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Evaluation of plant growth-promoting effects of rhizosphere and
endophytic bacteria of Atriplex canescens in the Ulan Buh Desert
and construction of strain combinations
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Abstract: As a pioneer species in desert areas and the main host of Cistanche deserticola, Atriplex
canescens 1s widely planted in the Ulan Buh Desert in Inner Mongolia. Rhizosphere and
endophytic microorganisms play a significant role in the growth and stress resistance of plants.
However, few studies have been conducted on the growth-promoting functions of rhizosphere and
endophytic bacteria on A. canescens in the Ulan Buh Desert. [Objective] We screened plant
growth-promoting strains from the rhizosphere and endophytic bacteria of 4. canescens, aiming to
provide microbial resources for the sustainable breeding of A. canescens in this region. [Methods]
Rhizosphere soil and plant samples of A. canescens were collected from the Ulan Buh Desert in
Dengkou County, Inner Mongolia. Rhizosphere and endophytic bacteria were isolated and purified.
The plant growth-promoting effects of these bacteria and the plant growth-promoting bacteria of
Astragalus previously obtained by our research group on A. canescens seedlings were investigated.
Molecular biological identification and functional analysis were conducted on the strains with
significant plant growth-promoting effects. Then, these strains were combined and the growth-
promoting effects of the strain combinations on 4. canescens were evaluated. [Results] A total of
60 rhizosphere bacterial strains and 14 endophytic bacterial strains of A. canescens were isolated.
Two endophytic bacterial strains significantly promoted the growth of 4. canescens seedlings.
Among the Astragalus growth-promoting bacteria tested, three strains had significant growth-
promoting effects on 4. canescens seedlings. The five plant growth-promoting strains were
identified as four species belonging to three genera: Pseudomonas, Bacillus, and Acinetobacter.
These strains had different levels of nitrogen fixation, inorganic and organic phosphorus
solubilization, potassium feldspar and potassium aluminum silicate solubilization, and indole-3-
acetic acid (IAA) and biofilm production. Most of the strains had the ability to produce
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siderophores. Multiple strain combinations promoted the growth of 4. canescens. Combinations 2
(IH-2, IH-9, and TYA27), 3 (IH-2, IH-9, and PAS13-2) and 4 (IH-2, TYA39, and TYA27)
demonstrated the best comprehensive plant growth-promoting effects, with Pseudomonas bijieensis

IH-2 as the core strain. [Conclusion] The growth-promoting bacteria of 4. canescens in the Ulan

Buh Desert mainly include Pseudomonas and Bacillus. P. bijieensis plays a core role in the plant

growth-promoting bacterial combinations.

Keywords: Atriplex canescens; plant growth-promoting rhizobacteria; plant growth-promoting
endophytic bacteria; plant growth-promoting effect; strain combinations
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Table 1 The combination situation of the strains

Combination The combination situation of the strains Combination The combination situation of the strains
1 IH-2, IH-9, TYA39 9 IH-9, TYA27, PAS13-2

2 IH-2, TH-9, TYA27 10 TYA39, TYA27, PAS13-2

3 IH-2, TH-9, PAS13-2 11 IH-2, TH-9, TYA39, TYA27

4 TH-2, TYA39, TYA27 12 TH-2, TH-9, TYA39, PAS13-2

5 IH-2, TYA39, PAS13-2 13 IH-2, IH-9, TYA27, PAS13-2

6 IH-2, TYA27, PAS13-2 14 IH-2, TYA39, TYA27, PAS13-2

7 H-9, TYA39, TYA27 15 TH-9, TYA39, TYA27, PAS13-2

8 IH-9, TYA39, PAS13-2 16 IH-2, TH-9, TYA39, TYA27, PAS13-2

PP S AG IR REIGEY W RSk Heus; MU EEZEAR N o B A5 21 14 FR AR 40
H, WBoEEERES, 2REAGSRIL A6,
A . E
2 RGN FHOEH(E 1), ABFEILsrBE5) 74 R
2.1 MEEZFRREAEAREND S 2.2 POELEFEIRPR R A ME X OEE
T 12 R2OA BiZa s PO ga iR b 14y RN KIS0
B 60 MARBRANE , B L 2R A6 . Kl TE DU AR B0 B A 49 B B X DU i

Bl #RoEERRIRS N BERIES R

Figure 1 Cultivation characteristics of some rhizosphere and endophytic bacteria of Atriplex canescens. A-1:
The strains AHL-4, PHL-8-2, HL-4, HL-1, PHL-8-1, AHL-3, AHL-5, AHL-3-2 and PHL-2 of rhizosphere
bacteria of Atriplex canescens, respectively; J-R: The strains IH-2, IH-9, IH-3-4, IH-5-2, IH-5-3, IH-7-1-1, IH-§,
IH-4 and [H-7-1-2 of endophytic bacteria of Atriplex canescens, respectively.
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Figure 2 The growth promotion effect of some strains of rhizosphere and endophytic bacteria of Atriplex

canescens on the Atriplex canescens seedlings. A, B, C and D are the treatment groups treated with the microbial

inoculum IH-2, IH-9, PHL-2 and HL-1, respectively. The plant on the far right in each figure is the CK control

group. The length of the scale bar in the lower left corner is 2.5 cm.
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Figure 3  Effect of some strains of rhizosphere and endophytic bacteria of Atriplex canescens on the growth of
the Atriplex canescens seedlings. A, B, C, D, E, F, G and H are the root length, plant height, root diameter, stem
diameter, fresh weight, dry weight, number of lateral roots and number of leaves of Atriplex canescens seedlings,
respectively. CK is the control group, and the others are the treatment groups treated with the corresponding
microbial inoculums. The strains whose numbers start with “I” are endophytic bacteria IH-1, IH-2, IH-3-1,
IH-3-2, IH-3-3, IH-3-4, [H-5-1, IH-5-2, IH-5-3, IH-7-1-1, [H-7-1-2, IH-7-2, IH-8, IH-9, while those without “I”
are rhizosphere bacteria HL-1, HL-4, HL-6, HL-7, PHL-6-1, PHL-6-2, PHL-8-1, PHL-8-2, AHL-4, AHL-5,
PHL-2. *, ** #%% or **#* indicates a significant difference from the control treatment at the P<0.05, P<0.01,
P<0.001, or P<0.000 1 level, respectively.
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Figure 4 The growth promotion effect of some strains of growth-promoting rhizosphere bacteria of Astragalus

membranaceus on the Atriplex canescens seedlings. A, B, C and D are the treatment groups treated with the
microbial inoculum NAS12-1, TYA39, TYA27 and PAS13-2, respectively. The plant on the far right in each

figure is the CK control group. The length of the scale bar in the lower left corner is 2.5 cm.
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Figure 5 Effect of some strains of growth-promoting rhizosphere bacteria of Astragalus membranaceus on the
growth of the Atriplex canescens seedlings. A, B, C, D, E, F, G and H are the root length, plant height, root
diameter, stem diameter, fresh weight, dry weight, number of lateral roots and number of leaves of Atriplex
canescens seedlings, respectively. CK is the control group, and the others are the treatment groups treated with
the corresponding microbial inoculum, *, ** or *** indicates a significant difference from the control treatment
at the P<0.05, P<0.01, or P<0.001 level, respectively.
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Figure 6 Phylogenetic tree of the growth-promoting strains based on 16S rRNA gene sequences. The numbers
in parentheses: The sequence accession number. The bolded letters: The numbers of the growth-promoting strains
isolated in this study. The numbers in each branch points: The percentages supported by bootstrap. The bar: The

nucleotide sequence divergence.
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Table 2 Analysis of the growth promoting functions of Atriplex canescens growth promoting strains

Strain Nitrogen Inorganic Organic Potassium Potassium Siderophores [AA Biofilm
number  fixation  phosphorus phosphorus feldspar aluminosilicate  production production  production
solubilization solubilization solubilization solubilization

IH-2 2 3 3 2 4 4 + +
1H-9 4 1 5 4 3 3 + +
TYA39 3 2 2 3 2 5 + +
TYA27 1 4 1 1 1 0 + +
PASI3-2 5 5 4 5 5 0 + +

The numbers 1 to 5 indicate the level of the corresponding function, with 0 representing the lack of that capability. + indicates that it

can grow on this medium or has the ability to do so.
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Figure 7 Effect of some compound combinations of the growth-promoting bacteria on the Atriplex canescens

seedlings. A is the control group, and B, C and D are the treatment groups of strain combination 2, 3 and 4,

respectively. The length of the scale bar in the lower left corner is 2.5 cm.
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Figure 8 Effect of the compound combinations on the growth of Atriplex canescens seedlings. A, B, and C are

root length, plant height, and dry weight of Atriplex canescens seedlings, respectively. CK is the control group,

and the others are the treatment groups treated with the corresponding compound combinations.
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