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Abstract; The peanut or groundnut ( Arachis hypogaea 1..) is an important nitrogen fixing legume worldwide, which is

strongly drought and salt resistant. Soil microbiomes play an important ecological role in the saline-alkaline soil ecosystem.
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Many factors could shape the rhizosphere microbiome, but the effects of soil salinity, intercropping patterns, and soil depth
on the composition of bacterial communities for peanuts are largely unknown. In this study, to compare and analyze the
difference in rhizosphere bacterial communities between saline-alkali and non-saline soil, the soil in which the peanuts were
grown, under single cropping and intercropping, were used as experimental materials. The different soil bacterial community
compositions and diversities from 0—40 cm soil of saline-alkali and non-saline land in the saline-alkali coastal areas of the
Yellow River Delta were analyzed using 16 s rRNA gene clone library technology. Thus, our study has laid a solid
foundation for further functional investigation into the diversity of soil rhizosphere microbiomes from different soil types and
the relationship between land use change and ecological environmental effects. The total DNA was extracted from the soil
samples using free culture technology, and PCR amplification was performed on the high variation area of V3 in the 16S
rRNA gene of the bacterial genome. Pyrosequencing was used to analyze the high variation area of V3, and a bioinformatics
analysis was performed to further analyze the sequencing data. All analyzed samples were characterized by diverse bacterial
communities, and the relative proportions of phylum, family, and genus. The results showed: (1) Rhizospheres grown in
saline-alkali soils contained more bacterial diversity, dominant species, and community functional diversity than non-saline
grown ones. (2) Single cropping or intercropping patterns appeared to not affect the dominant bacterial communities in the
0—40 cm rhizosphere soil. Proteobacteria, Actinobacteria, Chloroflexi, and Acidobacteria were significantly abundant
rthizosphere microbiomes in all soil types, and accounted for more than 80%—90% of the community. In addition, the
abundance of Acidobacteria in non-saline soils were more than three times of these in saline-alkali land, and Thermoleophilia
and Actinomycetales were more abundant in non-saline soil than those in single cropping and intercropping of saline-alkali
land. However, Rubellimicrobium, Pontibacter, and Lamia were relatively less in the 0—40 cm soil of signaling cropping
non-saline land. (3) Soil types appeared to affect the types of microbiomes in the rhizospheres. All the samples were largely
divided into three classes: non-saline land, 0—20 ¢m, and 20—40 cm rhizospheres according to the soil salinity and depth

of root distribution by clustering analysis.

Key Words: Microbial Community; 16S rRNA gene; phylogenetic analysis
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1 #MRERFE

1.1 g s

TRIG b o543 LB AE L 2R 4 A6 A0 9 BT S P 6 FE R 2 28 T AS TR St BRASE J ) ) e BT B B B S A R
FIEFF AR SEPU T AL K 48 120°12'—120°40" , b4 36°34°—37°09" , ZRE T N A48 118°07 '—119°10",db.4h
36°55'—38°10", SEVGIKS H -3 A R + AR B TR EL VT 2 S e A 0 BRI BT S A 1) - 2R R
N AT o
1.2 REsT

H L&A, DAAEER B VPR A0 AR O IR 3 AN [R) 5 5k i 3 A0 A P 1 6 AR/ A A6 (B A 19 b o A
J7 3 AR R H WIS 5 0 10 | R B[R] F— s = A6 A4 AR AL

d- B AR 25 5 DUAE T R B 8 AR BT 2 BB Y A A B R L S AN T AR AN (] 5 b i R
M, AR A6 A 0 52 T S PG 3056 0w 6 A0 S AR SR e X IR T A A R e ) (€I K01 .8 A
13 H) 43R EEA R 20T, AEA R 2 AR LR Z 0—20cm  20—40em 1Y HIEREAS
1.3 THAEREE

FAEAE IR KW (2015/8/13) , [T 43 BIER A [ S AL A AR 2 (BEAE A AR AL 4R 10—15em 4b)0—
40cm M2 JURG THFEA (R 1), HIEFERCRAE R “S” 8 5 SR G FEAD:, 73 5 R AR 45 Ab 31 0—
20cm 20—40cm By HIRFEAR R REANFE S Rl — 2R 0 SRR A YA 5 , Sr BN A TC A8, BT -20°C UKAE
e

F1 AR tEESMERELE
Table 1 Characteristics and treatment of soil samples for test

TiEE BACGR dMEE A

2R FHEF
- o RN he B Soil Soil Soil N
I T T T e 1 e T Selit
iR . N . X K Salt I R available available available
Soil Sampling Planting Sampling nitrogen i K pH CEC
No. . . contents oM/ nitrogen  phosphorus  potassium
depth/cm site method location o content/ cmol (+)/
in soil/ (g/kg) (/kg) content/  content/  content/ K
(g/kg) o (mg/kg)  (mg/kg)  (mgkg) °
HSh1 0—20  RETR MMAENME HERE 5.27 6.57 0.542 52.54 9.71 111.47 8.6 7.56
HSh2 20—40 4.45 4.14 0.415 39.34 7.82 99.26 8.4 7.21
HSh3 0—20  FREHK MHAENME HERE 3.9 11.2 0.982 67.24 14.62 86.34 8.4 6.78
HSh4 20—40 4.26 7.63 0.698 52.13 9.08 7217 8.2 6.89
HSh5 0—20  HEHKA AENE  ERE 0.59 12.75 1.311 88.63 30.84 146.32 7.3 10.89
HSh6 20—40 0.67 9.13 0.962 74.36 15.43 130.21 7.2 11.25
HSh7 0—20  KREEK A/ ERE 5.27 6.57 0.542 52.54 9.71 111.47 8.6 5.27
HSh8 20—40 e 4.45 4.14 0.415 39.34 7.82 99.26 8.4 7.21
HSh9 0—20  REEK A/ BIERE 5.27 6.57 0.542 52.54 9.71 111.47 8.6 5.27
HSh10 20—40 TEEE  AERE 4.45 4.14 0.415 39.34 7.82 99.26 8.4 7.21

1.4 13 DNA $#2H

WCAR T 13RS R OMEGA 58 5 DNA $2HUA7R (OMEGA soil DNA kit) & #1742, 715 DNA 3k
FH 1.5% B B MR F, 7K 1T Nanodrop2000 386G E TG DNA )4l B R 2
1.5 16srRNA SCPZEAA % o 07

LT 2 SR O 4 DNA F] J§ 51 # 340F. CCTACGGGNBGCASCAG LI K 805R:
GACTACNVGGGTATCTAATCC X 16srRNA HE[H ) V3-V4 X PEFTH 4, § R W . 95°C Hi 28 M 3min; 30
MEFAFE (95°C ,30sec;50°C ,30sec;72°C ,60sec ) ;72°C , Tmin, PCR F=YMH FH 1.5% He [ B RS EE it 64 T
L VKA ; AR 4 PCR 7= 90k B2 A7 S5 Wk BEIR A, 52 0 TR 2) 5 8 0.5 X TBE ¥R 1.5% 1 Byt iR W e rL vk i Ak
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PCR 7=, I I B AR 455 . 7= alifbil 70 & i FH QIAGEN /A &) 1% MinElute i RIS £, 5 (5
HiSeq2500 #£47 250PE il ¥,
1.6 A:Wf5 2=

DU PP A5 3 0 R AR 250 ( Raw Data) , £F7E— 5 H9 BT 30808 ( Dirty Data) , >4 145 584347 14 25 5 50 fin o
W5, i 1] SOAPdenovo X IR BHE AT DR b U8, 15 214G %3 ( Clean Data)

RGBT AR AR 1T OTUs ( Operational taxonomic units ) SRR 43204, IF44 OTU MR RS,
A, TS BB RE R 19 OTUs 42800 R FEAR D HTEE S, X OTUs #-47T F2 B | 2R PEHE 805 it Al
XTI EREAE 2 A 3 KT LT RS S5 Ge i b . S a AR LA B T R L T DAER T — R AT T
OTUs WL R 50T, PCoA Fl PCA Giit HLE /T A2 HRFE Sl Z B (W R A 2 5 I 45 6 IR B R 2R
11 RIS HT

2 HREHS

2.1 FEASHOA BT 5B A R B G

2 B A P SR EUFE 1716596—2863616 [H] , HSh6 # i 3 51 28U /N, HSh4 R i i K, 10 A4
AR5 25 BRI 3505 9 S840 51 R 21617593 16497920, FERE S AL A 0.97 A L R BEAT Z R
YR E RG], 21617593 2078 HH A 16497920 457 FIARL AR E VT Bl 21 S5 5086 %2, 3643k 21736 4> OTUs,
FE b R W o3 A B 421 BE R 76.32%

R2 TEEANARUFIIZIT

Table 2  Statistics results of effective sequences for ten soil samples

. EgZlE s SR E AT AL \ E2IES SR E AT I AEL
A FEA
Number of Average Number of Number of Average Number of
Sample Sample
sequences length sequences sequences length sequences
HSh1 2711148 147.7781 2050516 HSh7 2124037 146.1088 1658917
HSh2 2690541 148.9583 1914100 HSh8 1872477 146.468 1454283
HSh3 2090194 146.6363 1649279 HSh9 1822998 146.7011 1388186
HSh4 2809336 148.9284 2060354 HSh10 1863616 147.4135 1394952
HShS 1916650 146.4963 1552399 Total 21617593 147.35306 16497920
HSh6 1716596 148.0418 1374934

2.2 Alpha ZFEIEST

3 R, 10 DAY goods_coverage 7R EEHE BUITE 99.83% L At ¥ o OTUs K chaol F1
ACE B BF =F & B 45 8000 BIAE 11461.02—15167.3 Fl 11317.56—15010.0 [1], Shannon Z FE 48 5k 9.01—
10.29, Simpson FEEEI KT 0.9932, PD whole_tree 8404 181.32—254.29, Observed_species 2B TE 9050 A
DL, BR HSh1 A4 Shannon Z2HE MR BOH X B KA1, HSh2 #£ 50  chaol Fil ACE TR 35 L4 %X . Simpson

B4 . PD_whole_tree 8501 Observed_species 5504 5% 15 , i HSh5 A1 HSh6 #£ i 1 chaol Fll ACE B #f=F & &

F84  Shannon 54X . Simpson 844 . PD_whole_tree $§%{F1 Observed_species T8 8%/, 7] UL, 85 0] = Ff P %
M ER I A P ICIR AR A PRI R AL AR/ AR AR R E A R AE 7 20, 26242 AR AE 0—40cm A2 - SBGUAE Wy F S AN
EHAFRE R £, TR YRR DI RE 2 PR R S - AL AR B U E R P e, LA RIS b i
B AL AR 720 HSh1 il HSh2 REAR TN 5,
2.3 EhmsHh AR AR AR E G MV Sl S A
231 A{E[ BN E T A58 b

K1 AT LR TEe AN [ R A B+ I AN W] A AE 7 =X, 184 AR AEAR 2 T3 B 26 AT K |
Rl R 110 ANE T, HA LU B 1] ( Proteobacteria) iU B 1] ( Actinobacteria)) (4875 B[] ( Chloroflexi ) F1FR
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FFEE 1] (Acidobacteria) 55 4 Bk FE G RE, HORFE 5 80%—90% , It LL AR IE 1] ( Proteobacteria ) AT 2K
1] (Actinobacteria ) FIXF E i K, & F B K 70%—80% . (H LG8 1 5 AL Eh ook + 5 1 32 a] | H + B
V) F BRI IEAET VKOV AR 25 5, A6 28 TR AL [ VR Rl Jy sCIE AR A B M = 0—40em AR JZE £ 1E6Y
AW ERE, HSh3  HSh4 HShS HSh6 Al HSh8 + HEHE i A AR JE B 1] ( Proteobacteria ) =F FE 3K, 7E 26%—
31%]u], Lk HSh4 5fI%; HSh1 . HSh2 Fi1 HSh9 # 5 AR JE R[] ( Proteobacteria ) 3 BERE R , 1F 39%—43% (8], H LA
HSh1 HFifcir, R ] (Actinobacteria ) 1) 3 {H LA HSh3  HSh4 \HSh7 A1 HSh8 + LA , 7E 43%—50% 4],
HoAs T RER 2 AR, YI7E 329%—40%[4] . HSh5 HSh6 WMIREATR AT 1] (Acidobacteria ) F 1 H 16%—20% ,
ST HAL 8 A HIEREARN 39%—8% (B LRI T ] ( Chloroflexi ) F-FEAUH 2% —4% , B E K T HALEEAS,
HSh3 \HSh4 \HSh5 \HSh6 FEA (Y JEERER 1] ( Firmicutes) 3= FEH 5 H HShd FEARRYFREIR 12% L) | J2 HARHEA
FER 3—6 1%, H HEVGIEERIE 13 0—40cm FEE MR JZMATH ] (Acidobacteria) =F FE B 7 15 T FoAth 4 AR
JZREA AHEEE T ] ( Chloroflexi ) - W AR T HoAth - 3EAEA

R3 TEHEASEESTIEY

Table 3 Analysis of soil samples diversity index

FEA

Sammplo goods_cover Chaol ACE shannon simpson PD_whole_tree  observed_species
HSh1 0.998758 14742.19 14646.16 10.28939 0.99747 240.3792 12140
HSh2 0.998618 15167.30 15010.00 10.06734 0.99694 254.2856 12550
HSh3 0.998562 12984.01 12861.86 9.70221 0.99445 216.5552 10404
HSh4 0.998725 14496.95 14148.00 9.63288 0.99461 234.6009 11508
HSh5 0.998573 11461.02 11317.56 9.00983 0.99322 181.3245 9050
HSh6 0.998302 12730.14 12515.34 9.77441 0.99583 198.8082 10130
HSh7 0.998650 12742.46 12632.72 9.81843 0.99563 213.1567 10446
HSh8 0.998341 13240.50 13083.32 9.74712 0.99450 217.7642 10649
HSho 0.998335 13069.32 12955.76 10.15951 0.99716 218.7934 10703
HSh10 0.998302 13314.23 13175.68 10.04322 0.99613 225.3842 10873

RO A4 0—20em AEAEARZ FARAEMZ RIE D ZRIE TR 1] ( Proteobacteria)) - #4718 T 20—40cn + 2,
HARA AR TR R AR FEVEYAR)ZE 0—40em + )2 B3/ 22 AN AS[R] - 398 28 4 a] 4 f 34 e B =
FEAFAER R 25 57, TP B AR 4= LIS TR TR 11 ( Proteobacteria ) 3= BEAB L 5 , 4 55 2R 0 A+ AR £l - 46 £ AR )2 LUk
LW 1) (Actinobacteria) £ FEBE AT HE ] (Acidobacteria) FB0 A TAR L8 IR LA ZE .

2,32 {ENFN H PO TR S5 o B

BI2A AT LA, Tie 2 AR S| W e R 5ol -1, KAl F LA o« B HHN
(Alphaproteobacteria) L (Actinobacteria) \y-"LIE W ( Gammaproteobacteria) TR B 4 ( Acidimicrobiia) |
TR 28 T W ( Anaerolineae ) . B—@f AL ( Betaproteobacteria ) . W I N ( Thermoleophilia ) . -5 I B 4
( Deltaproteobacteria) £T-4EH: W 1 2K ( Cytophagia ) FVZE T B 49 ( Bacilli) 45 10 FPERFE, 10 10 Fhefi #F 76 Eh ik +
B N 80% A4, TEARE I L b i E RS T0%; WK L IE P YLl o W
(Alphaproteobacteria) FI L 40 (Actinobacteria) W FBEASHy , 35 5 40%—55% ; AR R 6% AL A 2 rh g
PG Y9 ( Thermoleophilia ) B =E B = T 008 38 3 45 L4 I, H v-Z2 B 16 2K ( Gammaproteobacteria ) F1 TR 13 14 24X
(Acidimicrobiia ) ¥JH] WA F RO - AL A MRAEARZE 3 F5 DA L5 i & 3h B R 0+ 8 1 AR AR AR AR e A/
FRAETAIE Y 46 2 SR AEAR 2 09 2 AT TR 20 ( Bacilli ) W] AR TR Em% 133

HH & 2B A, T H (Actinomycetales ) s SRS AE AL P VEFAE AL/ /AR AETRIE D7 T ZF AR R L3
FRALH G, L F AR 20%—32% , MiAREL I+ (30 15%—20% ; LN MY R H (Rhizobiales ) , FLAES
B AS[FEFAE DT 2N BAE AR AR JE AR AEAR E Y TE 5%—14% ; Ehs 3% h BRI B (Acidimicrobiales )

http ; //www.ecologica.cn



6 S % 39 &

E AR 3R 5 A5 L) B B H A Gaiellales T B I
FAEER R R 5 5L I 20825 H ( Rhodospirillales )
TEAS KRB I rh Lo 22 5, 05 5% 2240 5 5 N5 A0 i
W H ( Sphingomonadales ) TEAEA// K AL TRIVE AR I 20
WY ST A T BEAE 5% A2 A, T HoAR S 2 - SR i
oA 29%—3%; Hogx % W i BROM E H
( Pseudomonadales) ZL¥F 1 H ( Rhodobacterales) , 321
FFEE B (Solirubrobacterales) ZiBRE H ( Myxococcales ) %5
PR AR AN [ 26 2 ER i - 3 R A R s 0 458 1] = B 34 22
SR, HAXF B 10%,
2.3.3  TERFON R TS 45 o3 b
& 3 ] AS[R) 2 AL AR il 1 S AN AR ER i - AR AR
WRIZE B/ /R AE BRI AEAR 2 | T 3 AR W vl B A
BRI B A S5 TR B 25 R R R AE SR RIS FH
( Nocardioidaceae) "= 221 & £} ( Hyphomicrobiaceae ) | £1.
[ Bl ( Rhodospirillaceae ) . %5 g * g # Bl B SEAEIKEOEEENERE
( Sphingomonadaceae) %H fﬁz gjz }F;{, ( gaiellales ) f—f‘f 5 fﬁl:] %ﬂ( Fig.1 Histogram of microflora structure from ten samples at the
) R, Ok, AR R R 2 e R el o pom
( Nocardioidaceae ) i E I T E0 08 +- 31 5 A5 L L, i =

B2 TEFRAERBRANNEEEETRE

Fig.2 Histogram of microflora structure from ten samples at the level of class and order

TR B ( gaiellales ) 75 = TER AR 3G 5 A5 LA L, ZLR R Bl ( Rhodospirillaceae ) W 55 T Eh ik 3809 2 5 444,
HAE N B MIFT B R Xanthomonadaceae) . FAEFFF B ( Sinobacteraceae) AR EBMIEE R ( Pseudomonadaceae) .
& R Brucellaceae) | JILZ# B B9/ 1 Bl ( Micromonosporaceae ) 5% 5% 16 B ( Streptomycetaceae ) 55 6 Fit
I YR AR X = BE SRITE 10% 2547, 7T Wil T e 4e A )2 T I U TR R ( gaiellales ) (AR XS = FE
B E R, 2518 R ICE R Nocardioidaceae ) AR N =F B & 180
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2.3.4 FERIONIEE LT 0

K 4 AT, TSR AE A A b e/ /AR
SR AR A AR Z AR AR 2 I E YA LR
R RIS DI RE 2 PR TE SR UM BAEEh i 3
FE R & B P B ( Sphingomonas ) | ZF 1 FF T
( Bacillus ) . 21 3% )1 7 J& ( Rhodoplanes ) . & ¥ g
( Pseudomonas ) \£1~F-£1 3R ( Rhodoococcus ) 55 , $hAf 1+
ERE 5h A BR V8 IR 40 B ZS BE A0 Candidatus Koribacter |
Actinomadura , Phycicoccus 1 Candidatus Solibacter ¥ Ji&
BARSN, o R 5, iR SR o L 3 AF & rh
Rubellimicrobium lamia , Pontibacter | Inquilinus W
e M 4, Steroidobacter . Lysobacter . Actinomadura .
Pseudochrobactrum Afifella 1 Catenuloplanes Y31, H.
Candidatus Solibacter FJ¥ b 3 & T LAk 1, FEERMH 1
HE 0—40cm + 2 H ¥ K & B Rubellimicrobium J& Fl
Pontibacter JE A H , . 0—20cm + ZF # JC Lamia J& 20 B3 tEREFERRSNEESNERE
) ﬁﬁﬁiﬁii*ﬁ%iigﬁlﬁi%#}%7kilz‘iﬁj{]$§ i Fig.3 Histogram of microflora structure from ten samples at the
24 Beta ZREMESHH et offamy

HE S AfA, T 1(PCL) AT LR RE BT A7 A8 it
FEH 47.02% , FRLSY 2(PC2) W] AR AT A8 5 J 2209 11.55% , BT R LM ke 1 SR 5209 58.57% , 43
3 210 RO ITT ZTTRCR BN, BT 10.0% , JUHES 10 T80 1977 22 TR EZE 0( K 6C) . RIAA
[ 10 4> AR TE PCL AT PC2 EIFAAER] WA 25 18] 3 5 10 A 33606 G i S U E W Vg vl B
N 3 ## : HShS \HSh6 # i 2R — % , HSh2 Hil HSh4 Ry —7#% , HAx HSh1 HSh3 \HSh7 \HSh8 \HSh9 Al HSh10
—FE( (181 5A)) , HSh5 HSh6 FEA G HABAEA RUARLEE 22 S 850K, H 550 — U M IEARC O & T H:
RERTE AL/ RRAEAR 2 T3 E W2 24 5 28 — U AR OGRS, Hoh, HSh3 (HShS (HSh7 F1 HSh9 115
THAE W ARE S5 55— A IEADGOE AR HSh1 (HSh2 F1 HSh4 3 A= Wy B I 555 — 32 i g3 okl 6 OC &
((FE5D)), RM, TR + R E YR P R R i 3, 10 A AR AR S 1498 & 3h i = IR AR R
ARy 3 28 RIAEER G 0 0 1 28, R R AR R L A R 0—20em  20—40em £ U700 1 28 18
A/ /ARAETAE T B AEA: B AE R Z A i RS E W RE2E B . OTU 252 AT L e R FN L il 1 4
R R ATR IR A O 5 HAEA/ /R AETRVE T B 48 AR SR AE R Z 0K .

3 e

ER I VG S S 0 AN [ R R B SR B - S vh G W VR A5 A Y 35 TR R, O S (EC) F1 pH XS 3R
8 - ST AT PR 5 245 4 1) 5 ) ) e R, R i 8 v A A R B Y B R A e, A TR R AN A A
COT IR B AN R B R R GBE IR T RS A R R R - P 0 32 A0 B A i R A
PR ol T R, O LIS R TN B PR ER A . ZBIE AN (- BIE RN  B-EIE WA v IE WA 82 IR W ) 123k
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Fig.4 Histogram of microflora structure from ten samples at the level of genus
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Fig 5 Microbial principal component analysis
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