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microorganisms, EM ), ¥ EMEFHATE +AREHE (12BT), UK LEAAME (CK); ANMEAHE (K
B+ T8, RB) & 3AMAKFE, 450 A 7%, 1/2RB (15 g/m® ¥ +60 g/m® TH¥ ) 1 RB (30 g/m’
K120 g/m® EHR ). B S5 dEHANBANHIBEERE, MEE B RERE. £E%
B, REWMEM W % AR ERRERARE, AR E — BB, e £ T #5706 B AE N EM
>Tr>Bs>1/2BT. KE W f EM B2 F| £ LR R HE R R H 1 54 60.00%~68.00%, X J™E HR
od 2 HEF A 16.39%~29.01%. &AL+ EM+RB [ &5, &5 ok 90.00%. 7 fns 8 K fo 5 oH
Y b % T AR A B R R B B K. AR I A e LR B 7 34 4 BCA+RB>BCA+1/2RB>BCA,
Tr-+RB 2tk Tr #5 # H 42 5 0.17~1.1 &, EM+RB 2%t EM #2732 5 0.32~1.84 1%, [5] Bt H3E K
A W E 3K B AT AL R B B e T e, 1/2RB A0 RB F{# 3k B 2713 K 0.43~8.86 %47 0.93~32.72 f&. VA
EEREKW, EREFFHRAREFRN EM H RS ARG IEEERER, BT ERNANR T S+
AR F T NTIAR B 7 I8 R
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Application of Microbial Biocontrol Agents Combined with Organic Material Addition for
Combating Strawberry Gray Mold
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Abstract: To solve the unstable effect of microbial biological control agents (BCAs) on strawberry gray mold,
field experiments were performed to determine the control effects of different microbial BCAs combined with
organic material on strawberry gray mold and the number of soil microorganisms. There were 15 treatments in
this experiment. Microbial BCAs included Bacillus subtilis, Trichoderma, effective microorganisms (EM),
half-dose Bacillus subtilis+ Trichoderma (1/2BT) and no BCA control (CK). Organic materials (rice bran and
soybean meal powder, RB) included 3 levels: no add , 1/2RB (15 g/m” rice bran +60 g/m” soybean meal powder)
and RB (30 g/m” rice bran + 120 g/m” soybean meal powder). After 55 days of transplanting, the components of
each treatment were evenly broadcasted around the root, and subsequently covered plastic film, moisture was kept
with drip irrigation. The results showed that Trichoderma and EM could effectively reduce the incidence of gray
mold. The order of the control effects of BCAs was EM>Tr>Bs>1/2BT with the same amount of organic
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material addition. The control effects of single Trichoderma and EM were 60.00%-68.00% in the mild disease test
site 1 and 16.39%-29.01% in the serious disease test site 2. The treatment of EM+RB showed the highest
prevention effect, which was up to 90.00%. The control effect of BCAs were significantly increased by adding the
full amount of rice bran and soybean meal powder. The order of the control effects of BCAs with organic material
addition was BCA+RB>BCA+1/2RB>BCA. The application of Tr+RB and EM+RB increased the control
effects by 0.17-1.1 times and 0.32-1.84 times comparing to single BCAs, respectively. Meanwhile, the soil
microbial population was positively regulated by application of organic materials. Application of 1/2RB and RB
increased the microbial population by 0.43~8.86 times and 0.93~32.72 times, respectively. These results
suggested that the application of Trichoderma or EM could effectively control strawberry gray mold in actual
production, and the addition of sufficient organic materials could increase the soil microbial abundance, which
might consequently improve the control effect.

Key words: strawberry; microbial biological control agents; gray mold; rice bran; soybean meal powder

Y4 Fragariaxananassa Duch. /&7 5 fu TSV E AL /N RAL,  H AT O p hy tH A 5 asg A 7= R 9% 1)
S KB ARV IR X, S UORHIR ARG 32, AR TSR T Bom LU R R, Hoh IKH %46 Botrytis cinerea
Pers. 5| 16 I A 45 995 L0 AR 1) A 2= 5 KIHIAR SRR, TR E R TF IR o AR B3 ARSI ) M 2RI R ot 2K by
AR KA AR s RS AE S A B, RIS s gy, s e st HATEr
Xf A A 90 B A R W R 32, AE5ia il, ARG — BBCRE 2, HARR & . (R
BGSAE N, KB PR AR R T 2 P BB 10%~20%, L 50%5 . H T 4k
A7) R T B DR AR B 2 P SOR A, B2 BT RE R IR T AN REA ] . 2 M PU 2 R RIESR IR,
I T T T R A [ L A T Y, o AR L P 1 R R VT 95 7 2 PO Y, ne i . 2
WA JEEAFIEREAETLIR . WIRE . DU S0%E MR EFNES e o 2 5 R LUK 2 Fh T AR 24
5k BRI 0, B BRI K0S A5 P38 1 ) AR 247 B DR BELAS T 275 M ) 2 R 10,

I, ANZ ek, et m ARG T kpde . BT, K& LR WAL 4 L OgAath
L LE WM Bacillus subtilis IR SRR BE Trichoderma atroviride FH 2E FiEE Aureobasidium pullulans N ,
MRIRANTL, TEIIBTIA 4 435 AR S, B RTIE 80% L M. AR B R K A A A S PR 5
RW, A0 BRI A O LR AT B R E AR BRI, T IR SR A B A R xR, A
ENFEEHORR . AR IR S E BRI R T, K H b SE A R A B E AR AR BT
MR BRT RSN, EEREAEADTT RN HWE PRI . EM B (effective microorganisms, EM)
T HARTRER SR ) 2 S hl ), ARG W FLEREE . BERER . 28 AT w AU B 5 10 A8
80 Z R AW, [T N H TR FRIENE IR . AR, i EM B RBE A T va BBk
R R AR Y, A RO R G SRR R R U, R a1 A 5 8 A A A B i
TR

AR SE B A Mb AR ™ A A ) A B R R RAOR AT A LA ], X th T H TR o R BRI b s
A2 R AR A ) S ThA . KRB RIRFFRY], IR MU R RS . iR )
Gt RARAE T KRS FRM BT 0 T AR B, S 3 A MBI A, R Ao,
DRI AT BILAZDR IR it N 4 v 2B B 1 7 A8 R AR Tk o B va BRBRE Z505, A BT BER%E Trichoderma 5
KBS 1:12.5 BUAIIR A J5 70 BRI AR, A L B4 BRRRE AR LT ¥ A R (B 3 3 v, ZERRR BRI 50%!),
¥ 5 AR S 5 M ERE G R ECES B0 “Bi 157 e WU pria IS 80% B, Hrbfg
BLYIEL 3 0 A8 1 3 v b i . 7ot I YA . RS0 (A b, s I T 22,
TN YRR RS, AR SO RIARR, B THom R A HUIRTTETCHUIE AE 64 2 3 4 v e
BT Actll Il Act12 IS H , JERK T &AERIK B A& Rl 4y ML 3.62 551 15.44 501, K2 B o
e w5 R A 5 AL FHICEC S5t , nlE1S o8 FRES N BE 3080 46 R I CKORTER I A= 7 B 4R 37d,
B ZIRRRE T I 58.82%,
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DA AR R AR R ERZAE ) o B D SR S 302 AT MUPDRL I N REAS G 20 i AR T TR A, T 7 e v 1)
ST K 200 A B s A A HUIEAERR BTG P AOVE R, nil2s s B3 S HUIERL R, i6 A%,
i 2 S R v A 0 A B R P SR M B 9 R e Y, I B R BO4 AT [ 1A R A B B LA E B
VMRS, R v T T A R P SR T SR A o DRI, A iR e B A S v A 9 1
AFE, BT MERT, A TR A PE TR, R AN ) S AR KRR KR b 4 2 AR B R 2
FRB . R EM BT 12 AECF M B+ 1/2 REEA S SLORIUEAIZIRE, Rl 55 A B 6 B4 K R0
(R R LA S T e R A AR A, W AR R HLT R AR 577 R0 (R 5 e S A T LR
1 MRIE5ERZE
1.1 ksl

AR (BCA) AL45 1000 {4 CFU/g Al 2f b g nvg ok 7 (R dn & i, ilRURHE A}
B A AR A7), 2 44 CFU/g Ra B nR vk 7 C Rl 7 AR A IR A R 4D, EM 1§ 100%
R Crp AR AR 254k EM SN e i ARR AL Z i R MR AR (B s AR AR
K. SRR AT . SRR A OB .

12 R m 5 TIEE Y

TR AL TYL R4S BV T A 85T AL 2 AN AN [ B M o 6 b 12 S22 482 10 AR E A 508 M, pHL 5,40,
AHUR 1.78%. WA 271.32 mg/kg. A 245.82 mg/kg. M 236.84 mg/kg. RIGHL 2. 4 2 HFiE
VEREZE KM, pH 5.77. HHUR 1.09%. BffR % 75.69 mg/kg. A% 73.88 mg/kg. HREN 166.57 mg/kg.
1.3 RAHLAR R A B E S I E R R BN E
1.3.1 ®¥%it w6k 15 AMEE G D o BUEWZERTHRIFIIE 5 Flab B, B A 2ERAT 375 mg/m’

(Bs)  AR%H 750 mg/m* (Tr) « EM B 1.2 mL/m”> (EM) . Fi% 28 JuAT 5 187 mg/m’+ K% 4 375 mg/m’
(1/2BT) FEREAX I (CKD 5 A HRKHERI ZFI# (rice bran and bean meal powder, %54 RB) 3k
3K, BEIERIN 15 g/m? KM +60 g/m® ZoHIEY (RB) . ¥ 30 g/m? Kb +120 g/m” Gk (1/2RB) .
RTIKBER GRR . BE/NX 10 m®, 100 #REEAE, FRACRE 3 ANER, BEHLX4HES.
132 RKHBAZE 20184E9 1 HBHEEAE. 10 7 25 H, FHBET, AERHREEE BN X T35 = 7
F1 RAWRit
Table 1 Experimental design

VSZIETRSY BRNX (10m®) B S AT HUIRR S K
Treatment The types and contents of various microbial BCAs and organic materials in each plot (10 m?)
Bs 3.75 g Fi B 2F MO R
Bs+1/2RB 3.75 g MR ZE AT I 4-0.15 kg K 4-0.60 kg TR
Bs+RB 3.75 g KA AT 40.30 kg Kb+ 1.20 kg SEHIH
Tr 7.50 g RE2 R
Tr+1/2RB 7.50 g KA +0.15 kg K +0.60 kg ZHIH
Tr+RB 7.50 g RZEH+0.30 kg K +1.20 kg SHIH
EM 12 mL EM
EM+1/2RB 12 mL EM B +0.15 kg KH#E+0.60 kg SHIH
EM+RB 12 mL EM B +0.30 kg K+ 1.20 kg SHIH
1/2BT 1.87 g A RLZE AT B +3.75 g KRB
1/2BT+1/2RB 1.87 g Kl # 2 AP 1R +3.75 g KRB B +0.15 kg KiE+0.60 kg TAIHY
1/2BT+RB 1.87 g AhEZEMUFTF B +3.75 g A% 1 +0.30 kg KA+ 1.20 kg SHIH
CK EHEPY
CK+1/2RB 0.15 kg KA +0.60 kg HHIHY

CK+RB 0.30 kg KM +1.20 kg SHHY
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F H,0 A2 1L B, WEEKBERI GRS Y L, awhl b B85, WM SRR E %R, B
HOIE S P REARE . 2018 4F 12 H 18 H (AbFHJS 54 d) WE K ALFRKE0 RV AR %, 2019 4 1 F
18 H CAb¥J5 85 &) A &AL BL A sl R i . BN BENLI A 2 ki, RR4d 50 ML, R
S PR LA R, ANINEA I IR AT 6 . RIRR (%) = CRIm B/ R A S RHD X100,
B (%) = O BRI HF—AbHR ) /X R % X 100,
14 TIEMEVBBENE

2019 4FE 1 H 23 H CAbEEJ5 90 d) , FRACEEHL 3 45 (0~20 cm) , RGN —ANBEFE, FRAi
WIBRAR 229, DRAF T4 COKEE, FT HIBRA DR 0 B A4 SR A FRRE AR T B0 5 - 498 v L1
2 B RO B RO RO ) T RIS, TR B R I R, O T SR e B 1 S AR,
1.5 FEFKIT 59

RIS HHE R Excel Ml DPS #AEHH TS84 59047 o
2 SERE5Sh
2.1 EM BMASEMESKEHRHIFEH

PO AREGHB I PR O B 5 IR, AL f EM B FIOR B2 181 1 9T AL B34 BB A% (2 25 PRI S 8093 T A0
K, AN ZE AT A 1/2BT CE 5 2 AT & AR B AR ) AR FE A R R AR R b 1 17
R IR W TR (R 2) o AR PR FHAEBT RIS, PRIk EM (44.37%) >
Tr (40.51%) >Bs (14.87%) >1/2BT (-8.25%) ; #SI1 1/2RB I, ~FREIFi KA EM+1/2RB (57.73%)
>Tr+1/2RB (50.54%) >Bs+1/2RB (23.36%) >1/2BT+1/2RB (16.02%) >CK-+1/2RB (-14.08%) ; ¥
10 RB I, 4555504 7 EM+RB(69.45% ) >Tr+RB(57.72%) >Bs+RB(38.24%) >1/2BT+RB(24.39%)
>CK+RB (-15.17%) , EM BAAREFHBIAELF o (ERACEN, Al A 25% 050 1
(R 2) , RIRVIH CK RIHRAUA 4.00%, AFFE A EM H AR RS 1.60%LL N, K mIE CK
RIFHE 20.00%, REZHM EM H DB RIREES 7.60%LL T, EM HHARZRE DA 60.00%~68.00%. 1F
R, TERE A AR R m T 48% MM 2 (3R 3) o HUARITH B AIMB BN W R R, (HOREE S
HIEM BB RCK 16.39%~29.01%, 4558 AR 5w 1), HoR W 3 RERE FEAIKH 20.40%~40.80% . it Ak
B ZE WA B T AR R A i e, (R BARBI AT, LB RO IAR 25.49% 0 -5 B 2 AT B RIR 55
WA BEZH 5 (1/2BT) , JLB R T St bl 20 28 AT o, SE (T R 35 1, 72 R B 5 CK
RIFHRTLWE R (K3
22 AMEERBIHMTESKERFIFHY

25K W], CK+1/2RB Hl CK+RB A AR S CK ML EREZR (K2, 3) , XEWRE
Ab B b /D SIS N A U B AW R i 2, AR R 70 AN e DL R AR, FRAR B0 T $2 S AR A £
Pulko AP A INA MRS St E B R AR LG, BRIV ER NG (R 2, 3D, FHIPIRERICY BCA
+RB>BCA+1/2RB >BCA. N4 i K Gk (RB) GEW W& m AR B2, Tr+RB AL Tr,
B8 v 0.17~ 1.1 35, Horb ki M 1 903 mile i, Tr+RB 7% 86.00% 5 35 i 1+ Tr 5.5 62.00%, Tr+ 1/2RB
B4 70.00%H0 = T Tr PAFIMHZE AR B #; EM+RB AL EM, Bhigdem 0.32~1.84 %, il 1 &
I FERS, EM+RB ik 90.00% 5 2% 7 T EM 5 68.00%, EM4-1/2RB [ 70.00% [FIFE &0 = T EM H
FMHZESE ARG (R 2) o WM 2 RIEHIIN, EM+RB B5% 49.62% B2 m T EM H7] 29.01%, ik
P 70%, EMA1/2RB Bk 36.62% AL &0 =T EM SR, HZESARBE, K EER, EM-+RB B
58.20% %% mi T EM H17] 20.49%, EM-+1/2RB P4k 44.26%tH 2% T EM 7], BiRksr ali e 1.84
116 £ (£ 3) o XPh—BRM, Win—&HERAVEREY B4 S A DR, i FLB 2 8k
K, FEFFRABLT
23 RIENRIE M T IEME N E

H T IRARFEE A EM BAES IA LR S B 2 mr B IR R, R T 3 E R H AR A . A G it
WAL, WA NUEMER HIE W SCE . A0 PE . R s H R e s T A i, B S AU RS
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Table 2 Control efficiency of microbial BCAs combined with organic material addition for combating strawberry gray mold (test site 1)

Kb 2R KIRHIIA Barly stage (54 d) I =i U3 Peak hours (85 d)
Treatment 93 % Incidence (%) [53 Control efficiency (%) K Incidence (%) [5% Control efficiency (%)

Bs 2.4040.84 bed 40.00120.92 abc 16.40+1.48b 18.00+7.42 f
Bs+1/2RB 2.8040.55 be 30.00£13.69 be 12.804+1.82 cd 36.0019.08 de
Bs+RB 2.4040.45 bed 40.001+11.18 abc 7.60+1.10 ef 62.00+5.48 be
Tr 1.6040.84 cd 60.00£20.92 ab 7.60%+1.30 ef 62.00%6.52 be
Tr+1/2RB 1.2040.89 cd 70.00 £22.36 ab 6.00+1.58 f 70.00+7.91b
Tr+RB 1.2040.55 cd 70.00£13.69 ab 2.830+0.89 g 86.00+4.47 a
EM 1.6040.45 cd 60.00£11.18 ab 6.40+1.10f 68.00+5.48 b
EM+1/2RB 0.80+0.55d 80.00+13.69 a 6.00+1.58 f 70.00+7.91b
EM+RB 0.80+0.55d 80.00+13.69 a 2.00£1.00 g 90.00%+5.00 a
1/2BT 4.80+0.55a -20.00+13.69 d 14.00%0.71 be 30.00+3.54 ef
1/2BT+1/2RB 2.4040.45 bed 40.001+11.18 abc 14.4010.84 be 28.00+4.18 ef
1/2BT+RB 2.4040.45 bed 40.001+11.18 abc 10.4010.84 de 48.00+4.18 cd
CK 4.00+0.71 ab - 20.00+1.00 a -
CK+1/2RB 5.60+£0.84 a -40.00+20.96 d 22.00+1.00 a -10.00£5.00 g
CK+RB 5.60+084a -40.00420.96 d 2320+1.52a -16.00£7.58 g

T B I E R hRER, ARREANTREEOR 005 KP EEREE. R,

Note: Data were presented as means + SE, data with different lowercase letters indicated significant difference at 0.05 level. The same below.

R3 HAMANYREBEDERHFINESRERAMGAER GRIEH 2)

Table 3 Control efficiency of microbial BCAs combined with organic material addition for combating strawberry gray mold (test site2)

MbBE K I Barly stage (54 d) K3 i3] Peak hours (85 d)

Treatment i # Incidence (%) [53 Control efficiency (%) I Incidence (%) [53 Control efficiency (%)
Bs 57.20+4.83b -9.16+9.21f 43.60£4.66 bede 10.66+9.55 defg
Bs+1/2RB 43.60£3.11 cd 16.791+5.94 de 43.60£4.09 bede 10.66+8.37 defg
Bs+RB 30.00+£1.87 fg 42.75£3.57 ab 44.80£3.85 bede 8.2017.88 defg
Tr 40.00£3.08 de 23.661+5.88 cd 40.80£2.30 cdef 16.39+4.72 cdef
Tr+1/2RB 34.0042.35 efg 35.114+4.48 abc 35.60+3.11 efg 27.05+6.38 bed
Tr+RB 31.20+1.67 efg 40.461+3.19 abc 32.00+1.87 fg 34.434+3.83 be
EM 37.20%2.61 def 29.01 +4.98 bed 38.8043.36 def 20.4946.89 cde
EM+1/2RB 3320+ 1.34 efg 36.6412.56 abc 27.20+1.67 gh 4426+3.43 ab
EM+RB 26401228 ¢ 49.62+435a 20.40+1.92 h 5820394 a
1/2BT 67.20+4.98 a -28.244+9.50 ¢ 56.00+3.74 a -14.75+7.67h
1/2BT+1/2RB 53.60+4.60 b -2.294+8.79 f 49.60+2.17 abe -1.641+4.44 fgh
1/2BT+RB 50.40%3.11 be 3824594 ef 46.00+3.32 bed 5.7416.80 efg
CK 52.40+3.56 b - 48.80+3.58 abc -
CK+1/2RB 54.00£4.42b -3.05+843f 50.40%3.96 ab -3.28%8.12 gh
CK+RB 54.00+1.58b -3.05+3.02 f 49.60£2.77 abc -1.6415.69 fgh

HEIEASE (- 1), 12RB w850 H 0.43~8.86 5, RB n[H4 1 0.93~32.72 5. RI#ikEeh 1 5
RIS H 2 AHEG, CHHER TR, AHUR S &M LIl TR, SO R Y R A
WY 2= 5, B3 a5 SR B AN B 5 H R0 2 il 1 MR, T AR s, X R
AR 0 38 E Y E A E A2 BB A A= B . AR IR OR T, AL Tr A1 Tr+RB
oS g EE A E (B 1A, D) .
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N
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T
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Ve IR BEENE %A HE 0~20 em H R RO . ANEATRZ F I ECR . A-C: I 1; D-F: il 2. BIFPIESURZE LTS PRHER K
Ay AFANGFREZOREIEBIN 225 2 (P<0.05, MHL

Note: The number of fungi, bacterium and actinomycetes in 0~20 cm soil in each treatment was counted with dilute plate method. A-C: experimental field 1;
D-E: experimental field 2. Values in the bar chart were mean=+ SE. Different lowercase letters indicated significant differences at 0.05 level by Duncan’s test

between different treatments.
B 1 FnENARFRE Y E R I LR E M E s

Fig. 1 Effect of organic material addition and microbial BCAs on the number of soil microorganisms
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PUEVER . B SRR, ARV WA P R AT . KA %52 Botrytis cinerea Pers. A%
ke ok, UL, SR, (HIHCE IR KRG, RS R AT DGl P AR K5 2 58 s IR 4 )
FRARC AR e e K R B B0 . AT A o W i A 1 i i A 28, RSS2 018 EAZU s ok, IHER
PRI G IRIR . BRIt, AR 2 S A L e I 5 K f e e, n] LA Blosi b S g A #5005 1Y)
Y Kk R Trichoderma longibrachiatum [F¥E I VESREUCHIN I 2 FL 30 6 % =ik 91.9%, PRt
PE ARt e AR B TR g KB ZE BT 8 AR IR 2 — ) AR5 Trichoderma asperellum FIW Ik A5
Trichoderma harzianum 3§ 7 i J< 85 B4 140 % PRI VE P 0T 43 001 74.25%~96.915% 11 71.072%~95.889% .
TER R L FH AR K 28 BAF I Bacillus amyloliquefaciens FZB42. W K AK%B: T22+ [M#E ¥ Beauveria bassiana
ATCC 74040 B5iG KEEHR, X605 B RN FH 5038 1 40 TR FH S0 TR ARV LR 22 FEE, PR AR 873 T () I it
FAXT I A= T A R e R T o — Bt 3 rp A S A AR B2 B I N A e A ol 2D 5 A g A0 (1) e oy
W4 Leotiomycetes TRIAHXF=FEBY . AHIFFT [FIRE K IRACET B AT LA SR + 30 8 A 2097 VA B IR 25
W, XA e IR TE P W A P TOR B A A A Mo B i . LA FLAR v 7 20— 2B 5T
TSy g v K A R R B B AR, DU AR Ak

K B VEAARINE (AL B ZF AT 1R VKPM B 10641 713 N I H R 5 (8400 52 KR R TR 80O, A AEDO I
JEIEF] 80%, Xt MR K F T 30%MIAEAS, K RS b AR B A R AT T 60%%%), LA B 9 5 2R
TARIG g 1, JLA5 AR AR GUSE BRAL, SR, ASBHIFFE A FH RS 5 2 A 81 7 i ™ T R 2R
BErh B RAE, IX 0 BRI AR RICIERTG RO I A 1R, n] k0 I B AR 2R R 2 AT
R R ST A B2 A0 o T 5 — 2R B R FH 7 X — BB R 59 1 e i, A 77 B B A FH s 2 A 1)
BN R R R TT 5o AWIURIN, FEias BICE A AR VE R ZFMAT B . 2P RIS Aureobasidium
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