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Abstract
In agriculture, Bacillusspecies are efficient and ecologically tool for promote the growth of theplant.

Purpose: This study obtains the plant growth-promoting (PGP) ability ofendophytic bacteria isolated from the potato
tubers.

Methods: Using endophyticbacteria to promote potato growth, achieve the purpose of increasing production.In
this experiment, the growth- promoting ability of the strain was verified bylaboratory identification and field test
validation.

Result: The isolateswere identified as Bacillus species based on a 165 rRNA gene sequenceand gyrB gene sequence
analysis. DNA hybridization finally identified it as Bacillusvelezensis. Among the PGP attributes, the strain K-9 was found
to be positivefor indole acetic acid (IAA) production, phosphate solubilization, siderophoreproduction, and nitrogen
fixation. The isolate was found negative for potassiumsolubilization. The quantitative estimation of IAA product to 9.09
ug/ml. Theisolate also had the ability to produce lytic enzymes such as amylase andprotease. The quantitative estima-
tion of protease activity is 89.16 ug/ml. The inoculation strain K-9 improved bioaccumulation of rootsand buds and
yield in the potato compared to uninoculated control plants.

Conclusion: These findings give an insight into the ways to use PGP bacteria to increasepotato production.
Keywords: Bacillus, Potato tubers, Endophytic bacteria, PGPR

Background

The bacteria that live in or near plant roots support the
plant growth and are usually referred to as plant growth-
promoting rhizobacteria (PGPR) (Kloepper et al., 1980).
The plant rhizosphere is having multitude of plant-microbe
interactions that are influenced by rhizo-secretions and
resident microflora (Zahar et al., 2014). In sustainable agri-
culture, biocontrol and plant growth promotion activities
are significant characteristics of commercial agents (Qiao
etal, 2017).
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The genus Bacillus comprises more than 300 species
with validly published names (Sun et al.,, 2021). Bacil-
lus species have come to play an increasingly impor-
tant role in applied microbiology. Bacillus species have
strong adaptability to the environment (Liu et al., 2019;
Cui et al., 2015). Bacillus species are gram-positive, rod-
shaped, sporulating bacteria that are able to control plant
diseases through a variety of mechanisms (antibiosis,
defense responses in the host plant, competition) (Zahra
et al.,, 2021). Bacillus have been isolated from marine sed-
iments (Xu et al., 2020), soda lake (Menes et al., 2019),
salt mine (Roohi et al., 2014), plant rhizosphere (Weihui
et al,, 2020), plant leaves (Zhang et al., 2017), and plant
tubers (Cui et al., 2019). Specific methods and proce-
dures are summarized in Fig. 1. Endophytic bacteria
screened from plants are particularly adaptable to host
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Fig. 1 Isolation and screening of endophytic bacteria for biocontrol. 1, sampling from thriving plants. 2, isolation from surface sterile tissues using
artificial media. 3, molecular identification using ribosomal genes. 4, mass production tests. 5, screening test of endophytic bacteria to plants in
greenhouse. 6, endophytic bacteria with growth-promoting effect were tested in the field. 7, the potential PGPR can enter the industrial stage

crops (Abedinzadeh et al., 2019). A few endophytic bac-
teria have the function of promoting crop growth directly
and indirectly. They can dissolve phosphorus, potassium,
and other minerals in the soil, fix nitrogen in the air for
plants to use, generate siderophores, better absorb iron
in the soil for plants, synthesize indoleacetic acid, and
promote plant growth (Amaresan et al., 2012). In the pre-
sent study, we proposed a species of the genus Bacillus,
strain K-9, isolated from the potato tubers. Strain K-9 can
increase potato yield and is a potential green pesticide. It
provides a basis for further understanding the growth-
promoting function of potato endophytic bacteria and its
agricultural development and utilization and is of great
significance to the sustainable utilization of agricultural
ecosystem.

Methods

Isolation and cultivation

Strain K-9 was isolated from the junction of the healthy
epidermis and scab spots of the potato tuber collected
at Keshan County in the China (122°E, 46°N). The sam-
ple was obtained by potato field sampling of September
2020. The potato tubers were surface disinfected with
75% v/v ethanol for 30 s and 5% v/v sodium hypochlorite
for 1 min followed by rinsing with sterile water. A ster-
ile scalpel was used to cut the interface between the dis-
eased potato spot and the healthy potato skin and ground
it in a sterile mortar. The homogenate was placed in a

sterile centrifuge tube, diluted with 10 mL sterile water
to 1072-107°, and 100 pL of each dilution was spread on
a beef extract medium (NA) plate (beef extract 3 g, pep-
tone 5 g, yeast extract 1 g, sucrose 10 g, agar 17 g, sterile
water 1000 mL, pH 7.2). The isolates were purified and
cultured at 28 °C and stored in at —80 °C (Ma et al., 2022).

Morphological, physiological, and biochemical
characteristics

Characteristics of strain K-9 were examined using routine
cultivation methods on NA media at 28 °C (except where
indicated otherwise). Escherichia coli was obtained from the
Microbiology Laboratory of Bayi Agricultural University as
a reference strain for biological chemical test.

Strain K-9 were cultured in NA plate for 24 h, then
gram-stained, observed under a microscope, and photo-
graphed. The physiological and biochemical properties of
the strain were determined by referring to Bergey’s Bac-
teria Identification Manual and Manual of Identification
of Common Bacterial Systems (Buchanan and Gibbons
1984; Dong and Cai 2001). Growth at various NaCl con-
centrations (0—15%, at intervals of 1.0%) was determined
at 28 °C in NA broth media that contained all constitu-
ents of NA broth but lacked NaCl, and NaCl was added
as a supplement at various concentrations. Catalase
activity was determined by bubble formation in a 3% (v/v)
H,O, solution. The pH range for growth was determined
from pH 3.0 to 11.0 (at intervals of 1.0 pH unit) in NA
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broth. Utilization of carbohydrates (sorbitol, saccharose,
glucose, xylose, lactose, cellobiose, raffinose, rhamnose,
fructose, galactose, mannitol, maltose, inositol, arab-
inose, sodium alginate, sodium gluconate, glycine) was
tested using the basic medium with the corresponding
carbohydrates (5 g/L). The basic medium contained (per
liter): 2 g (NH,),SO,, 25 g NaCl, 0.5 g NaH,PO,-H,0, 0.5
g K,HPO,, 0.2 g MgSO,-7H,0, and 0.1 g CaCl,-2H,0.
Fatty-acid analysis of strain K-9 was undertaken by the
analytical services of Microbial Identification Systems
(Panomix Biotechnology Company, China), determined
by targeted metabolism.

Phylogenetic and genomic analysis

Strain K-9 was further identified through the analysis of
its 16S rRNA, gyrB gene sequences (Lane 1991; La et al.,
2004) and complete genome sequence. DNA of antagonis-
tic strains was extracted by a Tiangen Bacterial Genome
Kit. The 16S rRNA primers were 27F (5-AGAGTTTGA
TCCTGGCTCAG-3') and 1492R (5-GGTTACCTTGTT
ACGACTT-3'). The gyrB amplification was performed
with the gyrB-F primer (5-GAAGTCATCATGACCGTT
CTGCAYGCNGGNGGNA ARTTYGA-3') and gyrB-R(5'-
AGCAGGGTACGGATGTGCGAGCCRTCNACRTC
NGCRTCNGTCAT-3'). The PCR amplification of 16S
rRNA was done in a mix containing PCR MIX 25 pL, posi-
tive and negative primers 1 pL each, and bacterial DNA 2
pL. The PCR reaction procedure was as follows: pre-dena-
turation at 95 °C for 5 min; 95 °C denaturation for 30 s, 62
°C annealing for 30 s, 72 °C extension for 45 s, 30 cycles;
the final elongation was at 72 °C for 7 min. The products
were sequenced by Sangon Biotech Co. Ltd. (Shanghai,
China). After BLAST comparison on NCBI and EzTaxone
server (http://eztaxon-e.ezbiocloud.net/, (Kim et al., 2012)),
strains with high similarity in GenBank (http://blast.ncbi.
nlm.nih.gov/Blast.cgi) and IPSN (https://lpsn.dsmz.de/
species/bacillus) were selected, and the neighbor-joining
method in MEGA 7 software was used to construct a phy-
logenetic tree. The minimum evolution (ME) tree was con-
structed using close-neighbor-interchange heuristic search
method and complete deletion option (Sun et al.,, 2018).
The phylogenetic trees were confirmed by bootstrap analy-
sis based on 1000 replications.

In vitro assessment of plant growth promotion (PGP) traits
Qualitative assay

Freshly grown bacterial isolates were streaked on Jens-
en’s medium (HiMedia) (Sudrez-Moreno et al.,, 2019,
Mohammed et al., 2020), and plates were incubated at 28
°C for 2 days. Growth on Jensen’s medium shows the abil-
ity of isolates to fix nitrogen. The strain K-9 were meas-
ured for the production of siderophore using the Chrome
Azurol S (CAS) agar medium described by Schwyn and
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Neilands (1987, Reang et al., 2022). The strain K-9 culture
was streaked on the CAS medium and incubated at 28 °C
for 48 h. Siderophore production was confirmed by the
formation of an orange-to-yellow halo around the colo-
nies. Phosphate and potassium solubilization using the
agar medium described by Rushabh et al. (2020). ACC
deaminase production and cellulolytic activity conducted
by Suarez’s method was used for qualitative detection
(Sudrez-Moreno et al., 2019).

Quantification assay

IAA was quantitatively determined by Sudrez-Moreno
et al. (2019) method. The strain to be tested was inocu-
lated in LB liquid medium containing sterile tryptophan
(0.5 g/L), cultured at 180 r/min at 28 °C for 5 days, cen-
trifuged at 6000 r/min for 10 min, and 1 mL supernatant
was added to 2 mL Salkowski’s colorimeter, and the reac-
tion was performed at 40 °C for 30 min in the dark. The
absorbance value was measured at 530 nm, and 1 mL
of sterile tryptophan high medium without strain was
added to 2 mL of Salkowski’s colorimetric solution to
adjust to zero. Calculating IAA concentration was estab-
lished using pure IAA and expressed as microgram per
milliliter. The protease activity was determined by folinal
method (Ruth et al,, 2016; Borah et al., 2019). Calculating
casein concentration was established using pure casein
and expressed as microgram per milliliter.

Effect of strain K-9 on germination of potato tubers

Potato seeds were treated for 3 min with a 2% (v/v)
sodium hypochlorite solution for surface sterilization;
75% alcohol was disinfected for 1 min, washed three
times sterile water, and air-dried. The strain K-9 inocu-
lums were prepared in the nutrient broth medium for 24
h at 34 °C and diluted to a final concentration of 10® cells
per milliliter with sterile distilled water. The seeds (30 g)
were sown into sterilized vermiculite, then soaked each
potato tuber in 10 mL of fermentation broth, and covered
with 7-cm-thick vermiculite. Cultured in a greenhouse
at 20 °C. Potted seed traits were investigated on day 25.
Medium-treated seeds served as controls.

Effects of strain K-9 on growth promotion of potato in field
The total rainfall from April to September was 643 mm,
and the average temperature was 15.76 °C. The soil type
was chernozem soil, with uniform fertility and level
ground. The properties of the soil in the surface layer of
10-30 cm are shown in Table 1.

In this experiment, we used the potato variety ‘Eugene’
The experiment was sown on May 3, 2021, with preci-
sion spot seeding. The spacing of each hole was 25 cm,
and the row spacing was 80 cm. The seedling preserva-
tion rate in the field was 98%. The treatments adopted the
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Table 1 Physicochemical properties of the soil (10-30 cm soil layer)
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Soil properties Alkali-hydrolyzable

nitrogen (mg-kg™") (mg-kg™")

Available phosphate

Available potassium  pH
(mg-kg™")

Organic matter
(gkg™)

Value 15525 £ 0.86 28.62 £ 052

38850 £4.37 6.12£0.14 31.52£0.55

method of hole application, with antagonistic strain fer-
mentation broth (10® cfu/mL) applied at 50 mL/hole. The
NA medium was applied at 50 mL/hole as the control.
The experiment was set up as a completely randomized
block design, consisting of three replicates, with a total
of 6 plots (20 m? each). Plant samples were taken at the
formation stage for biomass determination. Each part
of potato was killed in an oven at 105 °C for 30 min, and
then, the oven was adjusted to 80 °C to dry to constant
weight. The dry matter weight of potato stem, leaf, tuber,
and root was measured. A central part (12 m?) of each
potato plot was selected to investigate potato yield. The
formula used in this section is as follows (Li et al., 2021):
yield increase effect = (treatment yield—control yield)/
control yield x 100%.

Tubers were collected, weighed, and graded by size
according to the standards of local growers (Matteau
et al.,, 2022). The three size-based classes included the fol-
lowing: small tubers (between 0 and 75 g), medium tubers
(between 75 and 150 g), and large tubers (over 150 g).

Results and discussion

Morphological, physiological, biochemical,

and chemotaxonomic characteristics

Morphological, cultural, physiological, and biochemi-
cal characteristics of strain K-9 are given in the species
description in Tables 2 and 3. In this study, the major
fatty acids of strain K-9 contained C16:0, C18:0, C22:4,
C22:5N6, C22:5N3, and C22:6N3 (Table 3). Cells are
gram-stain-positive, rod-shaped, pH3.0-10.0 (optimum,
7.0) and with 0-10% (w/v) NaCl. Nitrate is reduced.
Indole, ammonia production, and hydrogen sulfide test is
positive, citrate and phenylalanine amino acid deaminase
are negative. Sorbitol, saccharose, glucose, xylose, lactose,
cellobiose, raffinose, rhamnose, fructose, galactose, man-
nitol, maltose are utilized as carbon and energy sources.

Phylogenetic and genomic analysis

The length of 16S rRNA of strain K-9 was 1220 bp. The
16S rRNA gene sequence of strain K-9 was related to
Bacillus velezensis, Bacillus amyloliquefaciens and Bacil-
lus subtilis and other strains, sharing more than 97% of
the genetic sequences. Then, strain K-9 was compared
with type strains; it was found to be on the same branch
as Bacillus velezensis NRRL B41580 (Fig. 2). It was

difficult to distinguish the types of strain K-9 (Fig. 3). The
length of gyrB gene sequence of strain K-9 was 1189 bp.
Blast comparison found that the gyrB sequence of strain
K-9 was similar to that of Bacillus amyloliquefaciens and
Bacillus velezensis strain (Fig. 3). In order to identify
the scientific and reliable results, physiological and bio-
chemical characteristics of the similar strains were distin-
guished, and DNA hybridization was identified.

Table 4 shows the main features that distinguish Bacil-
lus velezensis and Bacillus amyloliquefaciens from other
phenotypically and phylogenetically related taxa. The
strains are characterized by their capacity to produce

Table 2 Physiological and biochemical characteristics of strain K-9"

Characteristic 1 2
Gram staining + -
Phenylalanine amino - -
acid deaminase

Contact enzyme + +
Starch hydrolysis + ND
Ammonia production  + ND
test

Gelatin liquefaction + -
Hydrogen sulfide test  + -
MR - +
V-P + -
10% NaCl + ND
pH 10 + ND
Nitrate + +
Indole test + -
Citrate - -
Sorbitol, saccharose, + +
glucose, xylose,

lactose

Cellobiose, raffinose,  + -
rhamnose

Fructose, galactose, + +
mannitol, maltose

Inositol - -
Arabinose, sodium - +

alginate, sodium
gluconate, glycine

Strains: 1, K-9; 2, E. coli. Data are from this study, unless otherwise indicated.
+positive, —negative
ND not determined
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Table 3 Cellular fatty acid (ug/g) compositions of strain K-9"

Fatty acid K-9 Fatty acid K-9

C6:0 122522 171 4.82156
8.0 0.85903 c180 274.17641
C10:0 — C181IN12T 16.45
c11:.0 — C18:1N7 169
C12:0 0.65133 C18:2NeT 17.59
C13:0 — C19:IN12T 1.59901
C14:.0 456188 C20:0 2.61903
C14:1 — C20:5N3 27.7
C14:1T 243339 C21:0 —

C150 3574 €220 0.24846
C151T 7.81137 C22:4 29.23
C15:1 3.19354 C22:5N6 29.74
C16:0 346.94394 C22:5N3 3043
c1e:1T 113127 C22:6N3 3093
c16:1 4.04883 €230 —

C17:0 1.30701 C24:0 —
azaT 3.34883 C24:1 1.90637

C16:0, strain K-9 much higher than the other two strains.
The length of the whole genome also varies.

DNA-DNA hybridization was conducted following
the methods of Ruiz-Garcia et al. (2005). Strain K-9
was not related to the Bacillus subtilis and Bacillus

amyloliquefaciens, showing less than 70% hybridization
with them (Table 5). Strain K-9 was related to the Bacil-
lus velezensis NRRL B41580, showing more than 70%
hybridization with it. The K-9 strain was identified as
Bacillus velezensis.

20

89

67

22

27

13

15

0.001

—— Bacillus subtilis ATCC 6051T(AJ2 76351)

——— Bacillus tequilensis | 0b(KU500023)

— Bacillus cabrialesii TE3 T( MK462260)

—— Bacillus inaquosorum NRRL B2305 2T( EU138467)

Bacillus nakamurai B41 09IT(KU83685-I)
Bacillus nematocida Bl 6T(A Y820954)

— Bacillus K-9 (OL378201)
— Bacillus velezensis NRRL B41 58()T(E Ul38484)

Bacillus amyloliquefaciens DSM7 T(K Y047618)
Bacillus siamensis strain PDAI OT( MH283879)

Fig. 2 Phylogenetic tree of strain K-9 constructed based on type strain 165 rRNA gene sequence. Bootstrap values (%) presented at the branches
were calculated from 1000 replications. The scale bar means 0.1% sequence difference
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99— Bacillus amyloliquefaciens DSM 7 gyrB (NC014551)
96 ———— Bacillus K-9 gyrB (PRINA796832)
65 Bacillus velezensis CBMB205 gyrB (CP011937)
— Bacillus subtilis 168 gyrB (NC000964)
96— Bacillus inaquosorum NRRL B-23052 gyrB (HQ605914)
— Bacillus altitudinis MTCC 7306 gyrB (KM055075)
53— Bacillus licheniformis ATCC 14580 gyrB (NC006322)
Bacillus siamensis DSM 25261 gyrB (KC311725)
Fig. 3 Phylogenetic tree of strain K-9 constructed based on gyrB gene sequence. Bootstrap values (%) presented at the branches were calculated
from 1000 replications. The scale bar means 5% sequence difference

In vitro assessment of plant growth promotion (PGP) traits

In this experiment, in vitro method was assessed to
screen the potential of isolated microorganisms to pro-
mote plant growth (Table 6, Fig. 4). The assessment of
growth-promoting abilities is important. It is considered
an effective tool in the investigation of microbes (Rushabh
et al,, 2020). In this study, strain K-9 had nitrogen-fixing
activities, positive activity for IAA, and siderophore pro-
duction. Strain K-9 was positive able to solubilize orga-
noposphorus. The PGPR containing ACC deaminase can
hinder the abiotic stress of induced ethylene production
and its associated adverse effect on plants (Reang et al.,
2022). In this study, strain K-9 was capable to produce
ACC deaminase enzyme. Protease and amylase are indi-
cators of biocontrol characteristics, and strain K-9 can
produce these two enzymes, indicating that this strain has
certain biocontrol characteristics.

Strain K-9 on potted potato germination in greenhouse
After seed tubers were treated with strain K-9, potato
growth was examined. Potato tubers had 100% sprout-
ing. The length of seed bud and fresh bud weight with
K-9 treatment was not significantly higher than con-
trol (Fig. 5). Root number, fresh and dry weights of
potato root, and dry bud weight were significantly
higher than control.

Strain K-9 on growth promotion of potato in field

The more dry matter a crop accumulates, the better it
grows. Figure 6 shows the plant height, stem diameter,
and biomass accumulation of potato in the tuber forma-
tion stage. The stem diameter of strain K-9 treatment was
higher than the control, but it was not significant. The plant
height, biomass fresh weight, and biomass dry weight of
strain K-9 treatment were significantly higher than those of

Table 4 Characteristics which distinguish strain K-9" from other related species of Bacillus

Characteristic Bacillus sp. K-9

Bacillus velezensis NRRL B41580°

Bacillus amyloliquefaciens DSM7°

Pigmentation Creamy white

Creamy white

Creamy white

D-Raffinose + + +
Arabinose — ND +
Citrate — ND +
Cellulase — ND +
Indole + — ND
C14:.0° 0.64 2.96 —
C16:0° 48.60 1341 425
Genome size (bp) 3891530 4034335 3980199
Number of protein-coding genes 3915 ND 3754
tRNA 79 80 94

G + C content (%) 46.45 46.1-46.4 46.08

a
Ruckert et al. (2011), Zhang (2012), and NCBI
ND not determined

main differences in cellular fatty-acid composition (%) between strain K-9 and type strains of other related species of Bacillus. b Data from Ruiz-Garcia et al. (2005),
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Table 5 Strain K-9' of DNA hybridization rate with similar type strains

DDH (%) Bacillus subtilis ATCC 6051 Bacillus velezensis NRRL B41580 Bacillus amyloliquefaciens DSM7
K-9" 27.63 86.90 69.23

Table 6 Traits related with direct plant growth promotion

Quantitative assay Qualitative production

Protease activity (ug/ml) IAA (ug/ml) Nitrogen fixation Organoposphorus Iron production Protease Amylase ACC deaminase
89.16 £5.76 9.09 £ 043 + + + + + +

the control. The results indicated that strain K-9 had better
growth promotion ability.

The yield of strain K-9 treatment was 12.44% higher than
control, but had no significant effect on potato yield. This is
because the yield difference between the strain K-9 treat-
ment and the control treatment was small. The weight of
large tubers treated with strain K-9 was 7.03 kg and sig-
nificantly higher than the control (Table 7). The weight of
medium tubers in strain K-9 treatment was higher than
that in control, but the difference between treatments was
not significant. The weight of small tubers with the strain
K-9 was significantly lower than that of the control. The
results showed that the strain K-9 treatment could increase
the yield, weight of large tubers and medium tubers, and
significantly reduce the weight of small tubers, thus result-
ing in an economic benefit of potato planting under the
same conditions.

Discussion

Compared with chemical fertilizer promoting growth,
plant rhizosphere growth-promoting bacteria has
attracted more and more attention due to its advantages
of environmental protection and high safety to human
beings. Studies have confirmed that Bacillus (Ben et al.,
2018) can play a better role in promoting plant growth.
Bacillus strains promote plant growth directly or indi-
rectly (Yédnez-Mendizdbal and Falconi 2018, Ben et al,
2018, Gardener 2008), and this phenomenon has also
been confirmed in the indoor pot experiment and field
experiment of this study. In the present study, strain K-9
exhibited multiple PGPR properties. PGPR inoculation
significantly increased the accumulation of matter in
buds and roots of potato under greenhouse condition.
To further verify whether the strain can promote plant
growth, the yield experiment of strain K-9 was carried

Fig. 4 Evaluation of strain K-9 for key traits related to direct plant growth promotion. a Nitrogen fixation. b organophosphorus qualitative assay. ¢
Iron qualitative assay. d Protease qualitative assay. e Amylase qualitative activity assay. f ACC deaminase activity assay




Shuang et al. Annals of Microbiology (2022) 72:40 Page 8 of 11

0.3

—
)

= =

£ <

o D 0.2

S °

% =

5 3

g a

2 3

o O 0.1
o 0.
L

0.0
Control Strain K-9 Control Strain K-9
0.10 4 20
0.08 b
o
E 006 o
S o
s c
kel a
2 0.04 S
E, m
(=]
0.02
0.00 -
Control Strain K-9 Control Strain K-9
0.3
° —
= )
5 £
3 0.24 S
2 )
e 2
5 -
2 S
é 0.1 E
0.0 0.00 —
Control Strain K-9 Control Strain K-9

Fig. 5 Effect of strain K-9 on potted potato germination in greenhouse. Each treatment had 3 replications. Different letters indicate significant
differences according to the Duncan’s multiple range test (P < 0.05). A Bud length. B Fresh bud weigh. C Dry bud weight. D Root number. E Root
fresh weight. F Dry root weight

out under field conditions. The strain may be exploited Conclusion

as microbial inoculants for potato crop as they enhanced  Strain K-9 was analyzed using 16s rRNA sequences,
plant growth via diverse mechanisms and offered an gyrB gene sequence. They have close evolution-
attractive strategy to replace synthetic fertilizers. ary relationship with Bacillus velezensis and Bacillus
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Fig. 6 Effect of strain K-9 on growth promotion of potato tuber during formation. Each treatment had 3 replications. Symbol indicates significant
differences according to the Duncan’s multiple range test (P < 0.05, P < 0.01). A Plant height. B Thick stems. C Fresh biomass weight. D Dry biomass
weight. E Root growth phenotype of potato
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Table 7 Application in planting hole of strain K-9 on potato yield, large potato, and commercial potato percentage

Treatment Yield per plot (kg/12 m?) Increase yield (%) Small tubers Medium tubers Large
(kg/2.4 m?) (kg/2.4 m?) tubers

(kg/2.4 m?)

Control (NA medium  38.89 4 3.16a _ 031+ 0.04b 1.09 & 0.07a 5154+0517a

166 /667 m?)

Strain K-9[16.5L (109 43.73 +£2.33a 1244 £ 4.00 0.21 £0.05a 1.11£0.14a 7.03£0.23b

CFU/mL)/667 m?]

Data are mean =+ standard errors. Different letters indicate significant differences according to the Duncan’s multiple range test (P < 0.05). Increase in yield = [(yield of
treatment area — yield of control area)/yield of control area] x 100%; large tubers > 150 g, medium tubers > 75 g, small tubers < 75 g

amyloliquefaciens. DNA hybridization eventually iden-
tified it as Bacillus velezensis. Strain K-9 can produce
IAA, fix nitrogen, and degrade organophosphorus in
laboratory tests of growth-promoting properties. The
growth-promoting ability of the strain K-9 was verified
in the field, and we found that it can increase potato
yield by 12.44%.
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