different regions and crops. DLTBH, HZTBH, GHTBH, DTTBH: Farmland soils in four
areas of Dulan, Huzhu, Gonghe, Datong counties; DHGDTa, DHGDBn, DHGDHyv: Soils of three crops,
wheat, rape and barley; a, b, c: Significance between different regions and crops (P<0.05).
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LR 1(4.04%—6.36%) . SRS ](3.84%—4.69%) .
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Figure 3  Analysis of Chaol index and Shannon index of soil bacteria in different regions and crops. A, B:
Soil Chaol index in different regions and crops. C, D: Soil Shannon index in different regions and crops.

DLTBH, HZTBH, GHTBH, DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong counties;
DHGDTa, DHGDBn, DHGDHyv: Soils of three crops, wheat, rape and barley; a, b, c: Significance between

different regions and crops (P<0.05).
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Figure 4 Analysis of soil bacterial diversity (PCA) in different regions (A) and crops (B). DLTBH, HZTBH,
GHTBH, DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong counties; DHGDTa,

DHGDBn, DHGDHyv: Soils of three crops, wheat, rape and barley.
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Figure 5 OTUs common and endemic to soil bacteria in different regions (A) and crops (B). DLTBH,
HZTBH, GHTBH, DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong counties;
DHGDTa, DHGDBn, DHGDHYv: Soils of three crops, wheat, rape and barley.
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Figure 6 Composition of the soil bacterial community at the phylum level in different regions (A) and crops

(B). DLTBH, HZTBH, GHTBH, DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong
counties; DHGDTa, DHGDBn, DHGDHyv: Soils of three crops, wheat, rape and barley.
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Figure 7 Composition of the soil bacterial community at the genus level in different regions (A) and crops (B).
DLTBH, HZTBH, GHTBH, DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong counties;
DHGDTa, DHGDBn, DHGDHyv: Soils of three crops, wheat, rape and barley.

http://journals.im.ac.cn/actamicrocn



1154

MA Xuelan et al. | Acta Microbiologica Sinica, 2024, 64(4)

174>, TEAAEY a0 3= FEHT 3 /4 3 R4
2kJ& . RB41 . unclassified Gemmatimonadaceae,
AR BRI K 7.98%—8.62% . 6.16%—6.60%
4.33%4.69%, HHLE 3 FEHH R Zn
VIR RN

mE 8A. 8B i, s HT KIMFIKFE |,
e AN 423 ASANERZE A 4 A XA X
JERBIL 1% M AEF 0 13, 14, 130 151
RIEFAR D AMEAI R 26.37%-33.52%,
unclassified RB41 FHX} 3= 4 4.22%-7.69%,
HOR TR AR AR Bk, # s
#% /s unclassified RB41 7£ B B B ok, #p== 8
/o 3RMERI A TE F R T 1% 258 N
134, /NEZ L ahse . BRI e S XA
WA EARE, Hp R RR KM FEE N
28.63%—29.78%, unclassified RB41 #HXf & Ky
5.92%—6.32%.
25 AREMEX. ERETIRMEE%EE
REFEEM%7H

1 LEfSe #E4b 5 KB 9)Fr, 4 AN HBIX
47 ARG B A B2 R, bR
AR R ILE R T 10 MR, 2 K
3H3ERN 2@, BBE P IHE 11 A2
XTSRS, A 5h 2 AR (hH AR IR T 49 A
Blastocatellia) . 3 H(fisftisiEr H . Pyrinomonadales
AMAEE/RTERE H) . 4 BHASLIZER R, W
AL BRI AR | A6 L B PR R RN R G TR R
2 J&(RB41 FIfEfbISiErdE). oM A gt
LT ISR, L4 NaHSF2 )8, KiER
HAX R A 1 W4 H 3R 3 s,
11 AR PR, LR 3 FIMEYIAR B I AH T
R, HMESERAES2E TR E R
2.6 ARIMX. EYIRELIEMAE DM,
MR M SIMEE FEE XM

VERR S A B E BT 4 ARl PP H

<l actamicro@im.ac.cn, & 010-64807516

T RN S AR AR R 2 A ARG, iR 2 K
B, K435 pH. AHLET. Chaol FEEURIA A
FATEM S35 IE B 6URE DGHE(P<0.01) ;s pH 5 HLIT
unclassified species. unclassified Sphingomonas,
unclassified RB41 £ 75 {2 2 1E sl fAH 5 1k
(P<0.01), 5 Chaol #§%X . Shannon 517 7E i
F UMM (P<0.05); A HLTBR S unclassified
species . unclassified Sphingomonas 7 1£ i # 11
XM, 5 Chaol F5%X. Shannon #5%K.
unclassified RB41 £77EM B 35 1EAH & (P<0.01),
M RE R 0.541. 0.526. 0.578. Chaol
$8%45 Shannon . unclassified RB41 ., unclassified
Vicinamibacteraceae f7 7£ i & 1L MH KM, 5
unclassified species. unclassified Sphingomonas 17
TE W & A& ; Shannon #5%%5 unclassified
RB41 . unclassified Sphingomonas #H % £ 43 51
7 0.463, —0.632, KF B E K- (P<0.01),
3 itk

ZREER R LR AR EOR Y &) 45 555
3 A 6 B0 B IR S e S G W R TR
B ZFEME, W] LUE 7R 3B A W AtE 2H i) 22
Ao WFFE R, MAEMHEAR-IMAKR, B
BRI OR AR LA RS SR - A T ) 0 A S I A
WA AP 4 A X b B b X A
Chaol F1 Shannon 5 %034 i 2 = TR =% . LA,
JGEHL X, B AP . iy, 1, YL
FIAE AL 5 S HL XA AR HH - 340 T8 Chaol 5%,
Shannon $5EMW M 05K 1 524-2 596,
9.19-10.44; YLV X A HH 3% Chaol FEE0E.
ZAR T HAb M X, 11 Shannon 5 550 2 2 b
XA H R EMTLT . (Pm XY, Xk
25 JL U0 B 20 TR 22 R T B 0 A A A 25 S
3 A K it ol - 458 v A TR 22 4 48 £ (Shannon
Simpson ., Richness il Chaol)JC & % 22 5!, %



Tyeft S| YR, 2024, 64(4)

1155

A 1.00 Species

[ Others
" g Stenotrophobacter_unclassified
. g JGI_0001001HO3_unclassified
B ¢ Haliangium_unclassified
0.75 ' g 11-24_unclassified
B ¢ subgroup_5_unclassified
. g Lysobacter _unclassified
. g_Rokubacteriales_unclassified
[l g KD4-96_unclassified
. g Flavisolibacter unclassified
B ¢ _Acidibacter unclassified
. g_Pedobacter unclassified
g subgroup_10_unclassified
. g_Pseudoxanthomonas_unclassified
[ g_Methylotenera_unclassified

0.50

Relative abundance

0.25

0.00
PUIBE 7B Bl e

B 1.00 Species

. Others

. g Stenotrophobacter unclassified

B ¢ JGI 0001001H03 unclassified

. g Haliangium_unclassified

0.75 [ g 11-24_unclassified

B ¢ subgroup 5 unclassified

g_Lysobacter_unclassified

. g Rokubacteriales unclassified

[T g KD4-96 unclassified

. g Flavisolibacter unclassified

. g_Acidibacter unclassified

[ g Pedobacter unclassified
g_subgroup 10 _unclassified

. g Pseudoxanthomonas unclassified

[ ¢ Methylotenera unclassified

0.50

Relative abundance

0.25

DHGDTa DHGDBn DHGDHv

B ¢ Pseudomonas_unclassified
. g_Ferruginibacter_unclassified
" g Ellin6067_unclassified

g Terrimonas_unclassified

"] g TRA3-20_unclassified

g _S0134 _terrestrial_group_unclassified . g MNDI unclassified

g Ellin6055_unclassified
g_Nitrospira_unclassified
g_subgroup 7 unclassified

. g Vicinamibacteraceae unclassified
g Sphingomonas_unclassified

B Metagenome

. g RB41 unclassified

. Unclassified_unclassified
. g_uncultured_unclassified

. g Pseudomonas_unclassified
I g_Ferruginibacter_unclassitied
| g_Ellin6067_unclassified

g Terrimonas unclassified
| g TRA3-20 unclassified

g S0134 terrestrial_group unclassified ] @ MND1_unclassified

g Ellin6055 unclassified
g_Nitrospira_unclassified
g subgroup 7 unclassified
. g Vicinamibacteraceae unclassified
. g Sphingomonas_unclassified
B Metagenome
[ 2 _RB41_unclassified
[ Unclassified_unclassified
. g uncultured unclassified

B8 AREIXE(A). FHB)KELIRIKFHERZHMK

DLTBH. HZTBH. GHTBH #l DTTBH:

A2 H . R B RAREE 4 M HIX A& H 3, DHGDTa, DHGDBn, DHGDHv: /N | H3E .
TRR 3 M EY A H 45

Figure 8 Composition of the soil bacterial community at the species level in different regions (A) and crops
(B). DLTBH, HZTBH, GHTBH, DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong
counties; DHGDTa, DHGDBn, DHGDHv: Soils of three crops, wheat, rape and barley.
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Figure 9 Significance analysis of soil bacterial community composition differences in different regions.
DLTBH, HZTBH, GHTBH, DTTBH: Farmland soils in four areas of Dulan, Huzhu, Gonghe, Datong

counties.

SR GAM R R A, ABFEd LB
LA W) 22 P s 5t ) 2 ) 2 B 8 s TR
], ARk . Ak . FRARME BT (14
Fidh . HIEFRSY L SRR R IRE ) SN R F
REEAEH], ARSI B BUAR 2R 43 WA Rt 1 2
[EZ R daaa s N 0b-2 L i W w2 <
LT . EKEE . pH 2352 - i A W) Z e
FEPE AP, ABiE g v B B B K 4y
AHLE S E T HAL X, H&E BB 4%
Chaol #8%(Ff1 Shannon 5%t & # & F H At
X, FESCOE F A B g rh ok, Al
RERAZ B 5K S R R,

by 3 B RN PR AR A3 2 R A MR
TR R A R AR, Lin P AE
Ko REL/NERY 26 DA FIHLIX 4 AR TR 1 T

<l actamicro@im.ac.cn, 010-64807516

WFFE KRB, PEBTTNBRFTF BT . T

ASTGTEN ] BIAFEE . ST SR
PR 1o /N HHER AU ] . sk
B [ RNERAT B 1 1 -3 rp 5 £ ™ 3 4~
S& S A L g LA R R A AR R . 3
W& . ZHJE . Dugnella S 2 s B ik 4 e

LXK B3R 0k A ASTE T ] L SAFTRT] L R
PEGETT . R T T RIERER 1Y, ARG 5T R AR TE
BT BRATEAT T, PR T2 3 FEYI I 4 X
Sk AN B R PSR, (R R R, FE
FIKSF BRSNS Fan %059 Zhao %P
WFoE s 2L, HM RS RGP liE st JL3K
ME T misL., ZRETSHOMHAE
KB HETE A, BT, FORAMIAD
G R E LN, BEISIE N 2 P PR



1157

& | MUEZEAI, 2024, 64(4)

(10°0>d) [9A9] JuBOLJTUSIS A[QWONXD JO UOIIB[OLIOD

ML 4% (S0°0>d) sdo1do pue suoifor JuoIdJIpP UI SI0JOBJ [LJUSWUOIIAUD Puk $o109ds [eL10)0eq ‘AJISIOAIP [BLIOJOBQ [I0S UOOMIOQ UOIB[IIIOD JUBOLIUSIS SBM QIO 4

(10°0>d) AN M TN “ane £ (SOTO>dl) A NP 2 10 S T B [0l 22 S [ B B S BRI MG Tl 2 L R T R ) ST ]y s

2D2IDAL2]ODGIUDULIL
I 660°0 ..L89°0 LTE0 OrE0 L 1TF0 L0S€°0 71070 8110 paijisse[oun
spuouwo3uiydg
I €170- L8IS0 . T€9°0— . 6vF0— | 19€0— ,.607°0 SLTO- paysseoun
I 850°0 LEOP0 IS0 L8LS0, 0Tr 0 7870 7€ payIsse[oun
I 09C0- pP€0-  ,0T€0- LPer0 | 81¥0- soroads payjisse[ou)
I 1880 L9TS0 sg€0- L67€0 uouueys
I LIPS0 TEE0- IS0 [CLe)
I 2890~ ..£95°0 Iopew o1uesio
I, IEP0- Hd
I QINISIOIA
2V20D.42]0DGIUDUIIL,  SPUOWOSUIYAS 199 soroads Ionew
paijissejoun) parjisse[oun parjisse[oun paijissejoun uouueys 10eyD oedi0 Hd QIN)STOJA

SI019€J [BJUSWUOIIAUD PUE SA10AdS [B119)0B(q [OAQ] SA109dSs “XopurI AJISIOAIP [BLIAIOEQ [I0S [BINIINOLISE JO SISA[eUR UONB[II0) 7 9[qeL

W H KB Bl MBSt Bl A R e E R THY %

http://journals.im.ac.cn/actamicrocn



1158

MA Xuelan et al. | Acta Microbiologica Sinica, 2024, 64(4)

PRAFREECT s BRFT P AE 8 A 52 24 I A T 3R A
LPYE R N IR SR, 5 IR )
FASEDSOL JE K |, 3 R EY) e 4 A~ H X AR H
A AL AN R 3 o R 2K R . RB41
unclassified Gemmatimonadaceae, {HAHXt 3 A
], XEAHE S Zhao ZEPYLBLKE AR, AT
REJE H T bR Jmy (UM . TR 5 )i i A DX Ja 22
Sk o Hor RB41 78 IR A BAG IR LA S 205 1 3%
M AR b & B E Y, i £
SRR AFAE Z P AR FN AN R SR, LG A AT B 2y
AT B AR A, ] BE XTI X A Y
B, Al —AZ 0 W XU M BT

Hou 250 53 % X #tb BB B85 A0 PR 85 [K 2%
(pH. HiZBHEY | AE-F29l . IR . A RUBEAT
ARENKAE R E R . SR
FRA (CRITEMIE ERE T DR A AR
SO . X AR 206 D RAE SR RVEY) (K
KAE. K& NS b FRAE W H %)+
BESEATAH G AT R B, 148 pH S HLAK.
HAA | A R UG (P<0.01), 54
W OTUs # i fl L IEM A o 2 MM E
(Simpson, Shannon. Chaol Fil Ace %)% i &
EAK(P<0.05); T30 & (A pLmR ., AL
A BEAEN S L ERUEYIRER AR (OTUs Ml o
ZREPEFR RO S ™ X 3 AN FOK SRl £
#EAT A OGP 43 B & B, Shannon . Simpson .
Richness I Chaol #§%t 5Kk, @A G EER
FHRRSEM, AL, AN IR X R AR A
BRI | S AEE BTN T 1R ZAE ),
bR 1 I 7 (pH . K53 . BHLER)
X oy - B W) 2 A P 45 % (Ace . Chaol |
Shannon) J Ff 7K 3 40 5 (R 43 25 F . unclassified
RB41. unclassified Sphingomonas)f7-7e i & i AH
PEo FHIRT UL, — o DXl A Sl A WV 64
LR Z R AREm

<l actamicro@im.ac.cn, & 010-64807516

4 Zi

T 4 NHLIX 3 FYEY) - g Py Fh o325 R
M FPZERIET 36 1193 40 192 H 276 Fl 450 /&
423 Ff o AR[E] X S EAL M R . A0 2R
KA sy 22 S B 2, WY+
SR E . IR R B, BB
M SRR, AP A SRS 11
YRR AL M T (B AR B A R . AR AT iff—
ok Al R R T RN | B R £
FEPE, I E A PR AL P R AN S R S
R WA ) DL - SRS P ORERE R . IR
Bty . WL AN AE AL A A, DU R AN [
X3 HH 3 E W 2 RE 1 . S 45 R 2 A
B oy B RE SRR A, JFR T IBRED R IE

B

(1] SEMSmN, s, 2% ARAUR B XORFE A s

MR LI ZAEED]. £l T2, 2020,
36(20): 171-178.
JIA PL, FENG HY, LI M. Soil microbial diversity of
black soil under different land use patterns in northeast
China[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2020, 36(20): 171-178 (in
Chinese).

[2] CHANG F, JIA FG, LV R, L1 Y, WANG Y, JIA QG,
ZHEN LS. Soil bacterial communities reflect changes
in soil properties during the tillage years of newly
created farmland on the Loess Plateau[J]. Applied Soil
Ecology, 2021, 161: 103853.

(3] &&A, XImMs, R, VFoCAHE. st 5 6l

AP RE TR X SR O R R AE T ]. PU R AR 24,
2019, 32(11): 2638-2645.
JIN ZL, LIU GP, ZHOU MT, XU WN. Indicative
function of soil microbial community on soil nutrients
in Karst Mountain grassland[J]. Southwest China
Journal of Agricultural Sciences, 2019, 32(11):
2638-2645 (in Chinese).

(4] fLYEIH, ZHe, REM, HICR, KRBT, BLERR,
SRIGAE . A A W e - SR R Y A BRI BIE 5T
HEJR[I]. 28R, 2023: 1-19.

KONG YL, QIN H, ZHU CQ, TIAN WH, ZHU XF,



Tyeft S| YR, 2024, 64(4)

1159

[10]

YU YJ, ZHANG JH. Research progress on the
mechanism by which soil microorganisms affect soil
health[J]. Acta Pedologica Sinica, 2023: 1-19 (in
Chinese).

ADOMAKO MO, ROILOA S, YU FH. Potential roles
of soil microorganisms in regulating the effect of soil
nutrient heterogeneity on plant
Microorganisms, 2022, 10(12): 2399.
MAO YB, TAN HF, WANG MM, JIANG TH, WEI
HW, XU WP, JIANG Q, BAO H, DING YF, WANG
FJ, ZHU C. Research progress of soil microorganisms

performancel[J].

in response to heavy metals in rice[J]. Journal of
Agricultural and Food Chemistry, 2022, 70(28):
8513-8522.

CHANDRA P, WUNNAVA A, VERMA P,
CHANDRA A, SHARMA RK. Strategies to mitigate
the effect of drought
plants—influences of soil bacteria: a
Pedosphere, 2021, 31(3): 496-509.
RANDIKA JLPC, BANDARA PKGSS, SOYSA HSM,
RUWANDEEPIKA HAD, GUNATILAKE SK.

Bioremediation of pesticide-contaminated soil: a

adverse stress on crop

review[J].

review on indispensable role of soil bacteria[J]. Journal
of Agricultural Sciences-Sri Lanka, 2022, 17(1):
19-43.

A7, X145, £75, ESO. B RS R
TR TATEIS 2R L IR R AT B T]. IR,
2023, 44(11): 6339-6353.

WANG Z, LIU Y, WANG F, WANG YC. Effects of
vegetation types

diversity and function of soil bacterial communities in

and seasonal dynamics on the
the upper reaches of the Heihe River[J]. Environmental
Science, 2023, 44(11): 6339-6353 (in Chinese).
PEIFFER JA, SPOR A, KOREN O, JIN Z, TRINGE
SG, DANGL JL, BUCKLER ES, LEY RE. Diversity
and heritability of the maize rhizosphere microbiome
under field conditions[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2013, 110(16): 6548-6553.

KONG X, HAN ZF, TAI X, JIN DC, Al S, ZHENG
XX, BAI ZH. Maize (Zea mays L. sp.) varieties
significantly influence bacterial and fungal community
in bulk soil, rhizosphere soil and phyllosphere[J].
FEMS Microbiology Ecology, 2020, 96(3): fiaa020.
TAN WIJ, WANG JM, BAI WQ, QI JJ, CHEN WM.
Soil bacterial diversity correlates with precipitation
and soil pH in long-term maize cropping systems[J].
Scientific Reports, 2020, 10: 6012.

[13]

[15]

[18]

[20]

LABOUYRIE M, BALLABIO C, ROMERO F,
PANAGOS P, JONES A, SCHMID MW,
MIKRYUKOV V, DULYA O, TEDERSOO L,
BAHRAM M, LUGATO E, VABDER HEIJDEN MGA,
ORGIAZZI A. Patterns in soil microbial diversity
across Europe[J]. Nature Communications, 2023, 14:
3311.

SCHLATTER DC, YIN CT, HULBERT S, PAULITZ
TC. Core rhizosphere microbiomes of dryland wheat
are influenced by location and land use history[J].
Applied and Environmental Microbiology, 2020, 86(5):
e0213519.

WAKELIN SA, MACDONALD LM, ROGERS SL,
GREGG AL, BOLGER TP, BALDOCK JA. Habitat
selective factors influencing the structural composition
and functional capacity of microbial communities in
agricultural soils[J]. Soil Biology and Biochemistry,
2008, 40(3): 803-813.

ZHENG Q, HU YT, ZHANG SS, NOLL L, BOCKLE
T, DIETRICH M, HERBOLD CW, EICHORST SA,
WOEBKEN D, RICHTER A, WANEK W. Soil
multifunctionality is affected by the soil environment
and by microbial community composition and
diversity[J]. Soil Biology and Biochemistry, 2019, 136:
107521.

FAEME, BhiFE AL, sk, RS2, fRT, skinds, X
Z. AN [ o3 A DX AR i AR 5 SR G A W R s 4
HREAE S S W R[] AR, 2022, 42(23):
9780-9795.

WANG QQ, LU JH, ZHANG J, XU Y, XU K, ZHANG
JD, LIU DK. Soil microbial community structure and
habitat of
Glycyrrhiza inflata in different distribution areas[J].
Acta Ecologica Sinica, 2022, 42(23): 9780-9795 (in
Chinese).

LIU C, DING NF, FU QL, BROOKES PC, XU IM,
GUO B, LIN YC, LI H, LI NY. The influence of soil
properties on the size and structure of bacterial and

its influencing factors in original

fungal  communities along a paddy  soil
chronosequence[J]. European Journal of Soil Biology,
2016, 76: 9-18.

MAGUIRE VG, BORDENAVE CD, NIEVA AS,
LLAMES ME, COLAVOLPE MB, GARRIZ A, RUIZ
OA. Soil bacterial and fungal community structure of a
rice monoculture and rice-pasture rotation systems[J].
Applied Soil Ecology, 2020, 151: 103535.

X V. T I 2 X (R AN VD A 5 U AR e 6
BREHFFE[D]. M at: M atfs B LR R # il L2 g

http://journals.im.ac.cn/actamicrocn



1160

MA Xuelan et al. | Acta Microbiologica Sinica, 2024, 64(4)

(21]

(22]

(23]

[25]

3, 2017.

LIU HT. Study on correlation between desertification
Lake
Nanjing: Master’s Thesis of Nanjing

and climate Basin
(Gonghe)[D].
University of Information Science & Technology, 2017
(in Chinese).

5%, 75 HR 2 ELa ROl AR S BRI # T4 [D].
KA FMRRZEA 1240018 3, 2018.

SHEN X. Ecological geochemistry evaluation of oasis

change in Qinghai

agriculture in Dulan county, Qinghai Province[D].

Changchun: Master’s Thesis of Jilin University, 2018

(in Chinese).

KT . T 9 SR TR AR R SRR R T

JL[D]. Mg PH AR MR B A L 22 738 3,

2018.

ZHANG YL. Study on farmland soil quality and soil

carbon pool in eastern Qinghai-Xizang Plateau[D].

Yangling: Doctoral Dissertation of Northwest A&F

University, 2018 (in Chinese).

TR, BT, A5 A A e e A % A A

BRI, BHEAR, 1982, 19(4): 375-382.

TU YJ, ZHOU XQ. Soil types and their distribution

characteristics in Gonghe Basin of Qinghai Province[J].

Acta Pedologica Sinica, 1982, 19(4): 375-382 (in

Chinese).

g1 H. R HrIM]. 5 3 . dbat PRk

Ak Rk, 2000: 30-107.

BAO SD. Soil and Agricultural Chemistry Analysis[M].

3rd ed. Beijing: China Agriculture Press, 2000: 30-107

(in Chinese).

FHEME, REE, AR, BT, Kk, £,

. HEA LTI E 7 Ik Akt SRR U] B

AR, 2021(20): 155-157.

LI XP, LIANG ZJ, YANG ZG, YANG SQ, WU LL,

WANG H, PEI L. Improvement and exploration of soil
Modern

2021(20):

organic matter determination method[J].
Agricultural Science
155-157 (in Chinese).
FEGE, B, SR, ANEME. BRI 2G5 A [ A
MR LGl W) 22 FE 1 R RV S5 M ARRAE (D). A4
AR, 2019, 35(9): 99-106.

KANG J, ZHANG SY, HAN T, SUN ZM. Microbial
diversity and community structure characteristics of
different
periods[J]. Biotechnology Bulletin,

99-106 (in Chinese).

WAIE, FAWE. TEHUED R e S s
HARFFAE[T]. A A52%4H], 2015, 35(20): 6575-6583.

and Technology,

yam rhizosphere soil at development

2019, 35(9):

<l actamicro@im.ac.cn, & 010-64807516

[29]

[30]

[31]

[32]

[33]

HE JZ, WANG IJT. Mechanisms

organization and

of community
spatiotemporal patterns of soil
microbial communities[J]. Acta Ecologica Sinica, 2015,
35(20): 6575-6583 (in Chinese).

LIU J, GUL WAZIR Z, HOU GQ, WANG GZ, RONG
FX, XU YZ, LIU K, LT MY, LIU AJ, LIU HL. The
dependent correlation between soil multifunctionality
and bacterial community across different farmland
soils[J]. Frontiers in Microbiology, 2023, 14: 1144823.
e T, MR AR BT S AR AR 20 W X TR R i
IR TRV S R B2 (D], v R A 4R
2021, 43(6): 76-84.

GAO XF, HAN GD. Effects of Stipa breviflora root
exudates on soil bacterial community and soil nutrients
in desert steppe[J]. Chinese Journal of Grassland, 2021,
43(6): 76-84 (in Chinese).

KH, FIR, iR, AR, Risil. LEBUEY)
A=yt K 2 RE RS TR R B S i (D). AL
2022(8): 116-121.

ZHANG Q, WANG C, SUN ZS, LI SY, LIANG Y.
Research progress on influencing factors of soil
microbial biomass and diversity[J]. Northern
Horticulture, 2022(8): 116-121 (in Chinese).

NIU JC, TANG HZ, LIU Q, CHENG F, ZHANG LN,
SANG LL, HUANG YF, SHEN CY, GAO BB, NIU
ZB. Determinants of soil bacterial diversity in a black
soil region in a large-scale area[J]. Land, 2022, 11(5):
731.

LIUJJ, SUTYY, YU ZH, SHI Y, CHU HY, JIN J, LIU
XB, WANG GH. High throughput sequencing analysis
of  Dbiogeographical  distribution of  bacterial
communities in the black soils of northeast China[J].
Soil Biology and Biochemistry, 2014, 70: 113-122.
FAN KK, CARDONA C, LI YT, SHI Y, XIANG XJ,
SHEN CC, WANG HF, GILBERT JA, CHU HY.
Rhizosphere-associated bacterial network structure and
spatial distribution differ significantly from bulk soil in
wheat crop fields[J]. Soil Biology and Biochemistry,
2017, 113: 275-284.

ZHAO L, LU JJ, JIANG L, WANG XY, WU FY, LUO
ZB, YANG L, WANG XY. Assembly, diversity and
coexistence of bacteria communities in various
rhizocompartment niches in Sorghum cultivars[J].
Rhizosphere, 2023, 27: 100779.

R, ERER, SKREIN. BRI R
A R VR R R[], AR AR, 2017, 37(15):
5129-5136.

GAO XF, HAN GD, ZHANG GG. Soil microbial



Tyeft S| YR, 2024, 64(4)

1161

[36]

[37]

[38]

[41]

community structure and composition of Sipa
breviflora on the desert steppe[J]. Acta Ecologica
Sinica, 2017, 37(15): 5129-5136 (in Chinese).

FIERER N, BRADFORD MA, JACKSON RB. Toward
an ecological classification of soil bacteria[J]. Ecology,
2007, 88(6): 1354-1364.

B, R, FiE, KR, PR 5T R
FEWE e BB AR PRI W RV S5 R M 2 AR (0], O,
2019, 51(1): 51-60.

ZHAO F, ZHAO MZ, WANG Y, GUAN L, PANG FH.
Microbial community structures and diversities in
strawberry rhizosphere soils based on high-throughput
sequencing[J]. Soils, 2019, 51(1): 51-60 (in Chinese).
PANKRATOV TA, IVANOVA AO, DEDYSH SN,
LIESACK W. Bacterial populations and environmental
factors controlling cellulose degradation in an acidic
Sphagnum peat[J]. Environmental Microbiology, 2011,
13(7): 1800-1814.

Foufk, XIRA, THE, £HE, &8, XIkK.
bR AN AR A TS RE ()] ARG
%, 2016, 32(2): 14-20.

WANG GH, LIU JJ, YU ZH, WANG XZ, JIN J, LIU
XB. Research progress of acidobacteria ecology in
soils[J]. Biotechnology Bulletin, 2016, 32(2): 14-20 (in
Chinese).

M, m &, BRmte, TR, GKIE, WAL,
WPAE DL RV DX - S8 40 1 A v 45 # 5 D RE BT [J]. R
E FRIERL, 2019, 39(11): 4840-4848.

DU YJ, GAO GL, CHEN LH, DING GD, ZHANG Y,
CAO HY. Soil bacteria community structure and
function prediction in the Hulun Buir Sandy Area[J].
China  Environmental 2019, 39(11):
4840-4848 (in Chinese).

STONE BW, LI JH, KOCH BJ, BLAZEWICZ SJ,
DIJKSTRA P, HAYER M, HOFMOCKEL KS, LIU XJ
A, MAU RL, MORRISSEY EM, PETT-RIDGE J,
SCHWARTZ E, HUNGATE BA. Nutrients cause
consolidation of soil carbon flux to small proportion of

Science,

bacterial community[J]. Nature Communications, 2021,

[44]

[45]

[46]

12: 3381.

HOU JY, WU LH, LIU WX, GE YY, MU TT, ZHOU
T, LI Z, ZHOU JW, SUN X, LUO YM, CHRISTIE P.
Biogeography and diversity patterns of abundant and
rare bacterial communities in rice paddy soils across
China[J]. Science of the Total Environment, 2020, 730:
139116.

WANG CY, ZHOU X, GUO D, ZHAO JH, YAN L,
FENG GZ, GAO Q, YU H, ZHAO LP. Soil pH is the
primary factor driving the distribution and function of
microorganisms in farmland soils in northeastern
China[J]. 2019, 69(13):
1461-1473.

A, SRR, KA, B, RERR, WA,
RERAR, XU . 1 4k 788 Ak IXUBH L 1 ) TR A8 bk
TIEBUEM RIS T]. £, 2018, 38(19):
7057-7065.

MENG MJ, GUO XP, ZHANG JC, ZHAO YP, WU JS,
YE LX, QU CW, LIU SL. Effects of altitude on soil

microbial

Annals of Microbiology,

community in Fengyang Mountain
coniferous and broad-leaved forest[J]. Acta Ecologica
Sinica, 2018, 38(19): 7057-7065 (in Chinese).

S, MROCHE, BRAEDT, Jri), sk, Sk,
JAIBABA, BRI, b B bR 1 S RUE M RE TR 24
PEBEEFOBR AL D). A A SR, 2013, 37(5):
397-406.

WU ZY, LIN WX, CHEN ZF, FANG CX, ZHANG ZX,
WU LK, ZHOU MM, CHEN T. Variations of soil
microbial community diversity along an elevational
gradient in mid-subtropical forest[J]. Chinese Journal
of Plant Ecology, 2013, 37(5): 397-406 (in Chinese).
e, ESHEE, BRAR, AR, BReig, 5.
B2 L 2R A ) T S R ey - SR R W PR iR
WmR A [0]. AR 4, 2022, 42(12): 5045-5058.

MA JP, PANG DB, CHEN L, WAN HY, CHEN GL,
LI XB. Phospholipid fatty acid analysis of soil
microbes in typical vegetation types at different
elevation on the east slope of Helan Mountain[J]. Acta

Ecologica Sinica, 2022, 42(12): 5045-5058 (in Chinese).

http://journals.im.ac.cn/actamicrocn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


