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Abstract: [Objective] Microorganisms with potential growth-promoting effects on plants were
isolated from the rhizosphere of Nitraria tangutorum Bobr. in Lanzhou City, which laid a foundation
for research and development of related preparations. [Methods] With the plate streak method, 6
bacterial strains were isolated and purified from the rhizosphere of N. tangutorum, and the
morphological characteristics of the strains were observed. The physiological and biochemical
properties were examined based on Gram staining and other tests. The effect of each strain on quinoa
growth was determined. The 16S rRNA gene of a strain with excellent growth-promoting effect was
sequenced and the circular genome map for the strain was plotted. [Results] According to the
the 6

Paenibacillus, Bacillus, Sphingomonas, and Pseudomonas, respectively. Further identification by 16S

biochemical identification results, strains belonged to Acinetobacter, Agrobacterium,
rRNA gene sequencing suggested that BC4, with strong growth-promoting activity, belonged to
Enterobacter. [Conclusion] BC4 shows strong growth-promoting activity, which lays a theoretical

basis for development and utilization of bacterial resources of N. tangutorum in Lanzhou.

Keywords: Nitraria tangutorum Bobr.; rhizosphere microorganisms; species identification; screening of
growth-promoting bacteria
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B1 BEHREENE
Figure I Morphological observation of 6 bacterial strains isolated.

B2 ZZRP{GMREE

Figure 2 Gram staining and microscope examination of 6 bacterial strains isolated.
R1 EREEZERREESNE

Table 1 Observation of bacterial colony and microscopic morphology

Serial number Result observed

BCl1 White, moist, round, smooth surface and edge, slightly transparent, colony diameter 2.0-4.0 mm,
Gram-negative bacilli, and the cells are bulbous.

BC2 Milky white, moist, oval in shape, smooth surface and edge, raised in the middle, opaque, colony diameter
2.0-6.0 mm, Gram-negative bacilli.

BC3 White, moist, round, smooth surface and edge, the surrounding bulge is higher than the middle part, obvious
depressions, transparent, colony diameter 1.0-5.0 mm, and the Gram-positive bacilli are blunt at both ends.

BC4 White, smooth, moist, irregular in shape, viscous texture, slightly transparent, colony diameter 3.0-7.0 mm,
Gram-negative bacilli, stubby rods, and bluntly rounded at both ends.

BC5 Dark yellow, moist, smooth surface and edge, oval in shape, slightly raised in the middle, opaque, colony
diameter 2.0-4.0 mm, short Gram-negative bacilli, arranged in pairs.

BC6 Light yellow, moist, round, smooth surface and edge, raised in the middle, slightly transparent edges, colony

diameter 2.0-5.0 mm, Gram-negative bacilli, straight or slightly curved.
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Table 2 The physiological and biochemical characteristics of six strains

o Strains

Characteristics BCl  BC2 BC3 BC4 BC5 BC6
Catalase test + + + + + +
Oxidases — - — _
Production of ammonia test + + + + +
Starch hydrolysis test + - + + + -
Indole production + + + + + _
Methyl red + + - — _

Gelatin liquefaction - + - + + +

+: more bacteria was positive reaction; —: more bacteria was negative reaction.

x3 MR MEENNE

Table 3 Determination of phosphorus and potassium dissolution ability

Phosphate-dissolving ability

Potassium-dissolving ability

Serial number

D/mm D/mm D/d D/mm D/mm D/d
BC1 3.84 3.28 1.17 - - -
BC2 7.22 5.63 1.28 - - -
BC3 5.12 433 1.18 5.43 4.71 1.15
BC4 9.34 5.98 1.56 7.98 6.13 1.30
BCS 4.51 3.67 1.23 4.07 3.49 1.17
BC6 6.18 4.57 1.35 5.79 4.65 1.25

http://journals.im.ac.cn/actamicrocn
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R4 EMBEREHEERER

Table 4 Seedling growth index after inoculation with each strain

Strains
Growth indicators
CK BC1 BC2 BC3 BC4 BC5 BC6
Stem length/cm 2.62+0.02 2.41+0.01 2.50+0.01 1.98+0.01 3.47+0.01 2.86+0.01 2.8440.01
Leaf length/cm 0.69+0.01 0.65+0.01 0.65+0.01 0.63+0.01 0.77+£0.01 0.79+0.01 0.84+0.01
Tap root length/cm 1.2240.01 1.44+0.01 1.23+0.01 0.96+0.01 2.75+0.01 2.16+0.02 2.2340.01

Number of lateral roots  1.00+0.40 0.33+0.27 1.00+£0.40 0.00+0.00 1.33+0.67 1.67+£0.27 2.00+0.80
Number of fibrous roots 1.00+0.40 1.33+0.67 1.00+£0.80 0.83+0.57 4.83+0.97 7.17+0.97 6.83+0.97
Fresh weight/mg 62.67+6.81  62.8+5.37 63.43+£2.84 57.03+£2.19  97.38+£23.65 96.32+£1.30 95.82+6.19

Dry weight/mg 6.77+0.25  6.85+0.23 6.88+0.13 5.77+0.06 10.38+1.66  9.95+0.03 9.78+0.09

B3 FREHRMBEEEKEERR

Figure 3  Growth-promoting effects of different strains on the growth of quinoa. A: CK (sterile); B:
growth-promoting effect of BCl on quinoa; C: growth-promoting effect of BC2 on quinoa; D:
growth-promoting effect of BC3 on quinoa; E: growth-promoting effect of BC4 on quinoa; F:
growth-promoting effect of BC5 on quinoa; g: growth-promoting effect of BC6 on quinoa.

2.5 16SrRNA EEHFEE LM, ik BC4 ST H & (Enterobacter) RN

MR FFE5 5452 H] TBtools BXFXT BC4 TtkE M, 2 NCBIMEL BLAST HXHT 5 Enterobacter
TR S 2 ], S50 0 4 IR EFH MEGA sp. 638 (CPO00653)FIARIIPELE] 99.10%, Y mE T
7N, WA RS R B (E 5). 45 Bk BC4 WREN Enterobacter JE(3% 5).
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4 BC4 ERFEEE

Figure 4 BC4 genome circle diagram. (From the inside out) Lap 1: gene density heat map and line map; Lap 2:
CDS density histogram; Lap 3: tRNA density histogram; Lap 4: rRNA density histogram.

36, Fnterobacter cancerogenus LMG 2693 (7960878)
98 |{ Enterobacter ludwigii strain EN-119 (NR042349)
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Raoultella terrigena strain ATCC 33257 (NR114503)

Bacillus vallismortis strain GTZW30-5 (MK016485)

Raoultella electrica 1GB (AB762091)

1 041
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Enterobacter cloacae strain ATCC 13047 (NR102794)
Paenibacillus mucilaginosus strain VKPM B-7519 (F1039528)
Enterobacter kobei strain JCM 8580 (NR113321)

Kluyvera intermedia strain 256 (NR028802)
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Bacillus velezensis strain CR-3502 (AY603638)
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BC4

20

Enterobacter sp. 638 chromosome (CP000653)
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5 ETFE#k BC4 16S rRNA £ [EHY neighbor-joining R4 & & H
Figure 5 Neighbor-joining phylogenetic tree based on BC4 16S rRNA gene. Numbers in parentheses:
GenBank accession number; Numbers in branch points: branch support values; Bar length=1: nucleotide

divergence between sequences.
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%5 BLAST tbxi4t
Table 5 BLAST comparison results
Max score Total score QUERY COVER/% E value

Scientific name Per. ident/% Accession

Enterobacter sp. 638 2988 20 880 100 0.0 99.10 CP000653.1
Enterobacter soli ATCC BAA-2102 2743 2743 92 0.0 98.83 NR_117547.1
Enterobacter ludwigii 2 689 2 689 90 0.0 98.74 NR 042349.1
Enterobacter cancerogenus 2 669 2 669 89 0.0 98.73 796078.1
Enterobacter cloacae 2 658 2 658 92 0.0 97.80 NR 102794.2
Serratia marcescens 2582 2582 91 0.0 97.13 AB061685.1
Raoultella electrica 2571 2571 87 0.0 98.62 AB762091.1
Kluyvera intermedia 2 558 2 558 86 0.0 98.62 NR 028802.1
Enterobacter kobei 2558 2558 88 0.0 97.96 NR_113321.1
Kluyvera ascorbata 2556 2556 88 0.0 97.82 NR 114107.1
Serratia liquefaciens 2555 2555 92 0.0 96.63 NR 121703.1
Raoultella terrigena 2553 2553 86 0.0 98.75 NR 114503.1
Thalassospira sp. PR54-1 1 048 1 048 90 0.0 79.95 EU441000.1
Thalassospira indica 1 040 1 040 89 0.0 79.96 EU440798.1
Cytobacillus firmus 894 894 83 0.0 78.88 KT226109.1
Paenibacillus validus 891 891 70 0.0 80.49 AB073203.1
Bacillus velezensis 869 869 83 0.0 78.48 AY603658.1
Paenibacillus mucilaginosus 850 850 70 0.0 79.97 FJ039528.3
Bacillus vallismortis 697 697 55 0.0 80.06 MKO016485.1
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