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Abstract: [Background] Microbial fertilizers prepared with plant growth-promoting
rhizobacteria (PGPR) are an important way to achieve sustainable agricultural development.
[Objective] To systematically study the distribution of Bacillus velezensis FH-1 capable of
promoting rice growth in complex soil systems and the mechanism of the strain in promoting
rice growth on a spatial-temporal scale. [Methods] The rice seedlings were inoculated with
B. velezensis FH-1, and rice seedling and rhizosphere soil samples in different layers were
collected at different time points. The plant height and dry weight of rice seedlings were
measured by a ruler and a balance, respectively. After DNA was extracted from the rhizosphere
soil, 16S rRNA gene amplicon sequencing was performed to analyze the microbial community
composition. Spearman correlation analysis was performed to study the correlations between
rice and microorganisms. [Results] On day 0 after inoculation, there was no significant
difference between the B. velezensis FH-1 (F) group and the control group (CK). The rice
growth-promoting effect of group F became increasingly obvious over time. On day 20 after
inoculation, the plant height and dry weight of rice seedlings in group F were 6.02% and
12.52% higher than those in group CK, respectively (P<0.05). During days 5-10 after
inoculation, the colonization abundance of B. velezensis FH-1 in the 0-3 ¢m underground soil
layer was 1.19%-2.64% higher than that in the 3—6 cm underground soil layer. During this
period, B. velezensis FH-1 promoted rice growth by enriching Kineosporiaceae and
Chitinophagales and promoting fumarate respiration in the 0—3 c¢m underground soil layer and
enriching Bacillaceae and Phycisphaerae and enhancing nitrate ammonification in the 3—6 cm
underground soil layer. During days 15-20 after inoculation, the colonization abundance of
B. velezensis FH-1 in the 0-3 cm underground soil layer was 134%—139% higher than that in the
3—6 cm underground soil layer. During this period, B. velezensis FH-1 promoted rice growth by
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enriching Bacillus and llumatobacteraceae and promoting xylanolysis in the 0-3 cm
underground soil layer and enriching Acidimicrobiia and Mycobacterium and boosting
respiration of sulfur compounds in the 3—6 c¢cm underground soil layer. [Conclusion] In the
soil ecosystem, B. velezensis FH-1 promotes the early growth of rice seedlings by
regulating the structure and function of the microbial community in the soil on a

spatial-temporal scale.

Keywords: plant growth-promoting rhizobacteria (PGPR); Bacillus velezensis; soil microbial

community; time; space; rice
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Figure 1

Effects of inoculation with Bacillus velezensis FH-1 on rice. A: Dry weight of rice. B: Plant height

of rice. C: The growth status of rice on the day 20 after inoculation. CK: Non-inoculated with B. velezensis
FH-1; F: Inoculation with B. velezensis FH-1. The same below.
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Figure 2 Effects of inoculation with Bacillus velezensis FH-1 on bacterial a diversity. A: Chaol index. B:

Shannon index.
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Table 1

different spatiotemporal level

Effects of inoculation with Bacillus velezensis FH-1 on o diversity of bacterial communities in

Item Time
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5631.73+191.46Aa
5 825.78+284.90Aa
6 016.90+122.98Aa
5 889.75+255.74Aa
5871.36+108.91Ab
6.30+0.26Bb
6.49+0.22ABb
6.74+0.12ABa
6.51+0.29ABb
6.76+0.11Aa

5873.03+124.53Aa
5886.21+181.81Aa
6 042.79+327.92Aa
5742.75+487.97Aa
6 273.75+124.46Aa
6.81+0.05ABa
6.68+0.15Bab
6.82+0.05ABa
6.66+0.11Bab
6.93£0.07Aa
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6 009.90+165.57Aa
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5936.73+£316.49Aa
6 192.65+233.57Aa
6 149.13+214.38Aab
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6.89+0.12Aa
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The lowercase letters within the same row indicate significant differences in data between different treatment groups at the

same time point (P<0.05); Uppercase letters within the same column indicate significant differences in data at different time

points within the same treatment group (P<0.05).
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Figure 3 Effects of inoculation with Bacillus velezensis
FH-1 on bacterial p diversity. R indicates the degree of
explanation of differences between samples by
grouping methods, and a larger R indicates a higher
degree of explanation of differences by grouping
methods; P<0.05 indicates a significant difference
between groups.
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Figure 4 Effects of inoculation with Bacillus velezensis FH-1 on bacterial B diversity at different spatiotemporal
levels. Effects of inoculation with B. velezensis FH-1 on soil bacterial communities in the 0-3 cm
underground soil layer (A, C, E, G, and I) and the 3—6 cm underground soil layer (B, D, F, H, and J) on day 0
(A and B), 5 (C and D), 10 (E and F), 15 (G and H) and 20 (I and J). R® indicates the degree of explanation of

differences between samples by grouping methods, and a larger R* indicates a higher degree of explanation of
differences by grouping methods; P<0.05 indicates a significant difference between groups.
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Figure 5 Effects of inoculation with Bacillus velezensis FH-1 on bacterial composition at the phylum level.
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Figure 6 Effects of inoculation with Bacillus velezensis FH-1 on bacterial composition at the species level.
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Figure 7 Effects of inoculation with Bacillus
velezensis FH-1 on Bacillus velezensis relative
abundance in different spatiotemporal soils.
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TMEE s K, fET 03 om IS, 5
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531U ZEAE (K 8C) TEFEFNER 5 KAV T
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Table 2 Effects of inoculation with Bacillus velezensis FH-1 on the relative abundance of Bacillus

velezensis in different spatiotemporal soils (%)

Time (d)  CK

F

0-3 cm

3-6 cm

0-3 cm

3-6 cm

0 0.016 8+£0.01b 0.012 4+0.01b
5 0.004 4+0.00b 0.008 8+0.00b
10 0.014 1£0.01b 0.008 8+0.01b
15 0.010 6+0.00c 0.013 2+0.01¢
20 0.006 2+0.01b 0.009 7+0.01b

0.466 7+0.17a
0.515 2+0.12a
0.489 6+0.12a
0.725 2+0.15a
0.600 0+0.29a

0.258 5+£0.31ab
0.521 4£0.13a
0.502 9+0.18a
0.309 7+0.14b
0.250 6+0.08b

ANTFAT /NG R RTEAS [ A BR8] /7 7E 2 2% 22 5 (P<0.05)

Lowercase letters in different rows indicate significant differences among different treatment groups (P<0.05).
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Figure 8 Effects of inoculation with Bacillus velezensis FH-1 on bacterial communities in different
spatiotemporal soil (LDA value>2.5). Differences on soil bacterial communities in the 0-3 ¢cm underground

soil layer (A, C, E, G, and I) and the 3—-6 ¢cm underground soil layer (B, D, F, H, and J) on days 0 (A and B),

5 (C and D), 10 (E and F), 15 (G and H) and 20 (I and J) of inoculation with B. velezensis FH-1, compared to
the control group.
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H

Respiration of sulfur compounds |
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Arsenite oxidation energy yielding [
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Dark hydrogen oxidation ii
1
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9 FEFHDUKRERSFATE FH-1 3 4E B E A RS20
Figure 9 Effects of inoculation with Bacillus velezensis FH-1 on bacterial community function. *: P<0.05.
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[ Uncultured_bacterium_g_ Skermanella 0.20
I Rhizobium sp  NT 26 0.00
I Dissimilatory arsenite oxidation 0 20
I Arsenite oxidation energy yielding i
[ Uncultured_bacterium_g_ norank_f norank_o__norank_c¢_ MB_A2_108 —0.40
N Bdellovibrionota -0.60
N Desulfobacterota —0.80
N Desulfuromonadia
Geobacteraceae
Citrifermentans
Uncultured bacterium g Citrifermentans
I irmicutes
N Bacilli
I Sacillales
Bacillaceae
Bacillus
N Bacillus_velezensis
N Myxococcales
[ Anaeromyxobacter
I Methyvioligellaceae
I Uncultured f Methyloligellaceae
I Xy lanolysis

H I Subgroup_10 0.80
N Unclassified g Subgroup 10 0.60
[N Unclassified ¢ Actinobacteria 0.40
N Uncultured_bacterium_g_ Solirubrobacter 020
[N Chioroflexi 0.00
NN Anaerolineaceae -0.20
I Uncultured f Anaerolineaceae -0.40
T Uncultured Chloroflexi bacterium g uncultured f  Anaerolineaceae —0.60

Rokubacteriales —0.80
Myxococcota -1.00
i— Polyangia
L 1 Norank_f  Blrii4]
Uncultured_bacterium_g_ norank f Blrii41
Caulobacterales
Caulobacteraceae

Tistrellales

Geminicoccaceae

Uncultured_f Geminicoccaceae
it - Gemini
| Uncultured_bacterium_g_ uncultured f Geminicoccaceae
- - Nitrosornonadaceae
— D!

- Dark hydrogen oxidation

[ Mycobacteriaceae

Micrococcaceae
Arthrobacter

Unclassified_g_ Arthrobacter
WCHBI1_32
Uncultured_bacterium_g  WCHBI1_32

Bacillus velezensis
Clostridia

—
B Clostridiales
[ Clostridiaceae

I Clostridium_sensu_stricto_8
I Uncultured_bacterium_g  Clostridium_sensu_stricto 8

I Gracilibacteraceae

I Uncultured_bacterium_g_ Lutispora
N Peptostreptococcales_Tissierellales
Norank_f _norank_o__Saccharimonadales

10 KFEMEFDFRINGEMBRXMRE A VUSRI FH-1 %5 5 K(A. B). 5 10 X(C.
D). %5 15 R(E. F)MH 20 X(G. Hy/KFEHkm ST 0-3em (A, C, E. G)MMTF 36cem (B, D, F,
H) L322 S Wy b K D RE A AH S

Figure 10 Heat map of correlation between rice and differential species and functions. Correlation of rice
plant height with soil differential species and functions in the 0—3 ¢m underground soil layer (A, C, E, and G)

and the 3—-6 cm underground soil layer (B, D, F, and H) on day 5 (A and B), 10 (C and D), 15 (E and F), and
20 (G and H) of inoculation with B. velezensis FH-1.
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