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2.1 Y-3EHRAEMEMEVRETHF
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A B W B AR Rl BRI U B e 22 . R
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1R85 7 6 AE 75 %6 LA b i HE A 28 1 11 8 77 R 1K
F 60% , WAL F AR H AT Mk #5 #E (NY/T 2293, 2-
2012) HRRE 19 75 %61 AR S R - RR 1Y
A, Y-3 TR RAF TG RS L BAE 1.6 X10° cfu/g
PLb s HUOh 08+ RESE L ROR R R Bk BT
1.50 X 10%cfu/g VA 15 115 A7 TG i AIK. AU R
1.28X10% cfu/g. LA & BARSBURAE, 1 +
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Table 1 Effects of different carriers on formulation characteristics

ik e Bff 2/ (m 1./ he) {ERARNOYE AT R/ ZEALIE (X 10%) / Cefu/mL)
Carrier Adsorption capacity Wetting time Suspension rate Number of strain
#14 + Kaolin 50.040.41 f 22.86+1.21 b 59.6140.45 ¢ 1.58+0.21 b
fit: % + Diatomite 230.02£0.29 ¢ 13.7340.61 d 26.6740.68 ¢ 1.5440.16 b
figZ i £ Bentonite 89.94+0.15 e 13.1640. 54 d 81.2740.16 a 1.68+0.04 a
F KM Corn flour 170.00.56 d 17.984:0. 68 ¢ 26.58%1.26 ¢ 1.5640.14 b
# %k Wheat bran 260.0+£0.68 b 13.1140.12 ¢ 28.68+0.54 e 1.5240.11 b
AJB Sawdust 310.140.79 a 14.8740.78 d 15.3140.49 f 1.6240.08 a
WA ¥ Tale 50. 040. 54 f 44,68+2.31 a 78.23+0.89 b 1.40+0.21 ¢
M 7 2 Silica 22.040.16 g 14.63+0.78 d 35.1440.91 d 1.2840.07 d

R AR NG FHERRTE P<<0.05 KF E2FRE. TH.

Note: Different lower case letters in the same column indicate significant differences at P<C0. 05. The same below.
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FU R R U . AE T R AT IS RO I e LS
I PEG 8000 £ i % f i&, 47 7 24 1. 60 X 10°
cfu/g F1 1. 58 X 10° cfu/g, BEHA VBT LS 7T 45 %L
i 1o o) )R TR AR R R R AE IS L SRS TR
() | B V7 2N B BR AT 5 . £ 8 PEG 8000 Fl i
VEF LS FH LA A48 v i 370 0 B T 356 R A T
B ]
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Table 2 Effects of different additives on characteristic of formulation

Bh 51 VB ] /s BIFER/ % LA (X 108) /(cfu/mL)
Additive Wetting time Suspension rate Number of strain
KRR MALES  Calcium lignosulphonate 50.64+2.41 g 45.38+1.45 ¢ 1.32+0. 02 abed
AFEZEMRY  Sodium ligninsulfonate 48.810. 86 j 46.28+1.77 ¢ 1.284+0. 03 abed
FiIF# BX  Open powder 86.2943.43 ¢ 37.6120.38 ¢ 1.13240. 05 cd
H PR LS Detergent LS 186.44+4.65 b 77.4440.83 a 1.6040.02 a
B ARG BE i -K30  Polyvinylpyrrolidone K30 86.35+2.17 f 30.56+0.86 g 1.2440.03 bed
B 8000 Polyethylene glycol 8000 20.1341.59 k 23.4841.88 1 1.5840.03 a
BIPHA4EZG  Carboxymethyleellulose sodium 162.2746.29 ¢ 53.5242.14 b 1.4640. 67 ab
4387 MF  Naphthalenesulfonic acid 145.1842.59 d 32.6740.65 1 1.0740.05 cd
b e BB ER S Sodium dodecyl sulfate 321.72+3.27 a 40.5740.37 d 0.9940.03 d
Bk CF-200  Onvitec CF-200 40. 7441, 21 i 24.7740.40 h 1.3840. 03 abe
%k LT-WP60 Onvitec LT-WP60 46.8440.88 h 30.6740.68 g 1.5040. 02 ab
2.1.3 BB AT Y-3 BAR TR A A B 229322012 R RLAE R 75200 MBI 4 6

MAF ey Fea 3R 3 FH,PEG8000 FlH
LS Z [ A A BE b % Y-3 B8 bk AT 187 3 A ) 1 ff
BN R Y TR AR 2 N (E100 = T G 1 S | P S e
MEA R, MEH R 1 9 BB 77 R M
VR[] e i L e 1L 4 oA 80, 6390 T 163. 48 s,
A B ) T R AL E Y 120 s M L R
9+ 1B, IR S A B R, R 18 18 s, (HE TR R
&ALy 24, 8900 K T A Mk # AT Mk 45 #E (NY/ T

B PR AT 3k 75 %, HVEE B E 3K F 120 s,
PR EBA R AEY TR Bk, ZRG6%
JETRE R OROE VR OB T, R 4 6 S B A
PEG8000 Fli 7 LS By fe f L il

2.1.4 A AmIr Y3 HHRTEES AR
SER A Hon R 4 F B, B RGN X
R3] T N 0 60 K I 230 5 e 5K LX) TR A T
AR i =l | RN | o B R = LT T =Y

R 3 AE B LE BT B F AR08 (x £5)

Table 3 Effects of different ratios of additives on characteristic of formulation

Bl L ] 815 1] /s
Additive ratio Wetting time
1:9 163.4843.46 a
2:8 128.35+£5.05 b
3:7 96.54+1.33 ¢
4:6 92.02+1.20d
5:5 66.8440.67 e
64 08.32+1.08 f
733 79.66+0.74 g
8:2 68.1740.13 h

9:1 18.18+£1.111

BER/% LS B (X 108) /(cfu/mL)
Suspension rate Number of strain
80.6340.06 a 1.61£0.03 a
80.2140.10 a 1.48+0.02 ¢
71.3540.06 ¢ 1.54£0.04 b
75.8940.10 b 1.53+0.01 b
70.2040.12d 1.60£0.02 a
61.06+0.06 e 1.5840.03 ab
34.70£0.82 1.544£0.04 b
24.2240.63 g 1.50+0. 02 be

24.8940.58 h 1.5740.03 ab
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BB B RWE FIHES HARR B &E T
1 A P ) R A T R B 0 A L AR SR . 285 5 TR
PRI )RR R A S 2 U N R B 4 045 Bl
F Y S LRSS I

2.1.5 AEE A AT Y-3 BT IR A R A
HrueHw HES FBHRHPILFYEERM

(CMC-Na) A A 88 FF Y-3 B bR A6 R, T R
XA 1. 86 %6 » X il 351 1) Y Fsf i) 1 Ak V2 5 i AN
RSB T HABF 2R R E R (R 5. Wik £
2% CMC-Na &y Y-3 BBk AT 1 45 A 4 £ 6 551)
AR E .

R4 TREIBFHMERIFEHFEARm(x£s)

Table 4 Effects of different dosages of compounding additive on characteristic of formulation

Bl 15 1 ] /s BER/% A E (X108 /(cfu/mL)
Additive dosage Wetting time Suspension rate Number of strain
2% 44,0840.82 ¢ 76.4940.16 d 1.56£0. 04 ab
4% 60.6040.89 d 80.8740.19 ¢ 1.60+0.02 a
6% 65.514+0.31 ¢ 80.9740.44 ¢ 1.5840.02 ab
8% 75.41£0.19 b 83.4140.40 b 1.564+0.02 ab
10% 96.8740.98 a 86.4440.44 a 1.54+£0.03 b
£S5 FEBEFHFHFMERFM (x L)

Table 5 Effects of different stabilizers on characteristic of formulation

SRR (X108) /(cfu/mL)

b 3 VPR A 8] /s BIFR/% Number of strain
T At ¢ Wetting Suspension
reatmen time rate 738 0 d 73 30 d TRER/ %

Storage 0 d Storage 30 d Decrease rate

Xt # Control 60.60+£0.89 b 80.87£0.19 a 1.60£0.02 a 1.54£0.02 b 3.73%x2.17d

A 2 4 g S . _

ff‘ffcﬂif%%w Carboxymethyleellu= g5 0011 934 79.70£0.69b  1.6140.01 a 1.5840. 04 a 1.8641.76 ¢

MR H Tripotassium phosphate 59.96+0.19 b 71.28%+0.13 ¢ 1.6040.01 a 1.2640.04 d 21.42+3.12 b

B2 55 Calcium carbonate 60.64+0.03 b 70.10£0.23 d 1.5840.02 a 1.354+0.04 ¢ 15.01£1.57 ¢

K . -

[ﬁff‘ca*@ Potassium phosphate di- o0 7)1 561,  70.8440.11¢  1.614£0.02a  1.0040.03 ¢  37.35+2.80 a

2.2 Y3 EHKWEMEMEYREANBERESHR
EmREREEEINERR

HI 6 A& 1 A& 2,24 Y-3 B bk ol ks 2k
Wy B 50 A R A B T 300 %5 B, X iR R R
B. cinerea M A. solani 1% VR 5 %5 B 2 F B,
WART 7000 L BEAEECh 300 W, AR B IR AL
JRAKT 0 A1 100 F%5 AR RABTE 700 LA |, LA
B 16 RO TN 2 T TR 2R, i 2 32 A W O B 5] 19 e K

Wi BEAG R 300 1. 380 NIE 138 R A R I5
M DK B o o DA 24 ] L o B P A % 4 K
DURAEAR 3 — 25 Ul W 32 03 S 3 8 7 it >R I J
ISUUE -3
2.3 Y-3 B K AT ) A WD R B T X B A 8RR
HA TR 5 R A0 k= Z Y R i

BB 2R R 8 X Y-3 T Bk AT R A A ) 1R
i 30 0T 212 i B 2 303 SR SRR I 90 34 o R

R6 FEKREEKY3ITEENENREFNMBEMRERENERFRENFEMNERR (x£5)

Table 6 Antifugnal activity of wettable powder biological preservative of stain Y-3 against postharvest
disease of B. cinerea and A. solani of tomato in vivo at different dilution times
T B A 8 JRBEM AL /cm?  Lesion area R/ %  Inhibition rate
Dilution times B. cinerea A. solani B. cinerea A. solani

CK 34.2142.08 a 21.25+1.63 a — —
0 2.27+0.27 e 2.84+0.30d 93.3241.00 a 86.63+1.26 a
100 2.51+0.29 ¢ 4.40+0.57 d 92.64+1.03 a 79.14+3.73 a
300 4,7540.83 d 6.95+0.75 ¢ 86.0043.06 b 76.9642.03 a
500 10.3840.88 ¢ 8.49+0.62 ¢ 69.63£2.60 ¢ 59.99+£2.70 b
800 20.22+1.23b 13.46+1.96 b 40.7944.48 d 35.92+13.98 ¢
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HEATIN 2 J5 & B 21 AT AR AN AT o] kb BRI, F
20 CHRHL 3 d M5 d B TF 4R 00 R 0 21 30
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206 R 1026 LA I, % 3 6 B A 0 1E 8 B AR K5
Ml BT R 11 d B RS R A R R ST A
S50% A E (R T, BAGWE KB, FA L4
AR L A2 A 8] 7T 5 4E 2 5 95 5% b 390 A 1) R ) 2
EXFRE AR R, (5 3R R (2. 7190 ik F =5 A X HR
(3.36%0) , FLAH 7] 6% B2 isf i) F 95 SR 2 1 J 2 56 Y

T 25 PR IR 158 B 7 0 R S 0 R T E — o R
BRI RS R SRR R R, SR R 25
X HEFIIE 7K 0= i %) BEAH H L 2D AR i 4 Y-3 B bR
AR A A Y DR R 15 min Kb BRJS AN AT
8 2 A IR L A T ) s A SR 4 R T
AR RIAELRHE 6 d AN 7 d B FF AR B A RN AR L i
ELHH TR 52 B 1) R LY -3 B bR AT A AR AR
F oAb PR R OR RS R R E KT
T KX BRI 25 11 0 B8 5 21 203 i 48 1% 1 770 I3 T A

AL~ A6 Fl BL~B6 HK U xR i Bk 0 4% W6 B 100 1% JFi B8 300 % B Bk 500 1% FIFG B¢ 800 f% Al — A6 and B1—B6 all repre-
sent control,diluted 0 time,diluted 100 times,diluted 300 times,diluted 500 times and diluted 800 times
E1 BE#HRY3AEEREYREFNNBZHAREREFRE(A)MNEMBRRE (B)NEEINERR

Fig. 1 Antifugnal activity of wettable powder biological preservative of stain Y-3 against postharvest

disease of B. cinerea (A) and A. solani (B) of tomato in vivo at different dilution times
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P15 min 5 AR AEAT M AE K 2 11 d, HRE A
MR SRR I AE 100 24 (R DL B RAR
T AR T BRI 2 (O IR, B Y-3 TR AR AT R

£7 YIEMTEEBENREFSOLENENREEEEENFEERHMNE (x+5)

Table 7 Control effect of soaking treatment of strain Y-3 wettable powder biological preservative on

Py AR W) O 6 50 78 SE K 20 B F i 20 °C BT AR

[ R ES JB8 42 % 5 g SR AR T i EL AT 4 I
B,

decay and disease of tomato during postharvest shelf

=P

SEBRMFE] /d

Blank control

Shelf life time

It 7K B Ak 2 300 A% F T 32 0 Ak 2
Soaking treatment of water Soaking treatment of 300 times dilution
B % PR/ R/
Decay rate Disease rate Decay rate
0 0 0
0 0 0
0 0 0
0 0 0
7.05+1.28 0 0
9.18+1.47 0 2.88+0. 60
16.71+£2.47 2.79+0.43 4.05+0. 21
26.05+1.11 1.3740.76 5.67+0.90
35.57+3.16 5. 79+ 1. 65 7.71+0.92
47.1741. 84 6.63+1.60 8.72+0. 65
61.07+1.17 7.35+1.22 10. 75+0. 57

eI LA/ % iR 2/
Disease rate Decay rate Disease rate
1 0 0 0
2 0 0 0
3 0 1.284+0.13 0
4 0 4.3740.67 0
5 3.36740. 33 6.31£0.11 2.71£0.47
6 6.96+0.51 10.41+1.03 5.73+1.13
7 12.17+0.71 21.38+2.11 11.57+0. 66
8 19.36=£1.33 27.3342.17 18.63=£1.70
9 24.4142.43 36.1943.41 21.4140.76
10 30.514+1.83 46, 2741.39 25.48+1.31
11 47,6144, 17 57.8643.51 29.6441.63
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SR FH B TR 3R a6 1 B 30 TR A5 A Uy 3 %
Y-3 TR R T A A O R T D R D7 4
Sy R Y-3 Z (8] (Y A W) A0 25 vk R AT DU 2 5 Kk
2 Y-3 TR bR AT R A ) AR B T Y R A AR
T+ S AR B R A O E e R LSRR W AL A 4
REFNIR £ B 8000 5 5 AF A8 Wy O 6 0 C 5 2R
FEEW 70 % JiE + 10% . PEG8000 2. 4% Uk
LS 3. 6% & H S L1 48 K (CMC-Na) 2%, i
A2 10026, % 5 Hb RR e R0 b 26 ) 22 47 52
SN 371l i1 il S 1 N I S 2 S 7 /S
150 ZEAHT R i — 20 Ui W] CMC-Na 76 - 37 28 4
FETRAFE 5 T B BAFE . BR AR E 7l oh  HoAth
TR JH o SR 2R A A — 0 25 5, A0 o A B 2F AT
B99-2 My AR Ak #E £+ 10 %0, 4357 PVA
7.2%, R 7] D425 4. 8%, Fa E F| CMC-Na
2. 0% AP 5 FWA 0. 1% Y 4 0 28 MO AT B
011 AT A R B A By - ¥ A By 10 %6, R BT 3K it
1245 7% ,DBS 3% ,CMC-Na 2% ,#K5 0. 1%%1;
M B ZE A FF B B1514 e AR 5 b 4R O & B W
70% . %k + 18% . CMC-Na 4. 8% . PEG8000
7029650 o R EC 7 o 25 5 R RE S R R A
SRR R KRB AEY,

TEUI B Y-3 BRI AR P IR ME R A PR e R I
Ji o 3408 3 T A 3 3 %o o 700 ) A R 5 B8R 3 i R
Jii SR 2E TR R 9 i D A TR B AT T D L AR
KB B 300 A% A2 il 70 1) d5e K R A 50, 72 1%
i BRI LA R X 2 Fof g Dt ) 410 B R AT AR 5 AR
75% LA b s Y B 500 B, 0B AR A KR
Bif Xk 7 i I 2 9 TR N 7 it 28 99 TR ) T YA R
1 69. 63 %6 F1 59. 99 %6, b BH 2% il 351 1) d5 FSH ¢
FEHCH 300 A% . B A% B Im] Ak 27 245 550 H 1) ) 24 4%
BORH LU A L 7T . 5 500 o 3 AR A R
TPk LA S AE IR 218 S A —E R R . J1 5,
2R PR ) ) R HIm] DL S BT 2 A8 AT TR TR AR S6
AT P R R RE ZE S0 FF TR B36 TR AR T I P
W3 70025 B R A BCRAIR  AEL [) 45 5 Ay B 2E T
B 10 225 100 AT 2 A0 35020 TR ZE AT R D-
29 FRRHR 0 R L AR R B K L it — 2P U
AN TR) A A ) S A R ) A [ i S B I R
AN RS 5 B VA T A AR — o 0 T 2 R 2 X
ZSWMERRESEK A S5 MY F HZ
i) 25 DL AR A e — 8 2 A K

Bt I o oA i — 20 BT o) 500 ) S B g 28R, AR
TIF 5 3 A0 T 6% 2R R B, 6 B AR B 2 20 °C 4%
PR R AR 15 min b B 6 500 57 FH 2R k47
k. A5 R A L ATE A% H FR ML 15 min
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Ry 7 A AR 5 A BRI 2 R B AE 20 °C R BE 4R
20 d) AT SORE S5 g 1-MCP &b 38 (] fif 3% il %=
TRGT AR S AE 7 ) AH HERUR W 22 L 3 ALX 28 22 Sy
4 Ji PR T R [+ 28 3 RS S8 88 R ol A T 22 S AT G
T3 b g R A S TR T AN IR K 2 AN R
Jod JELHE Aol A B0 T 3 b A DT AR A R) B9 3 B
B0 T il LN o TG A b K R R AL TR E
I8 WA 58 45 R (B. cinerea J& 5| & F R 5 &
2 1 2 B SO U AR A 22 1 i sk o 2 S D TR
A BE [ AS AT 58 AT 2R FH A I8 4 b Jirt 8 78 it >R Wi
T T R A I LA G

ABIFGE K B Y -3 T AR TP R A ) R e )
1l £ C 7 s B A 0 0 T 8RB X 21 3 A
R S5 B SR 18] 1 A R A — E SOR BT
Je BAAIE 5 v s i 5 68 4l 700 78 AS ] it Aof 25 6 e 4
PSR L SR Wi 00 2805R L A ) i 2 8 2 il 1z JH A%
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Preparation of Bacillus amylolique faciens Y-3 Preservative
and Its Effect on Shelf Life of Tomato

ZHANG Xiaoyu' ,ZHANG Lixin' ,GAO Zhenfeng',
ZHANG Xinxian',QIN Yifan' and LIU Feng®

(1. Institute of Agriculutral Product Storage and Fresh Keeping,Shanxi Academy of Agricultural Sciences, Taiyuan 030031,Chinaj;

2. Information Institute of Shanxi Academy of Agricultural Sciences, Taiyuan 030006 ,China)

Abstract In order to obtain the Bacillus amyloliquefaciens Y-3 wettable powder biological preserva-
tive for effectively controlling the decay rate of tomato during shelf life,the single factor and plate ac-
tivity detection methods were combinedly used to screen the best carrier and composite additive, which
it had the least effect on activity of strain Y-3. In addition, the best dilution ratio and the control effect
of formulation on decay rate of tomato during shelf were determined in vivo and by shelf experiment,
respectively. The results showed that the best formula of B. amylolique faciens Y-3 bio-wettable pow-
der preservative was fermentation broth 70% , bentonite 10% , PEG 8000 2. 4% , detergent LS 3. 6%,
sodium carboxymethyl cellulose (CMC- Na) 2% and bentonite was used to add 100%. The dilution
times of formulation was <<300 times and the red ripe tomato could be shelved at 20 °C for 11 days
when tomato was soaked in the solution of B. amylolique faciens Y-3 wettable powder biological pre-
servative for 15 min. In addition,the disease rate and decay rate of tomato were 7. 35% and 10.75%,
respectively, which were significantly lower than that of the control. In conclusion,the biological pre-
servative of strain Y-3 could not only have good effect on post-harvest disease of A. solani and B. ci-
nerea of tomato, but also effectively reduce the decay and disease rate of red ripe tomato during shelf
life,it was of great significance in extending the shelf supply time of tomato.

Key words Bacillus amyloliquefaciens Y-3; Wettable powder bio-preservative; Tomato shelf; Decay

rate;Biological control

Received  2019-04-29 Returned 2019-06-26

Foundation item Key Program of Shanxi Provincial Key R&D Plan (No. 201703D211006, No.
201703D221026-1,No. 201803D221016-1) ; Key Project for Special Agriculture of Shanxi Academy of
Agricultural Sciences(No. YGG17002).

First author ZHANG Xiaoyu, Ph. D, associate research fellow. Research area: fruit and vegetable
post-harvest pathology and biological control of fruit and vegetable postharvest diseases. E-mail; xi-
aoyuzhang2005@163. com

Corresponding author GAQO Zhenfeng, Ph. D, research assistant. Research area: biological control of

plant diseases and development of biopreparate. E-mail:sxndgzf(@163. com

(EE44E L TEI  Responsible editor:SHI Yage)



