+ 3 AR
Acta Pedologica Sinica

DOI:10.11766/trxb202312110525

XA, #5&iE , B, YHEM , X85, BR , XS BRET. ARRM TMERRER L PELEEREN S BEENREREN. =
BRER, 2025,

LIU Daxiang, XU Zhihai, GAO Xian, XU Boyang, ZHENG Wei, XIA Dong, XU Wennian, YANG Yueshu. Isolation, Identification, and

Characteristics of Autotrophic Nitrogen-fixing Bacteria in Vegetation Concrete Under Freeze-thaw Conditions[J]. Acta Pedologica Sinica,

2025,

FRFHTEEERTIPEERARENS S HAF4

XA, fpEE ™, R, wER e B, B, X
F12°, gy

(1. S =0k PR X M 3R ¢ B 203 B0 B A sl s, WL B 443000; 2. =i kpKiR 3L AE A E AR MIALE TR L, WHLE S
443000; 3. o E R Lo E SR AR A SRR, S 610041 4. BRI BRI RIA TR A E, I 430000; 5. =ikkEE
57 9 9 o WAL 2 B AN S, IR S 443000)

1 . 5 AT URR R AT NREBIRRE L b i B AR R, R TR R B VR e A P R R S R AR e . SR
R BHE IR NG 2 IR VR R 3R (R R A VR e L i 4 A5 3 B AR B GDJ-1 5 GDJ-2, MBS ERHE. A3
AACHFE. 16S IDNA LUK R G0 & 43 BT 4675 TN AR BEAT RIS 458, IR F0 H AR AR ML BT ok b AL HE bR DL S 2R
FHERKIM, S8R, Wik GDI-1 NEF/KMHAITE (Microbacterium proteolyticum), == [CRHMER, Hk
ERIEH G, 4 GDI-1 Wt E G, A S b i) i E A SR RO AL 50 29.09%. 5.05%,
Vs AT R I 13.40%. 16.40%. fHBOREELAHUR. AR WA, A S EHE R, Kb
AR PRI =k 62.95%. Btk GDJ-2 AR KPP /RITfiE (Ralstonia pickettii), # % [KEAMERE, Wk ZRA KM,
% GDJ-2 Wb 5, BIFERNIH LAY RS TR RO IR A RGN 35.71%. 4.93%, Hi T EEY R EA T
JREAST A 46.38%. 13.79%. MBRELGHR. A WA, A S ENEIRS, KPR SRS
L3 35.73%. WRARIEIEAY AR LA BN i, (AW R R RBE L 7R R, (R B R K
TERPRELAEREE S, AARB%E GDI-1Y5 GDI-2 &AW 1. i, GDI-1 AAHGERMNEEIEN, R¥HE
BRI 3R4y, TEEH T LIRTE RIS Z X . GDI-2 MMBLE MR, SRS R
Mif Sz t, o E T S s S RS o 2 3 X

KEEIE: MREEL: BAERERE: 5 EE: R BEE

PEID#S: S154.36  XHMARERE: A

Isolation, Identification, and Characteristics of Autotrophic Nitrogen-fixing Bacteria in
Vegetation Concrete Under Freeze-thaw Conditions

LIU Daxiang??, XU Zhihai*?, GAO Xian'*, XU Boyang"?®, ZHENG Wei?®, XIA Dong“?5, XU Wennian*?®, YANG

Yueshul25f

* [E I8 5 SRR 2 3 T H (42207390, 51708333). AL 44 #H /TR H (D20221203) 1 2 Ui & I T H (2017 YFC0504902-
02) ¥B Supported by the National Natural Science Foundation of China (Nos. 42207390 and 51708333), the Science and Technology
Projects of Hubei Provincial Department of Education, China (No. D20221203) and the National Key R&D Program of China (No.
2017YFC0504902-02)

+ i@ AE# Corresponding author, E-mail: yys@ctgu.edu.cn

fE&Z A XK (1987—), 5, WdbWiL A, 4L, Bl#HE, EENFLRGH S5 ESKE T I 5. E-mail:
ldx@ctgu.edu.cn

ks H H: 2023-12-11; YEIIEEcR H 3. 2024-06-14: P45 14 & H #H (www.cnki.net):

http://pedologica.issas.ac.cn



+ 3 AR
Acta Pedologica Sinica

(1. Key Laboratory of Geological Hazards on Three Gorges Reservoir Area, Ministry of Education, China Three Gorges University, Yichang,
Hubei 443000, China; 2. Hubei Provincial Engineering Research Center of Slope Habitat Construction Technique Using Cement-based
Materials, China Three Gorges University, Yichang, Hubei 443000, China; 3. Key Laboratory of Mountain Hazards and Surface Processes,
Chinese Academy of Sciences, Chengdu 610041, China; 4. Wuhan Hanyang Municipal Construction Group Co.Ltd, Wuhan 430000,China; 5.
Hubei Key Laboratory of Disaster Prevention and Mitigation, China Three Gorges University, Yichang, Hubei 443000, China)

Abstract: [Objective] This study aimed to isolate and identify autotrophic nitrogen-fixing bacteria in vegetation concrete
under freeze-thaw conditions and to investigate their effects on the physical and chemical properties of vegetation concrete
and the growth of ryegrass. [ Method 1 Autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 were isolated from
vegetation concrete that had experienced multiple freeze-thaw cycles by selective nitrogen fixation medium. The strains were
identified by morphological, physiological, and biochemical characteristics, 16S rDNA, and phylogenetic analysis. The
effects of target strains on physicochemical indexes of vegetation concrete and the growth of ryegrass were explored.
[Result] Strain GDJ-1 was identified as Microbacterium proteolyticum, a Gram-positive bacterium with a round yellow
colony. The strain GDJ-1 did not produce oxidase but was capable of producing catalase and it could not degrade gelatin or
hydrolyze starch. This bacterium exhibited favorable growth under pH levels that ranged from 7 to 9 and in the presence of
sodium chloride (NaCl) concentrations between 0.5% and 2%. After treatment with GDJ-1, the aboveground fresh biomass,
aboveground dry biomass, belowground fresh biomass, and belowground dry biomass of ryegrass increased by 29.09%,
5.05%, 13.40%, and 16.40%, respectively, compared with the control group. The contents of organic matter, total nitrogen,
alkali-hydrolyzed nitrogen, and available phosphorus in vegetation concrete were increased, and the increase of alkali-
hydrolyzed nitrogen was 62.95%. Furthermore, strain GDJ-2 was Ralstonia pickettii, a Gram-negative bacterium with a
round beige colony. The strain GDJ-2 produced oxidase but did not produce catalase, and was capable of hydrolyzing gelatin
and starch. It exhibited favorable growth under conditions with a pH range of 7 to 9 and a sodium chloride (NaCl)
concentration of 0.5% to 2%. After treatment with GDJ-2, the aboveground fresh biomass, aboveground dry biomass,
belowground fresh biomass, and belowground dry biomass increased by 35.71%, 4.93%, 46.38%, and 13.79%, respectively,
compared with the control group. The contents of organic matter, total nitrogen, alkali-hydrolyzed nitrogen, and available
phosphorus in vegetation concrete were increased, and the increase of available phosphorus reached 35.73%. [ Conclusion]
There were great differences in morphology and enzyme metabolism between the two strains, but both were capable of
enhancing the nutrient condition of vegetation concrete and promoting the growth of ryegrass. In the ecological restoration of
vegetation concrete, autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 displayed application potential. GDJ-1 possessed
a robust nitrogen fixation ability, effectively converting nutrients in the soil, which was more suitable for regions where the
soil was poor or lacking nutrients. However, GDJ-2 demonstrated superior environmental adaptability, especially exhibiting
heightened tolerance to alkaline environments, making it more fitting for regions with stringent conditions such as saline-
alkaline soils. Considering the necessity for nutrient balance in actual engineering projects, further research can be conducted
on freeze-thaw tolerant indigenous phosphate-solubilizing, potassium-releasing, and cellulose-decomposing bacteria, to
develop a composite bio-agent tailored for vegetation concrete ecological restoration in freeze-thaw areas.
Key words: Vegetation concrete; Autotrophic nitrogen-fixing bacteria; Isolation and identification; Freezing and thawing

cycle; Ryegrass
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B LB AR 2 BRSO IR, W58 JL7E 600 nm AL IR OGAR o 0 37 B Mk A K RS 1) A% AHSZ ) ODgoo
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{3 . Note: The data are from Wufeng Station of China Meteorological Data Service Centre (https://data.cma.cn/). The dashed line indicates that the
highest temperature on the day is greater than 0 °C, the lowest temperature is less than 0 °C, and the pot undergoes a freeze-thaw cycle.
P 1 X5 300 A 0 <
Fig. 1 Air temperature during the experiment
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67.84%; 20 IXIRRMEIAE WG, 737 FEAK T 53.10%. 65.16%.
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[ %L 4 41 Bt Number of nitrogen-fixing bacteria/(10° CFU-g™")

0 1 2 5 10 15 20 23
VRS R0 5L The freeze-thaw cycles

VE: F1. F2 APAERBIE, F13-10 CZ 10 °C, F2 4-20 ‘C# 20 ‘C. Note: F1 and F2 represent two freeze-thaw modes, F1 is -10 °C to
10°C, F2is -20 °C t0 20 °C.
B2 pifigmEst (F1. F2) FREZMAED R EELL

Fig. 2 Changes in the number of nitrogen-fixing microorganisms under two freeze-thaw modes (F1, F2)

2.1.2 [ U MR B IR SR A F2 A5 MR VL7 - 2 2 DO Ak 1 A [ 0B o L v 44 O GDJ-1. GDJ-
2. GDJ-3. GDJ-4, Xf4y &5 HirI[E % E1T ODeoo fEANE & AE J1IK. 25 % W, GDJ-1. GDJ-2. GDJ-
3. GDJ-4 ff] ODgg 4514 0.349. 0.458. 0.125. 0.101, % ESHIN 2.84. 3.22. 1.12, 1.28 mg-L°
', GDI-15 GDI-2 A KEim, B AE/HGR, 1 GDI-3. GDI-4 4K E SEAELMKT GDI15
GDJ-2. RIFRILER, EH GDI-1 5 GDI-2 1E NG Ly KK 77 AR I (1) & Ff

22 HHRHIETE

221 BMRITEASFRHE B4 G X AR B AR A AT IS, GDJ-1 MRS RHERT f#id (K
3a): M, JKIE, AEH, K, MER, UgREF, FERPEENHEM: GDI-2 HITEA LT #iik
o 3b): oKta, Julg, AEM, FE, MER, L858, EEREENME. PR RNES Y
FHEAFAERIR ZE S, R R IUAE B I DX 1) DA SO 8522 IR B R B b o 525 IR B AN Rl 7R T 1 o
PRI AR TE 4 i B 45 4 5 A R P APAEZE o

a) bp

=2000

=1000
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=500
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VE: M: DNA 7 Fistat; 1. BAPEXTHE; 2: GDI-1 B#k; 3: GDJ-2 F#k. Note: M: DNA molecular quality standard; 1: negative control; 2:
GDI-1 strain; 3: GDJ-2 strain.
3 WEIEAFHES PCR 4 4R
Fig. 3 The colony morphological characteristics of strains GDJ-1 (a), GDJ-2 (b) and their PCR amplification results (c)
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F 1 BEERE GDI-15 GDJ-2 4 3B L4FE

Table 1 Physiological and biochemical characteristics of two autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2

AR P AL HRAE GDJ-1 Btk GDJ-2 Btk
Characteristic Strain of GDJ-1 Strain of GDJ-2
S AL Oxidase — T
T A Catalase + _
kA Urease + +
TR IE JFE Nitratase + +
FH L 2T 35056 MR test — _
Z LB V-P test _ B
Wi ik Gelatin liquefaction — +
VERIK AR Amylohydrolysis — +
N3] Mks256 Indole experiment + +
AR /Kfi# Oil hydrolysis — _
FAHRALE, Sulfureted hydrogen — —
4 W& Malonate + 4
Frig g £k Citrate " N
#1761 % Glucose + i
MERE Sucrose 4 +
LA Lactose _ N
JE3yE Motility n n

T P RIRBAPE RN - RIRBIME V. Note: “+” indicates a positive reaction; “-” indicates a negative reaction.

2.2.3 bk 16S IDNA JTHI PCRY I R R4tk E WK 3c Fin, GDI-15 GDJ-2 i@ ididi 514 27F/1942R
S35 1386 bp. 1411 bp 9 H 4%

AR IR T H (BLAST) JPHI LT &5 R GDI-1 5 GDJ-2 [f) 16S IDNA [T R4 K
B S R aE 4 Fos. EEE GDI-1 J& T- 7t H )& 4> % Jf H 5 Microbacterium proteolyticum strain
RZ36 (GenBank 35 NR 135869.1) /741 IAHALE L 99.13%, [H %A GDJ-2 J& T &' /K Wi & 73 3 I H.
5 Ralstonia pickettii strain NBRC 102503 (GenBank 3% 5 NR 114126.1) 74 FIFHBUEIE 99.93%. 454
TEASEARAE. AL R MR 16S IDNA JPHI RS K B LR, 4 GDI-1 Btk % @ NE F/K T i

(Microbacterium proteolyticum strain RZ36), 44>~ (Microbacterium proteolyticum sp. GDJ-1). ¥ GDJ-
2 WPk N KB R % (Ralstonia pickettii strain NBRC 102503), 44>~ (Ralstonia pickettii sp.
GDJ-2),

HIFFRY], R AR 3 i 5 Alves MR D WiAR PR 40 B, ORI, AEHELL
REAE FED P 45 AR T RGP, ——FH TR . R IRD R & —Fh 2 A2 7E T i
AR, BE R AR EOR B AT R e, [, R KBRS A R . =K
LIS I FE TR R A,

a)

=eqe strain 1204(NR 149816.1) b) 0 PRalsionta syzveii strain ATCC 49543 (NR 040803.1)

train NIO-1002(NR 136462.1) in RODI(NR 025975.1)

strain RZ36(NR 135869.1) main UQRS 464(NR 134150.1)

p. celebesensis strain UQRS 627(NR 134149.1)

Istonia pseudosol: strain UQRS 461(NR 134148.1)

im flavescens strain 401 (NR 029350.1)
m strain K60-1(NR 044040.1)

rain DSM 1250%(NR 042480.1)

i strain K60-1(NR 118984.1)
rain IFO 15708 (NR 112004.1)

tolilvtica strain LMG 6866(NR 025385.1)

Microbacterium testaceum strain DSM 20166(NR 026163.1)

GDI-2

M b I tra DSM 12507 4984,
! strain DSM 12507 (NR: 114984.1) Ralstonia insidiosa strain AU2044(NR 025242.1 )

E G-C31(NR 134085 N .
Microbocteriam jepreme sl THG-CA1 (MR, 134085.1) Ralstonia pickerit strain NBRC 102503(NR 114126.1)

Microbacterium trichothecenolvticum strain DSM 8608(NR 044937.1) strain ATCC 2751 1(NR 043152.1)

Microbacieriunt richothecenolysicinr strain TFO 15077 (NR 112002.1) "Ralstomia pickersit strain JCM S969(NR 113352.1)

—
00020 00020

W A EUTEROR 1000 UK BRI SCRFE 23 b, AR 0.0020 FoRiEALEE S . Note: The number at the branch represents the
percentage of support for 1 000 bootstrap resampling analyses, and the scale 0.0020 represents the evolutionary distance.

K 4 5T 16S rDNA 51 GDJ-1 (a) #1GDJ-2 (b) HHkRG K G (N-J7)
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Fig. 4 Phylogenetic tree of GDJ-1 strain (a) and GDJ-2 strain (b) based on 16S rDNA sequence (N-J method)

2.3 BEHRHE KL SIFEEN T
231 HtkAE Kl WK 5 s, GDJ-1 78 0~6 h A KiR%E, 6~18 h ¥k, 18~24 h b THaE M.
GDJ-2 7£ 0~4 h £ KR ZE, T 4~16 h BENBRIEAKAIXTHHH, 16~24 h i THa e .

20 -
—e— GDJ-1

—&— GDJ-2

ODyo

L
2 4 6 g§ 10 12 14 16 18 20 22 24
K5 7E0] (] The incubation time/h

K5 H4:RE%HE GDI-15 GDI-2 4Kl £k
Fig. 5 Growth curves of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2

2.3.2 pH X A% F GDI-1 5 GDJI-2 &Kz Wil 6a ffisn, Hik GDI-15 GDJ-2 #nJ 7 54> pH
AKPREEE T AEK, HAKE (ODgg) 048 0.218~1.111, 0.287~1.230, & BH A F i U # #x pH
AERTERIET, XTI A BORMIE R . 7E pH A 4~9 B, GDJ-11Y GDJ-2 [1) ODgqo fEFH pH I3 K1
K. 7E pH N 9~11 0, Bl pH R KPR A= 8 ZUE (1) ODeoo (EE MR /N . MEAN, 7E 5 A pH BT
GDJ-2 ) ODgoo It 3755 T GDJ-1, W] GDJI-2 X TR i AN 32 A1 T~ GDI-1.

a) 14 r Ogpri b) 16 ocpi
B GDI-2 E B GDI-2
1.2 Ab Ba 1.4 F
B T T
12 + Aa
L Ab
! ]3.%1i Bb 1
A 1.0 F aE A B Ac

08 F (o C
5 Be =L g T
a 1] 08 f
= 06 ]

’ Ad 06 L Adpd

Bd :
04 F
Ae 04
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02 [ ﬂ
02+ Hm
0 0.0
4 5 7 9 11 0.5% 1% 2% 3% 4% 5%
pH NaClJf 5 47 4 The NaCl mass fraction

1 ARVNE FREORF —F B AEFZE AR pH 8 NaCl il 84y #6257 53 (P<0.05), AFRKRFFEERIRE— pH 8t NaCl i & 70 #5¢
AR E AR R 25 B3 (P<0.05). Note: Different lowercase letters indicate significant differences among different pH or the NaCl mass
fraction for the same autotrophic nitrogen-fixing bacteria (P<0.05), while different capital letters indicate significant differences between two kinds of
autotrophic nitrogen-fixing bacteria at the same pH or the NaCl mass fraction (P<0.05).
6 pH (&) ABZEE (b) X HAMZ W GDI-1 5 GDI-2 A KI5
Fig. 6 Effects of pH (a) and osmotic pressure (b) on the growth of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2.
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(I GAE (ODeoo) AT Y FE 4 HI& 0.227~1.011. 0.128~1.112. Fti# NaCl #EH K, GDJ-15 GDJ-2 ()
ODgoo 1HIZHT T B #£ 5% NaCl #KFEET, ) ODegoo {H FFF A HAK, i W5 HE 11G K £ 301 W5 R
A EE AR, S REE R R BRI ORIR N . Ak, PR AR R TSI R R R
AZES. 1F 0.5%-. 1%. 2% NaCl #E T, GDJ-2 [] ODgy fE R T~ GDJ-1, 7E 3%. 4%. 5% NaCl ikSE
T, GDJ-1ff] ODggo {5 T~ GDJ-2,

2.4 HMRITERRE IR IE AR

241 BALPE AR R 2 RN, S EBAE R4 GDI-1 5 GDJI-2 ) pH 437l 7.91. 8.06, #%
X IR A R AR M BRK. Wi GDJ-15 GDJI-2 W), T # IR & A8 HLBR & B o JE 4 43 w3 1
5.74%. 3.04%, &R & EBABHSBIEINT 22.31%. 21.79%, 6l il &0 & ik B8 4 4 B 36 n T
62.95%. 12.43%, A %0k & =R RA MM T 53.67%. 35.73%, HAM G ERMAHE . T,
i GDJ-1 5 GDJ-2 i vl A R R FHE RS L S/, Horh GDJI-1 X i i RN A 28t 1 12 T
JET] 3% 62.95%7F11 53.67%.

% 2 BEESRH GDJ-1 5 GDJ-2 sttt R £ IR 14 B RIS 0

Table 2 Effects of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 on the physical and chemical properties of vegetation concrete

e 7Y Bulk AW e B A Xk TR
Treatment pH density Organic matter Total N Alkaline N Auvailable P Auvailable K
/(g-cm™) | (g-kg® / (mg-kg™) / (mg-kg®) / (mg-kg®) / (mg-kg™)
CK 8.30+0.01a  1.29+0.02a 8.89+0.08c 340.23+2.14b 28.15+0.24c 277.44+0.18c 187.46+1.48a

GDJ-1 7.91+0.02c  1.25+0.01b 9.40+0.07a 416.14+2.34a 45.87+0.34a 426.35+0.24a 191.52+1.57a
GDJ-2 8.06+0.01b  1.23+0.02c 9.16+0.09b 414.35+2.54a 31.65+0.22b 376.57+0.21b 174.33+1.61a

T CK AN BRI X4, GDI-1 b GDI-1 Wik, GDJ-2 jitifl GDJ-2 B, [Fl— I AN El/NG FRER R A AL By 5 n) 2 5 o 2%

(P<0.05). F[A. Note: CK represents the control group without bacterial solution, GDJ-1 represents the application of GDJ-1 bacterial solution,
and GDJ-2 represents the application of GDJ-2 bacterial solution. Different lowercase letters in the same column indicate significant differences

among different treatments (P<0.05). The same as below.

2.4.2 MYRE PSRRI S MR E B SR AR SSPE 2 BT & 7a B, pH SAE AL, 4
R BRER AR R RO, Hh B R R E R (P<0.05). RESHHR. 4
R BARE. AREERNHRKR, SHEAEFRIEMIGK R, AHRNS 2R R, A0, H%
PP RIEMSC. fEFRTEbRE, 2R SR, AR IEHRKR, MHEAH MK KR.

100% 13
a) . ! b) N % ¥ Germination potential #i #4 Seedling height
pH s 0.749  -0995 -0.93 -0.998 -0.0953 08 [~ 1% % % Genmination rate | #11% Root length a
: o 0% a 11
faa 0785 0.6 = a T =
Bulk density - S sov - ;:
= a - 11 —|
bl 0.892 0932 0988  0.193 o g a i 2 )
Organic matter = 024 1234 193 s F g o T 2
.2 42
1 410 2
- E b =2
i 0.668 0951 -0.272 0 L b a Ir g
otal M W e
5 BE I a 12 =3
WA 0.865 =02 - - B
Alkaline N B ‘ 0.4 g | s £
11204 — 2 a0m F b 3
Available P - -0.6 E “
5
S +47
X @ 0.8 30%
Available K B
-1 20% T 6

% #HLIR SGin o T
Sl WERE  AMBY  ERGE CK GDI-1 GDI-2
pH  Bulk density Organic ; 4 . iDJ- D12
oAl Total N Alkaline N Available P Available K -
matter Allaling VRRE R e AbFE )7 A Treatment

e o ROREEMR (P<0.05). AR/NGFERERRARLEL T R 2 7 23 (P<0.05). Note: “*” indicates a significant correlation
(P<0.05). Different lowercase letters indicate significant differences among different treatments (P<0.05).
B 7 MR G LA R bR AE O (). BERNRFRIRFHME &ML (b
Fig.7 Correlation analysis of physical and chemical properties of vegetation concrete (a), germination rate, potential, seedling height and

root length of ryegrass (b)
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25 BXERHE GDJ-15 GDI-2 WMEBEEMTIAARE KN

K 7b Bor, @it HARAE GDI-1 5 GDI-2 Wil )E, BEHMTFHAFAR TR, H
W, 25t GDJ-2 TA AL ER I B 2 HR T () R 2 AL F 68.89%, Bt RIS T 13.33%. GDJ-15 GDJ-
2= RS T RA, Hrh GDI-2 A s AR/ A5 3] 10.69 cm. 9.24 cm, BN A 5>
AT 20.14%. 30.56%. FIRZERFRNT, PR E AR B A TR R A BT B R AR

* 3 L4RER, A GDI-1. GDJ-2 WA 5t A I B bk = K T 14.85%.

27.72%, i FEEY R B IR A S B T 29.09% . 35.71%, Hi b4 )5 B R R AH 4 Bl T
5.05%. 4.93%, i FEYRERTIRA S HIMEI T 13.40%. 46.38%, Hb K45 & 5u R 2H 45 m) 3

7 16.40%. 44.30%. "L, GDJ-1 5 GDJ-2 ¥Jnl{git MAEZ R ALK, H GDJ-2 X &4 (42 5 i

o

#* 3 BEERA® GDJ-1 5 GDJ-2 3 BEZEE KAIFM
Table 3 Effects of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 on the growth of ryegrass

A E WA E
Jb s Shoot biomass/g Root biomass/g
Treatment Shoot height/cm i) o T i) o T
Fresh biomass Dry biomass Fresh biomass Dry biomass
CK 20.20+1.32b 2.39+0.36¢ 0.44+0.11b 0.32+0.02b 0.29+0.02c
GDJ-1 23.21+2.61a 3.04+0.76b 0.46+0.15a 0.36+0.03b 0.34+0.03b
GDJ-2 25.80+1.95a 3.25+0.13a 0.46+0.03a 0.46+0.06a 0.43+0.07a

3 it ie

3.1 M GDJ-15 GDIJ-2 HEifkxIE R £ I M BRAI SN

JtiH GDJ-1 5 GDJ-2 Wili)a, MRE TR SMMAEASTEYE LAEE R 2). X2l T
WG, T S 2 0 bl — e A SN, Rk T R IR R, R s RN
Enge e, pah, BEEMEWNSINS GRS S E AL, R R R R A K e
WIRPEER S I N I B0, B, IR A4 R R kS R 2 AR BRI A e R P, oy
O RO PR AR AT A R R AR AN LR, D B R 0 AR B AN B, ] S BT ek ] AR
a4 R m A ZE 7R, GDI-1 5 GDI-2 151 N fig 5 HAb A Wy in 21 45 43 il T 7= 26 I R AR
FH, (R AT AE Vvt S AR YRR SE A TR R, IS IR R IR R

AP R R ) 23 B2 SRR TR 58, PR A A PAYE R P N CSM-129 B 3R pH M
4.32 NF%Z 3.68. AWEFLH, Jiti B PR EE RS AR EE T pH 2R (R 2), KW GDJ-15 GDJ-2
— EFERE L] rp R Bl TR A R A, R A K. BRREE L pH B S5 RS B R IR U
KKFH (P<0.05) (K 7a), XAEHT GDI-15 GDJI-2 i ik BRARAE W IR 5t 1 pH T84 5 i i 15 25tk
RN O] N T TN 7T, B A SR TR S B R AT BE R AR T LA R MR A R AT IR TR
(23], 3% SR PR AR I P R B S VAR B T T, XS HLER AE S 5 - R 4
Y. WSS BETIERESY, WO SRS T SMRIRE TR A, IHE s T d w5 e, it
Gb, PR AEIR SRS SR WA, AL R RIS R IEARER (B Ta). X2
HEAENURIE N R A B M REECRN FERME, EREYIER FZ 80 Y 2 T )
W TENLIERS, AR T H3srb o 2. i A B,
3.2 KM GDJ-15 GDJ-2 B BEE X KA

R B AR AR, ol 5 P B DI-1 B A R T oKk . e B ST T
JRE PR 26.01%. 86.5%. 74.37%. AWFFT5EHHAERBEMBERERS . 0 ETYRE, T
T B AR TG E 4> BN 14.85~27.72%. 4.93~5.05%. 16.40~44.30% (£ 3), TR BA K DI-1
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Fig. 8 Analysis of the mechanism and application effect of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2
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K A3 VR H oy 5 R PR R R R 52 P U 1) AR E G GDI-1 5 GDJ-2, X H T R A
fE. A AEFRFIE. 16S IDNA. RS K E o, 707 %€ A& H KB B (Microbacterium
proteolyticum) 137 (K2 /R ¥l (Ralstonia pickettii). GDJ-1 5 GDJ-2 #n] K ¥ [ B AEH , 38 A4 i
LR, WAL E, RS EMBETIRe. M GDJI-1 B SR b VR L B AN S
mT GDJ-2, GDJ-2 WXt BEFEAKFEEEMEH. Kk, EARRMNHASST, HHFEEBERESER
o R ST D REVETU AR MITE IR S A DR, AEAHIE FE B PR 1 AR R SR b, R S mT ik
— 30 At S R Dy RE I AE DT R A 7, 3l ) 4 52 5 TR R SR B SR T e XA R A R A TR e AR A B
HRR.
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