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Bacteria isolated from rhizosphere soils of three blueberry
varieties affect the growth and development of blueberry
seedlings
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Abstract: [Objective] We isolated bacteria from the rhizosphere soils of three blueberry
varieties, explored the bacterial diversity, and screened out the strains with acid-producing,
plant growth-promoting, and antifungal properties, aiming to provide high-quality strain
resources and a theoretical basis for the research on blueberry-specialized microbial fertilizers.
[Methods] Five different media were used to isolate the bacteria from rhizosphere soils, and
16S rRNA gene sequencing and phylogenetic analysis were performed. The strains capable of
producing acid, indole-3-acetic acid (IAA), and siderophores, fixing nitrogen, solubilizing
phosphorus, and inhibiting the growth of Botrytis cinerea were screened out. The suitable
strains with excellent properties were selected and then inoculated in blueberry seedlings
cultivated in pots. The effects on the growth and element absorption of the seedlings and
fertility of rhizosphere soil were examined. [Results] A total of 124 strains were isolated from
the rhizosphere soils of three blueberry varieties. Seventy representative strains were selected
for 16S rRNA gene sequencing, belonging to 21 genera of 3 phyla, among which Bacillus,
Pseudomonas, Streptomyces, and Rhodococcus were the dominant bacteria. Among the
representative strains, 21.4%, 21.4%, 47.1%, 65.7%, and 14.3% could produce acids, produce
IAA, fix nitrogen, solubilize phosphorus, and secrete siderophores, respectively. A few strains
displayed the abilities of producing acids and TAA, fixing nitrogen, solubilizing phosphorus,
and inhibiting B. cinerea simultaneously. Pseudomonas chlororaphis CSM-70 and
Pseudomonas piscium CSM-129 with acid-producing and growth-promoting characteristics
were selected and inoculated in blueberry seedlings. Both strains significantly promoted the
growth and development of blueberry seedlings and regulated the pH of the rhizosphere soil. In
addition, strain CSM-70 significantly promoted the absorption of nitrogen and phosphorus in
blueberry leaves and increased the content of available potassium and available nitrogen in the
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soil. [Conclusion] The blueberry rhizosphere soil has high bacterial diversity and harbors
abundant plant growth-promoting strains. P. chlororaphis CSM-70 and P. piscium CSM-129
can promote the growth of blueberry seedlings, regulate rhizosphere soil pH and fertility, and
promote nutrient absorption, demonstrating the potential of serving as blueberry-specific

microbial fertilizers.

Keywords: blueberry; plant growth-promoting bacteria in rhizosphere; diversity; microbial

fertilizers
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Figure 1

The strains number of bacteria from different blueberry soil samples and different isolation media.

A: Percentage of bacteria isolated from three types of blueberry (Bowu, Tianhou, and Laikexi) rhizosphere
soils. B: Number of bacteria obtained from different media. a: LB medium; b: NA medium; c:
Trehalose-proline medium; d: Starch-arginine medium; e: ISP 5 medium.

<l actamicro@im.ac.cn, & 010-64807516



B AR 25 | AR FIR, 2024, 64(2) 571

A B
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Priestia, 1 Pseudarthrobacter, 4

Sphingomonas, 1
Micrococcus, 2

Variovorax, 2

Planococcus, 1

Kocuria, 3

Paenibacillus, 2

Leifsonia, 1
Weizmannia, 1

FL B § IR PESIEMCISE. |

4 YEUUUTITIUNIUD
Streptomyces
Tianhou Variovorax Bowt

Bacillus
Kocuria

Rhodococcus
Microbacterium

Laikexi

B2 =MESRFRTEAENSHEENS BRI
Figure 2 Diversity and distribution statistics of rhizosphere bacteria from three blueberry soil samples. A:
Phylum level statistics analysis. B: Genus level statistics analysis. C: Venn diagram showing comparison of

isolates at the genus level from three types of blueberry.
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Genus Bootstrap
[] Pseudomonas [ Bacillus [T Plantibacter [ ] Kocuria [T Variovorax 027
B Paenibacillus || Rhodococcus [ Leifsonia [ Pseudarthrobacter || Sphingomonas - 0.46
Planococcus || Cellulomonas || Microbacterium [_] Jiella [ Exiguobacterium - (.64
[ ] Priestia B Arthrobacter [ Micrococcus B Brevundimonas [ Streptomyces -0.82
] Weizmannia -1.00

NBRC 35217 (BBQB01000031)

B3 ET 16S rRNA EFFFIMENEESRMARRGELEHN
Figure 3 The phylogenetic tree of blueberry rhizosphere bacteria based on 16S rRNA gene sequences.
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A Inorganic phosphate
solubilization

Amylase production

N-fixation

Acid production

B 50
46
40
Z 33
‘= | —
=N 17
E 15 15
10
0 a b c d e

4 EBEERFARREKTENFESSITER

Figure 4 Screening and statistical results of growth promoting characteristics of blueberry rhizosphere
bacteria. A: Positive screening results for different growth promoting characteristics, inorganic phosphate
solubilization, growth on nitrogen-free medium, siderophore and IAA production, amylase and cellulase
production, and the acid production. a: IAA production; b: Inorganic phosphate solubilization; c: Amylase
production; d: N-fixation; e: Acid production; f: Siderophore production; g: Cellulase production. B: Number
of strains with different growth promoting characteristics.
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x1 EWRRFRARERE KEFHERANERE
Table 1 Growth promoting characteristics and antimicrobial ability of five rhizosphere strains
Strains Identification Hemolysis Acid IAA Nitrogen- Phosphate Siderophore Antifungal
result production  value fixation  solubilization production percentage
and pH value (D/d) (%)
CSM-18  Pseudomonaskairouanensis  + 6.23+0.14 - - 6.80 - 100
CSM-46  Paenibacillustaichungenss - 4.38+0.08 - - - 93.6
CSM-70  Pseudomonas chlororaphis — 5.37+0.03 - + 2.40 + 100
subsp. aureofaciens
CSM-105 Bacillus velezensis - 6.42+0.04  8.27+0.02 + 1.50 - 100
CSM-129 Pseudomonas piscium - 4.87+0.02  13.02+0.91 + 2.60 - 100

D: Transparent zone diameter (mm); d: Colony diameter (mm); +: Positive; —: Negative.

Acid production

CSM-70

CSM-129

Hemolysis

Inhibition of Botrytis cinerea

5 Btk CSM-70 F1 CSM-129 Bz, 7% M 14 A4 2 B % 4 S AR
Figure 5 Detection for acid production, hemolysis, and inhibition of Botrytis cinerea by CSM-70 and CSM-129.

CSM-70 @

<%

CSM-129

6 Btk CSM-70 F1 CSM-129 432 5 B9 2 3 15
BERUTK
Figure 6 Phenotypic changes in potted blueberry

seedlings after root irrigation with strains CSM-70
and CSM-129.
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Figure 7 Phenotypic data of potted blueberry seedlings treated with strains CSM-70 and CSM-129. A: Plant
height. B: Number of branches. C: Dry weight of root. D: Number of leaves. E: Maximum leaf diameter. F:

Soil pH value. Different small letters represent significant differences (P<0.05).
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Table 2 Effect of bacteria treatments on nutrient content in leaves of blueberry and physicochemical properties

of rhizosphere soil

Groups Element absorption in leaves Physical and chemical properties of rhizosphere soil
N (g/kg) P (g/kg) K (g/kg) Available K Hydrolytic N Organic matter Available P
(g/kg) (g/kg) (g/kg) (g/kg)
CK 15.9140.395 0.78+0.080  8.09+0.471 0.87+£0.053  1.3940.006  544.18+21.036 0.15+0.049
CSM-70 16.9+0.070* 1.15+0.171* 8.28+0.092 1.09+0.089* 1.82+0.139* 569.81+8.404  0.19+0.039
CSM-129  16.47+0.299 1.07£0.001  8.33+0.228 0.94+0.006  1.52+0.044  589.53+13.559 0.16+0.001

Results are expressed as the mean+SD (n=3). The asterisk indicates a significant difference between the control group (CK)

and the treatment group (P<0.05).
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