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Efficacy of two biocontrol strains and their combination
against apple replant disease
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Abstract To construct a combination of biocontrol bacteria with efficient prevention and control effects on apple
replanting disease, the antagonistic bacterium ‘H166’ and growth-promoting bacterium ‘C35’ obtained from
previous screening were identified for affinity and a combination of bacteria was constructed. Through indoor
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experiments, the antibacterial activity of the combination bacteria against four pathogenic fungi, namely Fusarium
oxysporum, F. solani, F. proliferatum, and F. moniliforme,and the effects of the fermentation broth, sterile
filtrate, and extracellular metabolites of the combination bacteria on the spore germination of F. oxysporum and
the mycelial morphology of the four pathogenic F. oxysporum strains mentioned above, as well as their
antibacterial effects on other plant pathogens were determined pot and field experiments were adopted to
investigate the prevention and control effect of combined bacteria on apple replanting disease. The results
showed that: The antagonistic bacterium ‘H166’ (Bacillus amyloliquefaciens) exhibited good affinity with the
growth-promoting bacterium ‘C35’ (Pseudomonas aeruginosa). The two bacterial strains were combined as
‘H166+C35’ at a 1:1 volume ratio. The antibacterial rates of the sterile filtrate of the combination bacteria against
F. oxysporum, F. solani and F. proliferatum were 58.33%, 36.88%, and 44.25%, respectively. Electron
microscopy revealed that the combination of bacteria caused hyphal branching, breakage and enlargement of
four pathogenic fungi. The fermentation broth, sterile filtrate, and extracellular metabolites of the combination
bacteria can significantly inhibit the spore germination of the Fusarium oxysporum, with germination rates of
52.66%, 19.75%, and 12.88%, respectively, compared to sterile water ( 98. 44%). The bacterial combination
showed stronger inhibitory effects on Botryosphaeria dothidea and Alternaria alternata than single bacterium,
and the inhibition rates are all over 71%. In the pot experiment, the height, root length, root fresh weight and
number of lateral roots of the eight-edge crabapple(Malus robusta Rehd. ) treated with the combination bacteria
increased by 20.07%, 47.23%, 64.33%, and 68.54%, respectively, compared to water treatment. The
protective and therapeutic effects reached 74.82% and 68. 15%, respectively. Field experiments discovered
that the death rate of seedlings treated with the combination bacteria is 0% , which was significantly lower than
that of a single strain (‘H166° 10% and ‘C35’ 30%) and the water treatment (50%). In summary, the ‘H166+
C35’ combination reduces apple replanting disease by disrupting fungal hyphae, inhibiting spore germination,
and enhancing plant resistance, demonstrating potential for production control.

Keywords apple replant disease; Fusarium spp. ; biocontrol bacteria; combined bacteria; control efficacy
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(a) 138X Cross-streak method

Determination of antagonistic effect and growth promoting potential of the bacterial strains*C35’ (a) and ‘H166° (b)

(c) A K2k Growth curve
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Fig. 2 Affinity determination of the strains *C35” and ‘H166’
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Table 1  Antifungal inhibition rates of two bacterial strains and their combinations against four pathogenic Fusarium species

R PRI B Bz e 1 B JZ R B EP 2R A0 T
Fusarium oxysporum F. solani F. proliferatum F. moniliforme
iR 7S
Strain W d/em  WEAR/ Y% W d/em WA/ W% d/em MWWAER/ % WK d/em AR/ %
Colony Inhibition Colony Inhibition Colony Inhibition Colony Inhibition
diameter rate diameter rate diameter rate diameter rate
CK, 7.60=+0. 05" — 8.1340.03" 8.1340.03" 7.6040.05"
H166+C35 3.16+0.03° 58.33 5.13+0.03" 36.88 4.534+0.03° 44.25 6.93+0.03° 8.76
C35 7.0640.03" 7.01 7.6040.05" 6. 54 7.1040. 05" 12.70 7.2340.08" 4.79
H166 6.5640. 03 13.59 7.1340.03 12.29 6.3640. 13 21.72 7.0640.03" 7.01

 : CK,, N ddH,O 19 PDA A, AN RS HREFR R 25 5 i3 (P<<0.05), T,
Note: CK,,PDA tablet with sterile water added. Different letters in the table indicate significant differences (P<<0.05). The same below.

== C(K,
= = FB
CFCF
== CE
2
&
s g
B2
R 2
=g
i3
)

H166 H166+C35

AbFE Treatment

FB,CFCF Fl CE 43|y 2 ¥k B B H 4 5 1% J 19 W JE 10 0 TR
ML AMCE ™ 9 s CK,, ddH,O

FB, CFCF and CE are fermentation broth, sterile filtrate and
extracellular metabolites of two strains and their combinations,
respectively ; CK;,ddH,0.
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Fig.3 Spore germination rate of F. oxysporum treated with

two strains and their combinations
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C35

H166

H166+C35

\D:J

D
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JE& B AT

F proliferatum F solani

g i) J2 R PRI

F. oxysporum F. proliferatum

CK,, 7E PDA M B IEF AR 2Z . BN 25 pmo AL 2B, AW R C, B AR ;D W22 A MNP E, B 221K
CK,, hyphae that grow normally on PDA tablets. Scale is 25 pm. A, mycelium have many branches; B, mycelium rupture;C, mycelium uneven
thickness; D, mycelium irregular; E, mycelium swollen.

B4 AHREREASS4MFEERBAENIEEFNELES

Fig. 4 The mycelial morphology of four pathogenic Fusarium species co-cultured with two bacterial strains and their combinations

R2 FHEREASGNSHENFRREERNNEZE

Table 2 Inhibition rates of two strains and their combinations against multiple plant pathogenic fungi

A R Inhibition rate

5 5 LT

Pathogenic fungi 35 H166 H166+C35
R F. oxysporum + - +
J& iR F. solani +++ + +++
R BRI F. proliferatum + T +
IR F. moniliforme + + ++
R4 1 F. pseudograminearum + ++ +
PEFE T Phytophthora capsici ++++ ++ L4
W LT BRI HL T Trichothecium roseum +++4+ ++++ ++++
A% AL B Alternaria alternata ++ + +4++
% ) W B Botryosphaeria dothidea ++ ++ +++
S K W Valsa mali +++ +++ ++
JiE fiL IR Glomerella cingulata ++ 4+ 4
18 2 52T Rosellinia necatrix +++ +++ +++

Bt b b AR TR ZZ AW R 50 5 5096 ~6096 =600 ~700% . =>70%6~8026 HI=>80% .
Note: "+", "+ ", "+ +"and "+ + 4+ " represent relative mycelial inhibition rates of 50%~60% , =>60% ~
70% , >70%~80% , and >80% , respectively.
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Table 3 The promotion indicators of two strains and their combinations on the growth of potted Malus robusta Rehd.
B R S B T R 6 T
Plant height Root length Total fresh weight Root fresh weight
kS
. K% /O o K0 8 KO K 3220
Strain K /em a#?‘ﬁ K Jem 5&?% /g 5&?% Fht/g 5&?%
Growth Growth . Growth . Growth
Length Length Weight Weight
rate rate rate rate
CK, 18.53+0.58° 7.78+0.45° 0.7340.04° 0.14+0.01"
C35 25.984+0. 60" 40.21  10.38=+0.39" 33.40 1.414+0.07 93. 69 0.2140.03" 49.18
H166 22.22+0.61" 19.92 9.50+0. 65" 22.05 1.17+0. 04" 60. 54 0.20=+0.01* 42.46
H166+C35 22.25+0.25 20.07 11.46=+0. 68" 47.23 1.32+0.06% 81.47 0.2340.02° 64. 33
T e LT
Bk Root dry weight SPAD Number of lateral roots
Strain ik /mg WK R/ Y SPAD WK R/ % Bl /A WK R/ %
Weight Growth rate ) Growth rate Quantity Growth rate
CK, 29.60=+0. 23" 26.514-0. 34" 19.7340.17"
C35 46.06+5. 83" 55.63 33.4741.94° 26. 26 31.8042.46° 61.14
H166 37.46+£2.58" 26.57 32.4441.12° 22.36 22.804-2.13" 15.54
H166+C35  46.66+6.49° 57.65 32.454-0.78" 22.41 33.2641.71° 68.58

1 CKy, T K AR AL

Note: CK;, Root irrigation treatment with clean water.

2.7 AEEXMBEHR/N\IEEEENHERE

M2 4 mT 50, “H1664C35 XF 2R 4k #1851 2 1Y
P 5 EL AT W 3 B A RO . CH166+C35” 4b 1
[\ e ThE 5 41 #0154 B 20. 37, B 3E AR TR
M8 H (CK) 5 15 45 50 (80. 55) , T B B SR 1k 74. 82 %,
B 85 WA T H166° (77. 04 %) o I HIZ 4 A T 1 {4
PR 5B R CORSE B R A MUAE Y R R
(KMM D # Fb TG f 3 22 5% (P>>0. 05) , Xt /\ 4% 1 3¢
BRSO AL R T KMM, . 2 W Bl 7.5X

10° A /mL B R S0 W 18 F B W E MR 50 48 h
J& , PR CH166+C357 A e T A /\ b v < 1 1) AR
6, 4b B 30 d J5 & B AL A B AL B 9 4R B0k
25. 92 3BT ECR N 68. 15% , f FC35°(53.33%),
5 *H166° 4b 3 (4 35 J7 &R (69. 26 %) #H %, I H.
‘H166° 5 ‘H166+C35" .KMM, # H , H ik 77 208
B EFEXES., &1L, C35  ‘H166" . ‘H166+
C35” ¥ a] L i 25 [ IR 20 ik 4t 187 X\ g T8 25 T 1
—RE.

x4 AHREREAGWERBERIBIAMNR

Table 4 Control effect of two bacterial strains and their combinations on apple replant disease

st s 1 458 BB /% s 1 458 BT HCR /%
Treatment Disease index Protection effect Disease index Therapeutic effect
CK, 80.55+2.78" 83.33=x9.62°
C35 25.92+3.70 67.41 38.89+5.56" 53.33
H166 18.5141. 85" 77.04 24.07+4.90" 69. 26
H166+C35 20.3741.85" 74.82 25.9243. 70" 68.15
KMM, 11.11+£5.55° 86.67 12.96+6. 68" 82.78

T CK AR B0 T i T = VP WRTE AR AL B KMIML, , © K 35 - BE 5 45 ol 0 T R VEE AR A

Note: CK,;, F.
composite microbial agent.

oxysporum spore suspension root irrigation treatment; KMM,, root irrigation treatment with ‘mumei tuli’
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2.8 AAFHBEERENIEN

M 26 50 %0, “H1664C35° fil ‘H166° Ab B 4
30.60.90 K [y /\ & T 5 AF PR 7E R & 220 .SPAD
Y 0 T K AR B4 IR (CK) , (H I - #0 f
F2e 5o W AL B ) A SE K 45 A B\ B T G
R B4 4% T A K 38 AR 2 B 3 T CK, B W AS [R) Ak
B RRAR T 95 A e\ b T F A AR 1R Y o TR R
MERELHE S MAEY R F (KMM,) il

“H166-+C35" 4b H [y g 5 HE Bk JC 5€ ¥ %, 1M
“HI166  Fl“ C35° &b 3 1 1 4 A Mk 11 L T 28 1 5%,
BETE F 55 8 10% F1 30% , {5 8 2 (K T CK # 38
2 (50%) , Ui W] H166+C35° (1 M [a] By ¥4 &% S
EMMTeAH —-FHK. & LR, KMM, 5§
“H166° X ¥ % 1 2 AT — @ AR 4E T DLREAIG
M HEGE R, I EFE—-ERE ST A
b F AR

x5 AHREREASLERENBEN/\ZEBRENEKER

Table 5 The growth parameters of Malus robusta seedlings in response to treatment durations

with two biocontrol bacteria and their combinations

3

3.1

30d
b B
Treatment b5 /om ZEf/mm it 4 /A SPAD
Plant height Stem thickness Number of blades
CKg 25.63+0. 84¢ 4.25+0.17¢ 31.5042. 50° 23.56+1.54°
KMM, 63.92+3. 58" 7.0340.49" 98.8044.75" 33.40+1.71°
H166+4C35 34.95+3. 28" 5.60+0. 33" 38.60+4. 39" 27.88+1.32
H166 40.3742. 40" 6.0440.32% 46.6043.98" 29.704+1.13"
C35 32.47+3. 40" 4.53+0. 34° 31.8044.51° 29.12+1.18
60d
Ak B
Treatment b5 /em 250 /mm ot /A SPAD
Plant height Stem thickness Number of blades
CKg 31.9540.93 4.454+0. 18 35.70+4. 16° 26.914+1.37¢
KMM, 86.45+4.69° 9.1740. 44° 114. 2+4. 26" 38.93+0.87"
H166+4C35 53.34+4. 36" 6.26+0.43" 50.8+5. 68" 34.124+1.57"
H166 55.87+3. 74" 6.59+0. 28" 50.6+3. 88" 32.33+1.47
C35 42.44+3. 24° 6.16+0.41° 53.9+3.17" 30.93+0. 80"
90d
A 3
Treatment i /cm 2541/ mm U Y SPAD JET2/ %
Plant height Stem thickness Number of blades Death rate
CKgq 34.10+2. 23" 4.35+0. 16° 36.941.81° 31.6441.22° 50. 00
KMM, 98.75+4.80" 10.31+0.43" 113.343. 87 47.52+1.52° —
H166+C35 63.71+2.68" 6.79+0. 68" 58.5+3.43" 38.07+1.45" —
H166 64.13+3.42" 7.01+0.35" 54.3+3.58 36.55+1.59" 10. 00
C35 41.98+2. 64° 6.13+0.39" 50. 6+4. 06" 35.98+2. 05" 30.00

: CKy, WK HEAR AL H ; KMM,,, K 36 4 B & 4 flUE 9 BRI E AR A 2

Note: CKg, root irrigation with clean water treatment; KMM,, root irrigation treatment with ‘Mumei Tuli’ composite microbial

agent.
i
AP EREREGT

AR B AR A 0y S 1R 0 A 0 T P A

O — B2k, = — A EE AR YR F A Y B R ok
U, n] FLAR IR R 32 0 38 E RIS IR 2K 25 A W 0 4
Py ] i SR ) 03 WA D REAE W B, W AR
RE J1 45, TE B i R W0 s 5 O T A 4 T AR T
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o B A SRR 5 45 R B A VE B 2F IRLFF TR TF28°
PUIE B Tas A JEP 1 225K 7= W Re A3 &40 il 35 UK
% W H (Botrytis cinerea) F1 # 45 Bt ¥z N W
(Xanthomonas citri pv. citri) PR 9% o A HF 5% 0 2E
T CC357FNH1667 X R AR S f6L 1 HS 2 By H5 B fig
1, R B2 A TR R B EL A R R R B RS B AR A,
‘C357 IR BE S R AR AR i A TR HS2 (A R 1 77 A, Y
2 T R S A AR 5 e D ol A T X IR 8% R I, ]
FEE WK S 4n k4L, JF H ©C357 (H1667 |
“H166-+C35" 1Y A& T W AN JC B 8 Y LA B g A0 1R i
77 B AT LA 3 R A R TR AR R R AT
2ANR R MG W BT AE AT RE 2 T A T
ST TE W 5T, T S A R R AR A R AR K
{EL 35 B3 o 41 ) 1 FH A9 R 2 B B AR 1 BRI KR
BHE T AL WUk, A JE X 2 A4S T Bk AR
(14 R K 2 9 J5it a0F — 2B TR A WF 5 R 43 BT, 38 3 A
PCR H5 5§ 3G HOAR 00\ T bk G B 14 2 90 B 36 2
AEIL IR 40 bimyB \fenD srfAA FlsrfAB. 14,
0 AT FH AN [5) 4R0 R BE 9 0 1R B Xof L R IR 7 0 1 R H
B ok — 20 BEAT PR K, DUB A A R AR A e
G S eSS
3.2 ABERRESN

X 8 AR 9E 2R, A R R 2 B AT
RO BE BRI RS B YR IR I 2 T RE .
B Z T XD20" 1 R A HE [ AL A kA
i Tl R 7 A S|k 2,1 (TAA) Y A2 T XD20 2
Fofr 1) AN [7) 28 780 g H E S R, AS I RE 65 i Bk = B
fn, 6 RE B A R b i S R A i R A
ok Fi 5 L T 05 ) 0E T 2 8 A ) o S0 AT SRR &R
o B T CO R A I MLRR VS i e Y
SE VA L DA T 4 Y T YL Liu SRR S
2 W AR B A2 A= 1A 32 22 02 38 2 77 AR TS Bk RO TAA 4§
WK AR SR Y R A . ARG A HT T CC357 Al
“H166° 751 W | [ 20 W8 2R A o0 8 TAA 5507 T 1 ¢
PE, KB C35" HA o [ A V8 B0 W TAA 1Y
Al 7, % i S LA R R ZEVE T, C357 b BN
el FE T HopR e AR T AR HIORE A I K 6
W (CKo) 20 9 FF 5 T 40.21% .55.63% .61.14% .
‘H166° AN EA i AT 6e A Bk, b
PR /N b 16 S T PR R AR T RN AR £k 4 il e CK
#19.92% .26.57% M1 15.54% , {1 Ak & B EAK T
‘C357 o JE gk, B X C35" il H166" 43 b TAA )1

B0 HEAT 2 BRI, DL WY R R U2 SE AR AR K
R
3.3 HAEEMBRYR

ABIF 5T 45 3R A I, 21 A T AN AN AR A ) AR
HA AR, o7 2 25 52 S A9 SPAD 7 it Fil 1+ 43¢
A 2 e TG M R A B
(0 30 1R, 5 e R g A R AL, R
K0k 78 % #) f PGPR (plant growth-promoting
rhizobacteria) Zll B B ¥k 19 41 & B fiti H T 00 5 A0 4
T, AT AR RIS kR L B R AR R AT
49.05%; F WM E MR KM, A A5E GYL+
GY10+GY 12" ff JH XoF 48 20 22 35 1) 977 3 280 2 3k %)
74.53%, 4y B M O ] CGYL L CGY10T M
‘GY12 ¥ 15.34% . 27.42% FI1 44.94% . Zheng
SEUURE oY ok M, 3 PP OB M 4 & ‘FGD5-2+
HCH2-3+MTD4-1" &b 2R 5 B 55 5508 B b, 7l
Sz 9 Bt () 43R 8~10 d, 7 H 115 % & A 55 4 14 49
T, B AR AT Ak 50% DL b o A R B T
‘H166-+C35" “C35° “H166" XF /\ B ¥ 32 1 19 f4 9
FRYT R, R B2 4165 T 55 B A Ak 4 1A 3 i 34
B Ul 1 TR A T B TR WAL B CCK) Bk 58, - B sk
IR 67% LA L IRIT BRI AE53% LA L, W E R
KT 8 DA XTI S R Y . EARUIS T, R B
‘H166-+C35" By 2E/E I 1 C35° 1 22, By i SR
HH166" R 22, R ANTE 28 o PR, 76 )5 22K
5 vh, N R — 25 A B 2 A TR R 9 A B AL LA B iff 4
B R N BB AE FHAIL R

4 & it

fift JE ) 2 M AT B8 (Bacillus amyloliquefaciens)
“H166” 2 B 2 1Y 45 P04 1 L BE 0% A 2803 il ik Jit
AR R A K . M st IR PR R (Pseudomonas
aeruginosa) * C35° W G 0% 38 &oF fif Wl | 51 2 v 2% Fn 53
WA TAA SERLHIAR /B F A K . 2 R
AR H BARELE 11 AT IR A RS i 4L & T
“H166-+C35" H] & 25 41 il 5 J51 17 6 7 i & A i) 24
AR IF AR BRI S R AR &
W AR AR ROR Ry 74,829 IR YT AU N 68. 152,
FH ] 2k B JCAE B %, B RO Bk o 28 B G
“H166 -+ C35" 1 i A I8 o I T 1 22 45 40, 410 ) £
WY, BRI T S R AT 1Y K A S 5R T A AR 1Y 4T
P, AT I S R R 0 T R AR 0 A W B IR
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