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B R I ARER LA R E AR R E AR S A
A, KW, B W, REEY

(1 FINRFIREE G2 TRYBE, [WIRNHEM 213164; 2. HIESRVATFREERREKE 90w (T ERABE R st LT ), st
210008 )

 E: fEARBRAEE A SR /RTEICH (Burkholderiales ) f&—JSH SAUAHYIMR A 1, OS5 (0 T RS2 A ) 1 A=
KMEF . AFEFHATEE/RMERE H, RATERES Y 16S rRNA EFH Sl il P EoR, WF5E THEIZRA TR L. M+
FNZL S EOKAR PR 5 8 R TE IR A AT 4540 S CHX ARV AR Wy i R B i AT RESZ N o 45 SR 3RW] . FE=Fb H3ERA, 5
AHEACAR L, FEAE XA ve B R AR QTR H A9 5 5 B 2R I A B 2 ) o 71 s R R [ A AR R KO SR I 38 = 2 7
A EFRFTHRL (Oxalobacteraceae ), ANEHIEEEl ( Comamonadaceae ) FMAIKEEEl ( Burkholderiaceae ), H HFAT B
BHEH PR ORETE . IeAh, AL SR T AP & RN 1 D30 ( Massilia spp.Fl Massilia sp. WG5S ) I 5 [GHA
( Burkholderia spp.) fARXTERE (P<0.05); BN T RRPMELIET EIRIER ( Herbaspirillum sp. ZM319 ) WIAIXTFRE, HFEAT
T Noviherbaspirillum spp.FUFIXTEEE (P<0.05); TAEAPVUR SRR, A KRR A9A 782 /R 15 RS B 1 JC I 5
Al AR, LA A . SRR O R - pH R LS A 1) F R R, S FEE R AR g sy
Wi K AR AR . ABFSRERE, RS AR R ok AR AR s A R R, (BRI v R
FRPRZE YRR BT B R e IR A E & .

KEEIR : vCm/RIERE; DR MRPRHCEY: AL, Ak

HESES: X172 XEAREE: A

Community Structure of Burkholderiales and Its Diversity in Typical Maize
Rhizosphere Soil

HUANG Ruilin', ZHANG Na?, SUN Bo?, LIANG Yuting®'

(1. School of Environmental and Safety Engineering, Changzhou University, Changzhou, Jiangsu 213164, China; 2. State Key Laboratory of
Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: [ Objective ] Under the class B-proteobacteria, Burkholderiales is a kind of Gram-negative bacteria, characterized
physiologically as strict aerobic, facultative anaerobic and obligate anaerobic chemoheterotrophic types, and composed mainly of
Burkholaceae, Oxalobacteriaceae, Alcaligenaceae, and Comamonadaceae in taxonomy. In rhizospheric environment,

Burkholderiales is an important group of pro-growth bacteria that can promote growth and development of plants. It can not only
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promote plant growth by producing phytohormones, but also improve the environment in which plants grow via nitrogen fixation,
nodulation and phosphorus solubilization. Studies, so far accomplished, have demonstrated that soil physicochemical properties,
soil pH, soil type and fertilization can affect the community structure and composition of Burkholderiales, but failed to address
variation of the effects with soil type and its potential relationship with crop yield. [ Method ] In this study, 168 rRNA
high-throughput sequencing of Burkholderiales was performed with a pair of specific primers. Based on the findings, responses of
Burkholderiales to nitrogen, phosphorus and potassium fertilization (N, P and K) in community structure and of the maize crops
in three different types of agricultural soils (phacozem, cambisol and acrisol) in shoot biomass and yield were investigated.

[ Result ] Results show that application of chemical fertilizer did not affect much richness and diversity of the Burkholderiales in
the three types of soil, as compared to the unfertilized plot. Moreover, three taxa of bacteria, i.e. Oxalobacteraceae,
Comammonadaceae, and Burkholderiaceae, were detected at the family level of Burkholderiales. And Oxalobacteraceae was the
dominant group. In addition, fertilization markedly increased relative abundance of the Burkholderia (mainly Burkholderia spp.)
and Massilia (mainly Massilia spp. and Massilia sp. WGS) in the cambisol low in organic matter (P<0.01), while it significantly
increased relative abundance of the Herbaspirillum (mainly Herbaspirillum sp. ZM319), but decreased that of the
Noviherbaspirillum (mainly Noviherbaspirillum spp.) (P<0.01) in acidic acrisol. However, it did not affect much the relative
abundance of all detected groups of Burkholderiales in the phaeozem high in soil organic matter and nutrient. Pearson correlation
analysis and canonical correspondence analysis (CCA) indicates that nutrient (such as AP and AK) content and soil pH are the
main factors affecting the community composition and structure of these bacteria (Burkholderia, Massilia, Herbaspirillum and
Noviherbaspirillum). Furthermore, linear regression analysis and Mantel test shows that only the relative abundance of Massilia is
significantly correlated with the shoot biomass and yield of maize (P<0.05). All these statistical analyses demonstrate that
changes in community structure of Massilia may affect shoot biomass and yield of the crop. [ Conclusion ] This study indicates
that although chemical fertilization is the main cause of the increase in shoot biomass and yield of maize, changes in community
structure of rhizosphere microbes, such as Burkholderiales, may also be potential biological factors affecting shoot biomass and
yield of maize.

Key words: Burkholderiales; Massilia; Rhizosphere microbes; Fertilization; Phosphorus solubilization

Wi THEAR . ZEEH A A s R AR G H R
TAREITT R BN, &— R 2[RI,
HAE PRRRAE 2 BRI A T AR e IR A
JREARE R, ERRHF S A CER, AL
PRFTEFR. Pl E R ( Alcaligenaceae ) FIMTEHLf
AN Horh 2RO B A . 4598 . B AR
TR F DI RE A e A T o B g P v R A
@ ( Burkholderia vietnamiensis ) F1J%E€FIMHA va 28 /R
f50& ( Burkholderia kururiensis ) A [H 25 S if
BARMIRED ;s BRI EIRIEE ( Burkholderia
phymatum ) [ HAT [ & D RESMA BE S 7R AEY) B AR
45991 Castanheira 255 i3 3 K 41 15 S0 S AT 16S
rRNA & & W )7 & 3R A 17 % B R 18w
( Burkholderia graminis ). E B A1 % 2 /K 18 &
( Burkholderia fungorum ) FlJ& T V£ Z AR v [ BE
( Burkholderia cepacian complex ) B B Ak B A % 0
Y. A mINE TR . A AR B DL S S B Y

ORI EE T o LA, — LBy A SO g R AR TR Y T
PREEUEATE B T . FORFUKFREMED ARPR, it
PR I Wy s I e T, R,
A v B R R IR BA (e AR ) A KRR B W 7.
KEMFREY], \E. Wik&E. 1% pH Ml
AR AN R VR R R R EE, e
T TT 8 517 o 2 R A8 [ AT R 7 285 4 AR 28 1l %5 1)
A, Stopnisek ZEINF AN A SR G RSN
T BRI (A L G R T 16S rRNA fmid &= 7
Fl qPCR 23 #7, RWIAFESREE | Wik . 3G E (4
SR ) AR 2 R A v G B R B R 4
NG . BeAbh, B FEE AL 4t -t o] B 2352
MR B 4= e v i e 2 R TR [C R AV 2540 . RN
TifE. Tilman 25257 2 K300t 000t HOR: DURR
REAE AN gl R, ERIEREET
(3.5~7), HRREE (& THEERERH, 1
SRR ) AR TE R, A N5
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A IR AL P BE i R L E R . 5K
Jite gt P %) S AE L, ATt e A Ach 3L 3 Ml v n
TRBEENBEHRE—SEEE (Massilia) ()&
FAARE/RMEREH, FTRER) MEEDL A
I, BN XA B 2R R T LT Y 5% e 3 5 B AT A A 2
WY . fEEARMPR, SELBERS (triple
superphosphate ) YE R BEALAT LL , K LABES £ ( rock
phosphate WE A B E BEAS 0 2 M3 0 B AT s AH &
TE e R MRS ) RN R, 78
RIS A Rl 3, PR E S ERT —
P ELA R BERE W D3 R 4 o . 12-0D1'),
H 1T C & R A58 R 2802 56 T 5 8 R P IR TR
TEASAL AN A S o S, A e IR PR LG R AE AN TR
KA P LB S H S5 R E R R AT
T — e

AMFFEERE T =LA I - (SR W
e ) AE bk 158, 7R — 4R ) B AR
BRI 2 T i E TR RSB ) AORTEAL P
F b2 . 33 3 XA v 78 R A EG R G 5 14 51U Ok AT
16S rRNA i #7 , #5817 FORARPR A vz /R 18
TR AR 7 248 R 26 ok 1 72 A S HOE Kb, | 2 W
U 1 AT RE Y500

1 bRk

1.1 HAREXER

FE [ a0 12 T o R 22 B Bl A A5 5
vl (114°24'E, 35°00' N ), v T g4 & e Bk 5
2, WK 67.5m, JEPTF . P00 A B R 2= X
S, RN 13.9°C, EREKE R 605 mm, FE
T 6—9 Ay, 4 HBIEL 2 300~2 500 h, TG

TN 2204 KA.
1.2 HRFE

F 2005 4 10 H A BGRB8 = Fp )
FHOBHE A 58 CBHMED S 20 4ELLE ), 43
SR E AR AU BOT S0 A8 1 5 R B & T
+ . R A T A E T b AR R R+
R A 7 b KB E B N a7+ kB
e, &AL L 1 7R HS)Z (20 em £
JZ) RE=FEERTIM (12m FEx1.4m KxIm
W), 18 2 3t vl 5 79 JFOR B 1 200U 3 ) S 3
1.2m. T¢ 14 m. %1 miifE/NX, B8R
B2 R, RAG R E 3 A NEE (3x2x3 ), /D
XM IEE K e (X E AL 1.2 mx1.4 m=1.68 m*),
INXFEBSE 20 em, #F IR 20 cm, JEFBE A 9L
v, PVRETE 35 KA

2 Fhoab HE Ay R R . (1) R it AR Ab B
( Unfertilized ): #4F 6 A®IFPE 1 ZEEK, SFhh
b AR 958, ANt FHATAT AR KL, RIS,
AHERE, NTOEHABRR; (2) % HUi A AL ( NPK ):
BRAEFPAE 1 K, MiAEE-N N 150 kg'hm 2, P,Os
75 kg-hm?, K,0 60 kg-hm >, AEAR5 4K E |
( NH4 ) ;HPO, F1 KCI, FA fifjiti i JiEAE (172 A&UE .
SARBEAL AR AL ), FoRRMIW OB MER R (12
RN ), ol £ 5 A it AO A BEAR 1] o ASHIF 2 3 0 B
i 12016 AEEOKAAIN (9 H 18 H ) RE.

FORAR PR+ HER FEMR AN Bk R
WF . R E s FoRARR, ZBRAR R m b &
KEF A, JEBRER 1 mm 2460 L0
Frt; HORFREL S g & A MFR AR A 100 mL
TRHIE R, JEmH A mA 50 mL 0.85%0 NaCl
(2K ), i JC R/ O Mk AR PR V6T,

F1 X HIEREAREAER (2005 F)
Table 1 Physicochemical properties of the tested soils in the experiment of this study
- ) N PRI - 0% <} s .
o TIEH BB oo o ezl TEEST A ARk A
) pH SOM/ Total N/ Total P/ Total K/ NO3-N/ NHj -N/  Available P/ Readily available
ot (gkeg™) (gkg’) (gkg') (gkg') (mgkg') (mgkg') K/ (mgkg")
(mgkg™)

BT Phacozem  5.94+0.00 49.65+4.42 2.43+0.06 0.25+0.01 14.85+0.13 21.28+3.02 21.08+1.85 26.34+0.86 141.73+5.05
]+ Cambisol  8.23£0.00 8.35£0.22  0.66£0.01 0.18+0.04 12.99+0.32 23.67+1.43 15.16£0.23 11.80+4.30 68.87+0.19
211 Acrisol 5.02+0.00 8.53+0.70  0.83+0.33  0.08+0.01 6.93+0.44 17.62+0.85 19.15+0.21 35.33+3.98 219.40+4.41
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HAEMRFREITU B A3 (FEE XL 3 W), &Ek
FT A & A MRPR 8 NaCl @S B/NO B 2 KE
50 mL B.0%d9, L9 000 rmin ! [ 3R BS D
10 min, 815 EWE WM - (g =k iE 2]
T AR PR+ ). RAEBNMRER £ 4051 L4 4°CHI
“20°CHRAF, DAEEATHRALFE bR By AT DNA $2HL,
e U A B T8 AR DU 7 1k 2 ROk [19], B4
TS & pH AUE Y& & (2R 2.
1.3 DNA REFIEEENF

HEFPRE 1 g FORMRPR HEET IR I mA
0.5 g TTHAYER, WAME; 1 Power Soil DNA
isolation kit #EH+3 & DNA ., UG FHHE MR
YEEETT (Nanodrop 2000, Thermo Fisher Scientific,
Wilmington, DE, U.S.A) FAUKGINASAER DNA 15
TERIHREE , WE =20 ng-uL™, ODagonso = 1.8~2.0 FUKE
AR AR, BARFEATE-80 CAIF P IR AT

FIH Mumina P76, X 18 ANARFR T HEREA
(1Y) DNA 511 5o 78 /R QR 2R AT il 2 Uy, AR
) £ P 5 PR 41 DNA Mix 4B Ay BEPE o B AR 4 5 1Y)
iRl NP R ihreR DO NVATNE e S TR 7/ I O e = o N |
R R 2 PCR 73 . (ASe & /RIEIRE T 16S
rRNA (V4-V5 X)) § 3451975 41": Primer F =

Illumina adapter sequence 1 + TTTTGGACAATGG
GGGCAAC, Primer R = Illumina adapter sequence 2

+ CTTCGTTACCAAGTCAATGAAGA ., #F9¢ W%
519 AR A 99%)8 TA r A /R ), HLfl
FHZ5 |91 BLAST $58 FE X LU aff e L T4 e 1
14, ZAER 16S rRNA (V4-V5 [X ) Ky 111y
PCR MR WARMEDIRIEE 95°C . 2 min; AEE
HBRE 94°C, 20 s, IR AL ERE 55°C. 40 s,

FEARAL S 72°C . 1 min, BB IFHASPE-B K -FE
it = AP HR 35 Y REEML IR E 72°C . 2 min,

FIHA A Index JFHIR 514, it & R E PCR ¥ 47
TE MIARASE P A SCE AR Ui o REAS TS INVRE S M A 45
JEHIH) PCR 4544y . TR ML YRIZ E 98°C . 30 s;

AV IR E 98°C .10 s, iR KB TRIEE 65°C .30 s,
RIS 72°C , 30 s, TR HIRASPE-1B K -ZEff
SALEENL R REEMAL IR E 72°C. 5 min, Z
Ji N A% B AL R Sh A 38 7 W, 49 BIREAR Y T
G5 SCHE . R Qubit 2 A SC R ff 2 &,

FEAH N LLA] (BEJR L ) RAFEAS . di it Agilent 2100

Bioanalyzer A= 443 AR i TR & FEAS 19 SCEAR A R
BYI RN, WIAAE 210~252 bp Z A TCARR S ED”
H, JFUER S ST SCFEMREE . R Miseq 511
AL 2x250 bp XU Y SR W SCRE A Py o T
THUEE 2t B A Ak B FS , FH] UPARSE #k
{5 B OTU ( Operational Taxonomic Unit) &
M, 24k s 2 B8 RDP ( Ribosomal Database
Project ) 45 %2 i) RDP Release 11.5 fiAS . 405 ¥
TR M EAR SR R TSI EGE L D 40 607~65 060
reads, A TR IB/DHEA iR OO A R S
AHFFEIE T REA T SR8 (40 607 reads ) X I
M4 B, 2 B8 97% AR LI X i A5 P 914 OTU
53, AR SO BB S R IR E 98%L L o
1.4 HESH

AT T A — A e AT it I R A Tt A %
oy e A R/ DG I SN A R = I S 2
(‘heatmap ) X %4l 47 T AT ¥4k, (] T KR £k
( Pearson ) AHIC 0, LUK 30 A [ BRAL VR B 5 W
AE X = B 2Z 18] A AH DG o ] B 1) 98 X8 10 43 B
( CCA ) LA AN [A) BRALAE Br X i T 17 0 T AH X 3= B2
0 2R AR v B O T G R A VR 45 A o0 AT Y s
. A R IEFH Im BRECS P FpAE X 3= B ARk
HE KM EAYREAEHET TREMA . A X
BT ETE RIS (R 3.5.1) 4TS (https:
//www.r-project.org/ ) o FF ¥ K& 9 R A 4 il A

pheatmap . corrplot il vegan®®,

R T VAL AR, AR b SR A G A
PO SN RIS M oA =t 7/ 8w Wi o=l 1 LS N = 2 STE 2
KR, ARBFIEA T 450 AR A A Y (structural
equation modeling, SEM ). #atid & F2 4 K LIF
AR HRRETEAERNFIRME LEC kE
o B SR, BRI P 22 ) AT A AE R DG T
PR, R 8 S AT A IES 0, XA
FFA IE A A0 (B HE JEA T X B e, 2 50d 5 k
AL RIS e, ARSI (Y
P>0.05 WPRRLE N RAF ), IS IEEETE bR (GFI, 4
GFI>0.9 AR Y 3% 7 R4 ) RITE Bl 359 O R 45 22 22
( RMSEA, ¥4 RMSEA<0.05 H. P>0.05 B 7035 fij [
U ) RFNWTRL A A 30 P, X T i 2 el 0 25 0 46
Ja W ME DL & IE S S i A8 s AR T
Bollen-Stine bootstrap ;] ( 24 bootstrap P>0.05 A}
BRVE WY R4 ); e ilal G BAIIG, AR
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filp e T AR () B A ZR B D R L I ) S e P,
I HAWF G BT E T bR S AR5 00 ( standardized
total effects, X P-~78 1 22 8] A% 1 42 A1 (0] 322 52 e oK
) Frfa BS54 T BB 7E IBM® SPSS® Amos
20.0 ( AMOS IBM USA ) H1 58,

2 45 R

AR TERBTHEMR TEBAER. EX
M b ERAE M= A0 e = B 22

TEARWFFE A, i A2 5 25 48 i = b+ 325 A0

21

B A A R B R Bk M R A ( P<0.05 )5
i X HEK S pH. HHEA HUTA K R
WUAE 25372 B PRI R S (3R 2). BN, ety
P Bk Ea, PR R AN Ry e
BUT, IR 21458 rp i K 5 it R0 - 984 HILE & 1T
ToEWSEW . tAh, RF RSB E AL, B
A H R BE NS (P<0.001 ).
22 HMEREXMAREREREAFEZNZM
FHTXHMAEE/RERE R 165 rRNA W47
T, MR R, P R R R
Fw MR FEFA LA, 5K

F2 FEMTIERBTHEANTIEBMMER. ERXE EBEYE S0 (2016)
Table 2  Effects of fertilization on physicochemical properties, shoot biomass and yield of maize in soils the same in soil type
+ 15 gh¥E 7K Moisture/ AT LR 2R g2 Eall o
. B pH SOM/ Total N/ Total P/ Total K/ NO3 -N/ NHj -N/
Soil Treatment (gkg!) (oke) (ke ) (oke!) (gke!) . 1
gkg gkg gkg gKg (mgkg") (mgkg™)
B+ EN 260.1£5.4 7.01 £0.04 46.75+1.89 2.06+0.05 0.86+0.05 17.87+1.19 4.96+2.50 6.44+2.36
Phacozem i 272929 6.94+0.07 50.09+0.18 2.12+0.02 1.02+0.03 19.79+0.53 10.52+3.18 5.66 +0.80
P 0.02 0.19 0.04 0.13 <0.01 0.06 0.08 0.62
i RIEAL 170.9+6.7  8.63+0.02 9.22+021 0.61+0.03 0.73£0.05 17.38+0.34 4.13£0.73  4.7+1.35
Cambisol it AE 162.1 +3.1 8.59+£0.06 10.63+0.34 0.63+0.01 0.85+0.02 17.48+0.20 10.07+3.74 6.15+1.77
P 0.11 0.34 <0.01 0.32 0.02 0.69 0.06 0.34
EARE ATt e 170.1 +3.9 6.91+0.09 1245+1.16 0.82+0.09 0.49+0.01 9.84+0.41 1.56+0.01 5.57+1.29
Acrisol Jite JE 163.6 +9.8 6.70£0.07 13.72+1.82 0.83+0.01 0.59+0.03 9.71+0.33 4.80+0.99 4.50+2.20
P 0.35 0.04 0.36 0.85 0.01 0.69 <0.01 0.51
Bl
o \ o . 7
N A AR U Gl o EEAEYE PR Yield) Wi In-situ
e A3 In-situ yield /
Alkali-hydrolyzable Available P/  Readily available Shoot biomass/ (1000 biomass /
Soil Treatment (1000
N/ (mgkg') (mgkg') K/ (mgkg') (1000kghm?) kghm?) (1000
kg-hm™?)
kg-hm?)
B+ EN 210.70 £ 22.45 2375+ 1.11 180.8 + 14.6 9.37+0.86 10.15+£0.72  7.62+0.26  3.34+0.63
Phaeozem i 200.90 +22.45 42.72 £2.97 270.8 £19.1 15.77+1.22 14.15£290 16.79+0.89 10.02+0.91
P 0.62 <0.001 <0.01 <0.01 0.08 <0.001 <0.001
it At AL 55.13+19.45 1.71 £0.07 101.7 + 10.1 5.08=0.70 8.11+0.83 — —
Cambisol it AE 50.23 +8.49 5.11+0.36 115.0+12.5 15.05+0.86 13.57 +£0.92 — —
P 0.71 <0.001 0.22 <0.001 <0.01 — —
EARE ATt e 50.23 +5.61 15.17+0.24 250.0+2.5 5.35+0.24 9.84 +0.47 156+0.16 0.37+0.05
Acrisol il 55.13+9.23 3297 +191 283.3+28.9 13.63 £ 1.25 13.27+0.50 1.50+0.01 1.18 £ 0.11
P 0.49 <0.001 0.21 <0.001 <0.001 0.51 <0.001

e RMEAEALFE unfertilized treatment; JEARALFE fertilized treatment; NI F7R A ¥ 22 [A] 77 4E i & 2% 5% ( P<0.05), F[A]. Note:

Unfertilized treatment, fertilized treatment; bold indicates significant different between treatments ( P<0.05 ) . The same below.
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B3R L, AT A 2 M M vl R AR R G B 1Y) 4T Burkholderia spp. (JE AW IKEE ). Massilia

$?Wﬁ§#ﬁ(@1wo$ﬁﬁiﬁﬁmﬂ£%£
BRI E, A3 AT AR . B
@ﬂﬂﬁﬁ&@ﬂ(@lw,ﬂ¢ﬁkﬁ@WE%@
B o 50 ICEE R H h E R RAR . 2 b e,

spp. (JB FLFEEJE ) Ml Massilia sp. WG5S (J& T %%
E ) BIAEXT R AR bt A AL 3 i 2E T
Herbaspirillum sp. ZM319 (AT (J& T HIRHER
&), BERMRT Noviherbaspirillum spp.BAHX}=F 1

(P<0.05); TAESE + FpaAE % FF A K 2 B 111 5L A /R

TREAL XS Foh 7K P e R /R P G B X = B B 2 R BE
o R AR X 2 B X I R )

5
FIERRIAE R (B 1c). filan, 7Ei+ e ht 2%

a) 250

o~

22 M A K0 Phacozem-unfertilized
it Phaeozem-fertilized
w2 )+ -AJiti it Cambisol-unfertilized
5] 4 -0 Cambisol-fertilized

B8 21 - At Acrisol-unfertilized
B 218t Acrisol-fertilized

>
o

200-ABaAa

]

Ba
150

B

100

+ & J¥ Richness

50

ZFEYEFREDiversity index

M\

EAR:

Acrisol

iz

EAR:

Acrisol

Bt

Phaeozem Cambisol

BL iz

Phaeozem Cambisol

2 ° Log, 1

Log,, Abundance

l4

3

Bt @t
Phae()zem CambisolAicrisol

T 1 U Oxalobacteraceae sp.

Herbaspirillum sp.
o oE

Uncultured ammonia-oxdizing bacterium

&

Noviherbaspirillum
55066

Massilia

|

| Uncultured Burkholderiales bacterium
|Uncultured Burkholderia sp.
Uncultured Proteobacterium
'Uncultured bacterium

Nitrosospira sp.

Uncultured Curvibacter sp.
Paraburkholderia terrae
Paraburkholderia diazotrophica
Herbaspirillum frisingense
Ramltbacter Sp.

WER Noviherbaspirillum spp.
Herbaspirillum aquaticum
P** Massilia sp. WG5

Massilia spj

‘*** Herbaspiri lp lum sp. ZM319
\Uncultured Herbaspirillum sp.

** Burkholderia spp.
| Paraburkholderia caribensis

%

2

Oxalgbacteraceae

171348

1

1
=

%
Burkholderiales

T R TEIR R [
220340

Ramlibacter
201

Comamonadaceae

I R

Burkholderia

(FEAN=)
9520

Burkholderiaceae
111 [C B R
9520

W B oa) (ASCERMERE N EE Mg, KNG FRAARRFEF L HGEAC S5 A AL Z [0 e, KE PR R R — 2

(it AR S ATt A ) TKEiE&ZIﬂE"JHﬁ@ AEFRRRFEREZES; B b) F—UEYARERT, ANEEHE gAY
YRR, Hh B RERN R AR FEI L, B R AKE T REs T EEEZE P RT 1%09F; B o) Mk FATEERER
A E T, PAREE £ Phacozem, C Ui+ Cambisol, A fRFELIIE Acrisol, U fCFE AL unfertilized, F 1L ifiAT fertilized,
i PU AR+ RN ; 2 (05 HEAR SR 7E [l —Fh 18 Tt IR 5 Rt A =2 [m) ff be e <7 AR B 3 MK F P<0.05, 3£ P<0.01,

{82 P<0.001, F[Fl. Note: Fig.a) richness and diversity of Burkholderiales, in which lowercase letters represent a comparison

g

ook
between fertilized and unfertilized treatment under the same soil, capital letters represent a comparison between different soils under the same
treatment, different letters indicate significant difference; Fig. b) relative abundances of microbes under different treated soils at the same
classification level, in which numbers represent reads obtained by sequencing, only species with a relative abundance greater than 1% are
shown at the genus level; Fig. ¢ )heatmap analysis of Burkholderiales at the level of species, in which P, C, A, U and F represent Phacozem,

Cambisol, Acrisol, unfertilized and fertilized treatment, respectively. For example, PU represent Phacozem-unfertilized; yellow boxes

represent a comparison between fertilized and unfertilized treatment under the same soil. “*” represents significance level P<0.05, “**”

represents significance level P<0.01, “***” represents significance level P<0.001. The same below.

1 (Rl e S 2A  AE X o 7 K T TR R AR 8 52 )

Fig. 1 Effect of fertilization on Burkholderiales community in soils the same in soil type
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(B 2a), MEXFN 487 (CCA) pH. AR
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A5 Ak 2 5 WA A T R A TG A I A A A Al )
K& (&l 2b).

Burkholderia spp.

® Massilia sp. WG5S
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Herbaspifillum sp. ZM319

0.5 1

-0.54

-0.5 0.0 0.5
CCA1(76.73%)

-1.5 -1.0

W Bl a) HAFEAE 2R A A0 S IR G B 5 3l PR T 22 ) A AR DGR A BT, B TR A SR A e M 85, i A TR TG,
2L RRIEA I K b)) MHLFEXT R ( CCA ) 43#7 . Note: Fig. a) correlation analysis between Burkholderiales with significant changes and

the soil physicochemical properties, in which color depth represents the strength of the correlation, blue indicates the negative correlation,

and red indicates the positive correlation; Fig. b) canonical correspondence analysis ( CCA ) .

K 2
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Fig. 2 Relationships between soil physicochemical properties and Burkholderiales community
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io BEAN, AR RSN Y 2 SR B T A SO A
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R FEEREK, DR E X FRE AR et S A
M) K Ml 3R A= 9 & F =it (1] 3b ),
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EMFERNXER
XA 5 2 R IC R AR =F 5 oK B3R A=)
T R A T R, Horh SRR R Y
Massilia sp. WGS Fl Massilia spp. WA F 5 £ K
FHEAFAENT A ZPEASE (1] 4) (P<0.05), 7EA
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W Bla) NE5H TR (SEM ), 2 =7.051, P=0.632, df=9; bootstrap P = 0.806; GFI=0.931; RMSEA = 0.000, P =0.662,
TR ATk BB RACRBAT BB, LT LR LLR B IENG, BOWT L LLACREZF O K b) LR
T A R bR b b A R AR R A BV . Note: Fig. a) structural equation model ( SEM ), »*=7.051, P=0.632, df=9; bootstrap
P =0.806; GF1=0.931; RMSEA =0.000, P =0.662, in which dotted grey arrows represent non-significant paths( P>0.05 ), solid red arrows
represent positive paths ( P<0.05 ), solid black arrows represent negative paths ( P<0.05 ) . Fig. b ) total effect of each index on shoot biomass
and yield in structural equation model.

K3 SEPRACTE T . A e e R T CQ RS 2 B 5 L 30 A Wy 1™ ik 22 ] R 454 7 AR 7Y
Fig. 3 Structural equation model for relationships of soil physicochemical properties and relative abundance of Burkholderiales with shoot
biomass and yield of the crop
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Fig. 4 Linear fitting of the relationship of Burkholderiales with shoot biomass and yield of the crop
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3 1 ®

LT E R G MY 16S rRNA I JF 58,
AT & BRAE [R] A A 338 v it AR 95 AT e 2 2l AR AR P
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Table 3 Mantel test of the relationships of shoot biomass and crop yield with two species of rhizosphere Massilia bacteria relative to soil type

2+ Phacozem W+ Cambisol 213 Acrisol
Massilia spp. Massilia sp. WG5 Massilia spp. Massilia sp. WG5S Massilia spp. Massilia sp. WG5S
r P r P r P r P r P r P
M bR A
0.03 0.11 —-0.07 0.43 0.64 0.02 0.75 0.04 0.47 <0.01 -0.13 0.65
Shoot biomass
Feit Yield 0.52 0.1 0.52 0.08 0.64 0.01 0.68 0.06 —0.0.5 0.58 —0.03 0.54
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