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The mechanism of compound microbial fertilizer KMM alleviating
apple replant disease
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Abstract: To reveal the mechanism of Kimidori microbial manure (KMM) promoting the growth of re-
planted apple trees and alleviating apple replant disease, the changes of growth indexes, physical and
chemical factors, rhizosphere soil enzyme activities, structure and function of bacterial community in
the rhizosphere of replanted apple trees treated with KMM and conventional organic fertilizer were
compared and analyzed with soil conventional agricultural chemical analysis and Illumma MiSeq high-
throughput sequencing. The results showed that the growth indexes such as plant height growth rate,
stem diameter growth rate, chlorophyll content, branch number and branch length of fruit trees were sig-
nificantly increased after the application of compound microbial fertilizer. The organic matter content
was significantly increased, and the neutral phosphatase, urease, invertase and catalase were also signifi-
cantly increased. At the same time, the richness and diversity of bacterial community in replanted soil
were increased. Fifty-one bacterial strains were isolated from collected soil and subjected to pot experi-
ments. The chlorophyll content, plant height, and stem diameter of potted begonia seedlings treated with
strains KMM-15, KMM-37 and KMM-50 were significantly affected. The three strains were identified
to belong to the bacterial species Bacillus velezensis. The application of KMM in spring and autumn in-

creased soil organic matter content and enzyme activity, and reshaped the bacterial community structure
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in rhizosphere soil, thereby alleviating replanting disease and promoting growth of the apple trees.

Key words: apple replant disease; compound microbial fertilizer; KMM; biological control; Illumma

MiSeq high-throughput sequencing; bacterial community structure
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tani) IASEFRIE S I IR 10 g \NaCl 10 g J#%
Ry S g 2648 K 1000 mL; % BEVR H K i 6 4
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B, BT mL 107 BN A S AT 9 mL JCER 7K 3
Brp, B 107 R R, AR 2 4 , FH JC TR /K A B i
10°~107H# BRI, £5H BE B2 73| B 20 wL 33570 A T
PDA FILB #5554k [, MR BE 5 39k, (88 T
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1.2.6 % 3 B #RAT i E ARG A RATEAE A

FH'S mm A K FTFLARAE 30 CRRREIEFRS A
PDA VA I 4T B A6 e 16 11 A5G BT 1A 8 0F , 40 )4
Pl F 47 50 mL YPD & {4 35 35 JE 9 HE T i v, 7
30 °C . 180 r/min 54 T~ ARG RE 3% 3 d, H K F I8 A ik
A7 DR AE VR, 38 3 1 BRH BN A I F6 e A T AD
FEPU TR 0BT W53 0 I8 75 e BE R 1<10° CFU/mL
FI1x10° CFU/mL. #k it K & — 2 i 6 it 1 454k
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(1 KMM PR BT 1.2.5 Hhiffife ik B2y 1x10° CFU/mL
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FEPUR T 2IR T VMR DLDaiE S i K Ak
PRUE AT R, AR MU B REAR R . 24 5 A
PRPR R ML R 4R 2 o i W e 2 TR KR
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ZYE-VIURIE) AR {E* 100%.
127 RAEBRBKRG S TAEADFET

TE IO SEAB R AR AT W] R A VR F A TR PR

KMM-15 . KMM-37 Fl KMM-50, Z: i DNA #il1 $2 3%,
7 & U W RS B R Y DNA, FIL B 4 UPTF (5%
GAAGTCATCATGACCGTTCTGCAYGCNGGNG -
GNAARTTYGA-3")/UP2R (5'’AGCAGGGTACGGA-
TGTGCGAGCCRTCNACRTCNGCRTCNGTCAT-3"
Xt gyrB FRFEH AT PCR Y . 5184 T /B
TAR (i) R AT PR Al A . 25 uL PCR S i 4
Z : 10xReaction Buffer 2.5 pL . 10 pmol/L | F i 5|
¥4 0.5 uL. 2.5 mmol/L dNTP 0.5 pL ., Tag B 1 pL.
DNA it 1 pL KK 19.5 uLo W FEFE 95 CTii
A5 VE 4 min; 98 CZE 1 10's,2 CiE K 1 min, 72 C4E
12 min, 3£ 30 NMEH ;72 CHRRAIE 8 min, K EL
A gyrB FHVE ST R 247 A9 PCR P24 At 5t A K LA
BHEEA R AR o B T 15 )7 51 5 GenBank
AT C4RGE AR OCF 91 E4 T BLAST LUXT 4T, A
It LUXT 2 SRR AR S P R R T 51, T MEGA 6K
PRSI R G R B, R RECH 1 0001X,
WA I R AR R 8 2]
1.3 T\

RIS K ] SPSS 24.0 A4 HEATHE 0 Hr L )
LSD L 725 55 W B AR

2 BERE5HM

2.1 KMM 2 EX ZEEERBEHR KB ID
KMM &b 35, Fl AR B bR R 3 K TR K
ESNUES S S8 a8 | B> &N il et =T
27.09%.28.02% .12.72% .18.53% F124.10%(F 1) , 3
BT KMM XHEVEERG ) AR AA B e

F1 EAWMEMEEKMM 3 EE3E REMRE K0

Table 1 Effect of Kimidori microbial manure on the growth of continuous cropping apple

L% A K 2% et E o5 " .
Plant height growth ~ Stem diameter growth Chlorophyll content/
Treatment Branch number  Branch length/cm
rate/% rate/% SPAD
KMM 106.18+£3.82 a 51.2242.97 a 62.05+0.39 a 11.64+0.41 b 86.51+3.15a
IR CK 83.55+4.51 b 40.01£3.16 b 55.05+0.83 b 9.8240.38 b 69.71+4.18 b

T BAE R TR . RSN ] F R38R 28 LSD vA K 6 2% 57 . 35 (P<0.05) . Data in the table are mean+SE. Differ-
ent letters in the same column indicate significant difference by LSD test (P<0.05).

2.2 KMM &b IBXT4R PR+ 1832 4 B F R 200

KMM #b#U5 , +HEAE i L2 2% H 0.061 ms/cm
T4 0.074 ms/em, 38 P ma g L | AR A AL
B S E T S IR M T E 2R A
ML 5 9.51 g/kg #2155 & 15.88 g/kg, I~ Ab B
] 2% 5 2. KMM &b 38 R % IR+ 398 FE 5 19 pH
4390 R 7.91 F17.36, 6B - A i 5 JE TR ER b
3% ImbsdE (R 2) .

2.3 KMM 43233 4R bR 1 A& M A #2010

KMM A3 | 4 58 rpob PR B 2 1l | DR it | TREARE
il 70 3 A A ST 1 430 A 3 307.50 nmol-d g™
207.88 pgd"g".10.02 mg-d"-g" M110.46 umol-d g™,
4 408 2 v TR R A O R 1 (1 1)
2.4 OTUBEEYFHRFEER

6 ™4 R RE f LI 3 3R A5 537 918 5% 41, -4
BRSNS BRI S 89 653 4%, FRUFH1) 79 862 4%,
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R4 7 491 4~ OTU, L [FIHHA 19 OUT 4 2 0534,
F HE 0 A 9 OUT M 2 388 >, KMM Ab B 4t 45 (1

OUT 43 05014, il %143 h 44 171109 46 266 H 474
999 J& 2 116 F}.

®2 EAWMEMEEKMM X EEERRBR T EEA R

Table 2 Effect of Kimidori microbial manure on physicochemical properties of rhizosphere soil of continuous cropping apple

s WA N HL AU WEE
Treatment Nltrf)gen Available potassium/ Available Organic matter/ pH Electric conductivity/
hydrolysis/(mg/kg) (mg/kg) phosphorus/(mg/kg) (g/kg) (ms/cm)
KMM 33.61£1.88 a 200.88+13.68 a 123.32+1.86 a 15.88£1.77b  7.91+0.22 a 0.074+0.070 a
X} CK 27.89+1.99 a 175.12422.02 a 116.13£1.97 a 9.51£0.06a  7.36+0.09 a 0.061+0.002 a

R TEARE Y EARE DR o R FAS [ S B3R 48 LSD K 6 25 53 1 3% (P<0.05) . Data in the table are mean+SE. Differ-
ent letters in the same column indicated significant difference by LSD test (P<0.05).
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Fig. 1 Effect of Kimidori microbial manure on enzyme activity in rhizosphere soil of continuous cropping apple trees.
B B T 85 iR . R E R3O 28 LSD iEK 36 25 5t i 3% (P<0.05) . Data in the figure are mean=SE. Different

letters indicated significant difference by LSD test (P<0.05).
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R T 3.18 . 4.20 1 1.OL N1 43551, 28 UG TR 1T (R AR X
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16 )& 7K |, KMM Ab FH A1 R 4H B 57 20 H57 48
P)E 0y AH X R Aol 5 45 4N Y 48.73% i
37.08%. KMM 4bB 5, 28 B AT i 8 Bacillus AR v
I )& Burkholderia .FLER R )& Lactococcus F1 %5
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5.48.2.91 F1 1.28 4> 1 73 i, Horb A v IR T A AH NS
FIE TR R, H14.05% E T2 9.53%; 25 U T
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W 24 B S TR J Sphingomonas TSI TR J& Pseu-
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0.30 1 1154~ F 73 5. (181 2-B)
2.5 WEREE o SHEMSHEEST

a ZREE AT EE R R  KMM b RS 38R 5
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U KMM B 5 T A v 1 - 5 i o e o
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Fig. 2 Effect of Kimidori microbial manure on bacterial dominant gate (A) and dominant genus (B) distribution

in rhizosphere soil of continuous cropping apple trees
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Fig. 3 Distance matrix and PCoA analysis of bacterial commu-

nity in rhizosphere soil of replanted apple trees

2.6 EMEMHRITEEENEREER

KMM 4b ¥ 5 AF R 14 - 25 b 1 B 2RI 14
KR8 10.67% .33.33% F1 25.67%, it 35 125 T
HR 1) 6.86% .10.02% 11 5.42% ., M+ 3 rpr He 73 B 3k
5 51 W Bk, o 2 T Bk KMM-15, KMM-37 K&
KMM-50 4b 3 5, A8 AR b =5 35 14 5853501 52.33%
47.76% F1 50.19%, 25 FL 3 K 2K 43 51k 44.78% .
35.24% H1 34.07%, W &5 3 38K 55 518 20.61%
8.47% F121.36% , 5% T B R KMM-37 -2 38K
FEHKMM b #22 3OR B EAN, AR S &R
F KMM 4b ([ 4) , % B KMM-15. KMM-37 &
KMM-50 B X B A e A VE .
27 DFEMFELETEER

ARG R BREIR, Wk KMM-15 . KMM-37 F1



358 i/ A 514

KMM-50 119 gyrb JE H 791 5 D SElr 28 Mu AT B F KMM-15 . KMM-37 Fll KMM-50 [ 4 %5 5 by DL Sie
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Fig. 4 Effects of plant growth promoting strains on the growth of replanted apple saplings
& B R b R . R RN 28 LSD vh R 4 2% 5 1 35 (P<0.05) . Data in the figure are mean+SE. Different
letters indicate significant difference by LSD test (P<0.05).
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Fig. 5 The phylogenetic trees of strains KMM-15, KMM-37, KMM-50 and similar strains were constructed with neighbor-joining

method based on gyrB gene sequence
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