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Isolation and identification of four strains of Reaumuria soongorica root zone

nitrogen fixing bacteria and their role in seedling growth promotion

ZHANG Feng, CHONG Pei-fang”, BAO Xin-guang, WANG Xue-ying
College of Forestry, Gansu Agricultural University, Lanzhou 730070, China

Abstract: The aim of this research was to isolate nitrogen fixing bacteria in the root zone soil of desert plants,
investigate their effects on nitrogen metabolism of Reaumuria soongorica seedlings, and verily the growth-promoting
effect of the isolated nitrogen fixing bacteria. In this study, four strains of nitrogen fixing bacteria were isolated {rom
the root zone soil of R. soongorica by the dilution-coated plate method, using Ashby’ s solid medium. The
taxonomic status and growth-promoting characteristics of the strains were identified by morphological, physiological
and biochemical characteristics as well as by 16S rDNA sequence analysis. The results showed that strains
designated Y3 and Y2 were Bacillus sp., strain P4 was Enterobacter mori, and strain N12 was Enterobacter
cloacae. Inoculation with the four strains of nitrogen fixing bacteria increased the activities of nitrate reductase
(NR) , glutamine synthetase (GS) , and glutamate synthetase (GOGAT) in the leaves and roots of the R.
soongorica seedlings. There were also differences in the root length and relative water content of leaves, and above-

ground and below-ground fresh weight of R. soongorica seedlings after inoculation with the isolated bacterial strains
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(P<<0.05) ; among them, the nitrogen fixing bacterium P4 had the most significant growth-promoting effect, with
the NR activity in leaves and roots increased by 31.9% and 34. 6% , respectively (P<C0.05), the GOGAT activity
by 25.6% and 25.1%, respectively (P<C0.05), and the GS activity by 23.3% and 24.3%, respectively (P<C
0.05). Furthermore, root length, leaf relative water content, above-ground and below-ground fresh weight were
increased (P<C0.05) , respectively, by 27.9%, 20.7%, 33.3% and 33.2%. In conclusion, the four strains of
nitrogen fixing bacteria exhibited ability to promote the growth and development of R. soongorica seedlings and
improve their survival rate. The isolated strains represent high-quality resources for the development of microbial
plant growth promoting agents.

Key words: nitrogen fixing bacteria; bacterial isolation and identification; plant-growth-promoting; nitrogen

metabolism; Reaumuria soongorica
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BSR40 min 5 U E o R 1 HEROR ST )Z G BEAT RRR 9 43 B8 5 U A < R R R A2 Y B R R e I R
1O KRB B 2 10, i B I 1) B2 B 980 43 ) W B 100 L J F G T 0% B8 4 19 40 142 A 7E. Ashby [ R 15 9% 3 (H 88
%10 ¢ .KH,PO, 0.2 g MgSO,:7H,0 0.2 g NaCl 0. 2 g .CaSO,*2H,0 0.1 g.CaCO, 5 g . FJg ¥ 20 g, M AKFL 1000
mL) [, FF HAE A 30 “C Y4l T 15 77 40 Hh L 48 h s 0 1 H TR 168 45 AS A [R) 1% B TR PR, PR R 2R 4 o
A5 Y TR P8 DR AE AR 2 A O LB AR ES 35 2 (B R 10 g JBEBE# 5 ¢ \NaCl 10 g ek 20 g, S 4K FL 1000 mL)
F9 3 B A T, T A 4 CRy vk AR &
TR R VR 7 1 G Ak 1 B TR 9 2 A TE O TR LB AR B 92 B b AR IR Hh 85 5% (30 °CL, 150 remin ') ,48 h
Je B B I G T A2 B AR 7K (0. 9% NaCD i B ZE ODy M 1. 0,
1.2 BHe s k%ER
1.2.1 JEASWE B 40 T A7 B0 B T 9 O 3 Bl 7E S T R Ashby IR 85 32 58 1o L) B A 30 CHY 41
PR FRAR T, 48 hJE B W 8% FLARAE | A0 458 TR 7% 1 0 b R TET B A AR RO A
1.2.2 AEHALEE 225 (R WA 2R G0 56 58 T R 0 % Hh 9 TR AR IR AT IR0 . A S Bkak T 8 Ak B
A AR R 56 O S8 A TR AR SIS AR D A R R K B L R AT W K Voges — Proskauer {50 8 8 i LK S B 3R FE A
7S Ak R K S 1K 0 A WL T i i L A R TIC 5 Y L B 9 K A e W T R R AR S
FIGAR, H22 fi Tl X 9 2 30 o W 3 b2 5 A A 7 AR o 2 T (8 3 30 2 O O A e U (DMLT50, 7 ] ) W
BRI E BRI E
1.2.3 G2 R f# I NaCl 7 2 48 BUAN B DNA™ S W B — B R 04 15 VR A, (5 A . 51 9
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S EAR I B
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Y 2 TR R Y 5T DAV T LD &) B AR, 6 BEZH (CK) 58 HE AR R A4 R T o A= 3R K o BB 10 d FHIRDRE 08 5 ¥k 64T
Fe R SRR AU, AL BRI E] a2 9 1 4 EE RS ST IS K R R IR A OKE . BRI AANER B EE 3R
.40 dJ5 R LLADAE PRI R AL R AR AR, DR AR U DR v o, DA A R0AC 3 R A K 48 b i 5
1.5 #54Fm &
/AR C B T8 bR A A E R A L (glutamate synthetase, GOGAT) | filf 2 ift L B (nitrate reductase, NR)
VA B 4y & Tk e 4 W (glutamine synthetase, GS) {6 P, H 6 P 18 K /N EB 52 B8 il 42357 &5 (Solarbio, H [ b 5T & 3¢
FAYFHHEARA ) BB B 70 E 10 & A b E I R RHECA R A A . iz WInRHIZO 43 4
I E A AR KBRS YLD ZE RN 5 AT AR A0 R Ml b A e R MR AR FR A O M R R R, P AT
JER L D 5 I A B K R
1.6 3L L 57
f87 F Microsoft Excel 2021 X} & AR 5 A= K46 An 808 #E 47 A AL B, R ] SPSS 26. 0 3K 4 %) & 8 #4718 B4
PEAT B 7 220 (ANOVA) , SR 80HE 34N E , e 8080 0 34~ 5 8 5008 (- 3918 . K B 3 Mok isE b
P<20. 05,1z F Duncan 2 5 b8 50 1505 b B85 9 B0 28 17 %60 L 5 40 A, 2% B’ 2 il i Orrigin 2022 800, &



534 B 3 W Fll2F 3 2025 4 147

G R BEMIEMEGA 11. 08 rh 47278
2 HRE5HH

2.1 W5 B Ak

FI T Ashby B4 55 77 56 M Sic T8 ) 20 10 AR B v 4 25 45 21 15 Mk BE 15 8 A= K A9 B Fk |, IF 0847 B & e 1 4 7 o
gE LRI A Y3 P4 N12., Y2 W Bk e 7E Ashby [E AR5 3% 3 T HY P05 B 7K i Bl (18 1), 22 B 4 Bk B B AT 300 1)
EENi-wa

E1 HEHRHERENEES

Fig. 1 Qualitative analysis of the nitrogen fixation capacity of strains

2.2 EkER

2.2.1 JBEEFMEE WA 2 iR, 76 Ashby [R5 32 58 TR 4 0k [ 208 2017 X004 0 g ik, (81 8 85 5% 48 h 5 Wi
FEH O IS AR . (OS4SR L 1, 7 Y3 . P4 N12 g I, o6, A Kok B, R & A B 5 PRBL; 1

T Y 2GSRI, 3R 1A R |, 30 AN S5

B2 BEHREIRILAEWL

Fig. 2 Lineage purification of strains

R1 EESIE

Table 1 Characterization of colonies

Etkgis L it ES10) gl g AEREE R TSN R B LRI SRR
Strain Form  Texture  Surface Colour Edge Growth Size Dry and wet  Height Transparency Level of integration
number rate conditions with culture medium
Y3 [T ¥y et Lo S S /h TR Rt A& i PEIR
Orbicular Uniform Smoothness Milk yellow — Neatly Fast Small Dry Swell Opaque Easy picking
P4 )7 %] et EiNE| 5% IS /h T Fee kL A if ] S PRI
Orbicular Uniform Smoothness Opaline Neatly Fast Small Wet Swell Opaque Easy picking
N1z  [FE %5 et EiNE| #5F h /N T B ik AN ifs W] V311
Orbicular Uniform Smoothness Opaline Neatly Fast Small Dry Swell Opaque Easy picking
Y2 AR A HLBE FLIE g P h piTalt] B ik AW S PRI

Irregular  Uniform Roughness  Milk yellow — Untidy Fast Medium Wet Swell Opaque Easy picking
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2.2.2 AHRAALERE 4Bk [ R ) AR B A A REPE AN SR 2 it s o A E R RIS T R AP TR R Y3 P4 UN12.Y 2
B 85 3 2 BB O PHPE 5 SE M KR8 e B RR Y35 Y 2 M RE AE B 3R Al b AR T 0 E B B, A BH M 5 4 kR
FE AR A P R AR R R L, A M Voges-proskauer 2 58 7 4 #4¢ [ 20 8 24 4 BHVE 5 4 0k 17 20 A
FE 1 V5 A7 5| W F) 3 % R S 2060, S BRIV 5 T e R A i 0 v 4 b [T 280 B 8 Dy B P 5 4 fik il a4 rh TR R P4 5 N2 34
TR A LB, S B s TR R P45 NI2 76 855 22 [Q e i b B2 6o, BRI .

R2 BHROEEENSE

Table 2 Physiology and biochemistry characteristics of strains

Bk > ] 2 R VE B IK R 2T LUl LIPS Wz et by E2 e
Strain number  Glucose fermentation Starch hydrolysis Methylred  Voges-proskauer — Indole Gelatin liquefaction Catalase Gram stain
Y3 + + — + — + — +
P4 + — — + — + + —

N12 + — — + — + + —
Y2 + + — + — + - +

W TR TR

Note: “ +” indicates a positive reaction, and “— " indicates a negative reaction.

2.2.3 BT ARG KT 5B W 485 9 22 L XF & B, AR Y35 Bacillus sp. TSB100(JQ864367. 1)
2R % 6 R Bt , HARLE b 99. 93 % s B Ak P4 5 Enterobacter mori strain CX01(CP055276. 1) 254 % R ik,
FEAHAL BE Sl 99. 85% 5 W ¥k N12 5 Enterobacter cloacae strain CnLm-1(MT074035. 1) i) 36 4 ¢ & & ilt , JoAH L &
}99.93% ; W Rk Y2 5 Bacillus sp. XKE7(KP872950. 1) 135 4 5 & e 3T , AR R 10096, 3 AR 38 18 9% 19 45 AE
Ko b PRAE A REYE S TR Y 3 R ZE AT 1R (Bacillus sp. ) , WAk P4 R W FF & (Enterobacter mori) , T HE N12 24
B34 7 ¥F B8 ( Enterobacter cloacae) , WKk Y 2 8 ZF KT B8 ( Bacillus sp. ) o R G ANE] 3 R .

ZEEFFTE Bacillus sp. TSB100 (JQ864367.1)
Y3
———— WA ZEFUAT I Bacillus endophyticus (KT356191.1)
B 3 N ZEAAF TR Bacillus sp. (in: firmicutes) strain SAB-23 R2A (MH707144.1)
75 ZEFHAFT B Bacillus sp. (in: Bacteria) strain SRD10 (OM838462.1)
| HISE AT 1A Bacillus swezeyi strain ALP-1 (0Q824985.1)
65 100 l [ 5’]—?@7]‘? Bacillus sp. (in: Bacteria) strain EGI P3B018 (OP663145.1)
50 ijg?k??@ﬂ Bacillus licheniformis strain DW4 (OR083404.1)
IT|_|: LEAURT I Bacillus sp. XKE7 (KP872950.1)

47 Y2

M FF B Enterobacter sp. TUT1390 (AB308444.1)
—— W#T Enterobacter sp. XBGRY7 (KJ184972.1)
100 56 e ZW AT E E. mori strain CX01 (CP055276.1)
21 P4
37 — WFT I Enterobacter sp. strain OTM601-1 (MG836034.1)
71 L——— il % Wi A IR Klebsiella pneumoniae strain Hal5 (MG238582.1)
90 R AFFH# Proteobacteria bacterium strain Ehs29 (OK445507.1)
50 WP Enterobacter sp. strain PM4 (ON534322.1)
33 B FT B E. cloacae strain CnLm-1 (MT074035.1)
59 N12

99

3 E-TF16S rDNA EE F 5B E %I R G L H

Fig.3 Construction of a phylogenetic tree for strains based on 16S rDNA gene sequences

2.3 HEHARARMEEMG A

2.3.1 BEREJREE(NR)TEME i P ATT LU 5060 I (CKO) A EL , 42 F 8 U P4 N12. Y2 J5 LB 4y fii i oh
NR 3 0 5 8 % T+ 8 T 31.99% . 24.67% . 19. 73% (P<C0.05) ; # f NR ¥ ¥ 4> %1 & % T+ #5 7 34.63% .
30. 586 .17. 7206 (P<<0. 05) , Wi Y 3 BRI AR A I AR 22 53 A B 35 35 P40 0l T 17 13. 2506 .10, 650 ; Horf  PA T
BRAL BT A L0 R0 4 B AR v NRVEPER 8 T Pk Y3 N12.Y 23X 3404038, 45 B e W, 4 bk [ 20 14 2 A 200
5 Z1 B0 4 B R P NR I P, L i (8] 4800 bk P4 RICR Je oy 1235 (P<<0. 05)
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2.3.2 HEBRA N (GOGAT) 543 & Bk & hl il
(GS) it HE 50T LE 5% (CRO AL, 32
il 4 R [ 80T 1 AR B 2D R & i i AR GOGAT
GSHIEME . M GOGAT i ¥4 B4 5 17 17.93% .
25.63% .23.38% .20.38% (P<<0.05) , GS i 7 7
f& T 18.90% . 23.31%0 . 20.53%,19.39%; R
GOGAT % £ 70 %l #2 & T 17.50% . 25.08% .
23.30%.20.97% (P<<0.05) , GS i /r Wi & T
16.98%.24.30%.22.60% .20.29% . H v, P4 Gtk
Ab R LT RD ST AR GOGAT \GS 1 P i 3%
BT A Y3N12, Y23k 320 A0 . 45 540, 4 Bk %
R B BEA S 9k LLAb 2l i AR TP GOGAT (GS T
P, LT G0 PR P4 b BRAIOR Bk 3 (P<<0. 05) .
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Fig. 4 Effects of nitrogen fixing bacteria on nitrate reductase

in leaves and roots of R. soongorica
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Fig. 5 Effects of nitrogen fixing bacteria on glutamate synthetase and glutamine synthetase activity in leaves and roots of R. soongorica

2.4 BRI ARRE SN

H1 P 6 0] LU Y, 45 Pl 4 R T 60 DR 0T ST 0 S i A R AR AR o X0t BRBROAR B2 1< 10° cfus mL ', 5 % R
(CK) M L, AR 4 51486 13.93%6.27.99% . 20. 73% . 18. 94 % (P<C0. 05, & 7A) , M F 1 X &5 7K £ 43 51 184 fin
19.14%,20.75% . 20.41% . 20.12% (P<C0.05, & 7B) ; Hb I &% & & 4> 5] 3 0 13.86% . 33.34% . 19.07% .
17.48% (P<C0. 05, 7C) s R 0 &% & 43 ) 54 hn 14. 81% .33.25% .18.79% .16. 75% (P<C0. 05, 7D) . 455 %
WA, 4 bk 51 20 24 Re A2 b 20 B 4l v 1 2R K, L P4 B RO AR 35O Boh 1B 25 (P<<0..05) 6

3486789M1 2

466789[)1234567

6 40dRAMWLEER
Fig. 6 Growth of R. soongorica seedlings after 40 days
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Fig.7 Effect of nitrogen fixing bacteria on the growth of R. soongorica seedlings

3 atig
3.1 aHRFREREG S HER

H AT [ 20T Y BIF 9% E R 7 28 T PR S A A W 25 5 T, T e %o JEG A 1 7% 0 6 i 55 TR X T vt 2% 17 T AR B IR A2 5 T
AT RN LA B = o DR, DG T8 A P AR B e v e T 0 T R bR A B K A2 2 A Bl A T R O ke R Y
FEATE Ty AR R A B ARE T R, B B A W TC LA A S R R e 8 i 0 U B
TRy AR MR AR R E T U IR A R AR R R S SR A 1 A R R LA R o T e R
AR ) A SRl AR HE T A i T RE SR R R . O WS G | BB A% i AR ) U T AR R R ) A K 1
R A 8 ER B & (Azotobacter chroococcum)™™ WA iZ B (Pantoea agglomerans)™ = 9 I #T B ( Enterobacter
cancerogenus)"™* 5 . AR 5T M TE EAE L0 A0 AR B A b 43 A5 B 4 bR LA B0 [ AUBE 0 1Y B MR Y3 . P4 N2,
Y2, MR T AR AL 2557 (16S rDNA FF 81 LA K Az BR A A6 R7 AR 45 5 TR AR Y 3 00 25 FF T, T8 Bk P4l S A R T R
N12 2 BAVE I AT B, TR Pk Y 2 9 25 FEAT T o 4 Mk i1 260 i 8 R A7 T ot Gl A= 00 o ) 1 9 )
3.2 B RA LAY KARMEEE YR

A WEFE G 4P ELAT (2 A T Rk 4 O R 1 260 TR R A1 HE S0 v A K R B I ] e R R v A ) R O T
FAR I SR A R DY e AR 0 AR R T R A L (NR) A SR B S R (GS) A SR A L
(GOGAT) J&: 5 5 110 AR g, L 36 1 R /0N 8 S e A 3 R0 R A W U RE 7 o NROE AR i ke d il 7E 48
I AR R SRR T, TS MR AT AR KT AR AR . NRIEPERY K/ B & SR A OC, 42 Fh [ Al TE
A S A 0 GRE 0 W B R LR Y . AR S e B, T TR — ViR B A B TS ZLRD A R AR &R b NR T
PESG W 2 T, HAR R i NRIE PRI & 7 i L 3 7T BB He A 8 A B S 3 m 1 4h i iR R A & L S SOR
SEUIG I ST A A ARL o 2% B o 1] R TR T DA e 2D &) AR R G R IR, K A A R N AR R TR . GS
5 GOGAT &AM Y ki, L2 5 R Z LG gt w1 . FER YRS B d, " E Rk E NH,
TE GS AL T I A S B , 15t GOGAT AL 7% S Bt i 8 iU 202 , e 3 A GS 5 GOGAT MG ik 42,
Wi BH 5 D 45 F 9 A B, K 11 LB 42 A TS ) Rl T E (Saccharum officinarum) I R 3 42 8 M GS AN
GOGAT W&, WHEAWZS S TR N AR, (2 8k 7 &R F AL, bk 7R Z ol . AWFIELr
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ol it B S5 AR R ARG M T S e . AR R L B, SN A H R 4 0K A R 2 Rk
EREAWDE I R AR R GS 5 GOGAT MG . ¢ IR 1 %05 nT LUAE U A 9 1R 09 /i R Ak, 32 s hE
XoF ZRUER IR, 346 i S O Tl I 1
3.3 BRAAMRAERFR

5% 22 B, 11 280 1A 2 — b EL AT [ Z0RE 0 i 3= 4, 78 8 00t B v o] DA™= A A 0 0 R S R AR ST Y I A
A IR R o R TE 75 R T 5 R AT W MR PR A AR R R AT, R B 5 MR TR AR Y LA (R A R T K 3L
M T H RS BRI T K (Oryza sativa) i AR Fo5r & AR TAHERK . SBME 05
H 2 R AR A BE T R 0 TR R 4 B T T I B K (Zea mays) ', & B REHD RE B 25 4R mAE Y 00 M 5 R R A L 42
PET MR SRR WA K ASHEIE I TE BERE P 2T A0 R B A v 4y i A B A Bk 1 RCRE T B Y BRI bR L AR R g A5 SR R
WY, 4% [ A Y 3. P4 N12 . Y2 X £LAb &) i A= K Y A AR S AE T, B 100 mL ¥k B2 1 X 10° cfu-mL ' AW 5 ,
v AR Y AR ARG B 25 B ARG R AR A K R b RN TR S e Y v T o R A B LR AU
P4 A RO B o B3 . DL 25 R0 LT DR B = v 3 5 15 31 B9 4 Wk 11 U A R A9 fR A1 -

4 &R

A58 LTS AR B 4 i e A5 B 4 bk AT, Y3 5 Y2 b ZEHAT I, P4 Sk R FF TR L N12 O B8 I AT 1
i TP (7 G20 AT DA v £ A v RO T R AR A KOR B 4 R IR AT AR DA IR G A R R O B TR
il 8
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