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Effect of Bacillus fusiformis 1.13 on blueberry growth and rhizosphere soil
biological characteristics™
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Alsi#a® The aim of this research was to determine the effect of Bacillus Sfusiformis L13 on blueberry growth and rhizosphere
soil when used as single species inoculant and compound microbial fertilizer. A field experiment was conducted using the
blueberry breed Bluecrop. We set four treatments in this research, including no fertilizer as a control (CK) for the fermentation
liquid of L13 as single species inoculant (P), the normal biological fertilizer of mixture of yeast DY3, lactobacillus DY4 and
decomposed chicken manure (OF) as a control for the compound microbial fertilizer (PF) of mixture of OF and L13. Then
we measured the enzyme activity in leaves, fruit quality, nutrient content in plant, enzyme activity and physicochemical
property of the rhizosphere soil, and the bacterial community of soil. The B. fusiformis L13 in the single species inoculant and
the compound microbial fertilizer significantly decreased the titratable acid content, increased the content of total nitrogen

and total potassium, and increased the available nitrogen, the total nitrogen, and the organic matter in the soil. We found L13
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promoted the growth of blueberry in both microbial fertilizers, being more effective in single application than in the compound
one. Compared with CK, the P treatment had 61.9% lower leave MDA content, 21.68% higher fruit anthocyanin, 13.61% lower
fruit titratable acid, and 4.12%, 10.27%, 8.63%, respectively, higher contents of total nitrogen, phosphorus, and potassium.
The activity of soil invertase was 107.59% higher and the activity of soil acid phosphatase 21.36% higher. In addition, the total
nitrogen, the organic matter, and the available nitrogen, phosphorus, and potassium was 63.83%, 84.54%, 49.66%, 31.28%,
21.95%, respectively, higher in P treatment. The pH of the soil was significantly lower with L13 than the CK. We used a next-
generation sequencing method, [llumina Miseq detecting the bacterial community of rhizosphere soil. And the results showed
that the single species inoculant reduced the bacterial community richness and diversity compared with CK, which increased
by using compound fertilizer compared with OF. L13 in both microbial fertilizers increased the proportion of Proteobacteria
and Firmicutes, in addition to increasing the percentage of Actinobacteria in single inoculation increasing the percentage
of Baceroidetes in compound application. It also increased the amount of beneficial bacteria including Actinomycetales and
Bacillales. The effect of L13 was more obvious when used as single microbial fertilizer, with the change of Firmicutes as a very
important factor. The results indicated that B. fusiformis L13 used as single species inoculant or compound microbial fertilizer
can promote the growth of blueberry, being more effective in single fertilizer. There is some correlation between the change of
the bacterial community of rhizosphere soil and the growth of blueberry, as well as soil fertility.

K@mﬂg Bacillus fusiformis, single species inoculant; compound microbial fertilizer; blueberry; soil; bacterial community
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Fig. 1 Flowchart of bacterial community structure analysis.
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Table 1 Effect of different treatments on activity of antioxidant enzymes and malondialdehyde (MDA) content of blueberry leaves

b 3 o R 0 A it 1 A o 4 b U [
Treatment Superoxide dismutase (SOD) Peroxidase QPOD) Catalase (CAT) Malondialdehyde (MDA)
catme (/U g, FW) (/U g" min”, FW) (/U g" min”, FW) (b/umol g, FW)
P 228.19+2.68b 16.67+3.33 a 20.00+5.00b 0.024 +0.006 ¢
CK 262.69+£597a 6.67+0.65a 3375+ 1.25b 0.063 £ 0.004 a
PF 163.64 £4.96 ¢ 10.00+£3.33 a 85.00 +10.00 a 0.067+0.002 a
OF 178.38£5.41 ¢ 20.00 £ 6.67 a 31.25+3.75b 0.046 +0.004 b

P: LI3H—R 55 CK: RIEMALE; PF: LIS S RAEMILE; OF: 3538 A MAT HUIL. ARG TR R A0 B i) 22 53 2 (P <0.05).
P: single species inoculant of L13; CK: treatment with no fertilizer; PF: compound microbial fertilizer of L13; OF: normal biological fertilizer. Lowercase letters
indicate significant difference (P < 0.05) among different treatments.

R2 REILGE X EER MR M
Table 2 Effect of different treatments on fruit quality of blueberry

b ¥ 1751 e % C CiRGReankasy) AP A A E R /R
Treatment Anthocyanin (/U g', FW)  Vitamin C (w/mgkg') Soluble solids (w/%) Soluble sugar (w/mg g", FW) Titratable acid (w/%)  Sugar/acid
P 185.80 +3.46 a 1061.48 +£15.38 b 9.84+2.38a 46.15+1.52a 7.62+0.27b 1.29+0.12 be
CK 152.70 £3.78 b 1373.27+2241 a 10.08 +2.14 a 4575+ 145a 8.82+0.19a 1.14+0.17 ¢
PF 174.60 +3.69 a 139378 £ 12.55 a 11.84+2.11a 4580+ 1.61 a 6.60+0.37 ¢ 1.79+0.21 a
OF 177.80 +2.87 a 867.36 +23.78 ¢ 11.04£2.09 a 46.38+1.74a 740+0.22 b 149+0.11b

P: L1355 CK: RGHALA; PF: LIS HUAEYINLEL; OF: il AW A ML, ARG 5032 Ak B[R] 2% 52 e 2% (P <0.05).
P: single species inoculant of L13; CK: treatment with no fertilizer; PF: compound microbial fertilizer of L13; OF: normal biological fertilizer. Lowercase letters
indicate significant difference (P < 0.05) among different treatments.
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Table 3 Effect of different treatments on nutrient content in plant of
blueberry

Y o 5
Ak 7 ; .
Treatment Total nitrogen Total phosphorus Total potassium
(W/%) (W/%) (W/%)
P 3.542 £0.076 be 0.408 +0.0098 b 0.667 +=0.013 b
CK 3.402+0.035a 0.37 +£0.0085 a 0.614 +0.0061 a
PF 3.599 +0.041 ¢ 0.408 +0.0085 b 0.653 £0.0078 b
OF 3.454 +0.11 ab 0.451 £0.0072 ¢ 0.612+£0.012a

P: LI3EL—EF 75 CK: ARHEMIALA; PF: LIS A RAMIE R OF: i@
A UL, ARG T RE 7R A B ) 22 53 i 3 (P < 0.05) .

P: single species inoculant of L13; CK: treatment with no fertilizer; PF:
compound microbial fertilizer of L13; OF: normal biological fertilizer.
Lowercase letters indicate significant difference (P < 0.05) among different
treatments.

R4 I RE #4072 X BE B AR PR L SRR M RO R I
Table 4 Effect of different treatments on enzyme activity of blueberry
rhizosphere soil

phpn LAILERE Ji Aty HEAR i 1 T 2
Treatment Catalasrelz Ureasg] Invertaﬁe Acid phospl}]atase
(/mL g7) (W/mg g) (Wmg g’) (Wmg g)
P 881+028a 0.19+£0.018a 820+0.18a  591+0.07b
CK 8.25+0.05ab 0.18+0.005a 3.95+0.00b  4.87+0.19¢
PF 8.68+0.12a 0.22+0.002a 9.72+0.72a 6.77+0.19a
OF 7.93+0.16b 0.20+0.023a 8.73+0.63a 6.49+0.27 ab

P: LI3H—R 75 CK: ABEAALEL; PF: LIS SR ALEL; OF: 353
A=A HUAL. AN G FREFR R A B ) 2% 5 i 2% (P <0.05) .

P: single species inoculant of L13; CK: treatment with no fertilizer; PF:
compound microbial fertilizer of L13; OF: normal biological fertilizer.
Lowercase letters indicate significant difference (P < 0.05) among different
treatments.
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2.5.2 Taxonomy##f  4NFEEITA F AN IEIH A3 2384
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HE T TR B 40 TR V% 2 A 2B A ek PR v R 6 T s A AR
P - 338 40 1 3 B A AE 34 1] ZZJE T 1T (Proteobacteria) |
B2 ¥ 1% 1] ( Acidobacteria) A 2k 1% [ ] ( Actinobacteria) , 34>
FUIE A ) e 2 AR B R AR EA 1 80% L L. AR AP
CKAHMLL, ZTE W], ML), JEBEE ] (Firmicutes) | ff
1T (ODL) FIE 2Bt (TM7) JT 5 B Fe i3 i, Ho, ik
LRSS BE BT HG 0 b  B L 3 B CK N T4.66%
5.44%; FESAPFIRIOFAHEL, AR TE BT JERERE ], SUFT BRI 1]
(Bacteroidetes) | B & FBETM7IT 5 b7 3, Hrh A8 B
I3 T3.08%.

2.53 Betagy#f K3 FH B R T4MEE M A LU 10
OTU%KH. RS PFICKIL@ A2 6771 0TU, Hihdb A5 fOTU
BH N5984, PRFA 98054, CKEFA RN 2744 ; ki fh
PFAIOF3L 471 5534~0TU, Hrp 3 1 OTUSL H A 5534,

Table 5 Effect of different treatments on physicochemical properties of blueberry rhizosphere soil

S KT TG ETCH i HL Y
Treatment pH Available mt_rlogen Available phos_]i)horus Available pota}lssmm Organic m_z;ttter Total mtr(_)lgen
(w/mg kg™) (w/mg kg") (w/mg kg™) (wigkg') (wigkg™)
P 425+0.04b 82.39+3.00 b 36.09+1.54b 125.01 £2.89a 18.86 +0.15 ¢ 2.31+0.06¢
CK 498+0.11a 55.05+0.37 ¢ 2749 +274 ¢ 102.51 +5.77b 10.22 £ 1.60d 1.41+£0.12d
PF 4.12+0.06b 101.49+337a 4393+1.29a 128.33+2.57a 32.39+2.62a 2.57+0.05a
OF 4.19+0.08 b 84.64+3.75b 40.19+245a 12501 +3.89a 2493+ 1.12b 2.46+0.06b

P: L1355 CK: RGMALA; PF: LIBSE A HUAEYIILEL; OF: il AW A ML, AF/NE TR 3R Ak B[R] 2% 5 2% (P <0.05).

P: single species inoculant of L13; CK: treatment with no fertilizer; PF: compound microbial fertilizer of L13; OF: normal biological fertilizer. Lowercase letters

indicate significant difference (P < 0.05) among different treatments.

%6 16S rDNA &R
Table 6 Analytic results of 16S rDNA

Qb FH Treatment OTU ACE Chao Shannon Simpson Coverage
P 1403 3262.362522 2548.508197 5.741892 0.009864 0.952541
CK 1872 4411.247769 3276.32069 6.339076 0.004459 0.925068
PF 1175 2699.945061 2028.452381 5.20759 0.016584 0.966611
OF 931 1915.688248 1496.510791 5.150586 0.021627 0.961753

P: L1388 75 CK: Rt Ak PF: L34 AL A OF: i@ AW A HUIL. OTU: $#4E 32555, ACE, Chao: & Hf 445 %L; Shannon,

Simpson: FRfZFEMETE AL Coverage: TR T 4544

P: single species inoculant of L13; CK: treatment with no fertilizer; PF: compound microbial fertilizer of L13; OF: normal biological fertilizer. OTU: operational
taxonomic units; ACE and Chao: indices of bacterial abundance; Shannon and Simpson: indices of bacterial diversity; Coverage: index of deep sequencing.
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Fig. 2 Comparison of the bacterial communities at the phylum level.
P: single species inoculant of L13; CK: treatment with no fertilizer; PF:
compound microbial fertilizer of L13; OF: normal biological fertilizer.

PFHFA 162241, OFFF A 1Y R 3784. RTINS FEMFFA 1Y
OTUZE ) /K - E iy 43 Ai, PAICKAHEL, PHFA BOTUE 43
ML (34.04%) | JEEETR ] (18.39%) . L HI]
(14.16%), CKFEA MOTUR 4046 AR JE 1] (42.23%) | 1R
FFHT (10.68%) . UFFH#T] (9.58%) , PEFIOFAHLL, PFERA
ROTUT E/ M e AR X 1] (38.75%) | JEBEHT ] (11.85%) |
LR TT (11.25%) , OFF A ROTU R B A 7E AL T i ]
(37.57%) . T (15.34%) | JERETE T (13.76%) .

cx %0¢ oF
(<)

E3 AEMERASERGFEEE. P: LIS 5 ; CK: RNGEMIEE; PE:
LI3E A AR OF: %3 ALY A HLIE.

Fig. 3 Venn diagram of different fertilizer treatments. P: single species
inoculant of L13; CK: treatment with no fertilizer; PF: compound microbial
fertilizer of L13; OF: normal biological fertilizer.

R NAKELEHERBFFHOTUSH

Table 7 Distribution of unique OTUs at the phylum level

pr S 7 N T S (M N\ B L SR = B
RFEE WY A 4T R JE, B 36 k406 8 4 6 R R
OTUXHH £ 3|4, K4 LA, B 5 CKP 6 3
KAEYOTURN 2 & X 5] TP, OF Rl PF A 77 75 55 K iy 2%
5. OTUXL H A PAIPFH (& LE 451 #75 % K ifif 76 CK I OF
T L) S /N B R 20 B B BE (Rhodospirillaceae) |
Sinobacteraceas ., il 2k % H ( Actinomycetales) . y-Z8 1 5§ 4K

(Gammaproteobacteria) K533 )E; BRitk Z 4, PFRFOTU
TEAERE R (Lactococcus) . % fFF# H (Bacillales) K43
HKIE . AT )R (Rhodanobacter) W 5 B3R, PEh
OTULEF /R HTH 1 J& (Ralstonia) "PIT b7 LA, T FE
CKHOTUE E A 1 LA 41 5§ (Rhodoplanes) | fHTE
BRI HE (Burkholderia) | T AL IR TE )& ( Nitrospira)
AR H B —2e k7250 )8 ; OFFOTU S 24047 1F i B it 7 g

( Xanthomonadaceae) . FM W& ( Bradyrhizobium) L) )
Gaiellaceae ., [il: iz 1 & £} ( Acetobacteriaceae) . B & 5B TM1
R EIR.

FE Ly o B R — R B AT R R, BT
A5 Hh F I v A SR B R PR 2R, O A 25 0 S
TE T HE AR L &S, B IR RN 7 22 1 i A AR
{53 3 RPCL, PC2, EATT X B fh 7= A 22 53 1 ST R340 51
62.91%. 33.36%. Ff it CKAYPCUEARIH HA %5 w5 A PC2AE,
FFETT . AL IR E 14 1] (Nitrospirae) | MR FF BT 2% 45 & 1]
(Chloroflexi) P4} ZF B fifg 17 ] (Gemmatimonadetes) 42 5 i
CKZH T3 B V& 45 /0 1 2 2R 25 FE S PR PCIE AT PC2{H A 3¢
e JEBEGT] . 2 11 OD1LL BB 2 25 B TMT2: 5 Wi L2 14
FEPE S5 M 2K 5 K i PF. OFFEPCABE 25 i it , Ui
P FEARTE R S A DR &, MR AR &MPCHA.
BARBYPC2E, LB IV AAS B ]I 52 W 0 3 400 1 A v &
IR EEHE.

© BRSNS

FUAT, F AR AR B fie 22 40 8 (PGPR) Wi (149 A ) fol A= 49
HERHLE B LA R EAF 212 0, IS T R4 A8 724
R T F W, 56 PN FH Y 9 B 2F AUFT A LI3E ) (P)
DALz o35 38 AR A AN LI G B2 SR WIS B (PF) FI7EAR
[l P JBE L 4R iy AR P S 19 A 3 PR AL T, ok

PHICKELHL P vs CK

PFHIOFH.# PF vs OF

FEHOTU FEHOTU FEHOTU A OTU
P Unique OTUs CK Unique OTUs PF Unique OTUs OF Unique OTUs

(/%) /%) /%) (/%)

Acidobacteria 7.58 Acidobacteria 10.68 Acidobacteria 7.56 Acidobacteria 7.14
Actinobacteria 14.16 Actinobacteria 8.63 Actinobacteria 11.25 Actinobacteria 15.34
Bacteroidetes 4.47 Bacteroidetes 9.58 Bacteroidetes 6.43 Bacteroidetes 3.17
Chloroflexi 3.11 Chloroflexi 3.38 Firmicutes 11.58 Chloroflexi 3.70
Firmicutes 18.39 Firmicutes 5.49 Proteobacteria 38.75 Firmicutes 13.76
Proteobacteria 34.04 Gemmatimonadetes 377 ™7 5.79 Gemmatimonadetes 4.50
™7 6.21 Proteobacteria 42.23 Chlamydiae 3.54 Proteobacteria 37.57
HE Other 12.05 ™7 3.38 Chloroflexi 3.22 ™7 3.17
H& Other 12.87 HE Other 11.90 HE Other 11.64

P: LI3BA—TP# 55 CK: AJiti i ACKL; PF: LI3E S HMUAMAL KL OF: 3 A4 A HLAC.

P: single species inoculant of L13; CK: treatment with no fertilizer; PF: compound microbial fertilizer of L13; OF: normal biological fertilizer.
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Fig. 4 Heatmap of different fertilizer treatments. P: single species
inoculant of L13; CK: treatment with no fertilizer; PF: compound microbial
fertilizer of L13; OF: normal biological fertilizer.
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Fig. 5 Principal component analysis of different fertilizer treatments. P: single species inoculant of L13; CK: treatment with no fertilizer; PF: compound

microbial fertilizer of L13; OF: normal biological fertilizer.
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