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Variation of cultivable bacterial community structure and the
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Abstract: [Background] Fertilization is the better strategy to improve crop yield. Fertilization measures
can affect soil fertility and microbial community structure. [Objective] The inter-relationship between
physicochemical properties and soil culturable bacterial communities will be explored. An optimal
fertilization plan will be selected, and the result will provide the basic data for future work. [Methods]
Three fertilization treatments of no fertilization, conventional fertilization, conventional fertilization and
green manure were carried out on karst paddy soil. Based on the study of soil physical and chemical
properties, abundance and diversity of cultivable bacterial communities, the effect of different fertilization
measures on karst paddy soil was discussed about influence bacterial community. [Results] Compared
with no fertilization treatment, the soil pH value and organic carbon content decreased along conventional
fertilization treatment. Combined with a large number of research results, it proved that the long-term
excessive application of inorganic fertilizer or nitrogen fertilizer decreased the soil pH value. The
accumulation of organic carbon appeared in conventional fertilization plus green manure. A total of 164
strains of bacteria were obtained by separation and purification, which were from Actinobacteria,
Bacteroidetes, Firmicutes and Proteobacteria. At the genus level, the abundance of conventional
fertilization combined with green manure was higher than that of the conventional fertilization group of
dominant bacteria of Sphingomonas and Lysobacter. The diversity of bacterial communities has increased
with the emergence of specific functional bacterial genera such as Paenibacillus, Streptomyces and
Pseudomonas. The dominant bacteria Sphingopyxis, Lysobacter, Paenibacillus, Bosea, Streptomyces,
Pseudomonas and Bacillus were significantly positively correlated with TN, and they were enriched in soil
treated with conventional fertilization and green manure. [Conclusion] Under the treatment of
conventional fertilization and green manure, the abundance of functional bacteria relating to nitrogen
fixation and phosphorus increased which could increase soil fertility and have an important role in
increasing crop production. The effect of conventional fertilization combined with green manure treatment
on karst paddy soil is better than those with no fertilizer and conventional fertilization treatment.

Keywords: Fertilization measures, Culturable bacteria, Bacterial community structure, Functional bacteria
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T RGNSy, AR A SR
B, MR A AR AR — P RN AR
NZ5T 3 C. N Hl P EICRIGA S FE T Al
A A AR, T FLE R R AR, fiE
TR S 5 - R AR AT BRI, R R
T HAE R R AR RS Lsgmd +4ENE Ty, b2l
WIREVE £ R R ZREVE, AT R W AR e i P
Geisseler 25IERFFEHE AL X /K A5 R 45 - 3E MU W
R AL SR SR IN )y Ip O s Sk Y
DRIAE A2 ) L JCHLIE B B i

ARV N AT DR 35, B AR K
CUIE MK RS 5 A TR Z I O R AT T IR A
G SR AN [T R AEAS Bt A € IRk - B T
vk . AN S TR RO R M R K, Bk, B
GEAN () it A 5 o T A € A B e 3 AR A TR 9 1Y)
MR, R ANAEREE S R R R OE R,
A BTG E T KRS IR EAE 58, E TR A
Hu DX ARG P B AR . S, A SGE RS
R (B K ) /KRS - 33 400 B R 7% 25 K TE N it
HE ., RUREAE . B BUAEAE INSRAE 3 Rt IR AE
AL, PRICEVE IR T 5 A R AR 2 A O
., PR AN [F] i NE 2 5 -3 B SR AN A
AIXTEOCHR , DAIRE R it 7%, WIRZea 3
TSR B
1 MRS &%
1.1 iRIERE

I - A R A T U AR AR [ K A T
WIS, b ST 1987 4F, HIERAU AR
IR BB KRG, X BRI TIELE 20 AW
ANHEAE . FU I AR AN F R B AL, FLA
FIMERE R HURAE A N2P,0s:K,0=160:82.5:180 kg/hm’,
W R A o g A 2y 0B Sy 58 e K AR AR
VB, SERBERHELH 22 500 kg/hm?, T 2019 4
6 HAEZuli AR AL S AT oRAE, B NS it
XS 2 SRR L IERZ(0-15 cm) 3R
G, BATCREREHAE T BRI IE B SLg %, KBRS

HPBRAR G —i8 5 TR T IR R 5, —3B5r
A3 AR KT 5 T R A Bl <
1.2 EERFINEE

PCR T HI5 14 . BRRUL 57 . PCR WA R R
AR, R TAY TR A PR ] 5 Chelex
100, PUkgHBAEE (R o A BRAR]; Bl
i/l R2A 5 SC Kigrdk, KR 275 (R 4G Rt
GO AT WA | BRIt
FETE, dtatEtriE AR A FRSTEA R PCRAY,
Bio-Rad 2\ d] .
1.3 TIEB RN E

358 pH BRI H 7 20N 5 35 B (available
potassium, AK)JINE R HIBSIR EL - KM GRETHE
i A (available nitrogen, AN)AYI & K FHHR D HL
5 A% (available phosphorus, AP)FINE % FAK
MR A AR B B P B 3 HLEK (soil
organic carbon, SOC)HJINE e FH 2 5% R P 45 2 7k -
B s 2% (total nitrogen, TN)FINE K FAR IR
B BRERE AR EMEAR], INAMRBRRRTE A, &
FAX A BT, 3885 (exchangeable calcium,
E-Ca). %£(exchangeable magnesium, E-Mg)illE
K SRR RS, 3 A E s | B fl
FIEF WIS O EE e . ARG i B R L
SR AR RN
1.4 FIESFAE RIS AL

PR IR IR, 2051 R2A F1 SC. #F
FERW] R2A FrFe B & KR /- i A4, i FL AT K%
TR FSEREA AT, H SC RigRitn] LIES 2 T RE
B HUER R AU AR RIS R R — e B
SRR SRR TR SR o MRS R IS R it 5 AN
F3E R EA G, sl WIS R2A . A
SC. WML R2A | HHUGAE SC. MU 2k
HE R2A . HRLUEAEIMERIE SC.

TCW 451 e AN I 4 A TP BRI XS F T
1 1.44 g T 25 mL HEIEJM, PG AL 0 R It HE
SRNE PG ZH [FIER S AR S T 1 1.60 g, 143 g
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THOEM S, BT 28 °C HFMPATE, mgE
A 20 mL JCRR7K, 3 MHRENRS 1 h 5, HifE
FESBS R BOR(107" . 1072, 107 F1 107%), Z»51
100 pL FHBEEEEE N 107, 107 FRIGOINA Bl 55
B A, B 2 AEE, KBISEREE T
28 °C FiFeAfh 3R . BRI RARIL, 10-14d
J PR TR eI T

TCRPAEE Tl O SKAT RO IR 75, F Pkt
TR TE R PRI i e e 2 R2A B0 |,
BT 28 °C B FRAHigR, JRMEEmA AR AL |
aifbFERs, A ARLip Xk f et EEIS
FNAEFTRTE , WERE Z 20% HimE T, & F-80 °C
UKFEIRAF 28 T
1.5 #HE DNA $EEUA PCR 1%

TR R 50 pL Chelex 100 ¥ & T4
WP PCR &b, #HIYS)ETE PCR X FifT
Chelex F2/F24# , Chelex T2FZ%: 99 °C 25 min,
B fe 2= R ORS00 1000 t/min 5.0 1 min
Zoy)7, RIERED R IR Y DNA . BRI 1 B P
DNA #17 16S rRNA JEF P85 1 P, P16
HIERGIH 27F (5'-AGAGT TTGATCCTGGCT-3')
R 519 1492R (5-GGTTACCTTGTTACGA
CTT-3'). PCR JZWZ (25 uL): VAR RIBRA
12.5 uL, iE w5 e By 0.4 pmol/L, #: 5 DNA
PEIOR 1 pL, BZEAKKME . PCR W A4 95 °C
5min; 94°C30s, 52°C30s, 72°C 1.5min, 35
PEFR; 72 °C 10 min; 12 °C 47
R1 FRERERET HREBUIER

PCR ¥ IM4E G 0.8% (AR FR L) BiighE
HEERSNT PCR P EA THBER HL VKA , i1t B B 454
#1500 bp 22477, #% PCR Pk EA4: TAY T
TR Bty A FRA /T M 42wl A T o
1.6 BRI

MFAS5]) 16S rRNA FEHFF3fdiF Mothur
kit 22 EE PR OTU B3, WA OTU ik
B—4AEEEFS, 7 NCBI Hiif5 BLAST Lt
it o 1 MEGA 5.0 NI R4 7 LR, #
RSP AY No. of Bootstrap Replications {2 A
1000, HARASEEIN. T OTU RIENPEs R,
i Pearson #H3¢ R IE X HHERALPE T S R
KT 1% OTU Z5G At , FFH R
B 5 AT AR, SRR IR T 5 5 40 i ik
11 o ZREES T
2 AR50
2.1 AFEEARERT TIZRBLERANE

ST ASHEAE | H FA I 5 Rt L T g S Ak 2
T PR A B E A R AN 1 PR, AL IE
AEPRR -4 pH R 6.72, AHLIKEE R 21.66 g/kg,
B A S oA 131.55 mg/kg, LabFEbR A k4 |
5 IR T AR it JIES R RS i JES o ¢ JES 1 4+ 45
WEE . [RIBT, Ao . 4R & bl A it
NE B AR R R NE I ZR AR Ry = I 1
B, HAEAUEIE NSRBI KRR R, %4 2%
Tl 373323 mglkg . AR R 28.88 mg/kg,
AN AE 1 4584 550 5 1t WA 2.80 mg/kg.

Table 1 Physical and chemical properties of soil under different fertilization

UL SR AHEHE W ALAEAE WAL AT Ak e

Physical and chemical parameters No fertilization Conventional fertilization Conventional fertilization and green manure
pH 7.26 6.72 736

+HEA MLk Soil organic carbon (g/kg) 30.33 21.66 37.21

H %W Available phosphorus (mg/kg) 2.80 15.22 28.88

%A Total nitrogen (mg/kg) 1 886.55 1927.05 3733.23

Blfi# % Available nitrogen (mg/kg) 160.40 131.55 189.95

A Available potassium (mg/kg) 95.99 127.94 166.99

AHPEES Exchangeable calcium (cmol/kg) 28.85 10.23 18.65

A 8E Exchangeable magnesium (cmol/kg) 1.45 1.05 1.51
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22 WiEFHEFEE

KRt essdn, AT RFRARE G . W
FUEAE NSNS AS AL > 5 RURAE ; { RS SRR KA
TSR SR AN F . 3 AR R ARk A
R2A B 5, Horp AHIE LA A M 1.20%10* CFU/g,
5 HUME HE SR HE 4 85 KA 1.29%10* CFU/g ML,
T HL KT8 MR L 5 KA 7.60x10° CFU/g,
FEfR/IME N 3.00x10* CFU/g, HPIFE SC B33 T
AHENELH (3% 2).
23 AIEFHERSKAE

A 3o X A [R5 it T - 9 40 A 4l Ah R R AL AR AR
164 #R1, HHOREIEASE] 65 #R1H, W IB4115 5]
29 KRB, WAL NSRRI E] 70 BRES.
Mothur B2 HE 5155 79 4~ OTU, At 5y

x2 WEFREEFEER
Table 2 Abundance table of culturable bacteria (CFU/g)

J& 48 1~ OTU, WL YE 17 4~ OTU, HHL
B INZRAELH 53 & 39 4~ OTU (3 3). IikEEFR1S
A ARIEE ], RE ] AT TR
1, HAR AR T TS S SRR s,
73.17%. W R G AT I B (& 1), AWHA]
KM BIE T Actinobacteria . Sphingobacteriia
Bacilli

Flavobacteriia Alphaproteobacteria .

Betaproteobacteria Gammaproteobacteria — Fl

Chitinophagia. %5&3 4 K&, WAKF LwHUEIE
InepAEH FE e, ATEE ] Alphaproteobacteria
PN e N Y ) S 3 ke el 6 oy N 11 )
49.2%71 45.7% , H HUIGALLE Hh o5 He R m S 28
W] Gammaproteobacteria (44.8%). H4b, H Hiti
AR K557 Sphingobacteriia, HABPHITIC,

EIE| ANHEAL Rt BRI S i S

Item No fertilization ~ Conventional fertilization = Conventional fertilization and green manure
B R2A 1.20x10* 7.60x10° 1.29x10*

Culture medium SC 3.00x10 3.35x10° 8.50x107

AR Maximum 1.20x10* 7.60x10° 1.29x10*

®3 TREERERLBEFRATNRRZLERRAREANR

Table 3 Phylogenetic relationship and composition of soil culturable bacteria under different fertilization

G ATitAE WAL WAL % A
Sample No fertilization Conventional fertilization Conventional fertilization and green manure
Total strain 65 29 70

Number of OTUs 48 17 39
Actinobacteria 8(12.3%) 2(6.9%) 9(12.9%)
Sphingobacteriia 1(1.4%)
Flavobacteriia 1(1.5%) 4(13.8%) 2(2.9%)

Bacilli 1(1.5%) 4(13.8%) 9(12.9%)
Alphaproteobacteria 32(49.2%) 4(13.8%) 32(45.7%)
Betaproteobacteria 5(7.7%) 2(6.9%) 6(8.6%)
Gammaproteobacteria 17(26.2%) 13(44.8%) 9(12.9%)
Chitinophagia 1(1.5%) 2(2.9%)

Note: The numbers in the brackets are the relative abundance.
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Actinobacteria

I
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BR124 (MT 900949) W i
Sphingorhabdus contaminans (K'Y 966260)
BR123 (MT 900950) W
BR87 (MT 900951) W
994ltererythrobacter soli (KT 906300)
LR35(MT 900952) W
Sphingomonas astaxanthinifaciens (MK31859)
BR85 (MT 900953) W
39 BR184 (MT 900954) (7/164) [l
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84,;BR133 (MT 900956) W
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LR28 (MT 900958) W
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84 =Sphingomonas sp. (CP 041659)
77(LS194 (MT 900960) (2/164) HE N ]
| Terrimonas sp. (HQ 158743) Chitinophagia
54 100 R12 (MT 900961) W

LS74 (MT 900962) W
99 '—Pedobacter wanjuense (AM279217)
BR98 (MT 900963) (2/164) HN
62 \\Ai Chryseobacterium sp. (AY468446)

Alphaproteobacteria

I

Sphingobacteriia

[ —|

CR70 (MT 900964) @
LR113 (MT 900965) W
Flavobacterium sp. (KF424310)
CR80 (MT 900966) 0
81' Flavobacterium nitrogenifigens (MT 081302)
100 |, 155 (MT 900967) (13/164) W

59 Flavobacterium johnsoniae (NR074455)

CS138 (MT 900968) 0

CS116 (MT 900969) O
67 - Flavobacterium johnsoniae (NR042496)

81

Flavobacteriia

98, BR90 (MT 900970) W
Devosia sp. (KY117528)
94,BR167 (MT 900971) W
Rhizobiales bacterium (MG721560)
LR37 (MT 900972) W
LR15 (MT 900973)
Bradyrhizobium sp. (KF933589)
| 99, LR4 (MT 900974) W
Gemmobacter tilapiae (HQ 111526)
LR41 (MT 900975) W
CS153 (MT 900976) (4/164) [N
86 L Mesorhizobium japonicum (MF661788)
99, LR118 (MT 900977) (3/164) W
Bosea sp. (KY064080)
98 BS72 (MT 900978) W Alphaproteobacteria
Brevundimonas sp. (FI605405)
80;BR112 (MT 900979) W
Brevundimonas subvibrioides (KP072768)
BR92 (MT 900980) W
Brevundimonas (JN377659)
BR135 (MT 900981) (4/164) MW
BR64 (MT 900982) W
Brevundimonas sp. (JX950072)
LR106 (MT 900983) (2/164) HN

100
Reyranella sp. (KY319057)

97

100 ;BR203 (MT 900984) W S
Rhodospirillaceae sp. (HQ 121112) | Noj fortilization
— Roseomonas wooponensis (NR145646) R
08 991 BR168 (MT 900985) g Conventional fertilization
Roseomonas terricola (NR159189) e s
L BR65 (MT 900986) [ B livation and grecn manure
0.01 99 ' Roseomonas sp. (MK757928) ] 8

1 3 #MiEARHERE T LIEAMEF MR MR R B L
Figure 1 Evolutionary tree of soil culturable bacteria population under three fertilization
Note: The letters and numbers in the first bracket indicate the NCBI registration number, and the other bracket indicates the number of strains

obtained by this OTU. If the number is “1”, it will not be marked. The number of branching points indicates bootstrap values based on 1 000
replications are listed as percentages at the branching points. The ruler in Figure A indicates 0.02 substitutions per nucleotide position, the
ruler in Figure B indicates 0.01 substitutions per nucleotide position. Figure B is the folded part of the black triangle in Figure A.
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2.4 TFIEFAE o SHEST

fdiFH R 5 5 AT B RIS it T 5 a) By
TR AT 168 IRNA JEHTE 97% OTU /KF T o
LR 4). AHEAEALPET Shannon , Simpson
1 Equitability 5 %053 %10 3.09. 0.95 F1 0.97, 1
SENE AR AL FE T Shannon , Simpson Al Equitability
BT HIA 2.95. 0.94 F10.97, 3 4l H HLtIELL
[ 3 D Z R BRI, R 2.15, 0.8 F10.81,

AU 3 HFE AT SR A R AL 164 PROT SR B 72
TR TERBET] . ARV REEETE ] 4 1] 8 49
20 H 31 FH 41 J@o TDKFRTTRRECUNE RN
IR >R > RER T > WA . &K
oRE, & RERRE R B2 Sphingomonas, ik
23.8%; H.K K Stenotrophomonas , /5 MEMREL 7.9%,
n]LUE M Sphingomonas %0 BH B 5 T HAB SR (K
2), [EXFLCIE 3 AT & B, Sphingomonas TEANENELH
(24.2%) R IEINERIE L (30%) 7 ek, Tt
MPCHERE, AR R FUIELE & b e RS
A Stenotrophomonas (40.7%) .

NS 7K 43 A7 AN [ it JE 48 it - 498 ] 8% 5% 4
WREIE 450, S5 3 s, TR A
PRIEACEFEEAR . AR Ik IE> 5 H it
NEo 7E 3 PR IE T , AR o) A5 2
Wtk 62 Bk, 0BT 4171749 14 H 20 Bl 25 J& ;
WAL AR L Ay AR B E 27 Bk, e T
4776498 H OB 11 Jm s & AUIEAL 2k AL ZH AL b
SrEREIRERR 70 bR, BET 411840 16 H 17 F
22 )&,

Brevundimonas . Stagnimonas . Roseomonas

Sphingorhabdus . Hydrogenophaga . Enterobacter .

x4 FREIERERT LIRAIEFAEER o SR

Micromonospora . Nocardioides . Pseudolabrys .

Devosia .  Altererythrobacter .  Arenimonas .

Micrococcus 1 Tetrasphaera A FERELH AR A FIEE,
144, Hrbor RSB 1A 10 4, BuiiZ,
HRJE T ] HAEIE A Th R ARG 34,
3k Gordonia ., Mesorhizobium F1 Xanthomonas,
GrNJE TAETETA11(66.7%) . THERTET1(33.3%);
FLit IE hn & B 20 & BLAs A R EE 10 4>, 20l
Paenibacillus . Mesorhizobium . Streptomyces . Bosea .
Bradyrhizobium . Pseudomonas . Pedobacter .
Gemmobacter ., Kribbella #1 Nonomuraea, WA
P ZECk AR HIT1(50%). J&T Pseudomonas
AL B3 2 Bk, ARG 1.2%, TERSE
KEWAW FRIRY Pseudomonas migulae 177E
100% A BLEE (K 3), hAh, 4 R A Fp i b
Paenibacillus J&TSREW ], Pedobacter J&THIFF
BT, AP TO)E T FR W TR A 2R
25 TIEBUMRFMASRNEIEFAEREEN
K&

FIEFAME RS OTU (>1%) 1K R W
4 JIt78 - OTU3 (Stenotrophomonas maltophilia)5 pH
SRR (B-M) 5 ARG, SATRE(AP) . AL
BAKMRMARE; OTU (7. 14, 18, 13, 17,
22 127, Sphingopyxis. Lysobacter. Paenibacillus
Bosea ., Streptomyces . Pseudomonas F Bacillus)5 4>
(TN IEAHSC, SR 2 AN)HIA Sk (AP)IE
155 OTUL0 (Lysobacter)5 4 HLEK (SOC) & 2
K, 5 AN FFER B FIEMKCR, 15 pH, TN Al
E-Mg IEA2; OTU (9 Ml 11, Brevibacillus 1 Delftia)
5 E-Ca B EHAHX,

Table 4 Alpha diversity index of soil culturable bacteria strains under different fertilization (at 97% OTU level)

Jite B FE it EAREL) Shannon index Simpson index Equitability index
Fertilization measures Number of bacteria

ANHEfE No fertilization 65 3.09 0.95 0.97

WAL Conventional fertilization 29 2.15 0.80 0.81

G S 70 2.95 0.94 0.97

Conventional fertilization and green manure
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N 0,
onomur?e%_ Tetrasphaera 1%

Gemmobacter 1% Kribbella 1%

Xanthomonas 1%
Pedobacter 1%
Micrococcus 1%
Mesorhizobium 1%
Gordonia 1%
Arenimonas 1%
Altererythrobacter 1%
Devosia 1%
Pseudolabrys 1%
Nocardioides 1%
Micromonospora 1%
Pseudomonas 1%
Bradyrhizobium 1% \ \\

Enterobacter 1%
Aeromonas 1%

Hvdrogenophaga 1%

Sphingorhabdus 1%
Reyranella 1%
Roseomonas 1%
Bosea 2%
Streptomyces 2%
Mycolicibacterium 2%
Brevibacillus 2%
Terrimonas 2%
Chryseobacterium 2% 4 Brevundimonas 5%
Mesorhizobium 3% Delfiia 3% Stagnimonas 4%

Paenibacillus 3;/1 b um 3%
avobacterium /?/[ethylibium 3% - Bacillus 3%

Agromyces 3%

B2 RIFLAIEFHAERKESMIER

Figure 2 Obtain the horizontal distribution of total culturable bacteria

B Agromyces B Micromonospora
8 Nocardioides 5 Chryseobacterium

70 ® Bacillus ® Brevundimonas
B Pseudolabrys B Devosia

60 B Roseomonas B Reyranella
B Sphingomonas BSphingorhabdus
B Hydrogenophaga ®Methylibium

50 u Delftia = Aeromonas
u Enterobacter ulysobacter

40 B Stenotrophomonas B Altererythrobacter
u Stagnimonas B Arenimonas

30 B Terrimonas B Flavobacterium
u Brevibacillus “Gordonia

20 “ Mycolicibacterium © Mesorhizobium
uStreptomyces W Micrococcus

10 B Pgenibacillus B Bradyrhizobium
B Pseudomonas B Pedobacter

0 No Conventional Conventional = Xanthomonas = Fosea
fertilization fertilization fertilization Mesorhizobium “Gemmobacter
er :
and green manure “ Kribbella “Nonomuraea

u Tetrasphaera

Bl 3 AE#HEETLIEATEFAREERE

Figure 3 Histogram of culturable bacteria in soil under different fertilization
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Taxonomy OTUs pH SOC AP TN AN AK E-Ca E-Mg
—0.132

Stenotrophomonas maltophilia OTU003

1.00
Sphingopyxis OTU007 0.62 0.831 0.879 0.893 —0.056 0.6 ' 0.80
Lysobacter OTUOI4 062 | 0831 0879 0893 0056 06 0%
Paenibacillus OTUO018 0.62 0.831 0.879 0.893 —0.056 0.6 & 0:20
Brevibacillus OTU009 0.476 0.449 0-0020
Lysobacter OTU010 0.524 0.549  0.451 040
Delfiia OTUO11 0.476 0.449 I0.60
Bosea OTUOI3 062 | 0831 0879 0.893 —0.056 0.6 —0.80
Streptomyces OTU017  0.62 0.831 0.879 0.893  —0.056 0.6
Pseudomonas OTU022 0.62 0.831 0.879 0.893 —0.056 0.6
Bacillus OTU027  0.62 0.831  0.879 0893  —0.056 0.6

4 A% OTU 5LEBUMREEHEIXRE

Figure 4 The correlation diagram between dominant OTUs and soil physical and chemical properties

Note: Significance levels are denoted as follows: P<0.05 (*) and P<0.01(**).

3 i

14 pH HE L2 B, Fraa K+
B R A m A O KGR, IR R
fIEZ —13 A5 i LA AL A 2% B33 pH i
TR, TR AR ISR AR AL 445 pH (R 25
(F 1), UL T LA B ZUIE (A 2o it i R 2 e
B pH (R, FEUR TR EZKR . il
RO A SRR 5 TP A 45 S, S8
AR, 3 5 T AR XA gk
—8, AR ERVI TR F AL 13 pH
B SA R & B3R 1. 2), BIF]1IE
pH {E T REANHI TR A K BAE, SR
RN REVERRARY R AR TEHG bt e 3 ol - 498
pH U8, pH {H A 520 IR A R VR S5 A I 7
2, e LR N AN SRR, LR
ANTE IS LR, Rt A BE T 53 T ) e 0 ik
D LA RPN R A Al S0 R AT R R
PFBE TR o AR AE RIF R BRAR, ek
VRS T RELER; A= KB BN Lysobacter %13
SORA, FRRBRE 2, AR iR
R RE S TESE B IR I EE T A A7 o R R R
Sphingomonas J& 537 0F A M5 22 [CEAPE TR, AR
HATHIRERECY, TS24l SRR D SR Rt
NEZE H F R A TR AT R SR A EEARAR, 3R TN Rl AE

Qb BT AT R R A0 B R R 22 S Y D PR T BB R A R 26
TAPARE A S AEAE AR TR O esh, AT E CO,
SERRAGER A SCHEER TS, Hh R R SCIE I 2 [ E CO,
M) FE AR L H R T A g I Ak R 2H R A
Bradyrhizobium F1 Mesorhizobium F AT HiHE-1,5-
TERRIR AL G/ AR (RubisCO)C T, i AR SO
HEE CO,, TERAEI R HEVERPY, Fif, &
A3 T ] & 1 2R BV S i & i A B
AT — TR IR TSR B s W Bt
REMEEAEAL PSS , RAE Sphingomonas FFEFIZHH:
PESGIN, 2R 3 i PR A BT R SIS SR
O R SIS EAC A YRt S A LR
ZHNREY), RESTE LR AU T T, LR
SRR A 5 R 7 Y g e A R T
JEE R Z2 A 0 AP A2 o - A A L 2k 1) B it
U2 AR g P R AN T S A WU LA R S
Kandeler %P F7e 25 51—, IR T 447 Lk
i, H A HUIE B AR A b PR R i )

Bt A ATLIE B L IES PR e A S Ay - S 24 T 4 it sk
S 1a R S TR = AN T o w27 1 R OO 1187 8
ST A ALY R [, ok i AR A AL
FRIE B, A LRI BT A RS 5, {2
AR R, FEARE 4 b AR HE bt
A NE R AT Ak 2R 5 A1) O 123 pH (EARE
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B hnam e Z PR ALK I R

XA R AE RS A R AR S5 A 43 HT
R IR T SRR T ACE AR,
AHFoE IR ARIE R T I RUICER AT I3RS, 5
R A SE 4 R —3 1 B3RS 3 1 R 7 2 i 2
W& Bacillus®? . Paenibacillus® 1 Pseudomonas®
% N YW )8 Gordonia FI Enterobacter %%, 5k
AT G5 AR, A JR AR B R 45 2
. ARV RGN, AR TR, HESR
JCRMEA ARG Sl R A K
i B SR 0 R M BEN RE )RR AR A E 2 OCE %
TN & HIEP S FIES T AMAIL AN S5, W
S IR 0z — ) IR R A R b
ORI A . AR, UATRE Sphingopyxis |
Lysobacter . Paenibacillus . Bosea . Streptomyces .
Pseudomonas F Bacillus 5 TN {158 & 1FAHR, 5
AN IEAHSC(E 4), BB N A G4 B 7E i AL BRI
TaErpoRE R, Hph BB AR R 5 A
K, RUITIEN &S agg el e A D Re W A %
ESEH, REREFLREEHNFES S, HR
IR Paenibacillus®® 1 Pseudomonas'® 25 a] 425
S T REACAILVA, XEARRRERE EXgm
T HER R R ES, TR T g = sk
TER E AR AL IR B4 ThaEan i 2 51, 4
Micrococcus Fl Flavobacterium 5@ MVEA , KA
BLRUMI RN 2 S 2 kA0

BEVERVEMIRY LT B SR o0R , A K o
TR 5 HL 2, G L IOMEV 1Y . AN 2 BV R W e i) ol
RAER , S R AL A TR, Az hah AR
L SAMEAEAN AR L, AT AR P
i, ANFEEIESEiE 3 AP AR bR ) SE B
FRE 5 2R L B M RS, 58 I
— 5 AR TR AT LI XETS PR JCHLB Tb o AT i
e, R A S BRI B
I W R BTG IR S5 A ML 2 A TV i 1) T i
oz ARSIV Pseudomonas K3 FH
WA SRR, [F S TP A M SR E TS

I B A S S, TR AN T
A, WA B INHR Pseudomonas H-SE BRI 1
W AR B NHL' R AR R e A Y,
Sphingomonas 3 38 2f 7 1l R Ik 5 fife 12 1 TC AL
W7, NI T WU A . BN, K
W HA R A K AR B R R BE ),
4N Enterobacter BEW /7MW LR IE HEVEY A,
TE— 8 4 F XK R e ZE AR AR R T R,
FRATTHE W FE 33 20 TR RV T A B A TS E R 24
PR T8 P SR R Rz —, JEX
VEY AR A i — A

g ERTR B R SRR N TR
febR, XHEYAE KA R E AR A5+
e A M 5T Y AR Ak 5 X 1 T e T T 04 A8 b R
FE—30, v 0 R A AE H IR e A B
EHLS

4 HZHw

(1) R SO LI 8 R Ay e 5 it o i 2 ik 4
HE pH {E TR, pH {ELR SN £ KRS 3 n] B R 4
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