+ £ (Soils), 2021, 53(1): 64-71

DOI: 10.13758/j.cnki.tr.2021.01.009
BUGA, PR, A, . BIRGERATE N3 MRk RHT A 2R AR, 14, 2021, 53(1): 64-71.

ERFHTE N3 HFTLSEREN A Z iR E R

MES, I R, 7 OR, BRFE, Ew, gwE, ¥ %, 2L, % #

(AL KRR G HEERA2E8E, AT 210095)

OB NNARRLRE RIS 1 bR SRR N3, BB AMEE . A A fRARAELL & 16S rtDNA JEH F 51504,
T B KEF IO 128 (Bacillus megaterium), 1218 bR E REHE L CoHy 28.33 nmol/(h'ml), ¥R % &0 T — A 2 20iR6, %E
AEERXTIR(CK) . 2eRh B KZEEAT I N3, $ERP =i ZBR(AA) H CDL29 FIE A #EFPi#k N3+CDL29 PUA-AbHE, #R15 T HEROR [
TR BT H 22 AR AR . 25 IRRW . BER R IR AR — H 22 K, A — B B (AR N3 IR sl R ey, B
BEREE A 2 LA B T A SIS, TR, IEBIR 33.03%. 55.56% F1 29.87%. 51.11%, HhibHi,
Fim A 2 ariiiady, (IR, Rtk N3, HHEVUE . @R MEREE & w B2 iy i wy
P T HERUE WA R (MBO) A ZU(MBN) Y & i, BA— AR A bR N3 SRR, $6F07™ TAA Btk CDL29 Al Gk
Zo WAk, R A AN N3 B B IR I ARG, BRI AR CDL29 X+ ARSI B, Ik, B
B N3 fEfEdE — A 22K R0 Er i it e B e A RN A 2 b R el R R B R

EHIA: EYRAER; FE; BYEZmRIAA); —H =
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Isolation and Characterization of Bacillus Nitrogen-Fixing Bacteria and Its Growth-

Promotion on Orychophragmus violaceus
WEI Zhimin, SUN Bin, FANG Cheng, DAI Ziwen, LIU Mangiang, JIAO Jiaguo, HU Feng, LI Huixin, XU Li"
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: A strain N3 with strong nitrogen fixation ability was selected from the farmland soil in Taian, Shandong Province and
was identified as Bacillus megaterium based on the morphological, physiological and biochemical characteristics and 16S rDNA
gene sequences analysis. Its nitrogenase activity was up to C,H,; 28.33 nmol/(h-ml). Four treatments were set to explore the
inoculation effect of different plant growth-promoting bacterium on the growth of Orychophragmus violaceus, including single or
double inoculation of strain N3 or IAA (indole-3-acetic acid)-producing stain Pantoea agglomerans CDL29, plant without any
inoculation set as the control treatment (CK). The pot experiment of Orychophragmus violaceus was conducted under greenhouse
conditions. The results showed that all plant growth-promoting bacteria promoted the growth of Orychophragmus violaceus, and
the treatment with single inoculation of nitrogen-fixing strain N3 was the best. At the same time, nitrogen and phosphorus
contents in the shoots of Orychophragmus violaceus, nitrogen and potassium contents in the roots of Orychophragmus violaceus
were significantly increased by the single inoculation of nitrogen-fixing strain N3, which were increased by 33.03%, 55.56% and
29.87%, 51.11% respectively compared with CK. Other treatments also promoted nutrient contents in Orychophragmus violaceus,
but the trends were not statistic significant. The contents of soil organic matter, total nitrogen and available nutrients were
significantly increased by single inoculation of nitrogen-fixing strain N3. The contents of soil microbial carbon(MBC) and
microbial nitrogen(MBN) were increased by the inoculation of different plant probiotics, single inoculation of nitrogen-fixing
strain N3 had the best effect, followed by the single inoculation of IAA-producing stain CDL29 and compound inoculation. In

addition, inoculation of nitrogen-fixing strain N3 significantly increased soil nitrogenase activity, while inoculation of CDL29 had
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no significant effect on soil nitrogenase activity. As a conclusion, the single inoculation of nitrogen-fixing strain N3 could

significantly promote the growth, nutrient contents in Orychophragmus violaceus, and also improve the physicochemical and

biological properties of the soil.

Key words: Plant growth-promoting bacterium; Nitrogen fixation; IAA; Orychophragmus violaceus
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1 EWREEREEE IS IAA BE AT LEER
Fig. 1 Comparison of nitrogenase activities and IAA production
capacities of different strains

22 ERE NIHEE

221 FEAEKAMAMKENE A E R
PR N3, WE 2 FiR, AR LR %
BN, AR, %S, REDGERE, A
B, ANHUFRRHES o %58 A B A AL R
MM, FEMEL A, fhRE S A, Al M, VP
IS B, JER K BEBAYE, B ROKARBH T, fEfR L
2.2.2 16S DNA JpAlsrth LA L% e &
16S r DNA JF51143 87 Fl NCBI 34 PETELR LX), 45

B/~, N3 5 Bacillus megaterium R [RIVEMEER 100%,
A5 A5 MK391574. Fl MEGA 5.1 #4124 NJ
ST R KB WA 3), N3 Y5 Bacillus megaterium
(MF187637. 1)) Pt fie s , 45 G T A LA B A B A AL RRAE
YE PR N3 A B REZEHIAT R & (Bacillus megaterium) .

2 EPE N3 B EERSRHE
Fig.2 Colony morphology of strain N3

23 HEYREFEEM-_AZEREREIRR

230 AP A 2 AR AR F
F A, 5 CKAHL, &EMEY e L — A
2 bR AR | R R SR ARG, R
FRAE Y fE A R REME U — A 22 AR R Rk N3 Ak
PR 22 RS AR | bk e RN 2R G 2
FUBUE R, 6P [ U A R N3 AR — 241
PR AR TR = TAA BBk CDL29 ZbBEAIE A B
MREEFP AL 2

TH MRS, WARERKEFE:
AR B RIS ARREER A B A,
FEmilJE N3 Ab3, A AEE N3 J5 2 H 2R R R
Koo FmEBL ARBL ARAREUEE CK e 1.27 £5 .
128 1. 1.48 £, 1.11 f5(ER 1)

WAL, BeRPRI L AR e — H 2R RIS,
AP RL RN E AR N3 AbHHR R, 14 0.16 mg/(gh), {H
AR CDL29 Ab AN A H:F N3+CDL29 Ab 1]
WA I 25 2= 5 (K 4).

M2 2 A, 5 CK ML, SRR A s Ak
BT AR AR D RN T ARA L B BRI SRR T
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553 %

435: Bacillus aryabhattai (JN128236.1)
51 Bacillus megaterium (JJIMH01000057)
7 { Bacillus megaterium (MF187637.1)
86 N3

Bacillus aryabhattai (EF114313)
— Bacillus Slexus (BCVDO01000224)
94— Bacillus paraflexus (FN999943)
Bacillus koreensis (LILC01000014)

Microbacterium laevaniformans (Y17234)

100 { Microbacterium binotii (EF567306)
57 Microbacterium maritypicum (AJ853910)

57

—
0.05

(b5 RARER A 100 MZHR A 5 DEAFIRE)
3 EFEk N3 FIEXE KA 16S rDNA FHIXASGEEIEIHARFZLEH

Fig. 3 Phylogenetic established by neighbor-joining method, based on 16S rDNA sequences of N3 and related strains

x1 FRELEM-_AZHERKXENFM
Table 1 Root growth and development of Orychophragmus violaceus under different treatments
ARBR M EREETE (g/0k) MR EREE T (g/k)  MRRi(em)  ZEMl(mm) REREK(em) REMmH(cm?) RER(em’)  RIEEA)
CK 2.35+0.09 ¢ 044+0.13¢  10.87+1.05¢2.95+020¢c 63.40+232¢c 1557+0.17¢c 0.42+0.01b 157.57+6.66d
N3 7.70+0.87 a 1.01+036a 1697+1.80a5.62+0.33a 14443 +846a 3551+1.07a 1.04+0.21a 333.33+12.10a
CDL29 2.73+031¢ 1.10+£0.20a 14.33+£1.13b3.87+0.56b 101.99+2.43b 23.86+1.03b 0.50+0.01 b 203.00+10.82 ¢
N3+CDL29 5.18+1.34b 0.65+0.13b 14.03+0.29b3.90+0.58 b 105.61 £0.74b 25.83+0.50b 0.53+0.02b 224.00+3.00b

e FAIAF/NG F3 3R ab #2257 835 (P<0.05), .

oy ) 232 RPN LR RO

= o6t 23 A, BRI A e 4 pH SR A, {H
ERSty ARG B T HEATHLTT . . BRI S i

= 08l HfL— B [ U bR N3 AL A AR LA
%ML ¢ {T {W NH,-N FI NO,-N ik, 8 CK /il 1 0.21 £

[ﬂ 1.21 f%H1 1.01 4%

/& CDL29  N3+CDL29 PRI AR A AR B 13 MBC Fl MBN

M A, A PERR AU AR N3 AR TR A, +

(B AR R/ING 7B s A BRI 22 S 78 P<0.05 K V-8, T ) 1 MBC il MBN % 1k 272.93 pg/g 1 91.55 pg/g(I&l

B4 AREIAENZAZREFEHHFME

Fig. 4 Root activities of Orychophragmus violaceus under different
treatments

AN — R Fh Ab H

5), BEOHIERALIE + 1 MBC F1 MBN 271301

F2 FREALEXZRZERFS 2 ENFI(g/ke)
Table 2 Nutrient contents in Orychophragmus violaceus under different treatments
A Ho 1 1T
N P K N P K

CK 33.00+6.80b 450+ 0.50b 28.80+2.10a 38.50+4.00b 550+1.20a 13.50 +£2.00 b

N3 4390+2.10a 7.00+0.90 a 38.00 £ 6.80 a 50.00£7.70 a 6.40=x1.10a 204+280a

CDL29 33.20+040b 4.80+1.20b 3020+9.40a 40.70 £ 1.20 ab 5.70+0.70 a 1730+ 1.40a

N3+CDL29 35.00 £+ 2.60 ab 530+£1.30b 32.50+5.00 a 41.60 £ 6.00 ab 570+£0.20a 17.30+2.80 a

*3 BEMEYEEEXNTIRBHIERMEZIE
Table 3  Effects of inoculation with plant probiotics on soil physical and chemical properties

Aib B pH FHLF(gkg) 2% (gke)  LW(g/kg) NH;-N(mg/kg) NO;-N(mg/kg) A3 (mg/kg) HALH (mg/kg)
CK 7.7+£0.02a 27.75+2.61b 1.53+£0.05b 086+0.03b 2.01+0.07c 597+044c 3852+1.78c 155.09+9.01b
N3 7.54+0.04a 34.11+£1.32a 1.85+0.06a 090+0.0la 444+028a 11.98+0.86a 48.90+1.23a 188.20+6.25a
CDL29 7.66+£0.07a 27.81£0.86b 1.59+0.01b 0.87+0.02ab 2.15+0.04bc 6.18+0.52¢c 4323+1.21b 160.40+5.14b

N3+CDL29 7.64+0.02a 2845+035b 1.60+0.01b 0.87+0.0lab 236+0.10b 7.25+0.25b 43.78+1.78b

162.50 £2.76 b
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Fig. 5 Soil MBC and MBN contents under different treatments
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Fig. 6 Soil nitrogenase activities under different treatments
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