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alpina ) FIEAAYHIEE ( Mortierella elongata ). BT B I, MR 10 g BF5F, R PIRBEfEXT RS FTREfR LR
SR R E AN R RSO . Z5RIT, TEZDSED, SRR BRRH L, e Ll i Ak B ) 37 S0l 2 4
1 29.0%, KADHAEALILT AR S W B AT E H RGPS A R T 15.5%F01 81.3%. TERDZMR A, X AR
o, PO R T R A A L, USRI RO B DL S BRI T R BRI . PIRR DA AT
LIS CAEFTAOREAR, F B SCR AR A MTERPZR A, WA RO IE ©AEFTREAE, L AT R A A R
AKX, fELrsgEd, BEFFE)E ( Ochrobactrum ). JotofTE)E (Achromobacter) FEFEHE ( Streptomyces ) J&-' S8 ILFPALHLAI
X B TE) A PR 7 22 S BTR IR R IR o AP T B A B Al - PR R T AN 0 e A rh VTR T B
KR wifld; AR LIICT); ANwREYE 40 mhERR L

HESZES: S154.39 XERIRERD: A

Effects of Mortierella on Nutrient Availability and Straw Decomposition in Soil

NING Qi"? CHEN Lin', LI Fang’, ZHANG Congzhi', MA Donghao', CAI Zejiang®*, ZHANG Jiabao" > '

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Resources and Environment, Henan Agricultural
University, Zhengzhou 450002, China; 4. Hengyang Red Soil Experimental Station of Chinese Academy of Agricultural Sciences/National
Observation and Research Station of Farmland Ecosystem in Qiyang, Qiyang, Hunan 426182, China)

Abstract: [ Objective ] Saprophytic fungi can convert complex organic substances into available components, which is closely
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related to soil nutrient availability and carbon (C) sequestration. Mortierella has been reported to be substantially enhanced after
long-term fertilization in agricultural soils. Studies in the past demonstrated that some species of Mortierella did make important
contributions to soil nutrient transformation and availability, and were able to degrade hemicellulose, cellulose and lignin, and
hence could directly affect straw decomposition and alter nutrient status of the soil. Furthermore, Mortierella species show great
ability to excrete a large volume of polyunsaturated fatty acids, which contained abundant C sources, thus altering the soil
microhabitat. It was therefore, presumed that Mortierella inoculants could affect soil microbial communities in part by changing
their nutrient uptake, thus indirectly influencing soil nutrient transformation and availability in the soil. However, empirical
evidence of the effects of Mortierella inoculants on the soil microbial communities under planting conditions is seldom available.
The objective of this study was to explore how indigenous strains of Mortierella affect soil nutrient availability during the process
of straw decomposition. [ Method ] Two strains of Mortierella (Mortierella alpina and Mortierella elongata) were isolated from
two types of agricultural soils (red soil and Shajiang black soil) that had been applied with organic manure for decades. A pot
experiment, designed to have three treatments, i.e. no inoculation (Control); inoculation with Mortierella alpina (Ma); and
inoculation with Mortierella elongata (Me), and three replicates for each treatment, was conducted with the two soils packed in
the pots separately and incorporated with straw. Availability of C, nitrogen (N) and phosphorus (P) and activities of B-glucosidase,
N-acetyl-p-glucosaminidase and phosphatase were determined. Chemical C structure of the residual straw and bacterial
community composition in the soil was analyzed with the aid of the solid state '*C-nuclear magnetic resonance ('"*C-NMR)
spectroscopy and the technique of 16S rRNA gene amplicon sequencing, respectively. [ Result] In red soil, Treatment Ma
increased the content of soil available P by 29.0%, while Treatment Me did the content of soil available N and the activity of
B-glucosidase by 15.5% and 81.3%, respectively. In Shajiang black soil, both Mortierella treatments notably increased the content
of soil available N and the activity of B-glucosidase. In addition, Treatment Ma significantly increased the activity of phosphatase,
while Treatment Me did the content of dissolved organic C and soil available P by 16.2% and 11.5%, respectively. In red soil,
Mortierella inoculants inhibited straw decomposition and significantly altered composition and metabolic functions of the
bacterial community, while in Shajiang black soil, they promoted straw degradation but had little effect on bacterial community
structure. Ochrobactrum, Achromobacter and Streptomyces were the most influential taxa contributing to differences in bacterial
community between the treatments and the control in red soil. Network analysis showed that the interactions between soil
microbes were more complex connectedness in red soil than in Shajiang black soil. Lysobacter, Stenotrophomonas, Pantoea,
Phyllobacteriaceae and Solirubrobacterales were identified as the keystone taxa in red soil, while Comamonadaceae, Lysobacter,
Cytophagaceae and Serpens flexibilis were in Shajiang black soil. These keystone taxa acted as decomposers or biocontrol agents,
and played important roles in maintaining microbial interactions and in potential processes of straw decomposition. [ Conclusion ]
The present study has demonstrated that Mortierella alpina and Mortierella elongata can improve soil C, N and P availability and
associated enzyme activities, and provide evidence of roles of indigenous strains of Mortierella strains on straw decomposition
and nutrient transformation in agricultural soils.

Key words: Mortierella; Straw degradation; Soil fertility; Bacterial community; Red soil; Shajiang black soil
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Tamayo-Velez F Osorio®fHF5% & B, 15 F b 1 4%
RN EE ( Mortierella sp. ) VI . 25 B4 G OBk |
BB BERIINAY S A, AR R A S
T —HRK BB E R ( Mortierella elongata SX)
TR T - B A 5% 43 A RIS A 40 A K T T ke 2 G
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HHr, FFFdH i TR GRa e, fe
T A )RS i, AR LT AERAR RN T T N
Mo Wi ge % | TR E AR EE,
It AT e B4 52 e R R Y 43 A AT 5 7 43 R 0 Y B
A5, PE e —F e AR B, Hm e AL
ok it 3 R v 25 T A B2 P R X 7 4 g R A
Ji =TI, IR A 22 R 3E A R ) 8 AT R AR I
R A B BeAh, WA IR A SRR S
NHEE LB E ( Mortierella alpina ), 27=4:)"
R Z AR IIIR,, A TUIEER . v ERRIR A1
Tmg AR SR R A A E R AR, W]
RER L TR AE I A BE . FRURHEDN , HERhph T
L ] BB 230 2 2R 3R o WROAC RN - S A A B R 5 il
TR YR, DN )42 5 e - R A A AL R
ROtk SRS Rk, O TR Bk A8 e AR S5 14
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T 52 ) B AR AR AR 2D o
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BURE f 213 D 22 P8 A= v 23 5310 0 8 T — ok sy 1L
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1.1 #HASEENIBSEFNH &
AL T80 P 408 B 18 10 AR it A a3 3 R A 4T
AT PARR IR E o 3 R R T AR R ) B
WK, 28C M FEESBEH AL (PDA)
FREFR 5~7 d, WEREE R AERNE L. AR5
HEE DNA 4 (Omega Bioteck, Norcross,
GA, £ ) $2H DNA, {519 1TS1 fil 1TS4
BB VG SR BR X L . PCR W & e 95C 3

min; 94°C 30 s, 60°C 30 s & MEH FFE 1°C,
72°C 30s, 5AMER; 94°C 30s, 55°C 30s, 72°C
30s, 30 MEH; 72°C 3 min, PCR P24 2%
TR S L TSI, PR aliAk S, i FH DNA 43 HY
( ABI 3730XL, Applied Biosystems, 5[ ) 47l
J¥ o W 45 57T LA fd ] ChromasPro #1647 51
e, PSR E T 555 H)E (GenBank )
AP FNHEAT LU ER , BRI 43 B A5 30 (9 T bk S v L i
% ( Mortierella alpina ) HHLIEEA 100%. R4
% ( Mortierella elongata ) MiitiA HLIE 35 a RS2
+ o AR

PIRR B B TR AR TE & A 30 g 228K .40 g S0HK .
30 g MiKYAT 100 mL 558 T /K 0 JC B 22 £k b5 37 3k
PEATHEAE . AR AR R & R AR - R SR
TEZZIR/K IR 30 min, SRS I A 22 kR0 K 408 £
B15] . YRR 2 =AM, AT R R R R KR
HJE, TR ok AR S A R R R G
FEM AR B LM B 2 KB R b, 1
28CHYBIEMIE TR 10 d, HEKWMEZ., XH
S MR T B T 5 b A A B N P S A R o 10
CFU-g ',

1.2 ##FRWIFITT 5 R

AT TG J8 R 2 RO TN A T 398 v R A 1Y
LIRS 208+ T A . IR R+
PIAE Rt AE Iy XA AR AR, ELRRREAR 38 R /N2 - oK
AR LI IEARTALME T N . 145 pH 4.69, AL
WA 691 gkg', &% 059 gkg', &8 0.38
gkg!, &8 1498 gkg ', BFA 46.79 mgkeg ', A
W 9.88 mg-kg ', HALET 115 mgkg ', APFEER A (K
FEA AL TN - 3 pH 8.06, A HLEK 10.18 g'kg ',
SR 112 gkg ', & 0.74 gkg ', &8 1232 gkg ',
A 83.77 mg-kg ', ARKHE 11.68 mgkg ', AL
B 194 mgkg ',

PENEFERFBT AL 1~2 em MO/NBE, KEHET,
SRIGHEA 200 HIWJEEMAE (8 cmx8 cm ). ¥ 2 kg
+HE5 10 g WRNRS SRR, IAEALZ P A M
48, A RHES KR B R RHERK AT 60%. it
U 2 Ah 3, it 3 AVAbE, AT ER 3
W WFy . BEMICHE RN (CK). A& L
FWA (Ma) FAHEFK MR E R (Me ).

KIS FAE A o 244 R A B, ) E
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KCl ¥ W= 4 J5 A LG 8 i D s s 1 3 A 2w
( Available phosphorus, AP ) i NaHCO; iz #¢/5, X
FHAR BB Lt e AT D a5 3 W% A PL
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FRBEMR —4MEh ( p-nitrophenyl phosphate ) AJEY)
AT E
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FELLHET, WIAR DL R A 84 & T 3% pH;
o LB AR A N A R S RS T 29.0%,
0 0 8 A LS - A9 AR R R - A Y
TEPE BN T 15.5%F 81.3%. 7ERPZEH A,
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FjRE BT M 0 E RS T 22.3% ~ 55.1% Al
25.8%~56.8%. WAL, HefE il pk w0 L
TR IR 5 R 7Rk 6 g Ak B T M A AL R
R A B AN T 16.2%M1 11.5% (£ 1),
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AFIEER (R 2), Wtk s B (2t TRFHE
b2 M L AR AR, (ER I T AR LD T i
fift. PC-NMR 45RFEW, SxIaAHLI, BMyias
Je ot BB 1) 5 e SRR A, T R 1) R L

*1 BEMARKEASHOIEMDER LIRS REEEHFE

Table 1 Effects of Mortierella inoculation on available nutrient contents and enzymes activities in red soil and Shajiang black soil

. " ' . 2
+4 AR ML AR AR BB R
. Abg N-acetyl-B-glucosami
B3l pH DOC/ AN/ AP/ B-glucosidase/ Phosphatase/
Treatment nidase/
Soil type (mgkg!) (mgkg') (mgkg') (pmol-d'g!) (umol-d'-g!)
(pmol-d-g™")
s CK 4.4+0.2a 99.245.5a 46.7+0.5b 10.8+0.5b 7.3+1.8b 15.3+0.9a 17.8+0.3a
ZI 5%
Ma 4.6+0.1b  103.5+6.6a 45.0+0.7b 13.9+0.3a 9.5+1.3ab 15.4+0.4a 18.9+£0.7a
Red soil
Me 4.7+0.1b  102.2+5.3a 54.0+4.3a 10.3+0.8b 13.2+3.9a 17.0+1.2a 18.7+0.6a
wEEL CK 7.7+0.1a  66.4+4.6b 105.5¢13.4c  13.3+0.5b 10.9£0.8¢ 15.4+0.6a 17.7£0.6b
Shajiang Ma 7.8+0.1ab  57.1+0.9¢ 163.6+10.4a  13.6+0.4b 17.1£1.1a 14.3+1.1a 19.2+0.9a
black soil Me 7.9+0.1b 77.2+2.8a 129.0+8.7b 14.9+0.7a 13.7+0.6b 15.1£0.6a 18.3+0.1ab

T CK R/ TCH A I . Ma 2078 @ 1A B AL . Me R K IDLIREE TR R AL B o R PR N P B b2 (n=3),
AR FEFRRFE M L IEARFR BB 25 B % (P <0.05), TR, Note: CK represents the control without Mortierella inoculants, Ma
represents the inoculation with Mortierella alpina, Me represents the inoculation with Mortierella elongata. Means + standard deviations ( n

=3) . Different lowercase letters mean statistically significant differences between treatments by LSD test ( P < 0.05) . The same below.

F2 AREHBELIETETIERRE U RGN

Table 2 Effects of Mortierella inoculation on decomposition and chemical carbon structure of wheat straw

T e Al b3 T R ffp BRI I5 %ot Sk $ot Tt
Soil type Treatment Mass loss of straw /% Carbonyl-C/% Aromatic-C/% 0O-Alkyl-C /% Alkyl-C/%

CK 36.2+1.1a 5.6+0.3a 13.1+0.8a 70.8+0.7a 10.5+0.4a

R

Ma 33.9+1.3b 5.3+0.2ab 13.3+£0.3a 71.3+£0.7a 10.0+0.2a
Red soil

Me 30.4+1.2b 5.0+0.2b 12.3+0.7a 72.5+1.2a 10.2+0.4a
WEEL CK 29.120.1b 5.3+0.2a 12.240.5a 71.7+1.1a 10.8+0.5a
Shajiang Ma 31.4+0.8a 5.1+0.1a 11.8+£0.1a 73.0+0.3a 10.1+0.3a
black soil Me 30.9£1.0a 5.0+0.4a 11.8+£0.2a 72.2+0.4a 11.0+0.6a

22 HABNBETEREEESENRIT B JEEER ] (Firmicutes ) AYFAXTFBE 48 5= T

Xk 2R T ARV AR T 1K -F AT 326 (1),
SRR LI, HEAhE IR R Rk o

186.6% Hl 88.2%, B-“LJE M ] ( Betaproteobacteria )
RS BEAM F R T 74.1% Fl 68.8%, FERDZ R
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b, R LB AR K R R v AR
( Gammaproteobacteria ) [ #H XF 3= B 43 5l ¥ hn 1
13.9% FI 55.6%, HL4iff < 0wl 460 75 6l SR BE T T
(Firmicutes ) AR EEZIEI T 44.9%. NMDS f&
T T AR TR A 3 2 [) A PR AR 9 AR A S5 SRR,
AN TR Ah 3R] 240 B R P S5 TR LI I R g (P <
0.05 ). FERPZEMR A, WeALEE X 20 G v 45 F G
FRW (P=0.122) (F 1),

SIMPER 4347 1 b FF 40 TR A 9 4 i 25 53 DTk
BRMFETHA OTU (3£ 3). 7E4LET D, BHMTEE
( Ochrobactrum ). TN IEJE ( Achromobacter) Fil
BEAZ B ( Streptomyces ) TE P Fh 9 fd 2 b B A XS
240 TR % A R S R BTRRIAR K. e il g Ak
WA MATHE R ( Microbacterium ) FJE /N HIF @
( Promicromonospora ), VLM A {045 617 b 3 rpr + 338
FF#JE ( Agrobacterium ) F3EFE R )G ( Agromyces )
AET 3 B A 3G o R T A TR RS AL AR A,

Z1 4 Red soil

R Arh, PIRRIR R AR A B R B T2 W
J& ( Pantoea ) A %F 3= & 09 5% fin F0 85 A AT & B
( Sphingobacteriaceae ) #HX] F FEAYBEAL. HLAF, =
L1k 6 55 55 06T BR 22 [va) 248 DR RV 1 28 S o AR IRLTE 1 458
FHJE (Agrobacterium) WU/, LUK TCENT H &
( Achromobacter ) Rk 5: )& ( Streptomyces ) W3
e SxHIEAE, RKRAAPRESEINT 2T R
( Agrobacterium ) FIZEFE M ( Stenotrophomonas )
FXTFRE, BK T 855 H ( Streptomyces ) AR FEFE
23 HMEXNTIEREMNELEMCEEHY
=AY

TELLIE PR A 2% 1R 118 A5 5 H 549 Z54H
KRFRAM (CHrb 81%WIERC, 2% HA ), %
FKRECH 0.56, 17 F 28 T4 17 ( Actinobacteria )
1 a-ZFFEH ( Alphaproteobacteria ) ( & 2 ), 7ERVZE
b AR A 2% Hy 114> AR 304 2R DG R ALY
(Hf 66%NIEHIX, 13%NTAHX), BEREHN

5 ibF:# 4 Shajiang black soil

Nz J3{F Stress: 0.08( R F{H Stress: 0.064 O Jola Gt it CK
101 o P=0.001 O P=0.122 | O FHIIBLIE ] Ma
104 A KABEAE R Me

0.5 1
2 © A 2
=) 2 0.5
= © INE=
z 001 z &g
] m] [ A
F F 0.0 1

-0.51 o

O A ] A
0s{ 9
1.0 ©
-1.5 -1.0 -05 00 05 10 15 -1.0 -0.5 00 05 10 15 20
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seszEz [ o753 1% Alphaproteobacteria
B [ p7=J% 14 Betaproteobacteria
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[T y7# % 1# Gammaproteobacteria
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20 %
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Fig. 1 Nonmetric multidimensional scaling ( NMDS ) analysis of the bacterial community in Mortierella-inoculated straw and compositions of

\
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Relative abundance/%

the communities in phylum level
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Table 3 Most influential taxa contributing to variation of bacterial community in Mortierella-inoculated treatments

e LhFE A vs B T LA SRR ER Ry OTUs DTHRR FEZRE
Soil type Group A vs B Five most influential OTUs Contributions/% A (A-B)

OTU8530 ( Ochrobactrum ) 15.4 -9 430

OTU7708 ( Achromobacter ) 12.3 -7 479

Ma vs CK OTU7685 ( Microbacterium ) 7.5 4307

OTU6575 ( Streptomyces ) 7.4 -2221

EaR: OTU6791 ( Promicromonospora ) 6.4 1456
Red soil OTU8530 ( Ochrobactrum ) 30.2 25386

0TU2236 ( Agrobacterium ) 5.7 4351

Me vs CK OTU7708 ( Achromobacter ) 5.4 -2 824

OTU6575 ( Streptomyces ) 5.2 -2782

OTU3319 ( Agromyces ) 4.1 3506

OTU2236 ( Agrobacterium ) 5.3 -1599

OTU2522 ( Sphingobacteriaceae ) 4.8 -1 194

Ma vs CK OTU2521 ( Pantoea ) 4.4 1325

OTU7708 ( Achromobacter ) 43 1305

OTU6575 ( Streptomyces ) 4.3 406
Shajiang black

' OTU2521 ( Pantoea ) 8.8 3323

ol OTU2236 ( Agrobacterium ) 4.8 1267

Me vs CK OTUS5717 ( Stenotrophomonas ) 4.2 1475

OTU6575 ( Streptomyces ) 3.8 -1195

OTU2522 ( Sphingobacteriaceae ) 3.7 -1 060

0.37, A FEZR o-FIETE ( Alphaproteobacteria ),

fUFFTR ( Bacteroidetes ) FIHZETA ( Actinobacteria ).
FET AR S B S ET 5 ) OTU, MAATEER}
HOR OB O OE
7 W & ( Pantoea ) .

Solirubrobacterales FVEFT & )& ( Lysobacter ) {2 5E
LTS RE AT R A Y GBS s D22 2B A P RS AT A
1) SRR A B A Comamonadaceae ), ¥
FFEJ& ( Lysobacter ). WE£F 4R} ( Cytophagaceae )
F1 Serpens flexibilis ( 3% 4 ),

( Phyllobacteriaceae ) .

( Stenotrophomonas ) .

3 3

3.1 EMWAELNT LEFSMEEENE
e L1 R 0 A S W A R R T AL R TR AL

(2 1), 2, Tamayo-Vélez Fl Osorio® & Hi A
— MR ( Mortierella sp. ) ZxHETHERYE SR [l 1 3
1Y pHo 3% S FH T8 7085 0 WA 1Y) B R0 R B A T &2
PR, M H B RS T EgEEk . M T E AR
5158 pH WA EA G, 2B il
WG 3 pH FHm (R 1), WIATREZ M Tkl s
Sy UM RN 7 IR 5 3 b A B FR S S, HE N
TESE TR AR, MR T 3 pH, ABESE,
P A TR R W R T RIS A LA L AL
AR AR DL Sk . AL BEAROCRY B YE (R 1),

FEFFAS B & A48, SR Ak 60 25 A 7 4 gk T b
LR AR AR, TSR SR o MRS A ORI

fiff 3 b AT A ML B RN TR N O A
TSR RS FERE AR, DRI X £ 38 o] YA A PR 7
MIRZIAES /N Detheridge ZEU' s &P, Biis s
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3 2+ Shajiang black soil

47 4% Red soil

=R

M2k #{ Actinobacteria
/15T 15 Alphaproteobacteria
i &/ Bacteroidetes X
g %Bctapfoteobactena
;|7 Deltaproteobacteria
{ Firmicutes

/Llli-j Gammaproteobacteria

TR

7 Tencricutes X
) [#u. Proteobacteria
Jl;]Unclass:ﬁcd

b Soil properties

o

A

- 000 00 @
=
20
S

e
NN

b

gt

L1879 55, 5497 2R (81%IEAHIE, 2% 7AHK) 11475 5, 3043%E2R(66%IEAH IS, 13%FAHIR)
118nodes, 549edges(81%positive, 2%negtive) 114nodes, 304edges(66%positive, 13%negtive)

TE: R, WRMALSHRIRIUG LI (r>0.8), KMFAMIE (r<-0.8) FIELMMNE (MIC-p” > 0.8), LAHM
Vi B A OCHE B3R B IE T . DOC: MIVATEA LG AN: HUBUA: AP: AXkBE: GC: B-HI% MY EE:; NAG: ZBEaE LT %0 1V EE;
PA: iR . Note: Gray line, blue line, and red line represent strong positive linear correlation ( 7 > 0.8 ), strong negative linear correlation
(r<-0.8) and strong nonlinear correlation ( MIC-p®> > 0.8 ), respectively. Widths of the lines are proportional to strength of the correlation.
DOC: Dissolved organic carbon; AN: Available N; AP: Available P; GC: B-glucosidase; NAG: N-acetyl-B-glucosaminidase; PA:
Phosphatas.

B2 BB AL BT AN 2 S o PR AT A0 T A v 0 2% 28 B P 2 )
Fig. 2 Network analysis of composition of the straw bacterial communities in response to Mortierella inoculation in the red soil and Shajiang
black soil

R4 HASPEBETLRMDEZRIEFERIRT AR ZHMNESHMXRARE

Table 4 Network parameters and keystone taxa of the bacterial community in decomposing straw as affected by Mortierella inoculation in red
soil and Shajiang black soil

T REL REFRMU FHE AR K SE AR AR R
d ez H”E PS =i
Nodes Clustering Characteristic path Average number
Soil type Diameter Keystone taxa
/edges coefficient length of neighbors
118/549 0.56 6 2.94 9.31 AT %} Phyllobacteriaceae
IR Stenotrophomonas
AR
Z & Pantoea
Red soil
Solirubrobacterales
WP R Lysobacter
I L PR R
114/304 0.37 8 3.63 533
Comamonadaceae
(e
R Lysobacter
Shajiang
R Lysobacter
black soil

W5 £F 4E 41 Bl Cytophagaceae

Serpens flexibilis
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T RS A A R ARG, T EL R e — P i
HH, RS MASTR A g B, o K Ak
JFAE R B IR 2R P T EEAERT . BAh,
il A A i 1) ok R Pt S RO, AN RGN T - e
S5 s B R R T 7 . Hayano A1 Tubaki > #F 5% %
WY, W R s 4 e b 4 B 2 W S
X G ARG R R AR B i I B A S
PERISER (1) —3,

32 EMERSEXMTHTMBREREARERE

&

FE R AT B R RS A R E D B R (e EE ) g
IR AR | LA Z AR E, REFEs
PEER, PRFERHEAR 3P, ARBF g, SXE IR L,
FEAN R A 5 R AT b be R 1) L B3 A, i e e
Fefl FRE (32 ), fefdir FZANRRAKMLEY (£
AER AP AR ), REERACRIRIR . ke AR
FH TR TIRE AW AR (35d), AbHin
()25 57 i AR B ik 2 A, (BRI — 25 SR AR T AR
W, e LB e 2 R AR A K AR YRS i
FHLYIER A A FRE AR A YIRIGET -

FIH 16S rRNA FERN o ARBESE T A W3
AR FE A A AR RRAE . R TR RS AT AR
WP R HAT T KW AR, FrUAEe b, FEFFrh T
AR RUZE YR A T 158, b m 1Lk s ik
To1 49 6 7 Sk 3 RS T LT v R R %) 4 TR Vs A
XbZ R AR AR E (K1), LR+
)+ E YRR AR —E R, MLl
149 2 A4 TR Ve XTI ) A 2 TR 7 B R, A
MR 2L R A R R A5 i e fk . 7
erigEh, A T WA S ] ( Actinomycetes )
EDOIE S ) | IS &= =W WO S
Actinomadura ) T HF + FEmR A A MR 5 —
J7 T, JRCER R — SR i RS AT ) B B A RS BUE A
SHCT 160 5 7 400 U FH AT 8 5 HT L AR e
ARG 27 A A S DR, R R A A
YEFHCIE T 9 2 o AR X RS AR AR i BRARVE T, [
IR 7L R RS AT RE R R (5% 2). JREERT]
( Firmicutes ) £ Z1 3 v 9 bl 460 25 7 bk A 315 0 7
FEAE A R0 BT S B, I JH R e o s L g A
AL (B 1), JEEERT] ( Firmicutes ) J&—Fi &
B, EEFFEEMFRMT (6an7et 2 fg

L) P P eAh, JERER A R
FERAROER, BB I M 1P B A R,
A DA T — 5 T iR T AL o) A A AR R
TR Wl 1% M P B ) . FERDZE R o, R L
AR AR A e TR AR (R 2).
RN, g e W A ALIE By H 4
Herp RGN, W RETEVI G R 7 A A BLE R
R A NERRY, Kphs LA FmA
R M—Le g ARG, 5 LR B RS A
o, ABFFEN B RS T L K R
TERD 22 B A X RS AT R 9 VE o

TELUIE P LR R AR Rk s, B
¥ & I & T &
( Achromobacter ) F5E%i# )& ( Streptomyces ) X4
PR VR AU 2 S A AR R Tk (3R 3 ). G HATHE
( Ochrobactrum ) REf F| ] 53 itk K it 9 A ML AL &
PP Ttk # R (Achromobacter) W EAT Wi A
HLAEAR 2GRS, e T s Y e
EYMEE FaH ., SEE W (Streptomyces ) J&—Ff
AR, XK R A B AR A PR, 2z
J& ( Pantoea ) AHX} - JE G I T Eowb 22 08 L4016
MR S E N . ZWJE ( Pantoea ) j&—
PN, BEABEMASFFRAR R, Xt —
AR T A B R S BN D 22 . P RS AT R R
U IS
33 EMHEASEEN T TIEMEYMNERERX

b

AHIF 58 i 4 S Bt AT T A P A g R
WA S A YRR Z B A BEAEH , XA AT DU
SRR WA AR RS ZE R 7, EL AT AT
b SR RO SRR, SRb% R ML,
CLIERA TG AN EAEN (B 2), M+
e E) ey W s e A B 25 T R T 3
PRI 22 5 T 580 (3 pH, ZI3EAJE pH
4.69, MALZEELANIK pH K 8.06 ). AMFTEMN,
T4 pH EHEAFE AN ICE R R, B HE
[F1] 2 b 8045 A 0 P 245 R 25 A ) S5 0 2 SR T L
CLEPREFF M Z A R 2 IEAH R, B
FEFF o Ak (T 2)o 3X AT REJE HH TR U gt £
TR, FRLORTR] P A PR 4% T A A sl
I VEHT, 20T AU BEE M RE T AR,

( Ochrobactrum ) .
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KSR AE R s A AR R A 52, IS E
TR FFETC G . 33k S OGS T 3 2o 52 e LAt S Aok
O A MR ALY . Rk, M BR— S Sk
P B YRR S D Re ) SR AR L . AR
WL ML, BE T AT EE ( Lysobacter ),
FEHEE ( Stenotrophomonas ). 1Z # )& ( Pantoea ).
i #F & #} ( Phyllobacteriaceae ) Fil Solirubrobacterales
SELLIEP R OCHEERE (3R 4). AFEFEREFF A
( Lysobacter ) fieti i) 7= A M A Mg FIBL 1 1k & W F
R — F B TR A A B R R0 E R P
( Stenotrophomonas ) REME /Ml B B 2417, Hop At
SETR AR B B AA HLAR 25 FE S 157K 5 IR F-0 )
fie 71 B¥ 0 #F W ( Phyllobacteriaceae ) #ll
Solirubrobacterales 7£ + 3 T e A ARG . B2
B EMZENEREE R
( Comamonadaceae ). HF# & ( Lysobacter ). W
Y4 # B ( Cytophagaceae ) Fll Serpens flexibilis .
MEHHEFER ( Comamonadaceae ) J& T B-EIE 1A,
AT Z R AA NG Y, IFX TR S 1T
FelRARP ) WP 4EE AL ( Cytophagaceae ) T [fif 22
WL R LT 48 & Serpens flexibilis J&—Fhil B3
TEPEFTE SRR AR, WO A TE AR fF IR b B
SR TE g W PRI IR RS, L0
FF 0 S S TR A AR S b RS B R T A G
HEINRE; A ZE 8 1 PRSI OGBS ) 2
FEE SR F AR, X 510 22 2B 4 rh gl 76 25 T R 42
PEREFFIEM R ZE L (£ 2) M—2 BARIMNE, X
P O B IS X A A A A ik e R v R TR A A AR
FHFVEAE SRR AR o 2,

4 4 ik

1o LB At R At 0 1) O P B2 v 1 £
(= WU B 1S Sy € o 1L N NN 02 S PN DR G
REAT S M LSRR AL o 00 8 T P o 28 o T 4L
HErPRS AT RO REVR 450, BRI T RS AT R R
(SRR IS <3 o ok g ] o N b T i N
SRR AMIL, EAPE R EP R R A
SR AE AR AR o BT RE 1 s T R
7B P AR R R, Z R B — T
R TR PR X S AR TR 5 R AT LA A AL
BEAh, IRA R 2 R MR RE S 45 5 A [F] B9 A 45 IR

Yy, 36 - R P fd BRSOV B4 A R A ] Sk
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